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          The nanocomposites PVA-PAAm:CuNW were prepared by casting 

method with different thicknesses (120, 90) µm and different weight 

percentages (0.5, 1, 2) of CuNW additive at a temperature of 70 
o
C. The 

morphology and structural, optical properties, also dispersion parameters of 

nanocomposites were studied. The results of the optical microscopy photos 

show the good distribution of CuNW inside the polymer blends for all 

nanocomposite films. Scanning electron microscopy (SEM) showed 

uniform morphology revealing a rather soft surface, and the increase of the 

ratio of CuNW in a polymer matrix for the PVA-PAAm:CuNW 

nanocomposites led to changes in the morphology of the surface and 

increase the roughness. The results of the FTIR spectrum of the 

nanostructure showed a change in the peak position as well as a change in 

the shape and density compared to a PVA-PAAm blend. The results of the 

optical properties of PVA-PAAm:CuNW nanocomposites showed that the 

absorbance, absorption coefficient, extinction coefficient, refractive index, 

optical conductivity, real and imaginary dielectric constants increase with 

the increased concentrations of  CuNW, while the transmittance and optical 

energy gap of allowed indirect transition decreased. The PVA-

PAAm:CuNW nanocomposites have high absorbance in the UV-region.  

       The dispersion parameters such as; Eo, Ed, no,  ε∞, M−1, M−3 were 

calculated using the Wemple–DiDomenico model. The value of the energy 

gap estimated by Wemple–DiDomenico calculations was consistent with 

the value of the optical energy gap obtained from the Tauc relation.  

The effect of thickness change was also studied and the results showed that 

the change in film thickness had a slight effect on the structural and optical 

properties. 

Summary 
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1.1  Introduction 

           In recent years, the use of most polymers was limited to the  

manufacture of cheap products which were used for simple purposes. 

However, the speedy technical development has required the replacement  

of some materials being used in industry with others having better 

specifications; consequently, polymers have replaced iron and aluminum 

for some purposes that require high temperature and stress  [1].  

         Polymer composites have unrivaled properties like light weight, 

high flexibility, and possibility to be produced at low temperature and 

low cost [2]. The polymers can be divided into two denominations: 

industrial and natural. The natural polymers include proteins, cellulose, 

starches and rubber, either the industrial polymers include poly(vinyl 

chloride), polypropylene, nylons polyethylene, Polyvinyl Alcohol, 

Polyacrylamide  and polyesters polycarbonate, etc.[3]. 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 breakthroughs that can be applied in real life. 

Nanotechnology tools and techniques enable the fabrication and control 

of new nano and biomaterials, as well as nanodevices [4]. 

Nanotechnology, often known as nanoscale science, is the study of matter 

at the nanoscale, which is defined as the range of (1 to 100) nm. A 

breakthrough in academic and industrial interest in these nanomaterials 

over the past 10 years has been of interest due to the remarkable 

differences in solid-state properties.  In Greek, "Nano" means little man, 
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while the SI unit "Nano" corresponds to (10
-9 

m)
 
magnitudes, such as 

nanometers, nanoliters, nanograms [5]. 

The nanosciences  have attracted a lot of interest for a number of reasons. 

Among them, the very large surface to volume ratio showed by many 

nanoscaled materials opened novel possibilities in surface-based science, 

such as heterogeneous catalysis [6].  

Moreover, it has been discovered that the properties of materials change 

as their size approaches the nanoscale, or when a portion of certain atoms 

on the material's surface becomes significant. For example, inert metals 

such as platinum can act as catalysts, semiconductors such as silicon can 

act as conductors that become conductive, etc., the applications of 

nanotechnology have only increased in recent years, and the highest 

potential application is in the field of materials, followed by electronics 

and medicine [7]. 

1.2  Polymer Structure  

        Polymers are large organic molecules (macromolecules) composed 

of small structural components (monomers) linked together in a 

polymerization process [8]. Each molecule is made up of thousands of 

atoms that are connected by covalent chemical bonds, and molecules in 

polymers are attracted to one another by forces that vary depending on 

the polymer type. Polymers with low temperatures have limited crystal 

connections because polymers are made up of big, linked molecules that 

are difficult to handle. A linear chain of molecules can only arrange itself 

in an orderly fashion in a few locations. In the solid state, polymers have 

crystalline and non-crystalline regions [9]. 
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1.3 Classification of Polymers  

1.3.1  Chemical classification of polymers 

       There are different kinds of polymers categorized according to their 

structure and as follows [10]: 

1.3.1.1 Linear polymers 

       Single molecular is the basic structural unit for polymers in a series 

of certain lengths that are connected in a linear form. Linear polymers 

may include totals twisted that are a part of monomer but without any 

branch, as revealed in figure (1.1a). 

1.3.1.2 Branched polymers 

      This type of polymers consists of several branches that could be a 

Ladder and Crusader or Comb, which is usually present with various 

lengths, as illustrated in figure (1.1 b). 

1.3.1.3 Cross linked polymers 

      This kind of polymers consists of chains from three dimensional 

linked together in more than one site and monomers bonding in effective 

totals that are chemical bonds, as displayed in figure (1.1 c). 

1.3.1.4 Network polymers 

      Three-dimensional (3D) networks are made of trifunctional. 

Examples: phenol-formaldehyde and epoxies, as in the figure, as in the 

figure (1.1d). 
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                Figure (1.1): Polymeric Chains Types (a) Linear, (b) Branched, 

(c) Cross-linked and (d) Network polymers [11]. 

1.3.2 Classification of polymers dependent on homogeneity 

       Polymers are classified according on the homogeneity of the 

repeating units in 

1.3.2.1 Homopolymers 

     Materials made from one monomer are termed homopolymers [12]. 

1.3.2.2 Copolymers 

     If there materials made from more than one type of monomer, they are 

termed copolymers [12] . 

1.3.2.3 Composite polymers 

      Composite polymers involve the addition of material to homogeneous 

polymers in order to alter some of their properties and introduce new 

properties [12]. 
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1.3.3  Thermal classification of polymers 

Polymers are classified according to the effect of temperature to: 

1.3.3.1 Thermoplastic polymers 

        The characteristics of these polymers change with the influence of 

temperature. When the temperature rises, it becomes elastic and sticky. 

These polymers recover to their original solid state when the temperature 

is lowered. This is due to the fact that the molecules of a thermoplastic 

polymer are held together by relatively weak intermolecular forces 

(Vander Vales forces). Polyethylene, poly vinyl alcohol, Polyacrylamide , 

and polypropylene are examples of molecules that can slide over each 

other when heated [13], as shown in figure (1.2).   

                                     

                             

 

 

 

 

 

 

 

 

Figure (1.2): Atomic configuration of thermoplastic polymers [13]. 
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1.3.3.2 Thermoset polymers 

       Some polymers undergo certain chemical changes on heating and 

convert themselves into an infusible mass. The curing or setting process 

involves chemical reaction leading to further growth and cross linking of 

the polymer chain molecules and producing giant molecules. For 

example, resins, Phenolic, epoxy resins, urea , diene rubbers, etc. [14], as 

shown in figure (1.3).   

 

 

 

 

 

 

 

 

 

 

 

 

 

                  

                Figure (1.3): Atomic configuration of thermoset polymers [13]. 

 

1.4  Polymer Blends 

         A polymer blend is a mixture of two or more polymers that have been 

blended together to create a new material with different physical properties. 

Generally, there are five main types of polymer blend: thermoplastic–

thermoplastic blends, thermoplastic–rubber blends, thermoplastic–thermosetting 

blends, rubber–thermosetting blends, and polymer–filler blends. Polymer 

blending has attracted much attention as an easy and cost-effective method of 

developing polymeric materials that have versatility for commercial 

applications. In other words, the properties of the blends can be manipulated 

according to their end use by correct selection of the component polymers [15]. 
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1.5 Nanocomposites 

        Nanocomposites can be defined as a composite material in which at 

least one of the phases (mostly the filler) shows dimensions in the 

nanometer range. As the fillers size reaches the nanometer level, the 

interactions at the interfaces become considerably large with respect to 

the size of the inclusion and thus the final properties show significant 

changes [16].  

    A nanocomposite, like a traditional composite has two parts, filler and 

the matrix.  A traditional composite typically uses a fiber such as carbon 

fiber or fiberglass as the filler, in a nanocomposite the filler is a 

nanomaterial. Some examples of nanomaterial are CNTs, carbon 

nanofiber, and nanoparticles such as gold, silver, diamond, copper and 

silicon. CNT nanocomposites are of particular interest because of the 

high strength and stiffness composites they produce at low CNT 

concentrations. [17, 18]. 

1.6 Materials Used in The Study   

1.6.1 Polyvinyl Alcohol (PVA) 

        PVA (Poly-vinyl alcohol) is synthetic polymer employed since the 

early 1930s in a wide range of industrial, commercial, medical and food 

applications including resins , surgical threads, lacquers and food-contact 

applications  [19]. Poly (vinyl alcohol) is a synthetic polymer that comes 

in the form of a granular powder that is odorless, transparent, tasteless, 

white, or cream-colored [20]. Polycarbonate (vinyl alcohol), which may 

be combined in water, has the benefit of being resistant to solvents and 

oils, as well as having outstanding characteristics [21]. PVA fiber has 

high tensile and compressive strengths, tensile modulus, and abrasion 

resistance due to its highest crystalline lattice modulus. Many researchers 

have looked at using PVA as a filler or in cross-linked products, 
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additionally, it has been widely employed as a thermoplastic polymer to 

make nontoxic, harmless, and living tissues, among other things [22,23]. 

