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Abstract 

In this work, two types of PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  nanocomposites were prepared by solution casting method, 

with different weight ratios (0,1,2,3 and 4) wt %,from nanoparticles.   

Optical microscopy and scanning electron microscopy images indicate 

that the distribution of the strontium titanate, nickel oxide and cobalt 

oxide nanoparticles was homogeneous in the polymeric blend. FTIR 

indicates that there is no change in the chemical compositions between 

the mixture and the additives. The experimental results of the optical 

properties of  PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO     

nanocomposites showed that the absorption ,absorption coefficient, 

refractive index ,extinction coefficient and real and imaginary part of 

dielectric constant and optical conductivity of  PEO-PVA mixture 

increased with increasing concentrations of SrTiO3,NiO and CoO  NPs, 

while the transmittance and energy gap (allowed and forbidden) decrease 

with increasing concentration of SrTiO3,NiO and CoO NPs. 

The AC electrical properties of these nanocomposites were studied 

in the frequency range (100Hz-5MHz) at room temperature. The results 

show dielectric constant and dielectric loss of  PEO-PVA-SrTiO3-NiO 

and PEO-PVA-SrTiO3-CoO  nanocomposites  decreased with increasing 

frequency of the applied electric field, while increase with  the increase of 

the    concentrations of strontium titanate , nickel oxide and cobalt oxide 

NPs ,  while A.C electrical conductivity increases with increasing the 

concentrations of nanoparticles and  frequency.  

The antibacterial properties of  PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO were tested against Gram-positive bacteria (S. aureus) 

and Gram-negative bacteria (E. coli). The results showed that the 

inhibition zone increases with increasing concentrations of strontium 

titanate, nickel oxide and cobalt oxide NPs .The results of pressure sensor 

of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO     

nanocomposites showed that, the applied pressure rises, electrical 

capacitance (Cp) increase as applied pressure rises. As a result, pressure  

sensors have a higher sensitivity. Gamma ray shielding application results 

show that the attenuation coefficient of PEO-PVA-SrTiO3-NiO and  



PEO-PVA-SrTiO3-CoO  NCs is increase by increasing concentration of 

SrTiO3,NiO and CoO nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 الخلاصــــــــــــــــــــــــــة

-PEO-PVA-SrTiO3 انُإَٚت كباثاشخانً يٍ َٕعٍٛ ححضٛش حى ، انعًم ْزِ فٙ

NiO PEO-PVA-SrTiO3-CoO   يخخهفت ّٛٔصَ بُسب. انًحهٕل طب طشٚقتب 

(4 ,3,2,1,0 )  wt % ٍحشٛش طٕس انًجٓش انضٕئٙ    .انجسًٛاث انُإَّٚي

 حٛخاَاثٔانًجٓش الانكخشَٔٙ انًاسح انٗ انخٕصٚع يخجاَس نهجسًٛاث انُإَّٚ 

حشٛش ححٕلاث  .انخهٛط انبٕنًٛش٘ فٙانكٕبانج  ٔأكسٛذ انُٛكم ٔأكسٛذ انسخشَٔخٕٛو

انٗ عذو ٔجٕد حغٛش فٙ انخشاكٛب انكًٛٛائّٛ بٍٛ انخهٛط  فٕسّٚ نلاشعّ ححج انحًشاء

اظٓشث انُخائج انخجشٚبّٛ نهخٕاص انبظشّٚ نهًخشاكباث  حٛث اظٓشث.ٔانًضافاث 

اٌ   PEO-PVA-SrTiO3-NiOٔPEO-PVA-SrTiO3-CoO   انُإَّٚ

ٔيعايم الايخظاص ٔيعايم الاَكساس ٔيعايم انخًٕد ٔانجضء انحقٛقٙ  الايخظاطّٛ

  PEO - PVA ٔانخٛانٙ يٍ ثابج انعضل انكٓشبائٙ ٔانخٕطٛهّ انضٕئّٛ  نخٛهط

بًُٛا انُفارّٚ  SrTiO3 , NiO and CoO .حضداد بضٚادِ حشاكٛض انجسًٛاث انُإَّٚ

 SrTiO3( حقم بضٚادِ حشكٛض انجسًٛاث انُإَّٚ ٔفجِٕ انطاقّ )انًًُٕعّ ٔانًسًٕحّ

, NiO ٔ CoO   

انخٕاص انكٓشبائّٛ  انًخُأبّ نٓزِ انًخشاكباث انُإَّٚ فٙ يذٖ يٍ  دساست حًج

اظٓشث انُخائج َقظاٌ ثابج  .ٔبذسجّ حشاسِ انغشفّ ( -Hz 5MHz 100)انخشدد 

-PEO-PVA-SrTiO3- NiO ٔ PEO انعضل ٔعايم انفقذ نهًخشاكباث انُإَّٚ

PVA-SrTiO3-CoO  ٌٔبضٚادِ حشدد انًجال انكٓشبائٙ انًسهط بًُٛا ٚضدادا 

انكٕبانج  ٔأكسٛذ انُٛكم ٔأكسٛذ انسخشَٔخٕٛو حٛخاَاثحشاكٛض انجسًٛاث انُإَّٚ  بضٚادِ

  .بًُٛا انخٕطٛهّٛ انكٓشبائّٛ انًخُأبّ حضداد بضٚادِ حشاكٛض انجسًٛاث انُإَّٚ ٔانخشدد

 - PEO - PVAحى اخخباس انخظائض انًضادِ نهبكخشٚا نهًخشاكباث انُإَّٚ 

SrTiO3 - NiO ٔ PEO - PVA - SrTiO3 - CoOكخشٚا انًٕجبّ بضذ ان

اظٓشث انُخائج اٌ يُطقّ   (E. coli)ٔانبكخشٚا سانبّ انغشاو (S. aureus)انغشاو

 ٔأكسٛذ انُٛكم ٔأكسٛذ انسخشَٔخٕٛو حٛخاَاثانخثبٛط حضداد بضٚادِ انجسًٛاث انُإَّٚ 

 - PEOحطبٛق يخحسس انضغط نهًخشاكباث انُإَّٚ  اظٓشث انُخائج   انكٕبانج

PVA - SrTiO3 - NiO ٔ PEO - PVA - SrTiO3 - CoO ٌانسعت ا 

 انضغط ًٚخهك يخحسس ، نزنك َخٛجت. حضداد بضٚادِ انضغط انًسهط  (Cp) انكٓشبائٛت

ًخشاكباث نـ انخٍْٕٛ يعايم أٌ جايا بأشعت انخذسٚع حطبٛق َخائج حظٓش. أعهٗ بحساسٛت

 PVA - PEO - SrTiO3 - NiO ٔ PEO - PVA - SrTiO3 - CoO انُإَّٚ

NCs انُإَٚت انجسًٛاث حشكٛض ضٚادةب ٚضداد SrTiO3 , NiO and CoO 
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1-1 Introduction 

Concept of nanoscience as their use as antibacterial impact leads to 

investigations have introduced impetus by giving cutting-edge solutions in various 

sectors as materials science, biomedical, electronics, and optics. The field of study 

known as nanoscience focuses on measurements made at the nanoscale. The 

capacity to regulate the movement of atoms and molecules to create materials, 

composites, components, and electronics at the nanoscale is part of 

nanotechnology and nanoscience. The researchers have come to the conclusion that 

materials with different characteristics than the same materials with greater sizes 

can exist in small materials, microscopic particles, and thin films. For instance, 

silver, which is typically thought of as benign, becomes hazardous to viruses when 

it is converted into nanoparticles and comes into touch with them. Additionally, as 

a substance shrinks to the size of a nanoparticle, its characteristics change, 

including color, electrical conductivity, and strength. Metal, for instance, can 

transform into an insulator or a semiconductor when it reaches the nanoscale level 

[1]. 

Nowadays use of polymer materials is attributed to their properties, low 

weight and ease of processing. However for improvement of some properties such 

as thermal and mechanical stability, large numbers of additives were added to 

polymeric matrix and formed polymer matrix composite. A composite is defined as 

a combination of two or more materials with different physical and chemical 

properties. In recent years, it has been observed that when we add nanoparticles 

into polymers leads to dramatic changes in structural , optical and electrical 

properties of the polymer [2]. 

 Over the past few years, a little word with big potential has been rapidly 

insinuating itself into the world's consciousness. That word is "Nano" . 

Nanotechnology is one of the leading scientific fields today since it combines 

knowledge from the fields of physics, chemistry, biology, medicine, informatics, 

and engineering. It is an emerging technological field with great potential to lead in 

great that can be applied in real life. Novel nano and biomaterials, and nanodevices 

are fabricated and controlled by nanotechnology tools and techniques, which 

investigate and tune the properties, responses, and functions of living and non-

living matter, at sizes less than100 nm by understanding these different the infinite 
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promises for improved structures, devices and materials. Nanomaterial can be used 

for several reasons as tiny size, light weight and strong. The major important points 

in nanotechnology are [3]  

1. Small size, usually equal or less than 100 of nanometers. 

2. Due to small size it gets unique characterizations. 

3. The structure and composition in the (nm) scale can be controlled of them 

hence control the properties. 

The advancement of nanoscience and nanotechnology in materials has led to the 

creation of nanomaterials, which differ from traditional materials in structure and 

chemistry and can have one or more dimensions on the nanoscale. get a lot of 

interest in the realm of study [4]The dimensions of nanomaterials can be 

categorized as follows: 

1.Three dimensions as nanoparticles, nanoshells and quantum dots. 

2.Two dimensions as fibers, nanotube and nanowire. 

3.One dimensions as thin films, coating and layers. 

4. Zero-dimension confinement (quantum dot). 

There are two types of nanomaterials, naturally and industrial nanomaterials. 

The naturally nanomaterials are found in environment without human intervention 

as viruses, proteins, DNA molecules, and nanoparticles were generated from 

volcanoes explosion. The industrial nanomaterials are fabricated by human and 

without intention as nanoparticles were generated during diesel burning [5]. 

1-2 Polymers  

polymer any huge molecule, or macromolecule, made up of several 

repeating subunits. Both synthetic and natural polymers play a crucial and 

pervasive role in daily life as a result of their wide variety of characteristics. 

Natural biopolymers like DNA and proteins, which are essential to biological 

structure and function, can be found alongside more well-known synthetic plastics 

like polystyrene. Numerous tiny molecules, referred to as monomers, are 

polymerized to produce polymers, both natural and artificial. They have unusual 

physical characteristics, including as toughness, and a propensity to form glasses 
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and semi-crystalline structures rather than crystals [6], as a result of their relatively 

large molecular mass in comparison to small molecule compounds .Polymers are 

present in a wide variety of everyday goods, including clothes, shoes, personal care 

items, furniture, electrical and electronic gadgets, packaging, cutlery, vehicle parts, 

coatings, paints, tires, and more. These a few illustrations out of an unlimited list 

should give you a sense of how crucial synthetic polymers are to contemporary 

civilization, both in terms of their practicality and their economic worth [7].  

1-3 Classification of Polymer 

 Polymers passes different chemical structure, physical properties, 

mechanical behavior, thermal characteristics etc., and on the basis of properties of 

polymer it is being classified in different way [8], as shown in  Table (1-1). 

Table (1-1) Classification of polymer [8]. 

 

No 

 

 

Basis of Classification 

 

Polymer Type 

 

1 (Origin) Natural, Semi synthetic, Synthetic 

2 Thermal Response Thermoplastic, Thermosetting 

3 Mode of formation Addition, Condensation 

4 Line structure Linear, Branched, Crosslinked 

5 Application and physical 

Properties 

Rubber, Plastic, Fibers 

6 Tacticity Isotactic, Syndiotactic, Atactic 

7 Crystallinity Non crystalline (amorphous), Semi 

crystalline, Crystalline 

 

1-4 Polymer Blends (PBs) 

Is previously earlier several synthesis processes relied heavily on alloys. The 

polymer mixes, however, are now essential in many areas of life, including the 

industrial, medicinal, and commercial fields larea .In order to create a unique 

polymer with new physical characteristics, polymer blends (PBs) should comprise 

at least two different types of polymers. Each polymer's shape and content is 

characteristics that influence the efficacy of a polymer mix. The price of mixes 
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depends on the content, composing method, and morphology [9]. Miscible and 

immiscible polymer mixes are the two main categories into which they fall. Due to 

their compatibility and popularity as biodegradable plastics, PEO-PVA blends 

were used in this study. They have the characteristics of miscible polymer blends, 

which include a strong bond or adhesion between them, homogeneous blend, 

single phase structure, and one glass transition temperature. Low bond or adhesion, 

a scattered phase structure with a variety of morphologies, and two glass transition 

temperatures are the characteristics of immiscible polymer blends [10]. There are 

several justifications for using filler in polymers and polymer blends, including: 

1. The price of a polymer product may be calculated, and inexpensive fillers are 

frequently utilized. 

2. To improve the mechanical (toughness, bending, and strength) and electrical (as 

well as optical) characteristics of polymers. 

3. Using pigments allows for the creation of colored polymer products. 

4. The filler content of a polymer may be used to create composite materials.  

5. Functional fillers are added in this case to give the polymer new characteristics, 

such as conductive filler (Ni, Co, or scattered metals), which changes the filled 

polymer from insulating to conducting. 

1-5 Nanocomposites Materials (NCs)  

In recent years, the majority of industries and our everyday lives have 

required new materials. Therefore, polymer nanocomposites may be defined as 

materials that include minute amounts of fillers dispersed uniformly across 

polymers at various concentrations. Compared to microcomposites, the space 

between adjacent additives in nanocomposites is substantially less. In 

nanocomposites, fillers and polymers should interact substantially more [11]. A 

promising subject in the realm of nanoscience is represented by nanocomposites, a 

new construction material. They exhibit extraordinary benefits in terms of 

structure, electrical, optical, biocompatibility, and biodegradability in a variety of 

industrial, medicinal, and drug release packaging applications .In addition to these 

characteristics[12],the interaction between the nanoparticle filler and polymer 

blend creates molecular bridges for nanocomposites. This is the reason why the 

nanocomposite's structural, electrical, and optical characteristics are better than 

those of traditional microcomposites[13]. Understanding the interactions between 
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polymer nanocomposites is necessary to manage their characteristics and structural 

linkages. This should be function within the limitations imposed by the industrial 

and biomedical applications' physical, chemical, and biological requirements[14]. 

