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I 

Summary 

 
This thesis presents the effect of the semiconductor laser with 405 nm (violet) 

wavelength and 60mW power  irradiation on the optical properties of solutions and 

thick films prepared by casting method of polyvinyl alcohol (PVA), methyl orange 

(MO) and their composites (PVA/MO).  Samples were laser irradiated at different 

times 10, 20, 30 and 40 minutes. The optical measurements of the solutions and the 

dispersion properties of the films are taken and compared with measurements of non- 

irradiated samples. 

The structural properties included XRD, FTIR examination are also studied 

for material powder to be able to identify them. The structural parameters are studied 

such as the particle size and roughness by AFM microscope. 

A PVA solution is prepared with a concentration of 10 g/l and the MO 

concentration of 0.01 g/l, and both solutions are mixed to obtain the composite. 

Then, thick films are prepared with different thicknesses around 2000 and 3000 nm 

for PVA and MO and within 2000, 4000 and 6000 nm for PVA/MO composites. The 

solutions and thick films were irradiated with 405 nm violet laser of for different 

times. 

The optical properties of solutions and thick films show a decrease in the 

absorbance and reflectance spectrum with an increase in the irradiation time due to 

bond breakage, while the transmittance increases. The energy gap (direct and 

indirect) increases with increasing irradiation time. Other optical constants, for 

example optical conductivity and dielectric constants (both real and imaginary) as 

well as absorbance and absorption coefficient decrease with increasing laser 

irradiation time.  

The dispersion coefficients were investigated for thick films before and after 

laser irradiation, single oscillators energy, dispersion energy, direct energy gap and 
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average oscillator strength increases with irradiation time, while        energy and 

oscillator wavelength decreases with increasing irradiation time. 
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1 

1.1 Introduction 

The word "polymer" comes from the Greek words "poly" (many) and "mere" 

(parts), and it is used to describe molecules with a high molecular mass that are 

made up of numerous smaller parts. Polymers, also known as macromolecules, are 

huge molecules with a high molecular weight that are made up of many smaller 

molecules, or monomers, that are bound together. The reaction between monomers 

to form a polymer is called polymerization[1][2]. 

Light amplification through stimulated emission of radiation is referred to as 

"laser" informally. Schawlow and Townes had initially put out the idea. A laser 

must have three main components: an active medium that allows light to be 

amplified, a pumping source that stimulates the active medium to the amplifying 

device, and optical feedback produced by an optical resonator[3]. 

Lasers have a wide range of uses, including information processing and medical 

procedures including ear, nose, and throat surgery as well as cutaneous and 

cosmetic surgery. Lasers are used in a variety of commonplace devices, including 

barcode scanners, optical computers, and laser printers. For military applications 

like distance measuring, very precise distance measurement is crucial[4]. 

1.2 Semiconductors 

The physics of semiconductors has become one of the important topics of 

solid state physics in terms of applications because of its astonishing progress[5]. 

Semiconductors are named by this name as their capacity to carry electricity is 

moderate. Actually, temperature may change a conventional semiconductor's 

conductivity to the point that most of them appear to be insulators at low 

temperatures and metals at high temperatures. Impurities might also be a useful 

aspect. Intrinsic semiconductors are impurity-free, whereas extrinsic 

semiconductors are doped with impurities. Both of these characteristics are 
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required for the operation of microelectronic devices[6]. A semiconductor is 

frequently defined as a substance with an resistivity of 10
-2

-10
9 

Ω.cm. Metals and 

semimetals have zero band gaps, whereas insulators have an energy gap greater 

than 3 eV [7]. 

1.3 Organic Semiconductors 

The semiconductors as it may be widely classifying into two base 

semiconductors, both inorganic and organic. Despite the fact that inorganic 

semiconductors such as germanium and silicon are widely utilized in industry of 

electronics, organic semiconductors are projected to replace inorganic 

semiconductors in the near future. Organic semiconductors have received a lot of 

interest due to their effective application in optical and electrical devices with 

promising results[8]. 

Organic semiconductors are often composed of hydrocarbons (bonding between 

hydrogen and carbon atoms, occasionally with extra oxygen and nitrogen atoms 

depending on organic molecule structure). Organic solids are created via weak Van 

der Waals forces, which result in fragile bonding due to the poor overlap of 

electronic wave functions between nearby molecules. The intermolecular 

separation in organic solids is typically much greater than that in inorganic solids 

due to the weak bonds between organic molecules, resulting in much narrower 

electronic bands than in inorganic solids. As a result, the energies of the valence 

and conduction bands of solids can be well approximated by those of the highest 

occupied molecular orbitals (HOMO) and lowest unoccupied molecular orbitals 

(LUMO), respectively, of individual molecules[9]. 