It has been used in a wide range of applications and is also widely used in 

semiconductor applications [24]. Figure (1.4) shows the chemical 

structure of  PVA,  and the FTIR for pure PVA as shown in figure (1.5). 

 

 

                                                          

                                                             ]  

 

 

 

 

 

Figure (1.4) The Chemical Structure of PVA [24]. 

 

 

 

         

 

 

 

 

 

 

 

 

 

 

 

Figure (1.5): FTIR spectra of pure PVA thin films [25]. 
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Table (1.1): Physical and Chemical Properties of Poly(vinyl Alcohol) (PVA) [26]. 

 

 

Property 

 

 

Description 

 

Appearance 

 

White to an ivory white granular 

powder 

 

Molecular formula 

 

(C2H4O)n 

 

Solution PH 

 

5- 6.5 

 

Density g/cm
3
 

 

1.3 g/cm
3
 

 

Refractive index 

 

1.55 

 

Glass transition temperature Tg ºC 

 

85 ºC 

Melting temperature Tm ºC 
 

230 ºC 

 

1.6.2 Poly Acrylamide (PAAm) 

         Polyacrylamide (PAAm) is another water-soluble polymer that has 

a wide range of industrial flocculant applications, rheology-control 

agents, drag-reducing polymers, andadhesives as in Table (1.2) [27], and 

has the formula (C3H5NO)n  [28]. As shown in figure (1.6) and the FTIR 

for pure PAAm is shown in figure (1.7).  
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Figure(1.6) Chemical formula of Polyacrylamide[29]. 

    

             

 

 

 

 

 

     

 

Figure (1.7) ): FTIR spectra of pure PAAm thin films [30]. 

 

        PAAm and their derivatives increased attention during the past years 

and to the present time. This  polymers dissolved in water which does not 

resemble al monomer and non-toxic because they contain nitrogen 

theoretically 19.7 % and the proportion of aggregates contains hydroxide 

3.6% and the latter gives the polymer properties of multi-polarization 
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technique. The range for the PAAm at a temperature (25
o
C) is (10-5000) 

x10
-3

 (Poise).  

          PAAm is often used to increase the viscosity of water, polyamides 

and an acrylic material solid crystal is very stable. The presence of 

aggregates amine and carboxyl in the dry polymer chains lead to a severe 

reaction molecule when calculating the hydrogen bonds between chains 

and polyamides scores with very high melting relatively. Because bonded 

hydrogen molecular and differences in the hydrogen profile bonded poly 

amid and effectiveness increases strength and cohesion are used in the 

formation of fibers, called this kind nylons. The applications can be 

helpful as a result of mechanical characteristics of weak tensile strength 

of the weak and poor resistance to pressure and lack of lengthening her 

[31].  

Table (1.2): Physical and chemical properties of Polyacrylamide (PAAm) [32]. 

 

Property PAAm 

Appearance 
white crystalline solid at room 

temperature 

Molecular formula C3H5NO 

Solution PH 5 

 

Density g/cm3  

 

1.13 g/cm3 

Refractive index 1.8 

Glass transition temperature (Tg) 
o
C 84.5 

Melting temperature  (Tm)
 o

C 192.6 
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1.7 Nanomaterial Used in The Study 

1.7.1  Copper Nanowire (CuNW) 

      Copper (Cu) NWs have recently garnered increasing attention as 

excellent candidates for TCFs. Because Cu has high intrinsic 

conductivity, it is a potential alternative to Indium tin oxide (ITO) and Ag 

NWs. Moreover, Cu is only 6% less conductive than Ag, very abundant 

(1000 times more abundant than Ag), and 100 times less expensive than 

Ag or ITO [33]. These reasons led to the promotion of copper to become 

an indispensable basic material in various fields and industrialization 

realized. Notably, the annual global production of copper is about 20 

million tons in 2016, which is more than 740 times the production of Ag, 

next to iron (Fe) and aluminum (Al) in the metal [34]. There's no denying 

that the copper has attracted a lot of scientific and societal attention in 

recent decades. Due to the micron and even nanoscale device size, copper 

nanomaterials have been extensively explored to meet the needs of this 

development. Compared with bulk materials, the Cu nanomaterials 

exhibited unique properties, containing thermal, optics, electronics, 

mechanics and catalysis [35,36]. Coincidently, the next-generation 

devices require a superior performance and some Coincidently, the next-

generation devices require a superior performance and some special 

features, which can adopt these nanomaterials. As a cost-effective and 

high- conductive candidate, the Cu nanomaterials are a promising attempt 

to solve the cost and scale issues for many future applications, which is 

impossible for Ag and Au. To date, various shapes of Cu nanomaterials 

have been successfully synthesized, including nanoparticles, nanorods, 

nanocubes, nanowires (NWs), nanorings and nanoplates [37-40]. Several 

studies have been reported, demonstrating how CuNW films can achieve 

high optical transmittance with high electric conductivity  [41,42]. 
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1.8 Literature Review 

        Y. L. Luo, et al., in (2012) [43], fabricated well-dispersed copper 

nanoparticles were using poly(vinyl alcohol)/ polyacrylamide 

interpenetrating polymer networks (PVA/PAAm IPNs) as a nanoreactor 

template. The complexation of PVA in PVA/PAAm IPNs with Cu
2+

 

played an important role in avoiding the aggregation of copper 

nanoparticles and providing particle size and size distribution 

controllability and stability and FTIR spectra show these is no chemical 

reaction. The absorbance increases with increasing concentration of 

copper nanoparticles. 

         A. Hashim, et al., in (2013) [44], prepared samples of composites 

consisting of polyvinyl alcohol-polyacrylamide and pomegranate peels 

using the casting method. The polymer composites which the prepared 

have many applications. The results showed that the optical properties of 

polymer matrix were changed with the increase of the pomegranate peel 

concentrations. the mechanical properties, ease of fabrication of thin 

films of desirable sizes and their ability to form proper 

electrode/electrolyte contact in electrochemical devices. 

         M. A . Habeeb, et al.,  in (2014) [45], studied the effect of (CoO) 

nanoparticles on some optical properties of (PVA-PAAm) composite, 

using casting method, where many samples have been prepared by adding 

different weight percentages of cobalt oxide nanoparticles (3, 6, 9, and 

12)wt.% in the wavelength range (200-1100) nm. The results of the work 

showed a good improvement in both   calculated energy gap of the 

indirect allowed and forbidden transition as well as optical constant such 

as (refractive index, extinction coefficient and read and imaginary 

dielectric constants. 
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         M. A. Habeeb  in (2014) [46], preparated of (PVA-PAAm-Ti) 

nanocomposites and study their structural and mechanical properties to 

use it in many applications. The nanocomposites  was tested by different 

methods such as Fourier transformation infrared ray (FTIR) and  optical 

microscope. The results (FTIR) show that increasing of the value of the 

absorbance of (PVA-PAAm-Ti) nanocomposites with increases of 

concentration of titanium nanoparticles. The morphology of the 

nanocomposites was studied using optical microscope, which showed 

grain distribution at surface morphology and grain aggregates increases 

with increasing of titanium nanoparticles. There results showed that the 

mechanical properties for (PVA-PAAm-Ti) nanocomposites were 

increases with increasing of concentration of titanium nanoparticles 

except compressibility decreased under effect addition. 

         M. M. El-Toony in (2017) [47], studied casting of 

polyacrylamide/poly (vinyl alcohol) reinforced by  carbon Nano-Wire for 

using into proton exchange membrane fuel cell. Characterizations of the 

casted membranes were  carried out using Fourier transformer infra-red 

(FTIR), thermal gravimetric analysis (TGA)  and scanning electron 

microscopy (SEM) for their investigations chemically, thermally and  

morphologically respectively. Studying the properties of the membranes 

was performed using  ion exchange capacity (IEC), water uptake and 

tensile strength for testifying their availability  into the proton exchange 

membrane fuel cell (PEMFC). Proton conductivity was measured  

(maximum value was 8.1 × 10
-2

 S/cm) and free volumes sizes were 

evaluated using positron  annihilation lifetime spectroscopy (PALS).  
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        X. Ren,  et al., in (2018) [48], modified a fish slime-like coating by 

poly vinyl  alcohol/polyacrylamide (PVA/PAAm) hydrogel which is the 

semi-interpenetrating  network polymer was designed. A physical 

blending method loading PVA/PAAm  hydrogels powder into the organic 

silicon resin was employed to prepare the coating. The oil-resistance of 

the coating was performed by time-sequence images of washing dyed 

beef tallow stain away. The results showed that the PVA/PAAm 

hydrogels modified coating had the greater ability of stain removal. The 

biomass of a marine  microalgae species, Nitzschia closterium and f. 

minutissima attached on the coating were investigated using UV-Visible 

Spectrophotometer (UV) and Scanning electron microscopy (SEM). The 

results showed that the microalgaes showed a significantly  lower 

numbers attached on PVA/PAAm hydrogels modified coating in 

comparison  with on the organic silicon coating. 