As shown in figure(1-1), the matrix, reinforcement, and interfacial area are the 

three main components of nanocomposite polymers, the last is in  charge of 

incorporating the nanofiller into the matrix [15]. 

 

 Figure (1-1) The component of  nanocomposites polymer[15]  

Filler of nanoparticles helps to enhance the foaming properties of polymer. The 

large surface with comparing volume ratio of the foaming polymer leads to 

increase the rate of gas and heat release in incident of fire. But with present 

nanoparticles as nickel oxide, the rate of burning can be mainly reduced[16,17 ].  

1-6 Poly Ethylene Oxide (PEO) 

 The highest chemical and thermal stability of any base material makes  

polyethylene oxide particularly intriguing. PEO is a semi-crystalline polymer that, 

at ambient temperature, may exist in both amorphous and crystalline states. Even 

at extremely high salt concentrations, a wide range of salts may be solvated. The 

interaction of metallic actions with oxygen atoms in the backbone of salts causes 

them to dissolve. However, as it has been demonstrated that ionic conduction 

occurs mostly in the amorphous phase of PEO, its multiphase characteristic is 

frequently viewed as a significant issue in actual functioning systems. The 

reduction of polymer chain crystallinity enhances polymer chain mobility, which in 
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turn promotes improved ionic conduction. One of the most efficient ways to 

increase the amorphous content and decrease the crystalline content is polymer 

mixing. Polymer blends frequently have qualities that are better than those of the 

separate component polymers [18]. Recent years have seen a rise in interest in 

poly(ethylene oxide) because to its water solubility, biodegradability, non-toxicity, 

and biocompatibility. It may be used for a variety of things, including electrical 

gadgets, paper coating, textile fibers. Structure of PEO is shown in figure (1-2) [ 

[91 . Table (1-2) Physical and chemical properties of Poly ethylene Oxide [20] 

 

Figure (1-2) structure of Polyethylene Oxide[19] 

Table (1-2) Physical and chemical properties of Poly ethylene oxide 

(PEO)[20]. 
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Appearance PEO 

 
Molecular Formula H(OCH2CH2)nOH 

Appearance White to very pale yellow 

Melting Point 64-66°C 

Density 1.27g/mLat 25°C 

Flash Point 423 - 425 
o
C 

Boling Poin >250°C 

Water Solubility Soluble in water 

Solubility Slightly hygroscopic. It melts 

easily when heated. Soluble in 

water and ethanol 

Vapor Presure <0.01 mm Hg ( 20 °C) 

Vapor Density >1 (vs air) 

Appearance waxy solid 

Maximum wavelength(λmax) 'λ: 260 nm Amax: 0.6,' 

, 'λ: 280 nm Amax: 0.3'] 

PH 5.5-7.0 (25℃, 50mg/mL in 

H2O) 

Specific Gravity 1.128 

Gravimetric analysis 0.3 -0.8  wt% 

Viscosty:  

497 - 536 

Packing 250g per bag sealed in vaccum 

(moisture content<2%RH) 

 

1-7 Poly Vinyl Alcohol (PVA) 

 Poly Vinyl Alcohol's primary physical characteristics include being 

water soluble, semi-crystalline, nontoxic, biocompatible, eco-friendly, better at 

creating films and fibers, superior mechanical capabilities, great chemical 

resistance, and biodegradable. The physical characteristics of it are the result of the 

polymerization of vinyl acetate to form polyvinyl acetate (PVAc) and the 

subsequent hydrolysis to produce PVA. Due to its outstanding biocompatibility 

and biodegradability, the hydrophilic polymer polyvinyl alcohol (PVA) finds 

particular use in the medical field. A semi crystalline nature, or the occurrence of 

both amorphous and crystalline patches, which causes interfacial effects and 
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amplifies the physical properties, is a significant characteristic of (PVA). Because 

of its distinctive properties, poly vinyl alcohol is employed in the majority of 

synthetic polymers[21,22]. 

PVA is frequently used in the packaging, cosmetic, adhesive, food, paper, 

filtration, optics, and catalysis are three of the main functional applications of poly 

vinyl alcohol. Because of the polarity of the hydroxyl group, which produces 

intermolecular hydrogen bonding, PVA has a significant cohesive energy that 

contributes to a number of its key features .However, PVA is sensitive to 

plasticization in humid settings because to the same characteristics that give it 

distinctive performance and hydrophobicity. Additionally, water and biological 

fluids have a significant degree of swelling or rubberiness. The melting point of 

polyvinyl alcohol is Tm = 230 
o
C, and it has a density of 1.3 g/cm

3
 and a glass 

transition temperature of Tg = 85 
o
C. Structure of PVA is shown in figure (1-

3)[23]. Table (1-3) Physical and chemical properties of poly vinyl alcohol(PVA) 

[24]. 

 

 

 

 

 

 

 

 

Figure (1-3) structure of polyvinyl alcohol where R= H or COCH3[23]. 
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Table(1-3)Physical and chemical properties of poly vinyl alcohol (PVA) [24] 

Appearance White –to-cream granule powder 

Solution PH 5.0-6.5 

Bulk density, kg/m
3
 400-432 

Resin density, kg/m3 1294 

Specific gravity 1.27-1.31 

Specific volume, m
3
/kg 7.7 x 10

-4
 

Specific heat, J/kg·K 1674 

Thermal conductivity, W/(m.K) 0.2 

Thermal Stability Gradual discoloration about 100 
0
C 

,darkens rapidly above 150
0
C ,rapid 

decomposition above 200
0
C 

Melting point (un plasticized)
 0
C 230 for fully hydrolyzed grades 

,180-190 for partially hydrolyzed 

grades 

Tg 
0
C (dry film ) 75-85 

Storage Stability (solid) Indefinite when protected from 

moisture 

Flammability Burns similarly to paper 

Stability to sunlight Excellent 

Molecular weight 26,300-30,000 

Degree of hydrolysis (86.5-89)% 

 

1-8 Strontium Titanate (SrTiO3) Nanoparticles 

 Having the chemical formula SrTiO3, is a titanate and strontium oxide. 

It has a Centro symmetric perovskite structure and functions as a cento electric 

material at ambient temperature. It becomes a quantum pare electric when, at low 

temperatures, it approaches a ferroelectric phase transition with an extremely large 
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dielectric constant of 104 and stays Para electric down to the lowest temperatures 

observed as a result of quantum fluctuations. [25] believed to be a completely  

substance. In nature ,been used in advanced ceramics, optics, and varistors in its 

synthetic form, SrTiO3 has a direct band gap of 3.75 eV and an indirect band gap 

of 3.25 eV [26] With a low electric field and a relatively large dielectric constant 

(300) at ambient temperature, synthetic strontium titanate is an excellent material. 

For very pure crystals, specific resistivity of over 10
9
 cm. In high-voltage 

capacitors [27].Table (1.4) Physical and chemical properties of strontium titanate 

(SrTiO3) [28]. 

(1-4) Physical and chemical properties of Strontium Titanate (SrTiO3) [28]. 

Chemical_ formula SrTiO3 

Molar_mass 183.49 g/mol 

Appearance White, opaque crystals 

Density 5.11 g/cm3 

Melting_point 2,080 °C (3,780 °F; 2,350 K) 

Aqueous_solution insoluble 

Refractive_index 2.394 

Crystal_structure Cubic Perovskite 

Cubic Perovskite Pm3m, No. 221 

 

1-9 Nickel Oxide (NiO) Nanoparticles 

 Nickel oxide is a light green a cubic FCC structure. At low 

temperatures .In the periodic table's group (II-VI) of semiconductor compounds, 

nickel oxide (NiO) is a compound with a crystalline structure like that of sodium 

chloride salt (NaCl) [29]. Table (1-5) lists some significant physical characteristics 

of NiO. The sample's hue serves as a general indicator of the stoichiometry of NiO. 

Even in traces, higher valence states of nickel may drastically alter the hue of NiO. 

Depending on the production procedure and resulting defect configuration, it 

shows vastly disparate magnetic, optical, electrical, and electrochemical 

characteristics [30]. The covalent bond between the nickel oxide ions and the unit 

cell of a centralized faceted type (FCC) is produced by the participation of two 

electrons between the nickel atoms and oxygen atoms [31,32].  
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Due to its substantial exciton binding energy and big energy gap (3.6-4.0 eV), 

nickel oxide (NiO) is a potential p-type semiconducting material . Compared to 

bulk nickel oxide, the nanostructured NiO material shows unique physical 

characteristics in the areas of mechanical, electrical, optical, and magnetic 

properties. Particle size and shape have an impact on the physical properties of 

NiO NPs. The larger surface to volume ratio, which is shown by the smaller size 

NPs, has an impact on the NPs' physical characteristics. Higher surface-to-volume 

ratios give nanoscale particles more surface energy, which lowers i the number of 

co-ordinations at the surface relative to the volume within, (ii) changes in crystal 

symmetry, and (iii) increases disorder/defects in the crystals. The surface and 

particle size effects brought on by quantum confinement at the nanoscale are what 

have improved the physical characteristics of NiO. NiO nanoparticles (NPs) are a 

versatile material that may be employed in a wide range of applications, including 

catalysts. Electrocromic films have been used in gas sensors nanoscale 

optoelectronic devices p-n junction heterojunction [33]. NiO NPs can also be 

employed as a medication delivery vehicle and in magnetic resonance imaging 

since they have super-paramagnetic properties. To enhance the structure-optical 

nature of the unique physical characteristics, such as mechanical, electrical, 

optical, and magnetic capabilities against the bulk nickel oxide, intrinsic and 

surface detects produced during the synthesis of NiO NPs are used. NiO NPs' 

physical properties are dependent on the size and form of the particles [34] 
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Table (1-5) The physical characteristics of NiO [30]. 

NiO Property 

6.8 Density (g/cm
3
) 

1955 Melting point (
o
C ) 

74.69 Molar mass (g/mol) 

3.5 Energy Gap (eV) at (300K) 

Direct Type of optical transition 

1.47 Electronic Affinity )eV) 

0.6-1 Effective mass of carriers )Holes) m
*
/mo 

11.9 Dielectric constant  ɛo 

Cubic Crystal Structure 

0.4178 Lattice Constant(a=b=c) ) nm( at (300K) 

19 α (deg) = β (deg) = γ (deg) 

green crystalline solid Appearance 

 

1-10 Cobalt Oxide  (CoO) Nanoparticles 

 Cobalt oxide (П) is in the form of a crystalline powder of olive green 

color in the pure state, but it is often found in the state of impurities and the color 

of the compound at that time is dark gray, and in the presence of moisture it easily 

oxidizes to cobalt trihedral oxide. Or cobalt monoxide is prepared from double and 

triple cobalt oxide at a temperature of 1220 K [35]. Cobalt is used in the 

manufacture of magnets, ceramics and special types of glass, as well as pure 

cobalt. In the manufacture of cathode tubes for X-rays and some special industries. 

Cobalt is often used in alloying, refractory and hardening, and in the manufacture 

of magnets and cofactors. It is also considered one of the three natural minerals for 
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making magnets, by adding it to iron and nickel. Aerobic oxygen slowly, does not 

ignite and reacts with most acids to produce hydrogen. It does not react with water 

at room temperature.Cobalt oxide is used in the manufacture of ceramics as well as 

in the manufacture of chemicals, including cobalt salt . Cobalt oxide (CoO) has 

been used for centuries as a pigment for pottery , and it has an energy gap of 3.7eV 

electrons. Table (1-6) The physical and chemical properties of (CoO)nanoparticles 

[36]. 
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Table (1-6) The physical and chemical properties of (CoO)nanoparticles[36] 

Properties 
Cobalt oxide nanoparticles 

(CoO) 

Color 
Green, red, gray, or black 

powder 

Sensitivity Air moisture sensitive 

Molecular Weight, (g/mol.)  74.9326 

Structure Fcc 

Decomposition temperature Not determined 

Crystallography Cubic 

Bulk Density,( g/cm
3
) 0.966 

Melting temperature (°C) ~1935 

Boiling temperature (ºC) Not determined 

Specific gravity 6.11 

Form Powder 

Odor Odorless 

Solubility Negligible 

Manufacture Shimadzu corporation, japan 

Purity 99.7% (Co: >78%) 

PH 5.5-6.0 

Morphology Nearly spherical 
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1-11 Literature Review 

Patel et al in (2014) [37] have studied spectroscopic investigation of (PAAm/PEO) 

blend films: preparation and its characterizations, they found that the absorption 

spectra of the pure and blended polymer films. Increased with increasing the 

weight percentage of  PEO and absorption coefficient (α) was determined from the 

absorption spectra and the values of direct and indirect band gap for the pure and 

blended films are decreases with increasing PEO  percentage. 

Dawood .K. A, et al in (2014). [38] studied the nanocomposites of polyvinyl 

alcohol- poly-acrylic acid- cobalt oxide nanoparticles. The cobalt oxide 

nanoparticles was added to polymers with diffrent concentrations. The results show 

that the absorbance of naoocomposites is increased with the increase of cobalt 

oxide nanoparticles and optical constants (absorption coefficient, extinction 

coefficient, refractive index. Real and imaginary dielectric constants) are increased 

with the increasing of cobalt oxide nanoparticles concentrations. The energy band 

gap of nanocomposites is decreased with the increase of cobalt oxide nanoparticles 

concentrations.  

 Sujumaran .S, et al  in (2015). [39] ] studied the characterization of the (PVA-

Al2O3) composite thin films prepared by the dipping method. They found that 

dependence of temperature and frequency for dielectric properties. The results also 

showed the study of insulating properties. The results indicated a higher refractive 

index, dielectric constant and lower dielectric loss for (PVA-Al2O3). 

Chatterjee .B, et al in (2015) . [40] examined the electrical properties 

of starch-PVA polymer blend with different concentrations of KCl. 

The results showed that the conductivity and dielectric constant of 

starch-PVA polymer blend increased with an increase in the salt 

concentrations. 