The characteristics of organic semiconductors  are dictated, or at least greatly 

influenced, by   electrons in   bonds. Because π bonds are weaker than   bonds 

and   electrons are delocalized throughout a network of linked p-orbitals, it is 
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much simpler to add an electrons from   electrons as well as excite    electrons 

with visible light. In the molecules, the pz-orbitals of sp
2
-hybridized C-atoms create 

a conjugated π-electron system in both. As a result, the     -transitions exhibit 

the lowest electronic excitations of conjugated molecules, with an energy gap of 

1.5 to 3 eV and absorption bands spanning from near infrared to near ultraviolet. 

The energy gap can be controlled by the degree of conjugation in a molecule [10]. 

1.4 Organic Dye  

Since 1870, researchers have examined the structural features of chemical 

compounds as well as their colors. A chromophore is a component of an organic 

molecule created by a combination of electrons and atoms that gives the molecule 

its color. The phenomenon of unsaturation, which allows compounds to absorb 

hydrogen, is caused by the presence of electrons between specific pairs of atoms 

that are not well fixed within covalent bonds. However, the presence of these 

electrons in molecular orbitals, where they may bind to several atoms, does not 

negate the fact that, within a given wavelength range, these electrons may absorb 

energy from light, and the reflection or transmission of the remaining light gives 

the compound its visible color[11]. 

1.5 Poly(vinyl) Alcohol (PVA) 

Organic polymers are extremely versatile materials with several uses and 

applications. Polymers have been utilized for a variety of purposes, including as 

homopolymers, homopolymer blends, copolymers, and chemically modified 

homo- or copolymers. Nowadays, practically all businesses employ polymeric 

materials in some form or another, as much as their intrinsic features are desired. 

As it is well known, such features are partly dependent on the chemical properties 

of the polymer, namely the chemical binding nature, the organic functional groups, 
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the manner in which these functional groups are connected, and the manner in 

which they are spatially distributed[12]. 

Poly vinyl alcohol (PVA) is an artificial polymer extensively used in the first half 

of the twentieth century. It may also be easily blended with a number of natural 

materials and has properties that make it suited for a wide range of applications. 

Natural fibers and additives can improve mechanical properties even more without 

compromising overall degradability. PVA has been used to manufacture a variety 

of end products in the commercial, medical, food, and industrial fields, materials 

that come into direct contact with food, lacquers, surgical threads, and packaging 

materials [13]. Transparent films with excellent tensile strength and tear resistance 

are created. The melting point of PVA polymer is 180 degrees Celsius with 

molecular weights of (26,300, 72,000, and 30,000) g/mol [14]. Structural formula 

for PVA shown in Figure (1-1)[15]. 

         
Figure (1-1): PVA structural formula: (A) partly hydrolyzed; (B) completely hydrolyzed 

[15]. 

 

Because there are many different examples of several polymer kinds 

employed as polymer hosts, it was chosen because of its remarkable features 
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including as  Biocompatible, non-toxic, and biodegradable, excellent chemical 

resistance and good mechanical strength performance; easy preparation[16].  

 

1.6 Methyl Orange (MO) 

Methyl orange (MO) dye, is a synthetic organic semiconductor used as a pH 

indicator in many different types of food and beverages, medicines, wastewater 

treatment, laboratory experiments, agriculture, and healthcare are just a few 

examples. It is a carcinogenic and mutagenic chemical. This azo dye is extremely 

difficult to degrade using standard treatment procedures, resulting in pollution and 

health issues.[17][18]. MO is commonly used in titrations due to its obvious and 

noticeable color shift. Its usage in acid titrations is widespread because it exhibits a 

color shift at the pH of a diluted acid. It doesn't have a full spectrum of color 

change like a universal indication, but it has a sharper end point. When a solution 

come lower acidic, MO will transit from red to orange, then to yellow, and when 

the solution grows more acidic, the reverse occurs. In acidic situation, the whole 

color change happens [19]. Methyl orange dye's chemical 

formula:(C14H14N3O3SNa) It is illustrated in the Figure[20]: 

               

Figure (1-2): Structure of methyl orange dye [20].  
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1.7 Composite Materials 

Composite materials have long been utilized to solve technical issues, but 

the development of polymer-based compounds in the 1960s drew the attention of 

industries. Composite materials have now become popular engineering materials 

and have been designed and manufactured for a variety of applications such as 

automotive vehicle production, materials, product, maritime and oil industries, 

process engineering components, aircraft parts, and consumer products. The 

compound's popularity is also growing as a result of greater product performance 

awareness and competitiveness in the worldwide lightweight ingredients 

industry[21]. 

A composite material is a combination of two or more materials, with the finished 

assembly possessing attributes superior to the individual parts. Composite 

materials are now generally referred to as reinforcing arrangements (also known as 

fillers) contained in a matrix. It is also possible to express the stresses that the 

composite experiences when subjected to load [22]. 

1.8 Literature Survey 

In (2011), S.S Chiad et al. studied Changes in PVA:Ag Optical Parameters 

as a Function of Film Thickness, PVA with silver added was used to make films of 

different sizes. The pictures that were made were 10, 20, 30, and 40 m thick. 