         N. F. Habubi, et al., in (2018) [49], prepared films of polyvinyl 

alcohol polymer was dissolved in water in order with various 

concentration of Fe using the casting method. He optical characteristics 

were determined by recording the transmittance spectrum in the 

wavelength range (300-900) nm. The dispersion parameters were 

calculated using the Wemple–DiDomenico method. With increasing Fe 

concentration in the PVA-Fe films, the dispersion energy (Ed) and the 

single oscillator energy of electronic transition (Eo) decreased, while 

Urbach energy was increased. The energy gap decreased from 4.08 eV to 

3.52 eV for PVA: 4% Fe film. 
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         S. M. A. Asadi, et al., in (2019) [50], studied the effect of MGO 

nanoparticles on structure and optical properties of  PVA-PAAm blend by 

casting solution method. The films of PVA-PAAm-MgO were 

manufactured in various amounts of (0, 0.02, 0.04)wt.% of 30 nm particle 

size of MgO. The structure of PVA-PAAm-MgO composite was 

investigated using FTIR to determine the activation groups. The optical 

microscopy was used to investigate the diffusion of MgO nanoparticles 

within the preparation blend and also homogeneity. A UV-Visible 

spectrophotometer that records transmittance spectra in the 300-900 nm 

range. With increasing MgO nanoparticles content in the PVA-PAAm-

MgO composite, the transmittance decreased, and the absorbance 

increased. The optical constants were calculated, and the optical energy 

gap in the PVA-PAAm-MgO composite decreased as the MgO 

nanoparticle content increased. 

        S. El-Gamal and A. M. El Sayed in (2019) [51], manufactured the 

magnesium oxide/polyvinyl alcohol/polyacrylamide (MgO/PVA/PAM) 

nanocom-posite films by a solution chemical method. The effect of 

loading PVA and MgO nanoparticles (NPs) on the physical properties of 

PAM is discussed. The melting temperature, glass transition, and 

equilibrium swelling ratio all depend on the composition of the films. 

PAM had 87% anpercent transmittance, which increased to 90% percent 

once PVA was added, but decreased to 74% after MgO loading. PVA 

blending and MgO addition cause significant variations in the extinction 

coefficient and indirect/direct band gap of PAM.  
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         H. M. Ragab and A. Rajeh in (2020) [52], the chemical generation 

of silver nanoparticles was achieved by reducing the concentration of 

silver salt. To confirm the existence of nanoparticles, XRD, TEM, and 

UV–VIS spectrophotometry were used to characterize the Ag NPs. The 

casting technique contributed to the creation of novel Ag/PAM/PVA 

nanocomposites films. Analytical tests using XRD and FTIR confirmed 

the interaction between the polymer blend and the Ag nanoparticles. The 

FTIR signal intensity variations with increasing dopant concentration 

imply a rise in the basicity of the major functional groups, indicating the 

carbonyl group's potential to behave as a powerful electron donor when 

interacting with the Ag+ cation. The high conductivity accompanied by 

the high concentration of Ag
+
 was explained in terms of the amorphicity 

increase. Therefore, these alterations show that these films are highly 

sensitive to doping, indicating that they are suitable for use in optical 

and/or electrical devices. 

       O. K. Abdali and K. H Abass in (2021) [53], studied the effect of 

silver nano-particles on structural, optical and electrical properties of 

casted (polyvinyl alcohol/ polyacrylamide/polyethylene oxide) 

composites for antibacterial applications by solution casting method. The 

diffusion of nanoparticles (NPs) in the blends was examined using an 

optical microscopy and a scanning electron microscopy (SEM). The 

aggregation of NPs was clearly visible in the high-weight additives. 

Optical microscopy, SEM, and FTIR were used to examine the materials. 

The absorption spectrum records in the wavelength scope (190-1100) nm. 

The optical parameters directly proportional to Ag nanoparticle additions 

except for the transmittance and the energy gap were lowered. The optical 

parameters show that Ag doping clearly effects on the films 

characteristics, the optical constants enhanced.   
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          A. K. Al-Shammari and E. Al-Bermany in (2021) [54], studied 

the effect of the functional group of the polymers have the same mainstay 

of the polymer chain but with a different end functional group in addition 

to the influence of graphene oxide (GO) nanosheets. These polymers 

mixed with Poly (vinyl alcohol) (PVA) separately after dissolved in 

distilled water (DW) then reinforced with GO applying the developed 

acoustic-sonication-casting method. The new nanocomposites exhibited 

homogeneous combinations with an acceptable dispersal of GO in the 

polymers matrix as presented in the visual microscopy (OM). Coupled 

with the strong interplay between polymers in the matrix and the polymer 

with GO nanoparticles as nanocomposites, Fourier transform infrared 

coefficient, compressibility and Bulk modulus, etc. (FTIR) verified the 

successful preparation of GO. Interestingly, the PAA-PVA/GO 

nanocomposites presented a smoother surface and better mechanical 

results in comparison with PAAm-PVA/GO that showed rough surface 

and soften behavior. 

1.9 The Aims of Study 

1. Preparation of PVA-PAAm:CuNW nanocomposites by casting method 

with high homogeneity. 

2. Studying of some physical properties  (morphology and structure,  

optical) of  PVA-PAAm:CuNW nanocomposites to find out the 

appropriate application for these films.  

3. Studying  the dispersion Parameters using the Wemple–DiDomenico 

model of  PVA-PAAm:CuNW nanocomposites to find its potential for 

use in optical communications and in the design of optical devices.  
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2.1 Introduction                                                                                                               

        This chapter includes a general description of the theoretical part of 

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

laws used to interpret the study results of morphology and structural, 

optical, and dispersion parameters. Morphology and structural properties 

used in this work are given by (optical microscopic, scanning electron 

microscope, and Fourier transform infrared spectrometer (FTIR), optical 

properties of nanocomposite (the optical constants, fundamental 

absorption edge, electronic transitions). This explanation can be 

considered as an entryway to admission to scientific knowledge of 

polymer nanocomposite.                                                                                              

 2.2 Morphology and Structural Properties  

 2.2.1 Optical microscope (OM)      

      The optical microscope is known to be a compound optical 

instrument, which makes use of visible light for producing a magnified 

sample image that is projected on an imaging device or onto the retina of 

the eye. The term compound refers to the fact that the final image is 

created through two lenses: the objective lens and the eye-piece or ocular 

lens, which together perform the magnification of the image. The 

microscope is most commonly used for minute light-diffracting 

specimens such as diatoms, bacteria and bacterial flagella, isolated 

organelles and polymers such as cilia, microtubules, flagella,  and actin 

filaments, and silver grains and gold particles in his to chemically labeled 

cells and tissues. The number of scattering objects in the specimen is an 

important factor, because the scattering of light from too many objects 

may brighten the background and obscure fine [55], as shown in figure 

(2.1).                                                   
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                                Figure (2.1): Optical Microscope [56]. 

 

2.2.2 Scanning electron microscope (SEM)   

      The scanning electron microscope (SEM) is a vital research and 

manufacturing instrument that is widely utilized in many industries 

throughout the world. The instrument's appeal stems from the necessity to 

inspect and gather information about samples whose structure is 

deteriorating. The SEM provides a better level of resolution for 

examination and inspection than existing optical microscope techniques. 

In addition, unlike the optical microscope, the SEM has a range of 

analytical modes, each of which provides unique information on the 

physical, chemical, and electrical properties of a certain specimen, 

device, or circuit. Because of recent advances that eliminate or at least 

minimize sample degradation and contamination, allowing continuous 

nondestructive in-process inspection, the SEM is currently finding 
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increased uses in research and production quality control [57], as shown 

in figure (2.2).                                                   

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2.2 ): Schematic diagram of scanning electron microscope (SEM) [58]. 

 

2.2.3 Fourier transform infrared (FTIR) spectroscopy 

        Fourier Transforms Infrared (FTIR) is chemical investigative 

spectroscopy. This measures the infrared intensity with light 

wavenumber. The wavenumbers consist of infrared light that is divided 

into three regions, far-infrared, mid-infrared and near-infrared, which are 

between (4 ~ 400) cm‐1, between (400 ~ 4,000) cm‐1 and finally, between 

(4,000 ~ 14,000) cm‐1, respectively [59].  
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        Infrared radiation is permitted to pass through a material in FTIR 

spectroscopy. Some of the infrared radiation is transmitted and some is 

absorbed by the sample. The resulting spectrum is similar to the sample's 

molecular fingerprint and contains information about the various 

chemical groups and chemical bonds present in the sample. Two 

molecular structures never generate the same infrared spectrum like  

fingerprints are unique for every person [60], as shown in figure (2.3).  

                                                  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2.3): A schematic diagram of the classical dispersive IR 

spectrophotometer [61]. 
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2.3 Optical Properties 

        The purpose of studying the optical properties of polymeric 

materials is to gain a better knowledge of the internal structure of the 

polymer and the nature of its bonds, in addition to broadening the scope 

of potential applications [62]. 

        Knowing the spectrums of absorption and transmittance a polymer  

assist in identifying many optical properties in different ranges of  

wavelengths. Examining the ultraviolet spectrum enables us to determine 

the type of bonds, orbital and energy beams. The visible spectrum gives 

sufficient information about a substance's behavior for solar applications. 

The infrared range is essential for understanding the general structure of a 

polymer and the constituents that make up its chemical structure [63]. 

          Optical properties represent one of the main factors in its results, 

which were based on a lot of analyzes about the nature of the atomic 

structure of the material or to the effect of the absorption material for 

photons of light in the incidence of the transfer of electronic within the 

installation packs. This shows the installation of power packs as well as 

the energy gap whether directly or indirectly. That is provided with 

information about the nature of the change constants visual such as, 

absorption coefficient, coefficient of refraction, extinction coefficient and 

others [64]. 