Mathen .J. J ,et al in (2016) .[41] studied the improve of the optical and dielectric 

properties of PVA matrix with nano-ZnSe: synthesis and characterization. The 

results showed that the constant and loss dielectric increase with increasing of 

ZnSe nanoparticles concentration. The optical conductivity increases with 

increasing the nanoparticles concentration  
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Karpuraranjith .M, et al .in (2017) . [42] have studied produced the (cesium/zinc 

oxide-polyvinyl pyrrolidone) nanocomposites by using precipitation process. 

Antibacterial activity of chitosan,(cesium/zincoxide polyvinyl pyrrolidone) ,and 

(polyvinyl pyrrolidone–zinc oxide) nanocomposites was examined versus gram 

negative bacteria Escherichia coli (E.coil) and gram positive bacteria 

Staphylococcus aureus  ( S.aureus) .The results indicated that gram positive bacteria 

are more susceptible to inhibition than gram negative bacteria. 

Goswami .A, et al ,in (2017) .[43] they study carboxy methyl cellulose (CMC(and 

(PVA) thin films by solution casting. Vanadium pentagonal oxide was prepared for 

the production of bio-nanocomposites (CMC/PVAV2O5) by in situ precipitation. 

The electrical conductivity of alternating current was measured at different 

frequencies. It was found that the conductivity rises at a higher frequency, and the 

band gap decreases at UV-VIS spectra. The nanocomposites appear to have a 

strong electrical behavior. 

Gurswamy.B, et al,in (2018) [44] .They study The doping of SnO2 nanoparticles 

on the structural, optical, electrical and thermal properties of the polymer blend 

(PVA-PVP). Membranes of the nanocomposites )PVA-PVP-SnO2) were prepared 

using the solution casting technique. Aninfrared Fourier transform study showed 

that SnO2 nanoparticles react with the (OH) group of (PVA) and the carboxyl 

group (PVP) to form the compound within the mixing matrix. The optical study 

showed increased absorption in the UV region and transparency in the visible 

region. 

Ningaraju S,et al ,in.(2018). [45] studies the free volume controlled electrical 

properties of PVA/NiO and PVA/TiO2 polymer nanocomposites. The Scanning 

Electron Microscopy (SEM) studies demonstrate the formation of nanoclusters by 

the agglomeration of nanoparticles at higher wt% of nanofiller loading. The 

increased AC/DC conductivity of PVA/NiO and at lower concentration of TiO2 in 

PVA/TiO2 polymer nanocomposites suggests the increased mobility of ions and 

electric charge carriers. The decreased conductivity at higher concentration of 

TiO2 indicates the reduced conducting pathways for the mobility of ions and 

electric charge carriers due to the increased ion aggregation. The increased 

dielectric constant and dielectric loss up to 0.1 wt% of NiO and 0.4 wt% of TiO2 

suggests the increased dipole polarization. The decreased dielectric constant after 
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0.4 wt% of TiO2 is attributed to the reduced dipole polarization by the formation 

of thin immobile nano-layers and hence the polymeric chain mobility. 

Ueda K, in (2019).  [ 46 ] studied  the optical, electrical and thermal properties of 

organic–inorganic hybrids with conjugated polymers based on POSS having 

heterogeneous substituents. They found demon strated that poss ''element-blocks'' 

en able trans formation of conjngated polymers into thermally – stable hybrid 

materials with out critical and electronic properties provided by the organic 

components 

Jebur Q, et al, in(2020).  [47] have studied the dielectric and structural 

characteristics of (PVA-PEO-Fe2O3) nanocomposites. The results indicate that 

when the frequency of the applied electric field increases, the dielectric loss and 

dielectric constant decreased while the electrical conductivity increases. The 

optical experiments revealed that the absorbance for (PVAPEO-Fe2O3) increases 

with increasing iron oxide nanoparticle concentrations. With increasing 

concentrations for iron oxide nanoparticles, the indirect (Eg) energy gap for the 

(PVA-PEO) blend reduces. The optical constants of (PVA-PEO) blend, such as , 

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

dielectric constants, and optical conductivity, altered as the weight percentage of 

iron oxide nanoparticles increased. 

Abid .A, et al, in (2021). [48] have studied examined polymer blend(PVA-PVP)-

carbon black (C.B N375) nanocomposites. The nanocomposites (PVA-PVP-C.B) 

are prepared by the use of a casting method. The dielectric constant and dielectric 

loss of the samples decreased as the frequency of the applied electric field 

increased, however the A.C electrical conductivity results increased as the 

frequency increased. With increasing carbon black concentrations, the dielectric 

constant, dielectric loss, and electrical conductivity (A.C) of all films increased 

Cao Y, et al, in (2022). [49] have studied, the solution blow spinning (SBS) 

technique was used to rapidly create polyvinyl pyrrolidone(PVP),polycaprolactone 

(PCL), and PCL/PVP nanofibrous films to encapsulate chromogenic acid (CGA). 

The PVP Nano fibrous film did not show any inhibition activity against E. coli or 

S. aureus, while the PCL/PVP and PCL films showed will antimicrobial activity. In 
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summary, the above findings indicated that PCL and PCL/PVP nanofibrous films 

containing CGA had interesting applications in food packaging 

Zainab  et al, in (2023) [50] have studied new type of nanocomposites made of 

polyvinyl alcohol (PVA) with different concentrations (0, 1, 2 and 3) wt% of 

cobalt oxide and zirconium dioxide (CoO-ZrO2) nanoparticles by using casting 

method. Microscopic photographs demonstrate the fact that the additive 

distribution amount of NPs in the polymer was uniform, and (CoO-ZrO2) NPs 

formed a continuous network within the polymer when the concentration reached 

3wt.%. The outcomes of optical properties indicate that the absorbance of 

nanocomposites improves as the concentrations of cobalt oxide and zirconium 

dioxide nanoparticles increase while transmittance and the optical energy gap 

decrease. On the other hand, optical constants of nanocomposites (refractive index, 

absorption coefficient, extinction coefficient, real and imaginary the dielectric 

constants) and optical conductivity are increase with increases in the weight 

percentages of (CoO-ZrO2) nanoparticles.  

 

1-12 The Aims of The Study 

The principle aims of this research are:  

1- In this study, the formation of new types of PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO nanocomposites for use in improving physical properties. 

2-Investigating the structural, electrical, and optical characteristics of PEO-PVA-

SrTiO3-NiO and PEO-PVA-SrTiO3-CoO nanocomposites 

3-Applications for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO 

nanocomposites as antibacterial activity , pressure sensors and gamma ray  

shielding.  
 

 

 

https://www.researchgate.net/scientific-contributions/Zainab-Sabry-Jaber-2215584033
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2-1 Introduction   

    This chapter includes a general description of the theoretical part of this study, 

relationships, physical concepts, scientific clarifications, and laws used to interpret 

the study results. 

2-2  Structural Properties 

     The structural properties represent important tool to study the crystallographic 

structure of the films. 

2-2-1  X – ray diffraction (XRD) 

X-ray is an electromagnetic wave with specific wavelength between the ultraviolet 

(UV) and gamma ray (0.1-10 Ao). Therefore, it is preferable to use in most 

crystalline diffraction experiments. In general, diffraction depends on crystalline 

structure, wavelength used should be equal to or approximate to lattice constant 

[51]. X-ray diffraction provides important information about the shape and 

specification of the unit cell and the crystalline structure of the films prepared 

whether they are single crystalline polycrystalline or amorphous [52]. Bragg 

supposed that the Chapter Two Theoretical Background  crystal is a large groups 

of parallel surfaces of atoms repeat itself periodically in three-dimensional space 

and the space between any two successive surfaces is "d" so he imagined the 

crystal . Therefore, Bragg assumed the X-ray of wavelength with monochromatic 

from source falls on the sample to be examined at an angle (θ) in (degree) and 

reflected at an angle value of twice the fall angle recorded on the detector, the fall 

angle changed once after (160
o
) depending on the need for this range. This 

technology provides information on characteristic peaks locations which represent 

the direction of crystalline growth prevailing within the crystal lattice, the mid-

width represents the greatest level of intensity through which granular boundary 

information can be obtained the knowledge of growth in granular size of the test 

sample [53]. As a result of construction interferences, X-Ray diffraction peaks 

characteristic of the prepared films are between the reflected rays from the 

characteristic surfaces groups of the prepared films at specific angles called 

"Bragg's angles", the characteristic surfaces of a similar phase which the optical 

path difference between them equals to an integer number of wavelengths with 

monochromatic X-Ray [54].Bragg deduce the following law [55]: 
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𝒏𝝀 = 𝟐 𝒅𝒉𝒌𝒍 𝒔𝒊𝒏𝜽………..                                                     (2-1) 

where 

n : integer number representing diffraction order 

λ : X-ray wavelength (1.5406 Å) 

d : distance between two successive leve  

hkl:  Miller index 

θ : Bragg diffraction angle 

 

2-2-2 Scanning Electron Microscope (SEM)     

 A scanning electron microscope (SEM) is a type of electron 

microscope that produces images of a sample by scanning the surface with a 

focused beam of electrons. The electrons interact with atoms in the sample that 

contain information about the sample's surface topography. The most common 

SEM mode is detection of secondary electrons emitted by atoms excited by the 

electron beam. The number of secondary electrons can be detected depending on 

specimen topography [56] 

2-2-3 Fourier Transform Infrared Ray (FTIR) 

 Spectroscopy is the study of molecular or atomic structure of a 

substance by observation of its interaction with electromagnetic radiation (here 

infrared (IR) radiation). The transition energy of most molecular vibrations falls 

within the infrared region of the electromagnetic spectrum, which can therefore be 

detected in an infrared spectrum .Fourier transform infrared (FTIR) is one of the 

important analytical techniques. This type of analysis can be used for 

characterizing samples in the forms of liquids, solutions, pastes, powders, films, 

fibers, and gases. This analysis is also possible for analyzing material on the 

surfaces of substrate . Compared to other types of characterization analysis, FTIR 

is quite popular. This characterization analysis is quite rapid, good in accuracy, and 

relatively sensitive [57]. 
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     In the FTIR analysis procedure, samples are subjected to contact with IR 

radiation. The IR radiations then have impacts on the atomic vibrations of a 

molecule in the sample, resulting the specific absorption and/or transmission of 

energy. This makes the FTIR useful for determining specific molecular vibrations 

contained in the sample Infrared spectroscopy detects the vibration characteristics 

of chemical functional groups in a sample. When an infrared light interacts with 

the matter, chemical bonds will stretch, contract and bend. As a result, a chemical 

functional group tends to adsorb infrared radiation in a specific wavenumber range 

regardless of the structure of the rest of the molecule [58]. Modern infrared 

spectrophotometers analyze light of all chosen wavelengths at the same time. This 

is done by use of Fourier transformation, and this spectroscopy method is thus 

called FTIR. The key component of an FTIR instrument is the interferometer [59]. 

The basic construction of an interferometer is illustrated in figure (2.1). 

 

Figure (2.1) Basic construction of an interferometer [60]. 

In the interferometer, radiation from an infrared light source hits a beam splitter. 

Approximately 50% of the light is reflected towards a stationary mirror. When it 

hits the mirror, it will have travelled a length of L from the beam splitter. The other 

50% of the light is transmitted towards a movable mirror. This beam will travel a 
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distance. The difference in travelled path length between the two beams will be 

2Δx when they meet in the beam splitter. This difference is called the retardation. 

As the mirror moves back and forth, the retardation is changing. This will lead to a 

pattern of constructive and destructive interference. A plot of light intensity, 

measured by the detector, against the retardation is called an inter fogram.  A 

computer transforms the inter fogram into a plot of absorbance against 

wavenumber by Fourier transformation. Since light of all wavenumbers are 

investigated at once, the analysis only takes a few seconds. The main idea gained 

from the FTIR analysis is to understand what the meaning of the FTIR spectrum. 

The spectrum can result "absorption versus wavenumber" or "transmission versus 

wavenumber" data .  The IR spectrum is divided into three wavenumber regions: 

far-IR spectrum (<400 cm
-1

), mid-IR spectrum (400-4000 cm
-1

), and near-IR 

spectrum (4000-13000 cm
-1

). The mid-IR spectrum is the most widely used in the 

sample analysis, but far- and near-IR spectrum also contribute in providing 

information about the samples analyzed [60]. 

 The mid-IR spectrum (400-4000 cm
-1

) can roughly be divided into four ranges. 

The first is the high-frequency area (4000-2400 cm
−1

) where the stretching 

vibrations of single bonds O-H, C-H and N-H occur. The second area (2400-1900 

cm
−1

) is where triple bonds have stretching frequencies. The double bonds 

(stretching) and the single bond of N-H (bending) have vibration frequencies in the 

third area (1900-1500 cm
−1

). The last area (1500-400 cm
−1

), which is called the 

fingerprint area, contains frequencies of most of the bending and stretching 

vibrations of some single bonds. The fingerprint area contains complex absorption 

patterns and each molecule has its own characteristic fingerprint area. The 

absorption peaks in the region above 1500 cm
−1

 are distinct and may be used for 

identification of the functional groups in the molecule [61]. 

2-3 The Optical Properties 

 The discipline of nano optics, which focuses on how light interacts 

with nanoscale particles, has grown significantly recently. Materials with 

fascinating features, particularly optical properties, include metals, 

semiconductors, dielectrics, and polymers on the nanoscale scale. Innovative 

techniques to create thin film coatings have attracted a lot of interest among the 

many uses. To create materials with adjustable refractive indices and improved 
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optical qualities, nanocomposite has been developed [62].The interaction of light 

with a substance has to be given more attention, both in depth and detail. Three 

basic outcomes are conceivable when light interacts with a substance: absorption, 

transmission, and reflection of light. In comparison to bulk materials, the 

nanoparticles have higher specific surface area, surface energy, and density. Thus, 

adding nanoparticles at even lower filler loadings will have a significant impact on 

the matrix's physical, thermal, and mechanical characteristics [63]. When coupled 

with polymers, nanomaterials have improved mechanical and optical 

characteristics (such as refractive index and coefficient of absorption) and are used 

in optical sensors, light-emitting diodes, solar cells, polarizers, and light-stable 

color filters. New properties like light emission are also brought forth by [64]. For 

use in UV filters, bio imaging, photo thermal treatments, oxygen sensors, and other 

applications, nanoparticles' optical characteristics have been studied [65]. 