Transmission and absorption spectra had been taken to studied how increased 

thickness affects optical constants like transmittance, reflectance, absorption 

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

parts of dielectric constant. This study showed that all of these factors affect the 

thickness by making it thicker[23]. 

In (2014), N.A.B. Sabah A. Salman et al. examined the optical 

characterization of red methyl doped poly (vinyl alcohol) films. The effect of (red 
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methyl) doping on the absorption spectra and the optical energy gap of PVA films 

has been studied. The optical transmission of films formed using the casting 

method was tested in the wavelength range (190-1100) nm. The absorbance results 

show that the doping has an effect on the absorption edge, causing a red shift in its 

values. The films exhibit indirect permitted inter band transitions that are modified 

by doping, and the optical energy gap has been decreased after doping [24]. 

In (2014) M. F. Hadi et al. studied the He-Ne laser irradiation's influence on 

the optical characteristics of methyl orange doped PVA films, 10 ml of MO doped 

PVA films, The films were prepared using the casting method and it was examined 

using laser irradiation at various irradiant periods. All samples' absorption and 

transmission spectra were determined using a UV-Visible spectrophotometer. 

Laser irradiation influenced the optical constants, including the refraction index, 

extinction coefficient, complex dielectric constants, and optical energy gap. All of 

them are reduced as irradiation time increased. [25]. 

In (2014) E.M. Antar examined the effect of   -rays on the optical properties 

of dyed PVA films, the films are prepared using the dipping method. The spectrum 

behavior was explored, as well as the effects of dosage on the absorption 

coefficient, optical energy gap, refractive index, and extinction coefficient. It is 

concluded that the values of indirect band gap are lower than the corresponding 

values of direct band gap in films with gamma irradiation. And also the band gap 

(Eg) decreases with increase of gamma absorbed dose. [26]. 

In (2017) K. Haneen et al. examined Urbach energy (Eu) and dispersion 

characteristics of Co3O4 thin films. The Co3O4 films of different thicknesses were 

prepared using the chemical spray pyrolysis process. The films spread on heated 

glass at 420°C. UV-Visible spectrophotometer was utilized to measure the 

transmittance spectrum from 450 to 900 nm. The obtained Urbach energy rose as 

the film thickness grew. The outcomes are also revealed that when the film 
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thickness increased, the average excitation energy determined for electrical 

transitions (Eo), the dispersion energy (Ed), and the predicted optical gap (Eg) 

decreased[27]. 

In (2018) N.F. Habubi et al. studied the parameters of dispersion for 

poly(vinyl alcohol) Films doping with Fe.  The PVA polymer was melted in water 

to make films with varying Fe concentrations using the casting method. The optical 

characteristics was determined by keeping a record of the transmittance spectrum 

in the  (300-900) nm wavelength region. The Wemple-DiDomenico technique was 

used to compute the dispersion parameters. The energy of single oscillator of 

electronic transited, while the dispersion energy of the PVA-Fe films decreased as 

the Fe concentration increased. Urbach's energy was enhanced. The energy gap in 

the PVA:4% Fe film dropped from 4.08 eV to 3.52 eV[28].  

In (2020) D. Jyoti and et al. studied the investigation on dispersion 

parameters of molybdenum oxide thin films via Wemple–DiDomenico (WDD) 

single oscillator model. The dispersion parameters of molybdenum oxide thin films 

viz: oscillator energy, dispersion energy, transition moments, static refractive 

index, oscillator strength, and oscillator wavelength are estimated via Wemple–

DiDomenico (WDD) single oscillator model. Moreover, the optical constants viz: 

film density, porosity, absorption coefficient, optical band gap, Urbach energy, 

steepness parameter, and strength of electron–phonon interaction are also studied 

as a function of substrate temperature. This is to establish a correlation between 

optical constants and dispersion parameters[29]. 

In (2021) S. Kumari Nisha et al. showed that the Polyvinyl alcohol/methyl 

orange are flexible films as reusable pH indicator, PVA and MO are combined in a 

water-based solvent at 100 degrees Celsius to create the film.  Every polymeric 

substance demonstrated excellent UV-Vis absorption in the electromagnetic 
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spectrum,  the  absorption intensity increases with the intensity of absorption 

increases as the amount of MO in a polymer matrix increases[30]. 

1.9 Aim of the Project 

1) Study  spectra of polymer, dye and their composite for both solution and 

thick films, before and after laser irradiation effect. 

2) Study the ability to control the energy gap (which effects on optical, 

electrical and thermal properties of the material) with laser irradiating. This 

can be exploited to produce suitable optical filters. 

3) Study effect of laser radiation on        energy of the thick films. 

4) Investigating the dispersion coefficients of PVA, MO and PVA/MO thick 

films before and after laser irradiation. In addition, study the ability to 

control dispersion coefficients laser irradiation. 
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2.1  Introduction 

This chapter presents a concise summary of the fundamental ideas guiding 

the theoretical topics relevant to the work of this thesis, from laser interaction with 

matter to the diagnostic methods including UV-Vis spectroscopy, dispersion 

properties, fluorescence, surface morphology, and structural features. 