2.3.1 Light absorbance and electronics transitions 

        He aggregate molecular energy has been partitioned into the 

electronic energy (Eele), vibration energy (Evib), rotational energy (Erot) 

and transitional energy (Etrans). Due to the change in the distinct energies, 

the absorbance of an electromagnetic wave results in a change in the total 

energy of the molecule [65]. 
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    Δ Etotal = Δ Evib+Δ Erot+ Δ Eele + ΔEtrans                               (2.1) 

The visible and ultraviolet spectrums are those of electronic absorbance, 

while the rest are those of other absorbance. In the absorbance spectrum, 

the Eele is the clearest. The photon's reaction with the molecule causes the 

photon's electrical field to agitate the electronic structure of the molecule 

to the point where The photon vanishes, and its energy is transferred to 

the molecule whose state has been changed to excited.[66]. As shown in 

figure (2.4) shows the energy regions and molecular energies. 

 

 

 

 

 

 

 

 

               

 

 

 

             

 

 

 

Figure (2.4): The electromagnetic spectrum region [67]. 
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2.3.2 Optical properties of semiconductors 

2.3.2.1  Absorbance (A) 

        The absorbance occurs when light passes through a material and the 

intensity is reduced based on the colors that are absorbed.  

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

by material and the incident intensity of light ( Io) [68]:    

  
  

  
                                                                   (2.2) 

2.3.2.2 Transmittance (T)  

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

of incident rays on the film (Io) is called the transmittance (T), and can be 

obtained as follows [69]: 

  
  

  
                                                                    (2.3) 

2.3.2.3 Optical constants 

        There are many ways to find the optical constants of refractive 

index, extinction coefficient, optical conductivity, dielectric constant, and 

absorption  coefficient 

2.3.2.3.1  Refractive index (n) 

        The refractive index can be defined as the ratio of the velocity of 

light in vacuum (c)  to the velocity of light in the medium (υ) according 

to [70]: 

  = 
 

 
                                                                         (2.4) 

       The following equation describes the relationship between 

reflectance and refractive index [70,71]:  
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 R = 
          

          
                                                          (2.5) 

where: ( ) is the extinction coefficient. 

R: is the reflectance. 

         The relation can be used to calculate reflectance from absorption A 

and transmission T spectra in accordance with the conservation of energy 

law [72]:  

R + A + T = 1                                                         (2.6) 

where:  

       The following equation can be used to calculate the refractive index 

[58]: 

   = √
       

      
 – 

     

     
                                                (2.7)                          

2.3.2.3.2  Extinction coefficient (ko) 

         The electrical coefficient the amount of photons absorbed by the 

membrane, that is, the energy absorbed by the electrons of the material, 

and expresses the following relationship [73]:                                              

  ko = αλ/4π                                                               (2.8)         

Where (λ) is the wavelength of the incident light and (α) absorption 

coefficient. 

2.3.2.3.3  Optical conductivity                                                                   

        The optical conductivity (σop) has been determined from the 

following equation:  

𝛔
  

 𝛂
  
 
  

  
                                                             (2.9) 
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σop is the absorption coefficient [74]. 

2.3.2.3.4  Dielectric constant 

       The dielectric constant expresses a material's polarization ability, 

whose expression
 
[75], is computed using the following equation: 

                                                                   (2.10) 

                                                                         (2.11)  

        
                                                  (2.12) 

         
                                              (2.13) 

 

     The dielectric coefficient (ε) can be determined using the refractive 

index (n), join complex dielectric coefficient (ε) with complex refractive 

index (N).    

       From equation (2.12) and (2.13) real and imaginary complex 

dielectric coefficient can be written as in following equation: 

           
  )                                                    (2.14) 

                                                                    (2.15) 

  2.3.2.3.5  The absorption coefficient 

          It is defined as a ratio decrement in incident ray energy flux relative 

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

absorption coefficient (α) depends by the incident photon energy (hυ) as 

well as the properties of the sample, where electronic transitions type (n) 

or (p), and forbidden energy gap, photon energy give the following 

equation  [76]: 

E=hʋ                                                                          (2.16)   



Chapter two                                                             Theoretical part 

 

 
 

28 

When the incident photon energy is lower than the forbidden energy gap, 

the photon is transmitted, and the transmittance equation is as follows. 

[77]. 

            𝛂                                                     (2.17)    

If the incident ray intensity  (Io) that incident on blend film material of 

thickness (t), the intensity of transmittance ray (I) is determined by the 

beer Lambert law [78]. 

   o  
  𝛂                                                                     (2.18) 

   means the absorption coefficient (cm
-1

). 

𝛂            
 

  
                                                        (2.19) 

Where the quantity of log (I/Io) indicates the absorbance (A)                  

The following equation can be used to compute the absorption 

coefficient.:[79] 

𝛂         
 

 
                                                                (2.20) 

Where (t) represent a thickness of sample. 

2.3.2.4 Fundamental absorption edge 

       The fundamental absorption edge can be characterized as the quick 

increase in absorbance when the amount of energy absorbed is nearly 

equal to the band energy gap; Thus, the fundamental absorption edge 

denotes the less difference in the energy between up point in valance 

band to bottom point in conduction band [80]. 
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2.3.2.5 Absorption regions 

There are three different types of absorption regions [75]: 

A)  High absorption region 

       This region is shown in figure (2.5). In part (A), the absorption 

coefficient's magnitude (α) is greater than or equal to (10
4
 cm

-1
). The 

magnitude of the forbidden optical energy gap (Eg 
opt

) can be introduced 

from this region. 

B)  Exponential region  

       This region is shown as in figure (2.5). In part (B) The absorption 

coefficient (α) equals (1 cm
-1

 < α < 10
4
 cm

-1
). It describes the transition 

from extensive levels in the Valens band (V.B.) to local levels in the 

conductive band (C.B.) and vice versa, transitioned from local levels in 

(V.B.) to extended levels at the conductive band's bottom (C.B.). 

C)  Low absorption region  

     The absorption coefficient (α)  is extremely small in this region. it is 

about (α < 1 cm
-1

). The transition occurs in this region as a result of state 

density inside space motion caused by structural faults [81]. As in figure 

(2.5), the part (C). 
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Figure.(2.5): The variation of absorption edge with absorption regions [81]. 

 

2.3.2.6  The electronic transitions 

        There are two basic forms of electronic transition: direct and indirect 

transition. 

1. Direct transitions 

         This kind of transitions occurs in semi-conductors, where the 

bottom of the conduction is precisely above the top of the valance band, 

thus implying that they share similar wave vector values i.e. (ΔK= 0). In 

such a case, the absorption would occur at (hυ = Eg
opt

.). Therefore, the 

phonons do not take part in direct transition since the phonon's wave 

vector (K) is much greater than that of the photons. This transition type 

requires the laws of conservation in momentum and energy. The direct 

photon transition to the energy of the minimum gap reaches no 

satisfaction of the demand for conserving the wave vector, as the photon 
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wave vectors could be neglected in the given energy range [82]. There are 

two kinds of direct transitions [83]. 

a. Direct allowed transition   

        This transition occurs from the top points in the (V.B.) and the 

bottom point in the (C.B.), as shown in figure(2.6 a) [70]. 

      b. Direct forbidden transitions  

       This transition occurs from near top points of (V.B.) and the bottom 

points of (C.B.),as shown in figure (2.6 b). 

The absorption coefficient for this type of transition is equal to [70] : 

𝛂         
                                                    (2.21) 

Where Eg energy gap between direct transition . 

B: the constant  depended on the type of material 

r: the 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. Indirect transitions   

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

(V.B.), in curve (E-K). The electron transits from (V.B.) to (C.B.) is not 

perpendicularly when the value of the electron's wave vector before and 

after the transition is not equal (∆K ╪ 0), this transition type occurs with 

the help of a particle named Phonon. For conservation of the energy and 

momentum law. Indirect transitions are classified into two types. [84], 

they are:   
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a. Allowed indirect transitions: 

        This type of transition occurs in a different region of K-space that is 

the electrons transmitted between the V.B. top and the C.B. bottom, as 

exposed in figure (2.6 c). 

 

b. Forbidden indirect transitions: 

         Forbidden indirect transitions are displayed between the nearest 

points in the top and the bottom of the valance and conductive bands 

respectively, as shown in figure (2.6 d).  

The equation (2.22) giving the transition absorption coefficient and the 

phonon absorption [80]: 

𝛂          
        

                                        (2.22) 

Eph. is the phonon energy, where the sing (-) applied when phonon 

absorption, whereas the sing (+), used when phonon mission. The 

exponential constant is represented as r in the equation, in which its value 

is determined by the transition r=2 and r=3 for the allowed indirect, and 

forbidden indirect transitions, respectively. 
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Figure (2.6): The Electronic Transitions Types 

(a) Allowed direct transition (b) Forbidden direct transition, 

(c) Allowed indirect transition and (d) Forbidden indirect transition [80]. 

 

2.4 Dispersion Parameters 

        The dispersion parameters are very important in many applications 

such as optical communications and in the design of optical devices [85]. 

The Wemple–DiDomenico (WDD) single effective oscillator model 

accurately describes the refractive index dispersion [86]. This model 

provides an understandable physical interpretation for the observed 

parameters, which aids in fitting the experimental results [87]. The energy 

of the effective single oscillator (Eo) and the dispersion energy (Ed) are 

the model's primary outputs. 