2-3-1 Light Absorbance and Electronics Transitions 

 The total energy for molecular can be divided into electronic (Eele) , 

vibration (Evib) , translation (Etrans) and rotational energy (Erot). The light 

absorbance leads to changing in molecular energy as a result to change of other 

energies. As following[66]. 

∆ET =∆Eele+∆Erot+∆Etrans+∆Evib                                                                    (2.1)                                                                               

Ultra violet and visible light are the electronics absorbance. The reaction between 

molecular and photon leads to electric field to excitement the electronic structure 

of molecular where the photon disappear and the molecular trans to excited state.  

2-3-1-1 Direct Transitions  

        In semiconductors, this transformation occurs when the (C.B) base is exactly 

above the top (V.B). This implies that the wave vector has the same value (∆k=0). 

The absorption occurs in this condition (h υ =Eg 
opt

 ). This form of transition calls 

for energy and momentum conservation laws. There are two forms for direct 

transitions. [67] 

a) Direct allowed transition 

It occurs from the top (V.B) points and the bottom (C.B), as seen in the figure (2.2-

a).  
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b) Direct forbidden transitions 

As given in this figure (2.2-b), this transition occurs between the close high points 

of (V.B) and the lower points of (C.B) [68]. For this transition form, the absorption 

coefficient is indicated: 

αhυ =B (h υ –Eg 
opt

) 
r
                                                                                      (2.2) 

Where: Eg 
opt

 . energy gap between direct transition.  

α: is the absorption coefficient. 

B: constant depended on type of material.  

h: is the Planckʼs constant.  

υ: is the photon frequency. r: exponential constant, its value depended on type of 

transition.  

r =1/2 for the allowed direct transition. 

r =3/2 for the forbidden direct transition 

2-3-1-2 Indirect Transitions 

 In the curve (E-K), in these transitions the bottom (C.B.) is not above 

the top of (V.B.) The electron transits between (V.B.) and (C.B.) are not 

perpendicular if the magnitude of the electron's wave vector is not identical before 

and after transfer. This kind of transformation occurs with the beneficial "Phonon" 

particle for energy conservation and energy law. Two kinds of indirect transitions 

exist [69].  

c)Allowed indirect transitions: 

 These transitions occur between the top of the (V.B.) and the bottom of (k space), 

as shown in figure (2.2-c) (C.B).  

d) Forbidden indirect transitions 

As shown in the figure, such transitions occur between points near the top of 

(V.B.) and points near the bottom of (C.B) [70]. (2.2-d). The coefficient of 

transition absorption is denoted by Phonon on absorption: 
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 ahυ =B(h υ - Eg 
opt

_+ Eph) 
r
                                                                            (2.3) 

Where: Eph : Phonon energy : 

 (-) is absorbed by phonon, and  

(+) is emitted by phonon. (r = 2) for the allowed indirect transitions (r = 3) for the 

forbidden indirect transitions 

 

 

 

 

 

 

 

 

 

 

 

Figure (2-2) The electronic transitions types of (a) allowed direct, (b) forbidden Direct Transition, 

(c) allowed indirect and d) forbidden indirect transitions [71]. 

2-3-2 Absorbance (A)    

 The intensity of the absorbed light (Ia) by the material to the incident 

intensity of light (Io) as a ratio is defined as absorbance that is giving in the 

following equation [72]. 

  
  

  
                                                                                                               (2.4)                                                                                                                  
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2-3-3 Transmittance (T) 

 Transmittance (T) is given by ratio of the intensity of the transmitting 

rays (IT) through the film to the intensity of the incident rays (Io) on it as follows 

[73]  

T=IT/I°                                                                                                                                                                            (2.5)                                                                                                                                                                                 

2-3-4 Reflectance (R) 

Reflectance is defined as fraction of light reflected at an interface[74] 

R=IR / I°                                                                                                              (2.6)                                                                                                                                                                                                                                 

Where (IR ) are the reflected beam intensity  

We can obtained reflectance from absorbance and transmittance spectrum in 

according to the law of conservation of energy by the equation[75]. 

R+T+A=1                                                                                                    (2.7)                                                                                                             

2-3-5 Absorption Coefficient (α)  

     Absorption coefficient is defined as a ratio decrement in flux of incident rays 

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

Absorption coefficient (α) depends on incident photon energy (hυ) and on 

semiconductor characteristics (n or p) type, where electronic transitions type (n) or 

(p) and forbidden energy gap. Photon energy is given by the following equation 

[76]. 

E = hυ  When incident photon energy is less than forbidden energy gap, then 

photon will be transmitted, and transmittance gives the following  equation [77] 

T= (1-R)
2
 exp (- αd)                                                                                         (2.8)                                                                                                      

     Where : T is transmittance, R : is the reflectance. 

     If the light of intensity (Io) incident on the film of thickness (d), the transmitted 

intensity (IT ) can be given as [78]. 

IT = Io exp (- αd)                                                                                              (2.9) 
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IT /Io = exp (- αd)                                                                                            (2.10) 

where : T = IT / Io 

T = exp (- αd)                                                                                                 (2.11)                                                                                                      

1/T = exp (αd)                                                                                                (2.12)                                                                                                       

Then: 

αd = 2.303 log (Io / IT)                                                                                    (2.13)                                                                                         

But A= log (Io / IT)                                                  

αd = 2.303 × A                                                                                               (2.14)                                                                                                                                                                                              

Then: 

α = (2.303 × A) / d                                                                                        (2.15)                                                                                                                                        

Where: d is the sample thickness in cm , A is the absorption of the material.   

2-3-6 Extinction Coefficient (k)  

  The extinction coefficient represents the amount of attenuation of an 

electromagnetic wave that is traveling in a material, where it values depends on the 

density of free electrons in the material and also on the structure nature, this 

coefficient can be calculated by using the following equation [79]. 

k=αλ/4π                                                                                                     (2.16)                                                                                                                  

It can be noted that (k) has same behavior of absorption coefficient, absorption 

coefficient has a direct related with (k) as in the above equation [80]. 

2-3-7 Refractive Index (n)   

 Refractive index (n) represents the ratio of the light speed in space (c) 

to the light speed inside the material (v). Equation (2-17) gives the law which used 

to calculate the refractive index [81]. 

n=(
4    

( -1)2
)

1 2⁄

-
( +1)

( -1)
                                                                                (2.1  )                                                    
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Complex refractive index (  ) can be written as following:  

                                                                                                                    (2.18) 

                                                                                                      

Where, n is the real part of refractive index. (k) it is the extinction coefficient 

represents the imaginary part. (  )it is a complex number represent the complex 

refractive index that depends on several characteristic factors such as crystal defect 

and crystal structure [82]. 

2-3-8 Dielectric Constant (ε) 

 The dielectric constant (ε) is defined as the ratio of the electric 

permeability of the material to the electric permeability of free space. The 

dielectric constant is generally a complex number which describes the interaction 

of a material with an electric field:  

                                                                                                                 (2.19) 

Where (  ) is a real part of the dielectric constant , (  ) is an imaginary part of the 

dielectric constant.   

     The real part of the complex dielectric constant (  ) is a measure of how much 

energy from an external field is stored in a material.  

     The imaginary part of the complex dielectric constant (  ) is a measure of how 

dissipative or lossy a material is to an external field [83]. 

     The dielectric constant (ε) is not constant by changing either the frequency or 

the temperature [84]. 

The relation between the complex dielectric constant ( ) and the complex 

refractive index (  ) is expressed by [85].  

  (  )                                                                                                                   (    ) 

     It can be concluded that     

       (    )                                                                                               (    ) 
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     The real and imaginary parts of the dielectric constant thus related to ( ) and 

( ) values and can be calculated using the following formulas [85]. 

                                                                                                                    (    ) 

and          

                                                                                                                         (    ) 

2-3-9 Fundamental Absorption  Edge 

1.High Absorption Region: Direct electron transitions occur in this region.an 

absorption coefficient with a value higher than or equal to 10
4
 cm

-1
. 

2.Exponential Region: it is represent the transition between extended levels in 

valence band to localize levels in conduction band. Also from localize levels in top 

valence band to extended levels in bottom conduction band. The magnitude of 

absorption coefficient between (1<α<10
4
) cm

-1
. 

3.Low Absorption Region: the electron transitions in this region attribute to   

density as a result of structure defects. The magnitude of absorption coefficient is 

very small (α<1cm
-1

). Figure ( 2-3 ) which shows the absorption regions[86] 

 

 

 

 

 

 

 

 

 

 

 
Figure (2-3) Typical absorption spectra for materials [86] 
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2-3-10 Optical Conductivity 

The Optical Conductivity was calculated using the relation[87]. 

     σopt = αnc/4π                                                                                            (2.24)                                                                                              

c:the velocity of light. 

2-4 The A.C Electrical Properties 

 Due to their unusual characteristics, such as low density, the ability to 

create complicated structures, flexible electrical properties, and inexpensive 

manufacturing costs, polymers are receiving a lot of interest from scientists, 

engineers, and industrials [88].The most practical and effective techniques for 

examining the structure of polymers are dielectric constant and loss factors [89]. A 

specific conductive filler can be included into insulating polymer materials to 

increase their electrical conductivity . The dielectric constant value becomes equal 

to its value in a static field when an insulator is placed in a low-frequency electrical 

field where induced or permanent electrical dipoles can move along with the 

variation of the applied electrical field without leaving any residue, making the 

insulator ideal (ohmic conductivity equals to zero). On the other hand, a complex 

dielectric constant will exist when the electric field's frequency is higher and the 

electric polarization is frequency-dependent .The definition of the dielectric 

constant is "the ratio of the capacitance of a capacitor containing an insulator 

material between its conducting plates to the capacitance of a capacitor of the same 

size with a vacuum between the Insulator plates" . When an alternating potential is 

put across a capacitor, the current can flow through the device because the 

insulator-filled capacitor is ahead of the potential by a phase of π/2 [90].  

                                                                                                            (2.25) 

ω, means the applied filed angular frequency (ω=2πf ),  j, means the number of 

imaginary and equal to 1  , C, means capacitance of a capacitor  and Vm, means 

the maximum voltage.   

 The angle between electric current and voltage is less than π/2, as 

illustrated in figure (2-4 B). The sum of the conduction current (Ip) is considered 

the electric current. This is in the same phase with voltage and the capacitates 
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current (Iq) with a phase difference of (π/2). The current is symbolized using the 

equation (2.26):  

                                                                                                           (2.26) 

The capacitance of a capacitor constructed of two parallel plates is given by the 

equation[91]. 

        
  

 ⁄                                                                                                 (2.27) 

When, equation (2.27) substituted in relation (2.25), we get 

             ⁄                                                                                              (2.28) 

The permittivity (ε) is a complex quantity. The permittivity is formed from the real 

and imaginary parts, as mentioned in equation (2.29).  

ε =                                                                                                             (2.29) 

ɛ" = Dielectric loss  and   = dielectric constant, it’s become. 

        ( 
       )    ⁄                                                                              (2.30) 

By comparing equation 2.26 with 2.30, then: 

              
  

 ⁄                                                                                       (2.31) 

               ⁄                                                                                          (2.32) 

  : Angular frequency 

Figure (2-4 B) shows that the loss factor is: 

     
  

  
 

   

  
                                                                                             (2.33) 

Ip = conduction current, Iq = capacitate current  
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Where, in the insulator, this represents the transformed the lost electrical energy to 

the thermal energy. At high frequencies, excessive power factor could result in 

heat in the insulator at high frequencies [92]. 

At low frequencies, the ideal capacitor when connecting with a resistance Rp in 

parallel is can be represented capacitor C [93]. 

         
 

  
                                                                                 (2.34) 

Hence, get the impedance: 

1

 
=

1

 P
                                                                                                     (2.35) 

From the relations (2.31, 2.32 and  2.34), the following equation can be written: 

    
 

            
                                                                                             (2.36) 

 

  

 

 

 

 

 

 

 

 

 

Figure (2-4) The circuit equivalent of (A) ideal capacitor and (B) non- ideal capacitor [94] 
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                                                                                                 (2.37) 

         
    

       
                                                                                        (2.38) 

    
  

  
                                                                                                         (2.39) 

Cp and Co mean the capacitor having an insulator material and vacuum, 

respectively .The alternating conductivity is a function that used to the existence of 

alternating potential that could represent the dissipated power in the insulator, as 

could using the equation (2.36) to represent it[95].  

        
                                                                                                   (2.40) 

In the insulating material, σAC has represented the calculation of the generated 

temperature that is resulted from the rotation of the dipole in their positions, as a 

result of the field alternating [96]. 

2.4.1 The Electrical Polarization 

  Electrical polarization is the phenomenon in which the centers of 

positively and negatively charged particles do not line up. When a dielectric 

material is subjected to an electrical field, this often happens [97]. A local shift in 

positively and negatively charged centers happens when electrical fields are given 

to a condenser terminal with an electrical insulator between its surfaces. This 

movement in charge is what causes the electrical polarity to change. According to 

this quantity, which equates to the sum of all the moments in the sample's unit 

volume (dipoles)[98]. 

         
                                                                                                 (2.41)   

μe means the moment of the electrical dipole, Pm means the polarity of molecule or 

atom   
  means the molecule internal field that is proportional to the external field. 

Where, for a unit volume, the total dipole moment P is: 

                                                                                                                (2.40) 

 Nₒ means the number of molecules for a unit per volume.    
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 The polarization of electrical occurs in all insulators for the reason that 

of impurities, atoms, molecules and ions that have either charges to be negative or 

positive [99]. The effect of an electrical field lead to present the electrical 

polarization that can calculate form the following relation [100]: 

                                                                                                           (2.38) 

 D means the displacement of the electrical, E means field intensity of the electrical 

and  0 means the free space or vacuum permittivity (8.85×10
-12

 F/m) [101]. 

            
                                                                                         (2.39) 

Despite   

      
  

     
                                                                                                        (2.40) 

And 

        
  

     
                                                                                                   (2.41) 

where    represented the constant of the dielectric. 