2.2 Laser Interaction with Matter 

Light amplification through stimulated emission of radiation is referred to as 

"LASER", Schawlow and Townes made the initial suggestion[3][31]. Laser is very 

important  because of its coherent, monochromatic, brightness and directionality 

that allow them to be focused at a point and induce ionization, excitation, and 

scattering when passed through matter, which can be used to examine the 

properties of some materials[32]. 

Laser radiation is a form of electromagnetic radiation (EM), which is represented 

by two electric and magnetic fields, Figure(2-1). When the wave of 

electromagnetic (laser beam) strikes a surface (air/solid interface) it undergoes a 

reflection and transmission. Some radiation is transmitted, some reflected and, 

some absorbed. As it passes through a new medium it is absorbed according to 

Beer Lambert’s law[33]: 

     
                 

Where   is the absorption coefficient, Io is the incident photon intensity and I is the 

transmitted intensity. 

The EM wave passes through a small elastically bound charged particle, as a result 

the particle will be set in motion by the electric force from the electric field, E. The 

force is small and incapable of vibrating an atomic nucleus[33]. 
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Figure(2-1): The electric and magnetic field vectors of EM radiation[34]  

 

 2.3 UV-Visible Spectrophotometer 

Ultraviolet and visible radiation are only a small fraction of the 

electromagnetic spectrum, which also contain radio, microwave, infrared (IR), 

visible, ultraviolet light, X-rays, and gamma rays[35].  

UV-Vis spectrophotometers included a source of light to illuminate a sample with 

rang from UV to visible light wavelengths (usually 190 to 900 nm). The instrument 

then measures the amount of light absorbed, transmitted, or reflected by the sample 

at each wavelength. The spectrum can be used to determine the chemical or 

physical characteristics of the material. In general, one can determine the 

concentration of a certain molecule in solution, characterize the absorbance or 

transmittance of a liquid or solid over a variety of wavelengths, as well as the 

reflectance qualities of a surface or the color of a substance[36].  

A spectrophotometer's principal elements are as follows as [36]36]: 

- A light source that emits a broad spectrum of electromagnetic radiation in the 

UV-visible range. 

- The broad-band radiation is separated into wavelengths using a dispersion device. 

- A sample region is a location where light travels through or reflects off a sample. 
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- One or more detectors are used for determining the intensity of reflected or 

transmitted radiation. Light is relayed through the device by other optical 

components such as lenses, mirrors, or fiber optics, as shown in Figure(2-2). 

       

      Figure(2-2): Schematic diagram of a cuvette-based UV-Vis spectroscopy system[38]. 

 

2.4 Optical Properties   

The optical properties give us an expounding about the interaction between 

the light and materials. The optical properties of materials are those that are 

discovered  when the electromagnetic radiation hit the material [11]. 

The semiconductor absorbs photons from the incident beam; the absorption is 

energy-dependent (  ); where h is Planck's constant and ν is the frequency of the 

input photons. The absorption is related with the electronic transition between the  

valence band (V.B.) and the conduction band (C.B.) in the material that began at 

the absorption edge and corresponds to smallest energy gap (  ) between the 

lowest minimum of the C.B. and the greatest maximum of the V.B.[39]. 

The photon can interact with a valence electron, elevate the electron into the C.B., 

and produce an electron-hole pair if the photon energy is equal to or greater than 

the energy gap. The incoming photon's maximal wavelength ( ), which produces 

the electron-hole pair, is specified as[8]: 



Chapter Two                                                           Theoretical Part 

 

 
13 

      
  

  
 

    

      
             

There are two different kinds of optical transitions, direct and indirect transitions 

that will be explained in the following. 

2.4.1 Direct Transitions 

For momentum conservation, the direct transition occurs between the top of 

the valence band and the bottom of the conduction band (vertical transition) at the 

same wave vector ∆k = 0. When the wave vector is equal to zero, the transition 

between the valence band's top and the conduction band's bottom is referred to as 

the allowed direct transition as seen in Figure(2-3a). The following equation 

describes this transition[40]: 

            
  ⁄              

Where B: is inversely proportional to amorphusity. 

The transition is known as a prohibited direct transition, as shown in Figure(2-2b), 

if it also happens between states of the same wave vector but the wave vector is not 

zero. It will yield to the following relationship [40]:  

            
  ⁄             

 

2.4.2 Indirect Transitions 

  There is a significant momentum difference between the valence and 

conduction band transition points in an indirect transition, so the conduction band 

minima are not at the same k value as the valence band maxima, necessitating the 

assistance of a phonon to conserve momentum, thus[41]: 

                     

Where    is the energy of an absorbed or emitted phonon. 
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For an allowed indirect transition, the transition takes place as seen in Figure(2-

3c), from the top of the valence band to the bottom of the conduction band 

therefore [42]. 