        The energy (Eo), or average energy gap, provides quantitative 

information about the material's overall band structure. It must be 
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considered that the information gained through (Eo) is completely 

different from to that obtained from the optical energy gap (Eg). The 

optical energy gap is related to the material's optical characteristics near 

its basic absorption edge. In spite of the  difference be showing that the 

oscillator energy, (Eo) is often twice the optical energy gap, (Eg) i.e. (Eo ≈ 

2Eg) [86]. On the other hand, the dispersion energy (Ed), which is a 

measure of oscillator strength, quantifies the average energy of interband 

optical transitions and is associated to the sample's structural order, i.e, it 

is related to the ionicity, anion  valency and coordination number of the 

material. It's worth noting at this point that the dispersion energy (Ed) is 

almost completely independent of the effective single oscillator energy, 

(Eo). This is because Ed is proportional to the dielectric loss, whereas (Eo) 

is independent of the dielectric loss, either close or from afar. The 

relationship between (Eo, Ed) and incident photon energy (hυ) is as 

follows according to the (WDD) model [88,86]. 

           
     

  
       

                                            (2.23)            

Where: 

n: refractive index 

Eo: the energy of the effective single oscillator 

Ed : the dispersion energy 

hυ :incident photon energy 

The static refractive index no(0) and the static dielectric constant can be 

obtained from the following relations [89] 

         n
2
(0)=1+

   

  
                                                       (2.24) 

                n
2
(0)                                                      (2.25)                                                                             
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He M-1 and M-3 moments of the optical spectra can be obtained from the 

relationships [90]: 

                
  

   

   
                                                         (2.26) 

             E
2

d=
   

 

   
                                                          (2.27) 

The obtained values are given formula the M-1 and M-3 moments changed 

due to the formation coordination Wimple-DiDomenico. 
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3.1 Introduction 

        This chapter involves the preparation process, instrumentation and 

mensuration techniques. A general description of materials (Polyvinyl 

alcohol, Polyacrylamide and Copper Nanowire) used in this work are 

given by optical microscopic, Scanning Electron Microscope (SEM), 

Fourier Transform Infrared spectrometer (FTIR) and UV-Vis 

spectrophotometer, as shown in figure (3.1 ). 

 

  

  

 

 

 

  

 

 

 

 

 

  

     

 

 

 

 

Figure (3.1): Scheme of experimental part. 
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3.2 The Utilized Materials  

The utilized materials in this study are:   

3.2.1 Matrix material  

Two types of polymers were used in this work: 

3.2.1.1 Polyvinyl Alcohol (PVA) 

        The polymer was used as granular form, (PVA) was supplied from 

(Panreac\Spain, Lnc) Barcelona Espana (M.W = 18000-12000), with high 

purity (99.0%). 

3.2.1.2 Poly Acrylamide (PAAm) 

        The polymer was used in a white granular form soluble in water, and 

Its  molecular weight was (5×10
6
 g/mol), with high purity (99.99 %). It is  

manufactured by a company (British Drug Houses (BDH)). 

3.2.2 Additive nanomaterial 

3.2.2.1 Copper Nanowire (CuNW) 

        Copper Nanowire supplier Houston USA, (Purity 99.5%, Diameter 

100 nm, Length 10 µm). 
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3.3 Preparation of  Nanocomposites 

3.3.1 Preparation of PVA-PAAm:CuNW nanocomposites 

         Polymers nanocomposites films have been prepared by mixing 80% 

PVA in 50 mL of distilled water, in a glass beaker equipped with a 

magnetic stirrer, the mixing process continued for 30 min  to obtain more 

homogeneous solution with temperature of 70 
o
C. Then 20%  PAAm was 

added to the mixture under continuous stirring for 1h to get a mixture of 

more homogenous solution with temperature of 70 
o
C. The adding three 

ratios (0.5, 1, 2) wt.% of CuNW for 1 h of each case to prepare PVA-

PAAm:CuNW nanocomposite films as shown in Table (3.1). The mixture 

was left in the glass beaker for 24 hours. Each one of these ratios has 

been casted in a petri dish (5 cm and 9 cm in diameter). The entire set is 

placed in a dust-free room and the solvent is allowed to slowly evaporate 

into air at room temperature for 7 days. Then it is peeled of the petri dish 

gently. The thickness of these films was measured and found to be within 

(120, 90) µm. The steps of the composite preparation are shown in figure 

(3.2).   
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Figure (3.2): The practical diagram. 

Table (3.1): Weight percentages of PVA-PAAm:CuNW Nanocomposites.  

PVA  

(g) 

PAAm  

(g) 

CuNW 

(g) 

0.8 0.2 0.0 

0.796 0.199 0.005 

0.792 0.198 0.01 

0.784 0.196 0.02 
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3.4 Measurements of Morphology and Structural Properties 

3.4.1 Optical microscope (OM) 

        The samples of PVA-PAAm:CuNW nanocomposites were examined 

using the optical microscope, which was supplied from Olympus name 

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

controlled camera under magnification (100x), it is implemented in the 

university of Babylon /college of education for pure sciences/ department 

of physics. 

3.4.2 Scanning electron microscope (SEM) 

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

beam to photograph the surface of a sample in a raster scanning pattern. 

After sample preparation, the portion of each sample was cut out with 

dimensions (5 mm ×10 mm) and inserted into a SEM sample holder for 

examination. The surface morphology of the blended polymer PVA- 

PAAm  and  nanocomposites  PVA- PAAm:CuNW was observed using 

model SEM details  (Zeiss Sigma 300- HV) manufacturing and country 

GERMANY. 

3.4.3 Fourier transform infrared spectroscopy (FTIR) 

        FTIR spectra were recorded by FTIR Fourier Transform Infrared 

spectrometer (Bruker) existed in Babylon University/College of 

Education for Pure Sciences /Department of Physics. The wave number 

range is (400- 4000) cm
-1

. The sharply defined transmission peaks that 

corresponded with various vibrational modes of chemical bonds were 

determined for all the prepared films. 
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3.5 Optical properties measurements  

3.5.1 UV-visible spectrophotometer 

      The double beam spectrophotometer (Shimadzu model UV-1800A
o 

(JAPAN) was used to record the absorption spectrum of PVA-

PAAm:CuNW nanocomposites in the wavelength range (200-1100) nm. 

It is located at the University of Babylon /College of Education for Pure 

Sciences/Department of Physics. 
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4.1 Introduction 

        This chapter presents the results and discussion of the morphology 

and structural and optical properties of PVA-PAAm:CuNW 

nanocomposites (the disper-sion parameters were also investigated using 

Wemple-Didominco model) and compared with the results of previous 

studies of PVA-PAAm blend and PVA-PAAm:CuNW nanocomposites. 

The samples were diagnosed by OM, SEM, FTIR and UV.  

4.2 The Morphology and Structural Properties 

        Morphology and structural Properties include the optical microscope 

(OM), Fourier Transform Infrared Spectrometer (FTIR) and Scanning 

Electron Microscope (SEM). 

4.2.1 The optical microscopy (OM) 

        The morphological properties of the films have been showed using 

OM at magnification power (100x). Figures (4.1and 4.2) show the images 

microscopic of PVA-PAAm:CuNW nanocomposites with two different 

thicknesses and concentrations of CuNW. These images illustrated fine 

homogeneity of the matrix with a good distribution of CuNW into the 

blend-polymer composites. The OM images exhibited a successful 

preparation of the PVA-PAAm:CuNW nanocomposites using this 

method. In comparison among the polymers blending films with PVA-

PAAm:CuNW nanocomposites films that were displayed a notable 

modification with increasing the ratio of the CuNW. The contribution of 

CuNW exposed many changes in all these films without any effect of the 

transparency of the films. Additionally, the fine distribution was 

considerably got better with increasing the ratio of the CuNW, as 

illustrated in figure (4.1d and 4.2d). When comparing the two thicknesses 

(120, 90) µm, it can be seen that films with thickness 120 µm has more 
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distribution and less aggregates than films with  thickness 90 µm. The 

results agree with the results of the previous researchers [91, 53]. 
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Figure (4.1): Photomicrographs (100X) of  PVA-PAAm with various content of 

CuNW: (A) 0 wt.%  (B) 0.5 wt.%  (C) 1 wt.% and (D) 2 wt.% with thickness of 

120 µm. 
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Figure (4.2): Photomicrographs (100X) of  PVA-PAAm with various content of 

CuNW: (A) 0 wt.% (B) 0.5 wt.%  (C) 1 wt.% and (D) 2 wt.% with thickness of 90 

µm. 
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4.2.2  Scanning electron microscopy measurements (SEM) 