The equation of the Clausius  Mossotti explains the relative between the constant 

of dielectric with the polarizability for a volume per unit [102]. 

   

   
   

     

    
                                                                                                      (2.42) 

this equation can be applied to ionic crystals and non-polar electric insulators[103]. 

 2-5 Types of Electrical Polarization 

A. Electronic Polarization (Pe)   

  This opposite type of polarization is caused by distortion in the charge 

distribution that occurs when an external electric field is projected. What is 

happening here is the effect of the nucleus and the electrons with two opposing 

forces in the direction that work to displace the nucleus towards the electric field 

and the electrons in the direction, This produces induced polar diodes as seen, in 
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figure (2.5.a). That this polarization occurs in all materials regardless of the 

appearance of other types of polarization, and that it occurs during a very small 

period (10
-15

 s). It is also called optical polarization because its effect is visible at 

high frequencies (optical frequencies) and does not depend on temperature 

[104,105]. 

B. Ionic Polarization (Pi)  

  It is generated in the ionic compound that possesses the ionic 

character and occurs when the material falls under the influence of an electric field, 

resulting in the displacement of the negative and positive ion from each other 

within the molecule and as a result of this, it creates a bipolar moment in the 

molecule that was not previously found in the form of (2.5.b). It takes a short 

period of time to reach (10
-13

 s), that is, what corresponds to the frequency in the 

infrared(IR) region of the spectrum, after which the polarization effect begins to 

diminish when the frequency exceeds (10
14

 Hz) as the ions cannot follow the rapid 

change of the field dominated at these frequencies and thus a decrease in the 

polarization value occurs. As shown in Figure (2-5), this polarization depends on 

little temperature [106]. 

C. Orientation Polarization (P0) 

  Rotational polarization occurs only in materials whose molecules have 

a permanent diode (Permanent Dipole moment), even in the absence of the electric 

field and called polar molecules, though, the polarization result is equal to zero 

because the molecular moments are random in directions, which leads to the 

cancellation of each other [107], but when an electric field is shed on these 

materials, the polar diodes revolve around their axis and are arranged toward the 

field as in the form that presented in Figure (2.5.c), it is known that when the 

temperature increases, it becomes more difficult to control the orientation of the 

particles by the electric field. Accordingly, the directional polarization is highly 

dependent on the temperature and this polarization occurs in a rather large period 

of time [108]. 
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D. Interfacial Polarization (Pd) 

 This type of polarization occurs in the materials as a result of 

containing impurities, space, or a structural defect, as a group of opposite charges 

is produced on both ends of the impurity, and this is the emergence of polar diodes 

in the atom or molecule or areas of the atom that presented in Figure (2.5.d). The 

amount of homogeneity of the material and the percentage of its defects or 

impurities, and its effect appears in radio frequencies are determined by the 

polarization. It extends to subsonic frequencies (f) depending on the type of defect 

that causes this polarization [109].   

Thus, the total polarization of the material is. 

P=Pe+ Pi + Pₒ+ Pd                                                                                    (2.43) 

 

 

 

 

 

 

 

 

         

 

 

 

Figure (2-5) schematic representation of different types of polarization of (a) electrical 

polarization, (b) ionic polarization, (c) orientational polarization and (d) space charge or 

interfacial polarization [110]. 
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2-6 Antibacterial Effect Systems 

 Antibiotics often lose their effectiveness over time due to the 

emergence and spread of drug resistance by bacterial pathogens, which leads to the 

generation of the so-called “antibiotic resistance crisis” and infections in addition 

to the huge amounts of medical costs that may reach billions of dollars 

annually[111].Particles and nanomaterials have become the global platform for 

many therapeutic applications because of the unique physical and chemical 

properties of these materials and provide treatment for drug-resistant bacteria. The 

antibacterial activity of multiple nanomaterials is expected to play an important 

and alternative role for other antibacterial agents[112]. The important and unique 

properties of some nanomaterials such as changing their size or shape, surface 

properties, optical properties, low cell toxicity, and high stability make them 

attractive in many fields of medicine. Because of those qualities and properties that 

characterize some of these nanomaterials, they have anti-fungal and anti-bacterial 

activity, so nanomaterials can be combined with other certain biological materials 

to transfer anti-bacterial properties to the material, thus improving the value of that 

material and its applications[113].The nanoparticles are attached to the 

antibacterial drugs via covalent or non-covalent bonds whereby the antibacterial 

drugs reach the site of action effectively[114]. When bacteria are active in the 

affected sites in the body, whether on the skin or in the intestines, the rates of 

secretion of their output and waste naturally increase, which increases the acidity 

of the medium in it; It drops below 5 degrees, and the more you activate the degree 

more, and therefore this medium is ideal for changing the charge of the 

nanocomposite from negative to positive, only when the body has a bacterial 

infection, and this is what is required, and then attraction occurs between the 

nanocomposite and the cell membrane of bacteria cells to eliminate therefore. This 

process also ensures that the compound is not attracted to healthy cells, as long as 

there are no bacteria in the medium, which makes it biologically safe [115]. 

2-7 Pressure Sensors 

Sensor technology is one of the widely used technologies for applications in 

the industry and medicine. It can be used to measure pressure, temperature, quality, 

and amount of energy, and to monitor health. Various types of sensors have been 

fabricated from polymer matrices such as pressure , thermal/infrared , vapor, 
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humidity , gas , electrical , and temperature/thermal sensor[116] . resistive 

,capacitive, optical and thermal conductivity have been proposed and examined , 

low response time, high sensitivity, repeatability, reversibility and noise immunity 

are required. pressure is one of the most important physical quantities in our 

environment. Pressure is a significant parameter in such varied disciplines as 

thermodynamics, aerodynamics, acoustics, fluid mechanics, soil mechanics and 

biophysics. As an example of important industrial applications of pressure 

measurement we may consider power engineering. Hydroelectric, thermal, nuclear, 

wind and other plants generating mechanical, thermal or electrical energy require 

the constant monitoring and control of pressures . pressure enters into the control 

and operation of manufacturing units that are automated or operated by human 

operators . All these activities require instrument chains in which the first element 

is the pressure sensor [117]. 

2-8 Gamma Ray Shielding 

 Depending on distance and time, there are some fundamental 

principles for radiation protection. The type and quantity of shielding needed 

depending on the type of radiation, radiation source activity, and dose rate. 

However, there are other factors such as their cost and weight for the choice of 

shielding material. A good shield leads to a large energy loss at a small penetration 

distance without radiation emission [118]. There have been several experimental 

and theoretical work on radiation protection that has wide different application 

areas with different materials (e.g. concrete, polymer, etc.) [119]. 

  A study of radiation absorption from gamma and neutron is an 

important subject in the field of radiation physics. For example, most of the 

previous studies focused on photon attenuation coefficients . There are two main 

radiation protection methods. First, protective materials are furnished on or directly 

inside the wall surface . Secondly, these materials are covered by the source of 

radiation. Any radiation shielding material can be used if it is thick enough to 

absorb incident radiation to a safe level. In the field of protective materials and the 

design of some research, various types of glass have been reported as new 

protective materials .With the use of active gamma-ray isotopes in industry, 

agriculture and medicine, researching the attenuation index of different materials 
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has become significant both biologically and technologically .The following 

equation shows the properties of the radiation attenuation[120]. 

N= N0 exp (−μx)                                                                                            (2.22) 

Where (N0) represents the number of radiation particles counted at a given time.  

The period shall be without any absorber. (μ) is the attenuation coefficient of 

gamma radiation. (N) is the amount of counted radiation particles at the same time, 

with the thickness of the sampled [121]. 
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3-1 Introduction  

This part involves the steps of samples preparation for  PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO NCs, samples tests and measurements steps such as: 

optical microscopic , scanning electron microscope (SEM), Fourier transformation 

infrared radiation (FTIR) , optical measurements ( A.C electrical measurements), 

antibacterial activity pressure sensors and gamma ray shielding applications. 

3-2 The materials used in this work 

3-2-1  Polymers 

Two polymers are used in this work: 

A) Poly ethylene oxide (PEO)  

The white material PEO  and a semi-crystalline polymer are used Panveac Spain 

company with high purity (99.8%) 

B)Polyvinyl alcohol (PVA) 

Used as powder form and could be obtained from Panveac Spain company with 

high purity (99.8%). 

3-2-2 Metals Oxides Nanoparticles 

A) Strontium Titanate (SrTiO3)  

It was  got as powder with particle diameter  (30-45) nm cubic phase from 

Research Nanomaterials USA Company and high purity (99.95%).   

B) Nickel Oxide (NiO) 

It was  got as powder with particle diameter (15-35)nm from Research 

Nanomaterials USA Company and high purity (99. 5%) 

C) Cobalt Oxide(CoO)  

It was  got as powder with particle diameter (20-50)nm from Research 

Nanomaterials USA Company and high purity (99. 5%). 
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3-3 Preparation of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO 

Nanocomposites 

Polyvinyl alcohol, polyethylene oxide, and nanocomposite films composed of 

strontium, titanium, and cobalt were made using a casting technique, which 

involved dissolving 1 gram of PEO and PVA (50/50) in 40 mL of distilled 

water using a magnetic stirrer for 45 minutes at a temperature of 70 °C. to make 

a more consistent solution. Nanoparticles of strontium-titanium and nickel 

oxide were introduced into the polymer mixture to prepare PEO-PVA-SrTiO3-

NiO nanocomposites. On the other hand, add strontium-titanium and cobalt 

oxide to prepare PEO-PVA-SrTiO3-CoO nanocomposites in different 

concentrations (0.1, 2, 3 and 4) wt%. When the solution was dried for 4 days at 

room temperature, PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO NC 

polymer nanocomposites were formed and the solution was poured into a petri 

dish and used for measurement. Samples thickness around (16 ± 2) μm 

Structural, optical and AC properties, of PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO NCs. Figure (3-1) shows the schematic diagram of the 

experimental work  
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Figure (3-1) Scheme of experimental part 
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3-4 Structural Properties for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-

CoO NCs  

3-4-1  Optical Microscopic Investigation 

PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO nanocomposite samples 

were examined using a light microscope (provided by Olympus (ToupView) type 

(Nikon- 73346) at University of Babylon/College of Education for Pure Sciences 

with magnification (x10) . 

3-4-2 Scanning Electron Microscope (SEM) 

The scanning electron microscope (SEM) is an electron microscope that 

images the sample surface by scanning it with a high -energy beam of electrons in 

a raster scan pattern .The specimens for an SEM testing must be electrically 

conductive, at least at the surface, and electrically grounded to prevent the 

accumulation of electrostatic charge at the surface. Small part of (1cm
2
) was taken 

from the sample to examine it by SEM. In this work low vacuum scanning electron 

microscope was used. The surface morphology of PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO NCs was observed using Tescan mira3 SEM microscope. 

is equipped with dual Bruker  Flash EDS detectors and Bruker Flash HD EBSD( 

Czech Tescan Instrument Co.) for analytical studies at the University of Tehran 

.The advantage was observed using this technique (Low vacuum SE detecto) is 

beam deceleration technology (BDT) for high resolution imaging and high surface 

sensitivity at very low kv and variable pressure operation, fully integrated active 

anti-vibration system. as shown by diagram SEM in figure (3-2). 

G

a

m
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Figure (3-2) Diagram SEM device. 

3-4-3 Fourier Transforms Infrared Spectrometer 

FTIR spectra for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO NCs ere 

detailed by FTIR (Bruker company, German origin, type vertex-70) at University 

of Babylon, College of Education for Pure Sciences. The FTIR spectrometer is in 

the wavenumber range (400 – 4000)cm
-1

 

 

Figure (3-3)  Fourier transform infrared (FTIR) spectroscopy device . 
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3-5 Measurement of A.C Electrical Conductivity for PEO-PVA-SrTiO3-

NiO and PEO-PVA-SrTiO3-CoO NCs 

The A.C electrical properties have been measured by LCR meter type 

(HIOKI 3532-50 LCR Hi TESTER (Japan)).It is found in University of 

Babylon, College of Education for Pure Sciences/Department of physics, as 

shown in figure (3-4). Only (1cm) from each one of the samples have been 

taken and put between two electrodes and at different frequencies from (100Hz-

5MHz) at room temperature which shows a diagram of A.C circuit. The 

capacity and dissipated factor have been recorded for all samples. 

 

 

 

 

 

 

 

 

 

 

3-6 Optical Properties Measurements for PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO NCs 

    The optical properties of  PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-

CoO NCs the absorption spectrum  films have been recorded in the wavelength 

range (200-800) nm by using the double beam spectrophotometer (Shimadzu 

model UV-1800 Ao (JAPAN) as shown in figure (3-5). It found in University of 

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

absorption spectrum have been recorded at room temperature. A computer program 

was employed to obtain the optical constants, absorption coefficient, extinction 

coefficient, refractive index and energy gaps.  

 

LCR Meter 

 

Electrode 

Sample 

Figure ( 3-4) Schematic diagram for A.C electrical properties 

measurement 
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Figure (3-5) UV Photographic Spectrophotometer 

3-7 Antibacterial Activity Effect Measurements of PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO NCs   

Antibacterial activity of the PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-

CoO NCs tested samples was determined using a disc diffusion method. The 

antibacterial activities were done by using gram positive  organism(Staphylococcus 

aureus) and gram negative organisms (Escherichia coli). Bacteria (Staphylococcus 

aureus and Escherichia coli) were cultured in Muller-Hinton Medium. The solution 

of the  PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO NCs were injected 

inside the media and incubated at 37°C for 24 hours. The inhibition zone diameter 

was measured. The device is located in Al-Najaf Al-Ashraf Governorate 

3-8 Pressure Sensors Application Measurements PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO Nanocomposites  

The pressure sensors application of the PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO NCs were investigated by measuring capacitance between two 

electrodes on top and bottom of sample for different pressures range (80–160) bar 

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

physics  
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3-9 Gamma Ray Shielding Application Measurements of PEO-PVA-SrTiO3-

NiO and PEO-PVA-SrTiO3-CoO NCs 

The gamma-ray attenuation properties of samples with different concentrations 

of SrTiO3, NiO and CoO nanoparticles were investigated using radial shielding 

measurements of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO. Different 

concentrations of test samples were placed in front of a collimating beam emitted 

from a gamma-ray source (Cs-137). The gamma ray source is 3 cm away from the 

detector, the nanocomposite sample is 2 cm away from it and the time used was 10 

seconds. Geiger counter is used to estimate the linear attenuation coefficients by 

measuring the gamma ray fluxes transmitted through the samples at University of 

Babylon/College of Education for Pure Sciences/Department of Physics. 
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4-1 Introduction  

   This chapter involves the results of structural, optical and (A.C) 

electrical measurements for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-

CoO  nanocomposites and discussions. As affected with adding filler of 

SrTiO3-NiOandCoO nanoparticles on structural ,optical characterize and ( 

A.C) electrical for PEO-PVA blend. Beside this discuss each of the  

antibacterial activity ,pressure sensors and gamma ray shielding 

applications for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  

nanocomposites.       