            
              

While, as shown in Figure(2-3d), forbidden indirect transitions take place from any 

location near the top of V.B. to any point other than the bottom of C.B. [42]. 

            
              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(2-3): The optical transitions (a) permitted direct, (b) prohibited direct; (c) 

permitted indirect, (d) prohibited indirect [43]. 

 

Experimentally, the level of the absorption coefficient may be used to 

distinguish between direct and indirect processes;   takes values between 10
4
 and 

10
5
 cm

-1
 for direct transitions and between 10 and 10

4
 cm

-1
 for indirect transitions 

near the absorption edge[42]. 
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2.4.3 Optical Constants 

When the electromagnetic radiation falls on the material and interacts with 

it, many processes happen some of the electromagnetic radiation is absorbed by the 

material and the other part is transmitted  because it passes through the material 

while another part of the electromagnetic radiation is reflected from the surface of 

the material called the reflected part[44]. To obtain information about the internal 

structure of the material and the nature of its bonds, transmittance and absorption 

must be known, reflections of the electromagnetic radiation falling on the material. 

For instance, by examining the UV spectra, it is possible to identify energy bundles 

and the type of transitions present in the material. As for the field of practical 

applications in which the materials are used, the visible spectrum must be 

studied[45]. 

The absorbance (A) is defined as the ratio between the intensity of the absorbed 

rays through the surface of the film to the intensity of the incident rays, which is a 

unit-free quantity, while the ratio between the intensity of the transmitted rays to 

the intensity of the rays incident on the surface of the thick films called the 

transmittance (T). Reflectance (R) is the ratio between the intensity of the rays 

reflected from the surface of the thin film to the intensity of the incident rays. 

Through the absorbance and transmittance spectrum, the reflectivity will be 

calculated according to the law of energy conservation according to the following 

relationship[46]. 

 

                    

Where the absorption is given by the following equation 
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The material's absorption coefficient   is the important function of photon energy 

and band gap energy given by the following formula[23]: 

  
       

 
              

Where   is the thickness of the sample. 

The refractive index n can be calculated from the following equation[47]: 

  √
  

      
     

   

   
              

Where R is the reflectance that calculated by[48]: 

  
         

         
              

Where   is the extinction coefficient that is related to the exponential decay of the 

light that passes through the solution which is given by[49]: 

  
  

  
             

The dielectric constants both of real and imaginary  for  the solution are evaluated 

using the following relations [50]: 

                           

                      

                    

The optical conductivity     depends directly on the refractive index n, c is speed 

of light and absorption coefficient α by the following relation[51]: 

    
   

  
              

 

2.5 Dispersion Energy Parameters 

The electronic dielectric constant's dispersion is described by a new energy 

parameter. There are more than 50 ionic and covalent crystals with credible 
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refractive-index dispersion data, it is discovered that this dispersion energy obeys 

an incredibly straightforward empirical connection[52]. When determining a way 

laser irradiation may affect organic materials, the dispersion characteristics are 

important,                   description is used to apply the dispersion 

relations. To define the dispersion energy parameters, a single oscillator 

description of the frequency dependent dielectric constant is employed[53]. To 

analyze the data of the dispersion refractive index,  below the inter band absorption 

edge was used a single-effective-oscillator. The equation that relates the oscillator 

strength to the refractive index is given in the following [54] [55]:  

     
     

  
       

             

Where, n is the refractive index,    is the energy of the single oscillator energy for 

electronic transition.    is the dispersion energy used to calculate the intensity of 

inter band optical transitions. 

The        energy is defined as the width of the confined state, this exists in the 

optical band gap and can be connected to the exponential tails for the density of 

states as indicated by the relationship [56]: 

       
  

  
             

Where (EU) is        energy while, (αo) is a constant. Urbach energy may be 

calculated by plotting (   ) on the y-axis and photon energy (  ) on the x-axis, 

then the inverted slope represents the Urbach energy. 

There are new parameters that appeared in the normal dispersion behavior on the 

materials also these values are of the same order as those obtained by DiDomenico 

and Wemple. This parameters is the long wavelength refractive index (  ), 

average inter band oscillator wavelength (  ) and the average oscillator strength 

(So) were determined using the following relationship[57]: 
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(  
  
 

  ⁄ )

              

A simple association between the spectrum and (Ed) and the single-oscillator 

parameters (  ) can be reaped  and comparing terms in an expansion in powers. 

The resultant correlations can be stated succinctly in terms of spectrum moments. 

It is also described in the following equations [54]: 

  
  

   
 

   
              

  
  

   

   
              

It is necessary to keep in thoughts that the momentum obtained from the optical is 

a crucial parameter for the usage of the material in optical applications[27]. 