         Scanning Electron Microscopy was used to investigate the surface 

morphology of samples and the dispersion of CuNW in the polymers 

matrix. Figures (4.3 and 4.4) with two different thicknesses show an SEM 

micrograph of the surface of the PVA-PAAm blend and PVA-

PAAm:CuNW nanocomposites films. From the images (A, B) in figure 

(4.3 and 4.4) uniform morphology revealing a rather soft surface. In 

figure (4.3 and 4.4) (C, D), the increase of the ratio of CuNW in a 

polymer matrix for the PVA-PAAm:CuNW nanocomposites led to 

changes in the morphology of the surface and increase the roughness. The 

nanocomposite films show many CuNW that were fine dispersion 

without aggregates with well-distributed and spread densely on the 

surface, this may be indicating the occurrence of a homogeneous growth 

mechanism. When comparing the two thicknesses (120, 90) µm, it can 

see that the increase the thickness, the decreases roughness. The results  

are  consistent with optical microscopy, and the results of the previous 

researchers [92]. 
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Figure (4.3): SEM images of  PVA-PAAm  with various content of CuNW: (A) 0 

wt.% (B) 0.5 wt.%  (C) 1 wt.% and (D) 2 wt.% with thickness of 120 µm. 
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Figure (4.4):  SEM images of PVA-PAAm with various content of CuNW: (A) 0 

wt.% (B) 0.5 wt.%  (C) 1 wt.% and (D) 2 wt.% with thickness of 90 µm. 
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4.2.3 Fourier transform infrared rays (FTIR) 

         The FTIR spectra of PVA-PAAm:CuNW nanocomposites with the 

different ratio of CuNW and different thicknesses were recorded at room 

temperature in the region (4000-500) cm
-1

 as shown in figures (4.5 and 

4.6). The spectra exhibited characteristic bands of stretching and 

bending vibrations of the functional groups formed in composites. From 

these spectra it can be noted that the absorption peaks at about (3280.78, 

3284.93, and 3275.87) cm
-1

 were attributed assigned to the stretching 

vibration of hydroxyl group (OH) in the polymer matrix chain [93]. As 

for the absorption peak at (2937.04) cm
-1

 were attributed to methylene 

(C-H) stretching while the band (1732.54) cm
-1

 were attributed to 

carboxyl acid (C=O) stretching [94]. Meanwhile, the functional groups 

at (1238.76, 1240.38, and 1242.67)  cm
-1

 of all  them  attributed to 

carbon dioxide (C-O) stretching [95]. At (1084.01) cm
-1

, the peak is 

recognized as (C-C) stretching vibration [96]. FTIR spectra shows a 

shift in peak position as well as the change in shape and intensity 

comparing with pure PVA-PAAm films also it can be noticed that the 

peak at 3300 cm
-1

 which belong to PVA polymer and represent the (OH) 

stretching vibration bond, did not appear in these peaks, while the peaks 

(3280.78, 3284.93, and 3275.87) cm
-1

 that belonged to (OH) stretching 

vibration appeared. As well the peak at 1141 cm
-1

 which belong to PVA 

polymer and represent the C-O stretching bond, while the peak 1323  

cm
-1

 that belongs to PAAm  polymer did not appear in these peaks. 

Instead the peaks (1238.76, 1240.38, and 1242.67) cm
-1

 that associated 

with C-O stretching appeared. There is a simple shift in the (C-H) 

stretching bond which represent PVA and PAAm polymer, that move 

and become at 2937.04 cm
-1

, instead of the 2940 cm
-1

 and 2931 bond for 

the same polymer which also goes back to (C-H) stretching. As well 

there is a simple shift in the (C=O) stretching bond, which represent 
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PVA polymer that move and become at 1732.54 cm
-1

 instead of the 

1731 cm
-1

 bond for the same polymer which also goes back to (C=O) 

stretching, and there is a simple shift in the (C-C) stretching bond  

which represent PVA polymer that move and become at 1084.01 cm
-1

 

rather than the 1087 cm
-1 

bond for the same polymer which also goes 

back to (C-C) stretching [25,30]. CuNW did not appear in the FTIR 

spectrum because it appears at the wave number less than 500 cm
-1

. 

Also it can be noticed that there is a decrease in transmittance with 

increasing the proportion of CuNW. The increased density of the films 

means an increase of atoms and ions in the light path and increase the 

absorbance at UV invers the IR, as shown in figures (4.5 and 4.6) as in 

the images (B, C and D). When comparing the two thicknesses (120, 90) 

µm, the results showed that the change of films thickness had a slight 

effect. The results agree with the results of the previous researchers [43]. 
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Figure (4. 5) : FTIR spectra of  PVA-PAAm  with various content of  CuNW: (A) 

0 wt.% , (B) 0.5 wt.%  (C) 1 wt.% and (D) 2 wt.% with thickness of 120 µm. 
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Figure (4. 6) : FTIR spectra of  PVA-PAAm  with various content of CuNW: (A) 

0 wt.%  (B) 0.5 wt.%  (C) 1 wt.% and (D) 2 wt.% with thickness of 90 µm. 
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4.3 The Optical Properties 

        The main purpose of studying the optical properties of the PVA-

PAAm:CuNW nanocomposites is to identify the effect of CuNW adding 

on the optical properties. The research covers the recording of the 

spectrum of absorbance of the PVA-PAAm:CuNW films at the room 

temperature and calculating the absorption coefficient, extinction 

coefficient and other optical constants, as well as identifying the types of 

electronic transitions and calculating energy gaps 

4.3.1 Absorbance (A) 

        The absorbance of PVA-PAAm:CuNW nanocomposites with two 

different thicknesses with varies concentration of CuNW for wavelength 

range (200-1100) nm was recorded at room temperature. Figures (4.7and 

4.8), display the variation of optical absorbance with wavelength of PVA-

PAAm:CuNW nanocomposites. From these figures it can be noted that 

the spectra reveal that all the films show more absorbance in ultraviolet 

region. All nanocomposites show that low absorbance in the visible 

region, this behavior can be explained as follows: at high wavelength the 

incident photons doesn’t have enough energy to interact with atoms and 

thus the photon will be transmitted. When the wavelength decreases (at 

the neighborhood of the fundamental absorption edge), the interaction 

between incident photon and material will occur, and the photon will be 

absorbance. The absorbance increases with the increasing of weight 

percentages of the nanomaterials. This is due to absorb the incident light 

by free electrons. When compare the absorbance of the two thicknesses 

(120, 90) µm, it can seen that films with thickness 120 µm has a slightly 

higher absorbance than films with thickness 90 µm. The results agree with 

the results of the previous researchers [44, 97]. 
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Figure (4.7): The absorbance spectra as a function of wavelength of PVA-PAAm 

Blend and PVA PAAm:CuNW Nanocomposites with thickness of  120 µm. 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.8): The absorbance spectra as a function of wavelength of PVA-PAAm 

Blend and PVA-PAAm:CuNW Nanocomposites with thickness of  90 µm. 
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4.3.2 Transmittance (T) 

       The transmittance (T) was calculated using equation (2.3). Figures 

(4.9 and 4.10) with two different thicknesses show that the transmittance 

spectrum as function of wavelength of PVA-PAAm:CuNW nanocom-

posities. It can noticed the transmittance is increased with an increasing 

wavelength and the decreases in transmittance  with increasing 

concentration of CuNW. This is caused by the added CuNW, that contain 

electrons which absorb  electromagnetic energy and move to a higher 

level. As for (pure) film, it has high  transmittance due to the absence of 

particles. It does not have free electrons and  needs high energy to 

transition to break the bonds. When compare the transmittance of the two 

thicknesses (120, 90) µm, it can seen that films with  thickness  120 µm 

has a slightly less transmittance than films with  thickness 90 µm. The 

results agree with the results of the previous researchers [ 98]. 

 

 

 

 

 

 

 

 

 

 

Figure (4.9): The transmittance versus wavelength of PVA-PAAm Blend and 

PVA-PAAm:CuNW Nanocomposites with thickness of 120 µm. 
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Figure (4. 10): The transmittance versus wavelength of PVA-PAAm Blend and 

PVA-PAAm:CuNW Nanocomposites with thickness of 90 µm. 
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index than films with  thickness 90 µm. The results agree with the results 

of the previous researchers [45, 99].  

 

 

 

 

 

 

 

 

 

Figure (4.11): The refractive index (n) as a function of wavelength of  PVA-

PAAm Blend and PVA-PAAm:CuNW Nanocomposites with thickness of 120µm. 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.12): The refractive index (n) as a function of wavelength of PVA-

PAAm Blend and PVA-PAAm:CuNW Nanocomposites with thickness of 90µm. 
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4.3.4 Extinction coefficient (ko)   

        Extinction coefficient (ko) was calculated using equation (2.8). The 

variation of the extinction coefficient of PVA-PAAm:CuNW 

nanocomposites as a function of wavelength shown in figure (4.13 and 

4.14) with two different thicknesses. The figure shows that extinction 

coefficient increases with increasing the concentration of CuNW, this is 

due to the increase in optical  absorption and photons dispersion in the 

PVA-PAAm polymer matrix. The extinction coefficient of 

nanocomposites has high values at UV  region, this behavior attributed to 

high absorbance of the samples of nanocomposites. Also, extinction 

coefficient of nanocomposites increases with the increasing of the 

wavelength at visible and near infrared regions,  which attributed to the 

absorption coefficient of nanocomposites that approximately constant at 

visible and near infrared region, hence, the  extinction coefficient 

increases with the increasing of the wavelength. When we compare the 

extinction coefficient of the two thicknesses (120, 90) µm, it can seen that 

films with  thickness 120 µm has a slightly higher extinction coefficient 

than films with  thickness 90 µm. The results agree with the results of the 

previous researchers [100, 101]. 
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Figure (4.13): Variation of Extinction coefficient with wavelength of PVA-PAAm 

Blend and PVA-PAAm:CuNW Nanocomposites with thickness of 120 µm. 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.14): Variation of Extinction coefficient with wavelength of PVA-PAAm 

Blend and PVA-PAAm:CuNW Nanocomposites with thickness of 90µm. 
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4.3.5 The optical conductivity (σ) 

        The optical conductivity (σop) has been calculated using equation 

(2.9). As shown figures (4.15 and 4.16) with two different thicknesses 

show that the optical conductivity of the samples of composites that were 

decreases with the increasing of the wavelength, this behaviour, attributed 

to optical conductivity, was strongly dependent on the  wavelength of the 

radiation incident on the composite samples; the increases in  optical 

conductivity at low wavelengths of photon is due to high absorbance of  

all composite samples in this region, resulting in an increasing in charge 

transfer  excitations. The optical conductivity spectra revealed that the 

samples transmit light in the visible and near-infrared ranges. 