4-2 The Structural Properties of PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO  Nanocomposites 

4-2-1 XRD powder materials analysis 

Figure (4-1) shows XRD for powder materials used in this study to 

confirm these materials compared of standard charts (ASTM), on the 

other hand, FTIR spectraconfirm polymer materials (PEO and PVA). 

Table 1 shows crystallite size of SrTiO3 and CoO nanoparticles 
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Figure. (4-1): XRD pattern of  A) PEO ,  B) PVA , C)  SrTiO3 ,  D) CoO 
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Table (4-1) Summary of mean crystal size estimated from XRD patterns using 

Scherer formula for PEO, PVA polymer and SrTiO3 ,CoO nanoparticles 

 

PEO 

 

2θ 

(degree) 

 

hkl 

FWHM 

(degree) 

Crystallite 

size (nm) 

1 14.65  0.0087 16.7113 

2 19.09  0.0078 18.7247 

3 23.33  0.0143 10.3666 

4 26.06  0.0109 13.6874 

5 36.10  0.0139 10.9864 

6 39.36  0.0110 13.9864 

7 43.96  0.0061 27.2716 

SrTiO3     

1 22.35 100 0.007546804 19.54835285 

2 31.93 110 0.007257428 20.74206581 

3 39.52 111 0.007422885 20.7176043 

4 46.08 200 0.007962192 19.75264219 

5 51.86 210 0.008304277 19.37924875 

6 57.25 211 0.007656759 21.53476284 

CoO     

1 19.14 111 0.0148 9.8814 

2 22.25 200 0.0305 4.8072 

3 40.59 220 0.0184 8.0504 

4 64.12 311 0.0080 21.4056 
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4-2-2 Optical Microscope 

Figures (4-2) and (4-3) displays optical microscope images for PEO-

PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  nanocomposites films 

with different concentrations at magnification strength (100x).As shown in 

the images, there is a clear difference between the samples (a, b, c, d, e)  in 

figures (4-2) and (4-3). When increasing ratiosof SrTiO3,NiO and CoO 

NPs in PEO / PVA blend, the NPs create a continuing network inside the 

polymers, reaching to 4 wt% for PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  nanocomposites. This network is made up of indoor routes, 

and nanocomposites allow charging carriers to move through such 

pathways[122,123]. 
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Figure(4-2) Photomicrographs for PEO-PVA-SrTiO3-NiO nanocomposites at 

100× magnification (a) PEO-PVA pure, (b) 1 wt% SrTiO3-NiO, (c) 2 wt% 

SrTiO3-NiO,(d (3 wt% SrTiO3-NiO, (f) 4 wt% SrTiO3-NiO 
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Figure(4-3) Photomicrographs for PEO-PVA-SrTiO3-CoO nanocomposites at 

100× magnification (a) PEO-PVA pure, (b) 1 wt% SrTiO3- CoO, (c) 2 wt% 

SrTiO3- CoO,(d (3 wt% SrTiO3- CoO, (f) 4 wt% SrTiO3- CoO 

a 

c 
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4-2-3 Scanning Electron Microscope (SEM) 

Figures (4-4) and (4-6) show SEM images of the PEO-PVA mixture 

with different concentrations of strontium titanate , nickel oxide and cobalt 

oxide nanoparticles, respectively to study the morphology of the 

nanocomposites and the arrangement of the nanoparticles  different at low 

and high concentrations of nanoparticles. SEM images reveal uniformly 

distributed nanoparticles within the PEO-PVA blend where charge carriers 

are allowed to pass through the tracks [124]. The nanocomposite 

membranes display many evenly dispersed and widely spaced spherical 

particle agglomerates or pieces on the surface. This may be a sign of a 

homeostatic growth mechanism .The surface profile varies with the 

proportion of nanoparticles in the polymer mixtures.  

When SrTiO3, NiO and CoO NPs rise, the grains agglomerate. The 

results will show the surface morphology of the membranes. when 4 wt% 

SrTiO3, NiO and CoO NPs are added to PEO-PVA blend. SrTiO3,NiO and 

CoO NPs ratio gradually growing in PEO-PVA blend, appearance of 

several spherical particle aggregates or chunks on the surface of 

nanocomposites indicates the presence of a homogenous growth 

mechanism. It gets softer as the concentration of both particles increases, 

where nanoparticles aggregate and are well distribution in PEO-PVA 

blend form a continuous network with in the polymers and this is similar 

to the results of the researchers [125]. Figures (4-5) and (4-7) show 

particle size for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  

nanocomposites calculate from SEM analysis. 
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Figure (4-4) SEM for PEO-PVA-SrTiO3-NiO NCs are shown in (a) for PEO-PVA, 

(b) for 1 wt% SrTiO3-NiO, (c) for 2 wt% SrTiO3-NiO, (d) for 3 wt% SrTiO3-NiO 

and (e) for 4 wt% SrTiO3-NiO 
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Figure (4-5) Partical size for PEO-PVA-SrTiO3-NiO nanocomposites: a for PEO-

PVA, b for 1 wt.% SrTiO3-NiO, c for 2 wt.% SrTiO3-NiO, d for 3 wt.% 

SrTiO3/NiO, e for 4 wt.% SrTiO3-NiO 

 

c 
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Figure (4-6) SEM for PEO-PVA-SrTiO3-CoO NCs are shown in (a) for PEO-

PVA, (b) for 1 wt% SrTiO3- CoO, (c) for 2 wt% SrTiO3- CoO, (d) for 3 wt% 

SrTiO3- CoO and (e) for 4 wt% SrTiO3- CoO 
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Figure (4-7) Partical size for PEO-PVA-SrTiO3-CoO nanocomposites: a for PEO-

PVA, b for 1 wt.% SrTiO3-CoO, c for 2 wt.% SrTiO3-CoO, d for 3 wt.% SrTiO3-

CoO, e for 4 wt.% SrTiO3-CoO 
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4-2-4 Fourier Transformation Infrared Radiation (FTIR) for PEO-

PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO nanocomposites  

Figures (4-8) and (4-9) show that the FTIR spectra of PEO-PVA-

SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  . At ambient temperature, FT-IR 

spectra of pure PEO/ PVA blend and doped by SrTiO3,NiO and CoO 

nanoparticles in the range (1000–4000) cm
-1

 were collected. The presence 

of the stretching vibration appeared as bright spots in all of them with 

varying degrees of roughness in PEO-PVA 3wt% of nanoparticles 

generated samples , these bright spots appear to be agglomerates of 

SrTiO3,NiOandCoO NPs that grow in size as the concentration of 

nanoparticles increases.  

As seen in (4-8 e) and (4-9 e) 4wt % percent, the degree of roughness 

of the film surface increases. This could indicate filler segregation in the 

host matrix, implying additive-polymer interaction and complications. It 

may also refer to the formation of the hydroxyl group OH of PEO-PVA is 

responsible for the prominent peaks in the spectra at (2881) cm
-1

. The 

C=O stretching mode is thought to be responsible for the absorbent peak at 

(2359) cm
-1

. Asymmetric stretching and scissoring bending vibrations of 

the CH2 group appear at (1098) cm
-1

. The photos demonstrate the bonding 

nature of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  

nanocomposites with polymers. According to the FT-IR analysis, there are 

no interactions between the PEO-PVA blend and the SrTiO3,NiO and CoO 

NPs. Furthermore, we can see in these data that when the concentration of 

nanoparticles increases, the transmittance decreases dramatically due to 

the increased density of nanocomposites [126] 
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Figure (4-8) FTIR spectra for PEO-PVA-SrTiO3-NiO NCs are shown in (a) for 

PEO-PVA, (b) for 1 wt% SrTiO3-NiO, (c) for 2 wt% SrTiO3-NiO, (d) for 3 wt% 

SrTiO3-NiO and (e) for 4 wt% SrTiO3-NiO 
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Figure (4-9) FTIR spectra for PEO-PVA-SrTiO3-CoO NCs are shown in (a) for 

PEO-PVA, (b) for 1 wt% SrTiO3- CoO, (c) for 2 wt% SrTiO3- CoO, (d) for 3 

wt% SrTiO3- CoO and (e) for 4 wt% SrTiO3- CoO 



Chapter Four                                                Result and Discussions 
   

55 
 

4-3 Optical Properties of PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  nanocomposites 

The main purpose of optical properties study of PEO-PVA-SrTiO3-NiO 

and PEO-PVA-SrTiO3-CoO  nanocomposites to know the effect of 

Strontium Titanate and nickel oxide and cobalt oxide nanoparticles 

additive on the optical properties of PEO-PVA blend and uses as 

antibacterial effect. The absorbance and transmittance have been recorded 

of the PEO-PVA blend with different concentrations of SrTiO3,NiO and 

CoO nanoparticles. 

 4-3-1 The Absorbance (A) 

               Figures (4-10) and (4-11) show absorption spectra for PEO-PVA-

SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs .There is evidence to 

suggest that strontium-titanium oxide, nickel oxide and cobalt oxide filler 

levels boost the peak’s intensity. Due to the establishment of 

intermolecular hydrogen bonds between strontium-titanium oxide ,nickel 

oxide and cobalt oxide and the adjacent OH groups of the main chain of 

PEO and PVA, as well as the specific weight SrTiO3,NiO and CoO NPs 

and the absorption band moves. Because the valence and conduction 

bands are further apart, the PEO-PVA combination has a low 

absorption.The increased absorbance for PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO  NCs absorbed the incident radiation by free 

electrons[127].  

In addition to; specific weight of strontium titanate , nickel oxide and 

cobalt oxide nanoparticles compare with PEO-PVA blend, as a result 

increase in the specific weight of PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  nanocomposites . But appear new physical properties, due to 

the shift in the band edges and the absorption bands towards the higher 

wavelengths with different absorption intensities for different 

concentrations nanoparticles samples. The shift in the absorption band 

gives an idea of the formation intermolecular hydrogen bonding existing 

nanoparticles with the neighboring OH groups of the PEO-PVA main 

chain is caused by an increase in strontium-titanium oxide, nickel oxide 

and cobalt oxide nanoparticles [128]. 
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Figure (4-10) Variation of  absorbance for PEO-PVA-SrTiO3-NiO 

nanocomposites with wavelength 

 

 

Figure (4-11) Variation of  absorbance for PEO-PVA-SrTiO3-CoO 

nanocomposites with wavelength 
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4-3-2 Transmittance Spectrum 

Figures (4-12) and (4-13) show the transmittance spectra versus 

wavelength of the incident light on the PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO  NCs.When the concentration of SrTiO3 , NiO and CoO 

nanoparticles is increased, the transmittance of PEO-PVA-SrTiO3-NiO 

and PEO-PVA-SrTiO3-CoO  NCs decreases, which is the opposite of the 

absorbance behavior. This means that the SrTiO3 , NiO and CoO 

nanoparticles improve the absorbance of the PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO  nanocomposites  

This is due to the use of nanoparticles to fii the voids between the 

polymer chains of the PEO-PVA blend. Furthermore, the free electrons of 

nanoparticles absorbed the light incident on the samples, causing the free 

electrons to cross to a high level of energy and emit no rays, indicating 

that the electrons migrated to a high level of energy and took up a free 

position in the energy band [129].The nature of the reflected and refracted 

light in the samples may also account for the lower transmittance [130]. 

 

Figure (4-12) Variation of  transmittance for PEO-PVA-SrTiO3-NiO NCs with 

wavelength 
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Figure (4-13) Variation of  transmittance for PEO-PVA-SrTiO3-CoO NCs with 

wavelength 

4-3-3 Absorption Coefficient (α) for PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO NCs 

Figures (4-14) and (4-15) show the absorption coefficient versus of 

incident photon energy for PEO-PVA blend with different concentrations 

of SrTiO3 , NiO and CoO nanoparticles.  Figures show low  absorption at  

low energy, this means the probability of electrons transition is low due to 

the incident of photon energy  was not enough to transition of electron 

from valence to conduction band PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  nanocomposites.  

But in the high energy, the absorption is large this is indicated high 

probability for electrons transitions. On other hand; the incident photon 

energy becomes greater than of forbidden energy gab. From the same 

figures; can be noted an increasing in absorption coefficient PEO-PVA-

SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  nanocomposites when increase 

of a filler of SrTiO3 , NiO and CoO nanoparticles. This increases attributed 

to increase the number of carries charges of nanoparticles which cause to 

increase the absorbance[131]. In addition to; creates new location levels 

which means degradable or expand in covalent bond between valence and 

conduction bond, which additive of SrTiO3 , NiO and CoO nanoparticles 

made to degradable and break the covalent between PEO-PVA blend. 

Because of the oxygen leads to make degradable covalent band where the 
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prevent free roots to corporate in the end of polymer chain. In spite of the 

energy gap of nanoparticles large but the conduction band filled of free 

electrons because of oxygen vacancies which due to from non-

stoichiometry [132].   

             Absorption coefficient can be helped for concluding the nature of  

transition electrons, when the value of is high (greater than 10
4
cm

-1
) in the 

higher energy expected direct transitions of electrons. Whaite the value of 

absorption coefficient is low (less than 10
4
cm

-1
) in the low energy 

expected indirect transitions of electrons. From the results, it’s indicated 

the absorption coefficient for PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  nanocomposites has values are less than (10
4
 cm

-1
) which 

means they possess indirect energy gap[133].   