2.6 X-ray Diffraction 

 
X-ray diffraction is more commonly employed to determine structure than 

neutron or electron diffraction. The type of the radiation influences both the 

penetration depth of the incoming radiation into the sample and the relative 

intensity of the diffracted beam. Crystal atoms are placed in parallel at identical 

distances (d), and X-rays are reflected secularly from them according to reflection 

rules. The phase difference between rays reflected from successive planes is 

determined by the distance between the planes. When the phase difference between 

rays reflected from neighboring planes is an integral multiple of (2π), constructive 

interference occurs; otherwise, the rays dispersed by the planes interact 

destructively. As a result, dispersed beams appear only at certain angles of 

incidence, as seen in Figure(2-4)[5]. 
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Figure(2-4): The complement of the angle of incidence is the reflection of an X-ray beam of 

wavelength from a certain set of atomic planes separated by equal distances d[5]. 

 

The crystal planes' orientation may be changed in an unlimited number of 

ways. When many of them satisfy the criteria for constructive interference for a 

fixed incoming beam, dispersed beams can be appeared  in several directions. 

According to the rules of reflection, the dispersed beam creates the same angle 

with the plane as the incident beam; hence the angle of deflection of the incident 

beam is (2θ). Δs = 2d sin θ is the path difference between two reflected photons 

from neighboring planes., as it is seen in the Figure(2-4). When the path difference 

(Δs) is an integral multiple of the wavelength (λ), constructive interference occurs. 

As a result, dispersed rays appear only when the requirement is met[58]. 

                           

Where (d) is the inter planer distance, (θ) it is the diffraction angle which is met by 

a family of crystal planes, where (m) is an integer. 

The diffraction Bragg condition. The reflected beam's intensity displays prominent 

peaks in the appropriate directions[59]. 

The investigation of grain size backs up the observed difference in crystallization 

in the films, the grain size of crystallite is calculated using Scherer's equation [60]: 
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(  
     

      
)              

Where 0.9 is the Scherrer constant, λ is the X-ray wavelength, β is the FWHM, and 

θ is the Bragg angle. 

 

2.7 Fourier-Transform Infrared Spectroscopy (FTIR) 

Infrared spectroscopy has the benefit of being virtually ubiquitous. Many 

compounds have high absorbance in the mid-infrared range, which is why we 

study spectra in this range[61]. Fourier transformation is a decoding method that 

converts a signal from the time domain, where it is a function of duration, to the 

frequency domain, where it is a function of frequency[62]. 

 The wavenumbers include of infrared light that is divided into three  regions, far-

infrared (4 - 400) cm
‐ 1

 , mid-infrared (400 - 4000) cm
‐ 1

 and near-infrared (4000 -

14000) cm‐1[42]. The intensity of light is measured and plotted as a function of the 

location of the moveable mirror in a FTIR Spectrometer; the resulting graph is the 

Fourier Transform of the intensity of light as a function of wavenumber. Light is 

focused onto the material of interest in FTIR spectroscopy, and the intensity is 

measured with an infrared detector. The intensity of light reaching the detector is 

measured as a function of mirror position and Fourier-transformed to get a plot of 

intensity vs. wave number Fourier-transformed Infrared spectrum for the 

sample[63]. 
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2.8 Atomic Force Microscopy (AFM) 

The introduction of scanning probe microscopes, particularly the atomic 

force microscopy, has opened up a new path for the research of biological 

specimens, inspiring us to look at our samples with a fresh outlook[64]. 

The AFM is made up of a tiny needle on the end of a micro machined flexible 

cantilever that raster scans the sample's surface. The cantilever is deflected by 

attraction and repulsion forces as the tip gets closer to the specimen surface. This 

deflection is identified and processed as a function of position in the (   ) plane to 

create topographical images. The AFM can work in contact mode (the tip is 

constantly in contact with the surface) or non-contact mode (the cantilever vibrates 

and variations in resonance frequency are used to create images), the cantilever 

travels fast in both continuous and intermittent modes (the cantilever vibrates and 

changes in its resonance frequency are employed to form pictures), with a strong 

oscillation between repulsive and attraction forces[65]. 

  

2.9 Photoluminescence  
Luminescence is the emission of light from any substance that occurs when 

it is electrically stimulated. Luminescence is classified into two types based on the 

nature of the excited state: fluorescence and phosphorescence. It should be 

highlighted that distinguishing fluorescence from phosphorescence is not always 

possible[66].  

Most molecules are at ambient temperature in the lowest vibrational level of the 

ground electronic state, and when light is absorbed, they are lifted to produce 

excited states. Figure(2-5) depicts molecule absorption [67]. 
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Figure(2-5): Transitions giving rise to absorption and fluorescence emission[1]. 