Additionally, the optical conductivity of composites increases with the 

addition  of CuNW this behavior is related  to the formation of localized 

levels in the energy gap; an increases in the  concentration of CuNW 

increasing the density of localized  stages in the band structure. hence, 

increases of the absorption coefficient  consequently increasing the 

optical conductivity of PVA-PAAm:CuNW composites. When compare 

the optical conductivity of the two thicknesses (120, 90) µm, it can seen 

than films with thickness 120 µm has a slightly higher the optical 

conductivity than films with thickness 90 µm. The results agree with the 

results of the previous researchers [102]. 
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Figure: (4.15): The optical conductivity versus wavelength of  PVA-

PAAm:CuNW Nanocomposites with various content of CuNW respectively wih 

thickness of 120 µm . 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: (4.16): The optical conductivity versus wavelength of  PVA- 

PAAm:CuNW Nanocomposites with various content of CuNW respectively with 

thickness of 90 µm. 
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4.3.6 Real and imaginary parts of dielectric constant 

         The dielectric constant for two parts (real and imaginary) of PVA-

PAAm:CuNW nanocomposites have been calculated from equation (2.14 

and 2.15). The figures (4.17, 4.18, 4.19, and 4.20) with two different 

thicknesses show the variation dielectric constant for two parts (real and 

imaginary) as a function of the wavelength. These figures show that 

dielectric constant for two part real and imaginary were increased with 

the increasing of CuNW concentrations, this behavior attributed to the 

increase of electrical polarization due to contribution of concentration in 

the sample i.e., the increase in the dielectric constant of PVA-PAAm 

blends and PVA-PAAm:CuNW a fractional increase in charges within 

the polymers. As shown in the figures, the real and imaginary parts of 

dielectric constant of PVA-PAAm:CuNW and PVA-PAAm blends were 

changed with the wavelength, this was due to the real part of dielectric 

constant depends on refractive index because the effect of extinction 

coefficient is very small and the imaginary part of dielectric constant 

depends on extinction coefficient especially in the visible and near 

infrared regions of wavelength where the refractive index was 

approximately constant while extinction coefficient increases with the 

increase of the wavelength. When compare the dielectric constant of the 

two thicknesses (120, 90) µm, it can seen that the films with thickness 

120µm has a slightly higher dielectric constant than films with thickness 

90 µm. The results agree with the results of the previous researchers 

[103]. 
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Figure (4.17). The Real Dielectric Constant with the Wavelength of PVA-PAAm 

Blend and PVA-PAAm:CuNW Nanocomposite with thickness of 120 µm. 

 

 

 

 

 

 

 

 

 

 

Figure (4.18). The Real Dielectric Constant with the Wavelength of PVA-PAAm 

Blend and PVA-PAAm:CuNW Nanocomposite with thickness of 90 µm. 
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Figure(4.19). The Imaginary Dielectric Constant with the Wavelength of PVA-

PAAm Blend and PVA-PAAm:CuNW Nanocomposite with thickness of 120µm. 

 

 

 

 

 

 

 

 

 

Figure(4.20). The Imaginary Dielectric Constant with the Wavelength of PVA-

PAAm Blend and PVA-PAAm:CuNW Nanocomposite with thickness of 90 µm. 

0.00E+00

2.00E-04

4.00E-04

6.00E-04

8.00E-04

1.00E-03

1.20E-03

1.40E-03

1.60E-03

1.80E-03

2.00E-03

200 400 600 800 1000

PVA-PAAm

PVA-PAAm-0.005%CuNW

PVA-PAAm-0.01%CuNW

PVA-PAAm-0.02%CuNW

wavelength (nm) 

Im
a
g
in

a
ry

 d
ie

le
c
tr

ic
 c

o
n

st
a
n

t 
(Ɛ

2
)

 

0.00E+00

2.00E-04

4.00E-04

6.00E-04

8.00E-04

1.00E-03

1.20E-03

1.40E-03

200 400 600 800 1000

PVA-PAAm

PVA-PAAm-0.005%CuNW

PVA-PAAm-0.01%CuNW

PVA-PAAm-0.02%CuNW

wavelength (nm) 

Im
a
g
in

a
ry

 d
ie

le
c
tr

ic
 c

o
n

st
a
n

t 
(Ɛ

2
)

 



Results and Discussions Chapter four                                               

 

 
70 

4.3.7 Absorption coefficient (α) 

        The absorption coefficient (α) was calculated using equation (2.20).  

Figures (4.21 and 4.22) with two different thicknesses as show the 

absorption coefficient (α) as a function of wavelength of PVA-

PAAm:CuNW nanocomposites. It can be seen that the absorption 

coefficient is the smallest at high wavelength (low energy), this means 

that the possibility of electron transition is little because the energy of the 

incident photon is not sufficient to move the electron from the valence to 

the conduction band.  

At high energies, absorption is greater; this means that a great possibility 

for electron transitions consequently, the energy of incident photon is 

enough to move the electron from the valence band to the conduction 

band. The energy of the incident photon is greater than the forbidden 

energy gap, this shows that the absorption coefficient assists in figuring 

out the nature of electron transition, when the values of the absorption 

coefficient are high (α >10
4
 cm

-1
) at high energies, It is expected that 

direct transition of electron occur, the energy and moment are maintained 

by the electrons and photons. While, when the values of the absorption 

coefficient are low (α <10
4 

cm
-1

) at low energies, it is expected that 

indirect transition of electron occurs, and the electronic momentum is 

maintained with the assistance of the phonon. When compare the 

absorption coefficient of the two thicknesses (120, 90) µm, it can seen 

that thickness 120 µm has a slightly higher the absorption coefficient than 

thickness 90 µm. The results agree with the results of the previous 

researchers [104]. 
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Figure (4. 21): The absorption coefficient spectra as a function of with 

wavelength of PVA-PAAm Blend and PVA-PAAm:CuNW  Nanocomposites with 

thickness of 120 µm. 

 

 

 
 

 

 

 

 

 

 

 

 

Figure (4. 22): The absorption coefficient spectra as a function of with 

wavelength of PVA-PAAm Blend and PVA PAAm:CuNW Nanocomposites with 

thickness of 90 µm. 
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4.3.8 Optical energy gaps of the allowed indirect transition 

         Both the allowed and forbidden indirect transition band energy gap 

have been calculated using equation (2.22). When the value of r =2, the 

allowed indirect transition band gap was calculated, but when the value of 

r=3, the forbidden indirect transition band gap was calculated. Figures 

(4.23 and 4.24) with two different thicknesses show the relation between 

absorption edge (αhʋ)
1/2 

of PVA-PAAm:CuNW nanocomposites as a 

function of photon energy on drawing straight line from the upper part of 

the curve toward the (x) axis at the value (αhʋ)
1/2

=0 we get the  energy 

gap for the allowed indirect transition [105]. 

The obtained values are shown in tables (4.1). It can see that the values of 

energy gap decrease with the increasing of the weight percentages of 

CuNW . This attributed to the creation of  site levels in the forbidden 

energy gap, the transition in this case was conducted in two stages that 

involve the transition of electron from the valence band to the local levels 

to the conduction band as a result of increasing the CuNW weight 

percentage. This behavior was attributed to the fact that nanocomposites 

were of heterogeneous type (i.e. the electronic conduction depends on 

added materials), the increase of the CuNW provides electronic paths in 

the polymer which facilitates the crossing of electron from the valance 

band to the conduction band, which explains the decrease of energy gap 

with the increase of the CuNW. When it compare the energy gap of the 

two thicknesses (120, 90) µm, it can seen that the films with  thickness 

120 µm has a slightly less the energy gap than films with thickness 90 

µm. The results agree with the results of the previous researchers [50, 

106]. 
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Figure (4.23): A plots of (αhʋ)
1/2

 versus photon energy (hʋ) of  PVA-

PAAm:CuNW Nanocomposites respectively with thickness of 120 µm. 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.24): A plots of (αhʋ)
1/2

 versus photon energy (hʋ) of  PVA-

PAAm:CuNW Nanocomposites respectively with thickness of 90 µm. 
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Table (4.1): The values of energy gap of the allowed indirect transition of  PVA-

PAAm:CuNW Nanocomposites with thickness of 120, 90 µm. 

 

4.4 Dispersion Parameters 

       Dispersion parameters were studied and diagnosed using Wemple 

DiDomenico model with two different thicknesses. The quantities of Eo, 

Ed, Eg, no,  ε∞, M−1, M−3 were calculated from the equations (2.23 - 2.27). 