 

Figure (4-14) Variation of  absorption coefficient for PEO-PVA-SrTiO3-NiO 

nanocomposites with photon energy 
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Figure (4-15) Variation of  absorption coefficient (α) for PEO-PVA-SrTiO3-CoO 

nanocomposites with photon energy 

4-3-4 Optical Energy Gaps of the Indirect Transition (Allowed and 

Forbidden) PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs 

         Figures (4-16) and (4-17) show the plot of the absorbance edge 

(αhυ)
1/2

for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  

nanocomposites versus photon energy and figures (4-18) and (4-19) show 

the plot of the absorbance edge (αhυ)
1/3

  for PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO  nanocomposites versus photon energy . The 

values of energy gap decreases with increasing of concentration of 

nanocomposites as listed in tables (4-2) and (4-3) ,this attributes to great 

localize levels in the forbidden energy band gap, and the transition of 

electrons by two stage: the first transition of electron from valence band to 

localize levels and the second from localize levels to the conduction band 

in the allowed indirect transition[134].  

Thus in indirect forbidden transition, the transition tails of localize 

of the levels made by the additive .This behavior due to oxygen vacancies 

of strontium titanate , nickel oxide and cobalt oxide nanoparticles which 

due to from non-stoichiometry. These nanocomposites  are heterogeneous 

type in other word; the electrons conduction depend on defects and 

additive impurity, where increasing in the SrTiO3 , NiO and CoO 

nanoparticles additive make several passes of electrons in the PEO-PVA 
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blend. Therefor passes easy from valence to conduction bands  [135].This 

is explaining the decrease of energy gap by increase the additive . 

 

Figure (4-16) Variation of  (αhυ)
1/2

  for PEO-PVA-SrTiO3-NiO NCs with photon 

energy 
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Figure (4-17) Variation of  (αhυ)
1/2

  for PEO-PVA-SrTiO3-CoO NCs with photon 

energy 

Tables (4-2) Values of energy gap for the (allowed) indirect transition for 

PEO/PVA-SrTiO3-NiO nanocomposites  

Concentrations of SrTiO3-NiO wt.% Indirect energy gap (allowed) 

eV 

PEO-PVA blend 3.6 

PEO-PVA 1%wt. SrTiO3-NiO NCs 2.9 

PEO-PVA 2%wt. SrTiO3-NiO NCs 2.8 

PEO-PVA 3%wt. SrTiO3-NiO NCs 2.7 

PEO-PVA 4%wt. SrTiO3-NiO NCs 2.5 
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Tables (4-3) Values of energy gap for the (allowed) indirect transition for PEO-

PVA-SrTiO3-CoO nanocomposites 

 

 

Figure (4-18) Variation of  (αhυ)
1/3  

for PEO-PVA-SrTiO3-NiO NCs with photon 

energy 
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Concentrations of  SrTiO3-CoO NPs 

wt.% 

Indirect energy gap (allowed) 

eV 

PEO-PVA blend 3.8 

PEO-PVA 1%wt. SrTiO3-CoO NCs 3.5 

PEO-PVA 2%wt. SrTiO3- CoO  NCs 2.9 

PEO-PVA 3%wt. SrTiO3- CoO NCs 2.4 

PEO-PVA 4%wt. SrTiO3- CoO  NCs 1.7 
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Figure (4-19) Variation of  (αhυ)
1/3  

for PEO-PVA-SrTiO3-CoO Nanocomposites 

with photon energy 

Tables (4-4) Values of energy gap for the (forbidden) indirect transition for PEO-

PVA-SrTiO3-NiO nanocomposites 

Concentrations of SrTiO3-NiO NPs 

wt.% 

Indirect energy gap (forbidden) 

eV 

PEO-PVA blend 3.8 

PEO-PVA 1%wt. SrTiO3-NiO NCs  3.1 

PEO-PVA 2%wt. SrTiO3-NiO NCs 2.9 

PEO-PVA 3%wt. SrTiO3-NiO NCs 2.7 

PEO-PVA 4%wt. SrTiO3-NiO NCs 2. 5 
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Tables (4-5) Values of energy gap for the (forbidden) indirect transition for PEO-

PVA-SrTiO3-CoO nanocomposites 

Concentrations of SrTiO3-CoO NPs  

wt.% 

Indirect energy gap (forbidden) 

eV 

PEO-PVA blend 3.9 

PEO-PVA 1%wt. SrTiO3-CoO NCs 3.5 

PEO-PVA 2%wt. SrTiO3-CoO NCs 2.9 

PEO-PVA 3%wt SrTiO3-CoO NCs 2.3 

PEO-PVA 4%wt. SrTiO3-CoO NCs 1.6 

 

4-3-5 Extinction Coefficient of PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  NCs 

 Figures (4-20) and (4-21) show the variation of extinction 

coefficient versus wavelength for PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  NCs respectively, by increasing the amount of SrTiO3 , NiO 

and CoO nanoparticles in the PEO-PVA blend, the extinction coefficient 

increases. The behavior of the extinction coefficient indicates substantial 

absorption. In addition, the interaction of the carrying charge in the 

samples with the incident light causes polarization of the medium charges, 

resulting in a loss of incident photon energy[136].  

This implies that the host PEO-PVA blend is modified by the 

SrTiO3 ,NiO and CoO nanoparticles. The absorbance in the visible range 

increases as concentration of nanoparticles increases, which is the 

interesting observation . 
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Figure (4-20) Variation of  extinction coefficient for PEO-PVA -SrTiO3-NiO 

nanocomposites with wavelength 

Figure (4-21) Variation of  extinction coefficient for PEO-PVA -SrTiO3-CoO 

nanocomposites with wavelength 
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4-3-6 Refractive Index PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-

CoO  Nanocomposites 

Figures (4-22) and (4-23) show viration refractive index as a 

function of wavelength for PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  nanocomposites. One of the reasons for the increase in 

reflectance PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs is 

the refractive index increased for the doped samples because the addition 

of SrTiO3,NiOandCoO NPs enhances the intensity of NCs by raising the 

PEO-PVA blend’s refractive index and thereby, increasing the dispersion 

of the photon event. It is clear that the refractive index displays an area of 

dispersion at low wavelengths and practically reaches a plateau at high 

wavelengths.  

One of a material’s most fundamental characteristics is its index of 

refraction,which is directly tied to its electrical polarizability. The 

electromagnetic field of the light induces polarization in the molecules, 

which is reflected by the refractive index. Due to the impact of the electric 

field component of the incident wave, a material exposed to 

electromagnetic light will experience time-varying forces inside its 

internal charge structure. The polar character of the samples was attributed 

to the broad dispersion area. Polar molecules inertia prevents them from 

following the field alternation at high wavelengths[137]. 

Figure (4-22) Variation of  Refractive index for PEO-PVA -SrTiO3-NiO NCs with 

wavelengt 
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Figure (4-23) Variation of  Refractive index for PEO-PVA -SrTiO3-CoO NCs with 

wavelength 

4-3-7  Real and Imaginary part of Dielectric Constant for PEO-PVA-

SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs  

       Figures (4-24 and 4-25) , (4-26 and 4-27) show the variations of real 

and imaginary part (Ԑ1,Ԑ2) with wavelength for PEO-PVA-SrTiO3-NiO 

and PEO-PVA-SrTiO3-CoO NCs respectively. Given that the real 

component is mostly proportional to the square of the refractive index, it 

can be seen that the real part is bigger than the imaginary part. The 

imaginary component is proportional to the extinction coefcient, as shown 

in figures ( 4-25) and(4-27) it increas with increasing the SrTiO3,NiO and 

CoO NPs, but the real part is raised with increasing SrTiO3,NiO and CoO  

NPs additive [138]. 
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Figure (4-24) Variation real part of dielectric constant for PEO-PVA -SrTiO3-

NiO NCs with wavelength 

 

Figure (4-25) Variation real part of dielectric constant for PEO-PVA -SrTiO3-

CoO NCs with wavelength 
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Figure (4-26) Variation imaginary part of dielectric constant for PEO-PVA -

SrTiO3-NiO NCs with wavelength 

 

Figure (4-27) Variation imaginary part of dielectric constant for PEO-PVA -

SrTiO3-CoO NCs with wavelength 
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4-3-8 Optical conductivity for PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  NCs  

Figures (4-28) and (4-29) illustrate the variety of the optical 

conductivity of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs 

with wavelength. The optical conductivity of all NCs samples diminishes 

as wavelength rises, which is a characteristic linked to how the optical 

conductivity varies depending on the wavelength of the light impinging on 

the NCs sample. The optical conductivity spectra shows that all NCs 

samples in this region have high absorbance, which raises optical 

conductivity at low photon wavelengths and causes the samples to 

transmit light in the visible and near-infrared spectrum.  

Along with this, it indicates that more SrTiO3,NiO and CoO 

nanoparticles are produced at greater concentrations, optical conductivity 

values rise as SrTiO3 , NiO and CoO concentrations. The band gap 

narrows as a result of this increase in conductivity, which is caused by the 

formation of new local levels in the band gap that make it easier for 

electrons to move from the valence band to the conduction band. The 

density of localized stages in the band structure also rises, enhancing 

optical conductivity and absorption coefficient. Localized levels that have 

formed in the energy gap are responsible for this behavior in PEO-PVA-

SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs [139].  
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Figure (4-28) Variation of optical conductivity for PEO-PVA -SrTiO3-NiO NCs 

with wavelength 

 

Figure (4-29) Variation of optical conductivity for PEO-PVA -SrTiO3-CoO NCs- 

with wavelength 
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4-4 Electrical Measurements of Nanocomposites 

4-4-1 A.C Electrical Properties of PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO  Nanocomposites                                   

          A.C electrical properties of PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  nanocomposites are involved dielectric constant, dielectric 

loss and A.C electrical conductivity were studied in frequency ranging 

from (100Hz- 5MHz) at room temperature 

4-4-1-1 The Dielectric Constant of PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO  Nanocomposites 

           Figures (4-30) and (4-31) show the variation of dielectric constant 

versus the weight percentages of strontium titanate , nickel oxide and 

cobalt oxide nanoparticles in the PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  NCs , as a result, the ratio of space charge polarization to 

total polarization decreases. At low frequencies, space charge polarization 

is the most important sort of polarization, and as frequency increases, it 

becomes less important .  

As the electric field frequency increases, the dielectric constant 

values for all samples of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-

CoO NCs decrease, and different types of polarizations occur at higher 

frequencies. Since an ion's mass is greater than that of an electron, ionic 

polarized reacts to changes in field frequency in a somewhat different way 

than electronic polarization. This causes the electrons   to react [140]. 
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Figure (4-30) Effect of SrTiO3-NiO NPs concentrations on dielectric constant for 

PEO-PVA  blend 

 

Figure (4-31) Effect of SrTiO3-CoO NPs concentrations on dielectric constant for 

PEO-PVA  blend 

The plots of the variation of dielectric constant of PEO-PVA-

SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  nanocomposites versus 

frequency are shown in figures  (4-32) and (4-33) respectively .With 

increasing frequency, the dielectric constant for PEO-PVA-SrTiO3-NiO 

and PEO-PVA-SrTiO3-CoO  nanocomposites decreases very fast due to 

control of the atomic and electronic influence in the PEO-PVA blend and 

space charge reduces gradually[141] . 
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At higher frequency, the dielectric constant for PEO-PVA-SrTiO3-NiO 

and PEO-PVA-SrTiO3-CoO  nanocomposites becomes almost frequency 

independent representing the rotational motion of the polar molecules of 

the dielectric is not enough rapid for the achievement of equilibrium with 

the field. In other word, because of the electric dipoles cannot continue the 

frequency of the electric field and so, it stops  [142]. The PEO-PVA-

SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  nanocomposites have the 

highest dielectric constant because of the high electrical conductivity for 

SrTiO3,NiOand CoO nanoparticles. 

 

Figure (4-32) Variation of dielectric constant for PEO-PVA -SrTiO3-NiO 

nanocomposites with frequency.  
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Figure (4-33) Variation of dielectric constant for PEO-PVA -SrTiO3-CoO 

nanocomposites with frequency. 

4-4-1-2 The Electrical Dielectric Loss of PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO  Nanocomposites 

            The effect of concentrations of SrTiO3 , NiO and CoO nanoparticles 

versus dielectric loss of PEO-PVA blend shows in figures (4-34) and (4-

35) at 100 Hz .The dielectric loss of PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO  nanocomposites increases with increasing of the 

concentrations of nanoparticles . This increases due to the increase of the 

charge carriers number for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-

CoO  NCs. Filler of strontium titanate ,nickel oxide and cobalt oxide 

nanoparticles forms as a clusters when the low concentrations, but they are 

formed a path network in the PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  NCs when the concentration of nanoparticles reachs 4 

wt.%[143].  
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Figure (4-34) Effect of SrTiO3-NiO NPs concentrations on dielectric loss for PEO-

PVA blend  

 

Figure (4-35) Effect of SrTiO3-CoO NPs concentrations on dielectric loss for 

PEO-PVA blend 
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Figures (4-36) and (4-37) show the variation of dielectric loss of 

PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO NCs versus 

frequency respectively. For all samples of nanocomposites the dielectric 

loss decreases with increasing of the frequency of applied electric field, 

this manner attributed to the decreases of the space charge polarization 

contribution and associated the inability of dipoles to rotate quickly 

leading to a gap between frequency of oscillating dipole and that of the 

applied field . But the dielectric loss becomes very large for PEO-PVA-

SrTiO3-NiO and PEO-PVA-SrTiO3-CoO nanocomposites at lower 

frequencies, due to free charge motion within the material. In addition; the 

enough time for electric dipoles to align with applied electric field before 

it variation electric dipoles direction; so the dielectric loss of these 

nanocomposites is high. These are similar with the results of researchers 

[144].  