 

After absorbing energy and reaching one of an excited state's higher 

vibrational levels, the molecule quickly loses its excess vibrational energy through 

collision and falls to the excited state's lowest vibrational level. Additionally, 

almost all molecules in an electronic state higher than the second undergo internal 

conversion and move with the same energy from the lowest vibrational level of the 

upper state to a higher vibrational level of a lower excited state. From then, the 

molecules lose energy until they hit the lowest vibrational levels of the initial 

excited state. The molecule can return to any of the vibrational levels of the ground 

state from here, producing energy in the form of fluorescence. If this process 

occurs for all of the molecules that absorbed light, the quantum efficiency of the 

sample will be one. If any alternative path is used, the quantum efficiency will be 

less than one and may even be close to zero. Because fluorescence is always 
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emitted from the lowest vibrational level of the initial excited state, the shape of 

the emission spectrum remains constant regardless of the wavelength of the 

exciting light[67]. 
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3.1 Introductions  

This chapter describes the materials and devices used in the research. The 

structural properties are studied using XRD, AFM, FTIR devices. The solution 

preparation, the films deposition and thickness measurement techniques are also 

presented. There are many techniques and devices are used to characterize the 

samples such as spectrophotometers, fluorescence measurements, XRD, AFM and 

FTIR. Figure (3-1) shows the schematic diagram of the experimental work. 

         

Figure (3-1): Schematic diagram of the experimental work. 

3.2 Materials  

Polyvinyl alcohol (PVA) polymer with molecular weight (10000 g/mole), 

supplied by (Sigma-Aldrich company) with high purity (99.999%) were used as 

matrix polymeric materials in this work. The dehydrated Methyl orange (MO) with 
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molecular weight 372.33g/mole was also supplied from Sigma-Aldrich Company, 

Japan. PVA and MO were prepared by dissolving them separately in distilled 

water. 

3.3 FTIR Measurements 

  The structure of the PVA and methyl orange powder, which are mixed with 

KBr, was investigated by FTIR Fourier transform infrared spectrometer IR 

Affinity-1 (Shimadzu Company) Japanese. The measurments were made at 

Materials Department - College of Engineering - University of Babylon. The FTIR 

diagram of the technique is shown in Figure(3-2). 

  

 

Figure (3-2): FTIR spectrophotometer diagram. 

3.4 X–Ray Diffraction 

The structures of PVA and MO Powder were investigated using (Lab X 

XRD-6000 SHIMADZU) at Materials Department - College of Engineering - 

University of Babylon. The measurements are done by the XRD system with 

wavelength of  λ=1.5406 Å in a geometry of reflection. The operational voltage is 
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30 kV and current of 20 mA. The data here are recorded with the diffraction angle 

2θ. The grain size was computed from the interplanar distance ( ) for different 

planes.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3-3): (a)X-ray exterior cover. (b) A Schematic diagram  of XRD [68]. 

 

3.5 Preparation of Samples  

3.5.1 The Solutions 

The samples were prepared in the form of solution by dissolving a 500mg of 

PVA in 50 ml of distilled water at 90
o
C.  The prepared solution was with a 

concentration of 10g/l. A 30mg of MO is accurately weighed and transferred into 

10ml of distilled water at 50
o
C. After that, the solution is diluted to reach 0.01g/l. 

concentration by using the equation (C1V1=C2V2).  Then, 1 ml of PVA solution 

with concentration 10 g/l  is mixed with 1 ml of MO solution with concentration 

0.01g/l to obtain  a PVA/MO composite solution. A magnetic stirrer is used for the 

purpose of homogenizing the solution of PVA, MO and PVA/MO at a temperature 

of 80
o
C for 10 minutes. 
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Figure (3-4): The solution of methyl orange, PVA and PVA/MO composite. 

 

3.5.2  The Thick Films 

Different percentages of powder PVA and MO were weighed in different 

quantities to produce films of various thicknesses, as can be seen in the Table (3-

1). All weights were dissolved in distilled water at 90°C for PVA and 50°C for MO 

then placed in a magnetic stirrer for 10 minutes. The solutions were poured into a 

Petri dish with a diameter of 5 cm, as the decanting procedure was utilized. Then, 

it is allowed to be dried at room temperature for three days. the method used to 

measure thickness is the weight method by using the equation: 

  
 

  
           

Where t the thickness of the sample. 

m: the weight (mg). 

 : the density of PVA, MO and PVA/MO. 

A: the area of Petri dish. 
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Table (3-1) Thickness measurments of PVA, MO and PVA/MO thickfilms. 

Powder Weight (mg) Thickness (nm) 

PVA 
0.006 2000 

0.008 3000 

MO 
0.0050 2000 

0.0075 3000 

PVA/MO 

0.004 (PVA) 

0.0025(MO) 
2000 

0.006 (PVA) 

0.0050 (MO) 
4000 

0.008 (PVA) 

0.0075(MO) 
6000 

 

3.6 Laser Source 

The system consists of a violet laser, two convex lenses with 10 cm focal 

length, and a flat mirror placed below the sample to reflect the laser beam back. 

The   distance between the laser and the sample is 70 cm, while laser spot diameter 

about 5 cm .The experimental setup is located at Physics Department - College of 

Science - University of Babylon. The solution and thick films were irradiated at 

different intervals (10, 20, 30 and 40 minutes) for each concentration.  

Table (3-2) discription of the laser used. 