From drawing the graphic relationship between (n
2
-1)

-1
 and (hυ)

2
 as 

shown in figures (4.25 and 4.26). The calculated values were listed in 

Table (4.2 and 4.3) showing a decrease in their values with the increasing 

of CuNW concentrations at films with a thickness of 120 µm.  At films 

with a thickness of 90 µm, it can seen that as CuNW increases, Eo and Eg 

decrease, while the other parameters increase. The value of the energy 

gap with the thicknesses (120, 90) µm estimated by Wemple–

DiDomenico was comparable with the value of the optical energy gap 

obtained from Tauc relation. The results agree with the results of the 

previous researchers [49]. 

 

 

 

Samples  

 

 

Allowed indirect transition (eV) 

 

thickness of 120 µm 

 

thickness of 90 µm. 

PVA-PAAm 4.10 4.12 

PVA-PAAm-0.5%CuNW 3.70 3.75 

PVA-PAAm-1.0%CuNW 3.25 3.27 

PVA-PAAm-2.0%CuNW 3.00 3.00 
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Figure(4.25): Plot of (n
2
 -1)

-1
 vs (hʋ)

2
 of PVA-PAAm with various content of 

CuNW: (A) 0 wt.%  (B) 0.5 wt.%  (C) 1 wt.% and (D) 2 wt.% with thickness of 

120 µm. 
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Figure(4.26): Plot of (n
2
 -1)

-1
 vs (hʋ)

2
 of  PVA-PAAm  with various content of 

CuNW: (A) 0 wt.%  (B) 0.5 wt.%  (C) 1 wt.% and (D) 2 wt.% with thickness of 

90 µm. 
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Table(4.2): Dispersion parameters of  PVA-PAAm:CuNW  Nanocomposites with 

thickness of 120 µm. 

parameter 

PVA-PAAm 

0.0 wt.% 

CuNW 

0.5 wt.% 

CuNW 

1.0 wt.% 

CuNW 

2.0 wt.% 

CuNW 

Eo 7.88 5.94 5.78 5.24 

Ed 29.18 5.94 9.25 2.99 

Eg 3.94 2.97 2.89 2.62 

n
2
(0) 4.70 2.00 2.60 1.57 

no(0) 2.17 1.41 1.61 1.25 

ε∞ 4.70 2.00 2.60 1.57 

M-1 3.70 1.00 1.60 0.57 

M-3 0.06 0.03 0.04 0.02 
 

Table(4.3): Dispersion parameters of  PVA-PAAm:CuNW  Nanocomposites with 

thickness of 90 µm. 

parameter 

PVA-PAAm 

0.0 wt.% 

CuNW 

0.5 wt.% 

CuNW 

1.0 wt.% 

CuNW 

2.0 wt.% 

CuNW 

Eo 7.91 5.96 5.80 5.50 

Ed 4.85 5.18 9.51 19.66 

Eg 3.95 2.98 2.90 2.57 

n
2
(0) 1.61 1.86 2.63 4.57 

no(0) 1.27 1.36 1.62 2.13 

ε∞ 1.61 1.86 2.63 4.57 

M-1 0.61 0.86 1.63 3.57 

M-3 0.009 0.02 0.04 0.01 
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5.1 Conclusions 

            The summarized results from this work are the following: 

1. It was found through the study that the PVA-PAAm:CuNW 

nanocomposites appears a continuous change in its physical 

properties (morphology and structural, optical, and dispersion 

parameters) as a result of the CuNW additive. 

2. The used method successfully fabricated new nanocomposites with 

homogeneous and fine dispersion as presented by an optical 

microscope. When comparing the two thicknesses (120, 90) µm, it 

can be found that the films with a thickness of 120 µm have more 

distribution and fewer aggregates than films with a thickness of 90 

µm. 

3. Scanning electron microscopy was used to investigate the surface 

morphology of samples and the dispersion of CuNW in the polymers 

matrix. The films exhibit uniform morphology revealing a rather soft 

surface. It concludes that increasing the ratio of CuNW in a polymer 

matrix for the PVA-PAAm:CuNW nanocomposites led to changes in 

the morphology of the surface and increase the roughness. When 

comparing the two thicknesses (120, 90) µm,  it can seen that the 

surface roughness decreases with the increase of the film thickness.  

4. Fourier transform infrared spectroscopy showed a shift in some 

bands and change in the intensities of other bands compared to the 

PVA-PAAm blend film. The decrease in transmittance can also be 

observed with an increase in the proportion of CuNW. When 

comparing the two thicknesses (120, 90) µm, the results showed that 

the change in film thickness had a slight effect. 
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5. The absorbance, absorption coefficient, refractive index, extinction 

coefficient, optical conductivity, and dielectric constant (real, 

imaginary) of PVA-PAAm:CuNW nanocomposites increases with 

the increase of the concentrations of CuNW, while the transmittance 

decreased.  

6. The energy gap of indirect transition (allowed) of PVA-

PAAm:CuNW nanocomposites decreases with the increase of the 

concentrations of CuNW, which decreased from 4.10 eV to 3.00 eV 

with thickness of 120 µm and from 4.12 eV to 3.00 eV with thickness 

of 90 µm, make these films appropriate for solar cell applications. 

When comparing the two thicknesses (120 and 90) µm the change in 

films thickness had a slight effect on the optical properties.  

7. From the Wemple–DiDomenico model, the dispersion parameters 

were determined and found that the parameters were decreased with 

the increase of CuNW content at films with a thickness of 120 µm. 

At the films with a thickness of 90 µm, it can seen that as CuNW 

increases, Eo and Eg decrease, while the other parameters increases. 

The value of the energy gap with the thicknesses 120 and 90 μm 

obtained from Wemple–DiDomenico was comparable with the value 

of the optical energy gap obtained from Tauc relation, the films 

appropriate optical communications and in the design of optical 

devices. 

8. The results showed that the change of films thickness had a slight 

effect on the structural and optical properties. 
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5.2 Future Works  

1. Studying  the thermal and mechanical properties of  PVA-PAAm: 

CuNW nanocomposites.  

2. Studying the effect of radiation on some physical properties of  PVA-

PAAm:CuNW  nanocomposites. 

3.Studying  the  electrical properties of PVA-PAAm:CuNW 

nanocomposites. 

4. Studying of  pressure and humidity sensors applications of the  PVA-

PAAm:CuNW  nanocomposites. 
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في  اٌّذٍىي طب بطشيمت  PVA-PAAm:CuNW حذضيش اٌّخشاوببث إٌبٔىيتحُ         

عٕذ  CuNWِٓ   ( 2 ,1 ,0.5) تٔغب وصٔيت ِخخٍفو ِبيىشوِخش ( 120020) عّبن ِخخٍفت

ايضب اٌخشويبيت واٌبظشيت و و اٌّىسفىٌىجيب دسجت ِئىيت. حُ دساعت اٌخظبئض 70دسجت دشاسة 

 CuNW . طىس اٌّجهش اٌضىئي بيٕج حىصيع جيذ  ٌزساثٌٍّخشاوببث إٌبٔىيتلاث اٌخفشيك ِعبِ

 اٌّبعخ الإٌىخشؤي اٌّجهش أظهش داخً اٌّخبٌيط اٌبىٌيّشيت ٌجّيع اغشيت اٌّشوببث إٌبٔىيت. 

(SEM ) ب ٔبعُ عطخ عٓ يىشف ِىدذاا شىلاا  ِظفىفت في CuNW ٔغبت صيبدة وأدث ، ِب ٔىعا

 وصيبدة اٌغطخ ِىسفىٌىجيب في حغييشاث إٌى PVA-PAAm:CuNW إٌبٔىيت ٌٍّشوببث بىٌيّش

ا في ِىضع اٌزسوة  FTIRبيّٕب أظهشث اٌخظبئض اٌهيىٍيت ٌٍخذٍيً اٌطيفي ) . اٌخشىٔت ( حغيشا

. ٔخبئج اٌخىاص اٌبظشيت PVA-PAAmببلإضبفت إٌى حغييش في اٌشىً واٌىثبفت ِمبسٔت بّضيج 

صيبدة الاِخظبطيت، ِعبًِ الاِخظبص،  بيٕج  PVA-PAAm:CuNW ٌٍّخشاوببث إٌبٔىيت 

ثىابج اٌعضي اٌذميمي واٌخيبٌي ٌٍخٍيط اٌّىطٍيت اٌبظشيت، ِعبًِ اٌخّىد، ِعبًِ الأىغبس، 

 غيش اٌّببششة اٌّغّىح اٌبظشيت وفجىاث اٌطبلت بيّٕب إٌفبريت  CuNW بضيبدة حشويض اٌبىٌيّش

 ي إٌّطمت فىق اٌبٕفغجيت.اِخظبطيت عبٌيت فاٌّخشاوببث  إٌبٔىيت جّيعهب حّخٍه  .حٕخفض بهب

–Wempleببعخخذاَ عٍّيبث حُ دغببهب   Eo, Ed, no,  εα, M−1, M−3ِثً: ِعبِلاث اٌخفشيك

DiDomenico. وبٔج ليّت فجىة اٌطبلت اٌّمذسة بىاعطتWemple–DiDomenico  ِخمبسبت

 .Taucِع ليّت فجىة اٌطبلت اٌبظشيت اٌخي حُ اٌذظىي عٍيهب ِٓ علالت 

يش حغيش اٌغّبن واظهشث إٌخبئج اْ حغيش اٌغّبن وبْ ٌه حأثيش لٍيً عٍى اٌخىاص أثحُ دساعت ح

 اٌخشويبيت  و اٌبظشيه اٌّذسوعت.
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