 

Figure (4-36) Effect of SrTiO3-NiO NPs concentrations on dielectric loss for PEO-

PVA blend at 100Hz 

 

 

 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07

D
ie

le
ct

ri
c 

Lo
ss

 

F(Hz) 

pure
1 wt.%
2 wt.%
3 wt.%
4 wt.%



Chapter Four                                                Result and Discussions 
   

45 
 

 

Figure (4-37) Effect of SrTiO3-CoO NPs concentrations on dielectric loss for 

PEO-PVA blend at 100Hz 

4-4-1-3 A.C Electrical Conductivity of PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO  Nanocomposites 

Figures (4-38) and (4-39) show the variation  of A.C electrical 

conductivity for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  

nanocomposites versus concentrations of nanoparticles at100Hz 

respectively. By increasing strontium titanate , nickel oxide and cobalt 

oxide nanoparticles concentrations, the A.C electrical conductivity of 

nanocomposites increases. This is attributed to the increase in the number 

of charge carriers due to dopant nanoparticles composition which reduces 

the resistance of nanocomposites gradually and increases the A.C 

electrical conductivity[145].  

Beside that; the strontium titanate , nickel oxide and cobalt oxide 

nanoparticles form a path network in the nanocomposites especially at 

concentrations of nanoparticles 4 wt.% for PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO  nanocomposites . 
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Figure (4-38) effect of SrTiO3-NiO NPs concentrations on A.C electrical 

conductivity for PEO-PVA blend 

 

Figure (4-39) effect of SrTiO3-CoO NPs concentrations on A.C electrical 

conductivity for PEO-PVA blend 

Figures (4-40) and (4-41) show the variation of A.C electrical 

conductivity of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  

nanocomposites versus frequency at room temperature respectively. By 

increasing of the frequency of electric field, the A.C electrical 

conductivity increases for all samples of nanocomposites, where the 
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frequency acts as a pumping force, pushing the charge carriers between 

the different conduction states.  PEO-PVA blend which form localized 

levels below the conduction band. This means the mobility of charge 

carriers and the hopping of ions from the cluster [146] . 

    In the low frequency, more charge accumulation occurred at the 

electrode and electrolyte interface, leading to a decrease in the number of 

the ionization processes for SrTiO3 ,NiO and CoO nanoparticles for PEO-

PVA blend. As high frequency region; the mobility of charge carriers was 

higher. Hence the electrical conductivity increases with frequency for 

PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  nanocomposites . 

This is similar to the results of the researchers [147]. 

 

Figure (4-40) Variation of A.C electrical conductivity for PEO-PVA -SrTiO3-NiO 

nanocomposites with frequency  

 

1.E-11

1.E-10

1.E-09

1.E-08

1.E-07

1.E-06

1.E-05

1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07

A
.C

 E
le

ct
ri

ca
l C

o
n

d
u

ct
iv

it
y 

(S
/c

m
) 

F(Hz) 

pure
1 wt.%
2 wt.%
3 wt.%
4 wt.%



Chapter Four                                                Result and Discussions 
   

45 
 

 

Figure (4-41) Variation of A.C electrical conductivity for PEO-PVA -SrTiO3-CoO 

nanocomposites with frequency 

4-5 Application of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-

CoO  Nanocomposites for Antibacterial Activity 

Each of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  

nanocomposites can be operated as antibacterial.The inhibition zone of the 

Staphylococcus aureus and Escherichia coli respectively illustrate in 

images (4-42) and (4-43). The inhibition zone of S. aureus and E. coli  

illustration figures (4-44 and 4-45) and figures (4-46 and 4-47)  

respectively  as a function of  the concentrations of strontium titanate , 

nickel oxide and cobalt oxide nanoparticles  for nanocomposites. With 

increasing the percentage of strontium titanate , nickel oxide and cobalt 

oxide nanoparticles, the inhibition zone of these bacterial is increased.  

The possible mechanism of action is that the PEO-PVA-SrTiO3-

NiO and PEO-PVA-SrTiO3-CoO  nanocomposites are carrying the 

positive charges and the bacterial are having the negative charges which 

create the electromagnetic attraction between the nanoparticles of 

nanocomposites and the bacterial. When the attraction is made, the 

bacterial get oxidized and die instantly. There is a possibility of another 

mechanism for the last two concentrations that caused the antibacterial 

activity of  nanocomposites by the nanoparticles that PEO-PVA-SrTiO3-

NiO and PEO-PVA-SrTiO3-CoO  nanocomposites released (electron-hole) 
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pairs by exposure to the visible or ultraviolet ray[148,149]. Hence, water 

can be interacted with electron and hole to form hydroxide (-OH) and ion 

of hydrogen (
+
H). Besides that, molecular of oxygen can be interact with 

each of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  

nanocomposites to produce peroxide anion (Oˉ2) which can be react with 

(
+
H) to form hydrogen peroxide (H2O2) then, hydrogen peroxide (H2O2) 

reacts with (
+
H) and electron (e) to generates hydrogen peroxide (H2O2) 

molecules which the generation basically depends on the surface of 

strontium titanate and nickel oxide and cobalt oxide NPs[150] . 

Hydrogen peroxide (H2O2) is the only can be to penetrates and 

destroy the membrane of cell bacterial. Due to the negative charges of the 

membrane of bacterial, Each of the superoxide anion (Oˉ2) and hydroxyl 

radicals (OH) cannot be to penetrates its. So, they are stayed on the 

membrane surface. But the interaction between illumination and 

(superoxide and hydroxyl) radicals leads to generate oxidative stress 

finally, inhibit bacterial proliferation. 

 

 

 

 

 

 

 

 

 

Figure (4-42) images antibacterial effect of PEO-PVA blend as a function of 

SrTiO3-NiO NPs concentrations on S. aureus 
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Figure (4-43) images antibacterial effect of PEO-PVA blend as a function of 

SrTiO3-CoO NPs concentrations on E.coli 

 

Figure (4-44) Antibacterial effect of PEO-PVA blend as a function of SrTiO3-NiO 

NPs concentrations on S. aureus 
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Figure (4-45) Antibacterial effect of PEO-PVA blend as a function of SrTiO3-CoO 

NPs concentrations on S. aureus 

 

Figure (4-46) Antibacterial effect of PEO-PVA blend as a function of SrTiO3-NiO 

NPs concentrations on E. coli1 
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Figure (4-47) Antibacterial effect of PEO-PVA blend as a function of SrTiO3-CoO 

NPs concentrations on E. coli1 

4-6 Application of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-

CoO  Nanocomposites for Pressure Sensors 

Figures (4.48) and (4.49)  depicts the parallel capacitance of PEO-

PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  nanocomposites with the 

pressure. This figures show that the capacitance of nanocomposites 

increases as pressure rises . The nanocomposite samples include an 

internal dipole moment. This is called a dipole moment. If there are no 

forces (electrical or mechanical), the net dipole is in a straight line, as 

momentum equals zero. As the strain gets bigger, these dipole moments 

will cause local distributions to change when they are applied to the 

samples, creating an electric field. Because of this electric field, there are 

charges above and below the sample [151]. 
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Figure (4-48) Variation of parallel capacitance for PEO/PVA /SrTiO3/NiO 

nanocomposites with pressure. 

 

 

 

Figure (4-49) Variation of parallel capacitance for PEO-PVA -SrTiO3-CoO 

nanocomposites with pressure 

The influence of SrTiO3,NiO and CoO nanoparticles on the 

electrical capacitance (Cp) for PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  NCs is shown in figures (4.50) and (4.51)  at 80 bars. It is 

clear from this graph that the electrical capacitance of nanocomposites 

increases as the concentration of SrTiO3,NiO and CoO nanoparticles 
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concentration increases. This might be related to an increase in charge 

carrier density in nanocomposites [152] 

 

Figure (4-50) Effect of SrTiO3-NiO  nanoparticles concentrations on parallel 

capacitance for PEO-PVA -SrTiO3-NiO nanocomposites. 

 

Figure (4-51) Effect of SrTiO3-CoO  nanoparticles concentrations on parallel 

capacitance for PEO-PVA -SrTiO3-CoO nanocomposites 

The influence of SrTiO3,NiO and CoO nanoparticles on sensitivity 

for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs is shown in 

figures (4-52) and (4-53).  It is clear from this graph that the sensitivity of 

nanocomposites increases as the concentration of SrTiO3,NiO and CoO 

nanoparticles concentration increases. This is due to internal dipole 

moment [153]. 

100

150

200

250

300

350

0 1 2 3 4

P
ar

al
le

l C
ap

ac
it

an
ce

 (
p

F)
 

Con. of SrTiO3-NiO nanoparticles wt.% 

Pure
1 wt.%
2 wt.%
3 wt.%

100

200

300

400

500

600

700

800

900

1000

1100

0 1 2 3 4

P
ar

al
le

l C
ap

ac
it

an
ce

 (
p

F)
 

Con. of SrTiO3  - CoO nanoparticles wt.% 

Pure
1 wt.%
2 wt.%
3 wt.%



Chapter Four                                                Result and Discussions 
   

45 
 

Figure (4-52)  The influence of SrTiO3-NiO NPs concentration on sensitivity for 

PEO-PVA-SrTiO3-NiO NCs. 

 

Figure (4-53) The influence of SrTiO3-CoO NPs concentration on sensitivity for 

PEO-PVA-SrTiO3-CoO NCs 
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4-7Application of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  

NCs For Gamma Ray Shielding. 

Fluctuation of (N/No) for a mixture of PEO-PVA with various 

quantities of SrTiO3, NiO and CoO nanoparticles is shown in figures(4-

54)and (4-55)  . When increasing concentration of SrTiO3,NiO and CoO 

nanoparticles, the transmission radiation decreases. This happens due to an 

increase in the attenuation radiation [154]. Figures (4-56)and (4-57) shows 

increasing Ln(N/No) of PEO-PVA mixture with increasing SrTiO3,NiO 

and CoO NPs concentrations[155]. 

 

Figure (4-54) of (N/No) for PEO-PVA blend with various SrTiO3-NiO Variation 

nanoparticle concentrations 
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.  

Figure (4-55) of (N/No) for PEO/PVA blend with various SrTiO3-CoO Variation 

nanoparticle concentrations 

Figure (4-56) Change of Ln(N/No) for PEO-PVA mixture with different concentrations of 

SrTiO3-NiO nanoparticles. 
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Figure (4-57) Change of Ln(N/No) for PEO-PVA mixture with different 

concentrations of SrTiO3-CoO nanoparticles. 

Figures(4-58)and (4-59)  shows attenuation coefficient for the PEO-

PVA mixture, with varying of SrTiO3,NiO and CoO nanoparticles. When 

the results of polymer nanocomposites and concrete in the figure below 

were compared, they looked very similar. However, the composite 

polymer was better than concrete because it was more mobile, had no 

electrical properties and could prevent neutrons from escaping. The 

attenuation coefficients rise with increasing SrTiO3,NiO and CoO 

nanoparticles. This is because shielding materials are made of 

nanocomposites, which either absorb or reflect gamma rays [156] 
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Figure(4-58) Variation of gamma radiation attenuation coefficients for PEO-PVA 

blends with different SrTiO3-NiO NPs concentrations 

Figure(4-59) Variation of gamma radiation attenuation coefficients for PEO-PVA 

blends with different SrTiO3-CoO NPs concentrations. 
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because shielding materials are made of nanocomposites, which either 

absorb or reflect gamma rays [157] 

Figure(4-60) Attenuation mass of gamma-irradiation of a PEO-PVA mixture with 

different concentration of SrTiO3-NiO nanoparticles 

Figure(4-61) Attenuation mass of gamma-irradiation of a PEO-PVA mixture with 

different concentration of SrTiO3-CoO nanoparticles 
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4-8 Conclusions 

From the obtained results and discussions, the following points are 

concluded: 

1- The optical microscope images show that SrTiO3,NiO and CoO 

nanoparticles form a continuous network inside the polymers when the 

ratio of 4wt.% 

2-FTIR spectra show a shift in some bands and change in the intensities of 

other bands comparing with pure PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO  NCs films, this indicates there is no interaction between the 

polymers and the added nanoparticles.  

3- SEM shows the surface morphology of the PEO-PVA-SrTiO3-NiO and 

PEO-PVA-SrTiO3-CoO  NCs films with many aggregates or chunks 

randomly distributed on the top surface, homogeneous and coherent. 

4- The absorbance and absorption coefficient of PEO-PVA-SrTiO3-NiO 

and PEO-PVA-SrTiO3-CoO  NCs increase with the increasing of the 

concentrations of the SrTiO3,NiO and CoO nanoparticles. The absorption 

coefficient for all films is less than 01
4

 cm
-1 .

 Refractive index, extinction 

coefficient, and dielectric constant  ( real, imaginary) are increasing with 

the increasing of concentrations of SrTiO3,NiO and CoO nanoparticles, 

while the energy gap for indirect transition (allowed,forbidden) decreases 

with the increasing of the concentrations of SrTiO3,NiO and CoO 

nanoparticles, the optical conductivity increases as the concentrations of 

SrTiO3, NiO and CoO in the PEO-PVA increase to 4 wt.% 

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

for PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs are 

increasing with the increasing SrTiO3, NiO and CoO nanoparticles 

concentration and decreasing with the increase of frequency of the applied 

electric field, on the other hand, the A.C electrical conductivity increases 

with the increase of frequency, these properties can be used for films in 

capacitors, transistor, and electronic circuits. 

6- The inhibition zone diameter increases with the increase in SrTiO3, NiO 

and CoO nanoparticles concentratios 
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7-The results indicate that when pressure increases, the electrical 

capacitance of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs 

increases 

8-  The attenuation coefficient increase with increased of concentration of 

nanoparticles 

4-9 Future Work 

1-Study the thermal and mechanical properties of PEO-PVA-SrTiO3-NiO 

and PEO-PVA-SrTiO3-CoO  NCs . 

2- Study the effect of temperature, frequency and relative humidity on the 

capacitance  of  PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs 

as humidity sensors application. 

3- Study the effect of radiation on some physical properties of PEO-PVA-

SrTiO3-NiO and PEO-PVA-SrTiO3-CoO  NCs 

4- Study the rheological properties of PEO-PVA-SrTiO3-NiO and PEO-

PVA-SrTiO3-CoO  nanocomposites 

5- Effect of dye optical and  electrical properties of PEO-PVA blend and 

used as smart windows applications   
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