Characteristic Value 

Wevelength  (λ) 405 nm 

Power  60 mW 

Intensity  3.05 mW/cm
3
 

Photon energy  3.06 eV 

Stabilty time            
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Figure (3-5): Laser Irradiation system. 

 

3.7 The UV-Visible Absorption Spectroscopy 

The optical properties of the prepared solutions and thick film are 

determined by UV-Visible spectrophotometer that located at Physics Department - 

College of Education for Pure science - University of Babylon.  This 

spectrophotometer contains two light sources, deuterium and halogen lamps to 

provide the range of wavelength in the range (190-1100) nm. This gadget is a 

double-beam device, with one beam passing through the film under examination 

(optical measurements) and the other passing through the instrument's glass slide, 

using the output data of wavelength, transmittance, and absorbance in computer 

software. A Local Excel software is used to calculate the optical  constants before 

and after irradiation such as energy band gap. 
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3. 8 AFM Measurements 

Surface morphological measurements for PVA, MO, and PVA/MO thick 

films with varying thicknesses and substrate temperatures were performed using an 

Angstrom Advanced Inc. TT-2 AFM mode spectrometer. Computerized roughness 

and diameter of grains were acquired, as well as 2D images of all examined films. 

 

Figure(3-6): A diagram of atomic force microscopy. 

 

3.9 photoluminescence Spectrophotometer 

Fluorescence is based on photoluminescence, which is the physical process 

of releasing light after it has been absorbed by a substance. The fluorescence 

intensity indicates the amount of light (photons) emitted. It is the excited states that 

govern the amount of emission. The device is from SCINCO Fs-2, Korea, that is 

located at the Ministry of Science and Technology. 
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3.10 Excel programs 

The optical constants such as absorption coefficient, extinction coefficient, 

dielectric constants and refractive index, as well as the dispersion parameters, such 

as dispersion energy, single oscillator energy, average oscillator strength and 

oscillator wavelength are calculated using two local Excel programs: 

1- Optical properties program for solutions, AD-UV-Vis.-SOL-2023-ver.4. 

2- Optical properties program for thin & thick films, AD-UV-Vis.-TF-2021-ver.3. 

3- Dispersion properties program, AD-DCP-TF-2021-ver.2
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4.1 Introduction 

This chapter presents the results and the analysis of the findings of (PVA, 

MO, and PVA/MO) for both solutions and thick films. The films are prepared by 

casting method in a petri dish and left to be dried at room temperature. The C.W. 

laser of 405 nm wavelength and 60 mW power is used to irradiate the samples in 

different times.  

4.2 FTIR Measurements of the Powder 

The main purpose of the FTIR test is to ascertain the identity of the original 

substance through its chemical affinities. 

4.2.1 FTIR of the PVA Powder 

FTIR Spectrum of PVA powder is showed in Figure (4-1) since the PVA 

spectrum has five major frequencies corresponding to the molecular bonds as 

shown in Table (4-1) [69]. 

 

Table (4-1): the analysis of FTIR for PVA: 

Wave number 

cm
-1

 
Bound Type  of bonds vibration 

800 C-C stretching 

1263.42 C-O wagged vibration 

1375.29 C-H wagged vibration 

1570.11 CH2 rocking 

1722.49 C=O bending 
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Figure (4-1): The FTIR transmittance spectra of PVA powder. 

 

4.2.2 FTIR of the Methyl Orange Powder 

The FTIR spectrum of the MO powder is shown in Figure (4-2). The strong 

peak existence of around 1280 cm
-1

 may be due to the C-S bond of the sulfonate 

group. Also, the presence of weak bond around 3300 cm
-1

 shows the existence of 

amine group. Because of the C-N stretch of aromatic amine, strong peaks around 

1350 cm
-1

 can be seen which regarded as a certain indicator of existence of the 

aromatic amine in the compound. In addition, the peak presence around 1290 cm
-1

 

indicates the presence of S-O [70].  
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Figure (4-2): The FTIR spectrum of MO  powder. 
 

4.3 XRD of the Powder 

X-ray diffraction is investigated to identify the crystal structure and calculate 

the average crystal size of each of the polymer and methyl orange. 

4.3.1 XRD of the PVA 

The PVA powder XRD data is displayed in Figure (4-3). The maximum 

diffraction peak, that produced using Match!3 software, is located at (         

), (d = 0.45 nm) and Millar indices of (101).The crystal structure is a monoclinic 

unit cell. This  is an evidence of that PVA powder exhibits crystalline X-ray 

diffraction[71]. Scherrer's equation (2-26) [72] is used to determine the average 

crystal size based on the observed X-ray diffraction patterns. The XRD data is 

illustrated in Table (4-2). 
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Figure (4-3): The XRD for PVA powder. 

 

Table (4-2): XRD measurement of PVA powder: 

  

2θ 

degree 

d 

nm 
I 

I/Io 

% 

FWHM 

degree 

  

rad 

Average 

crystal Size 

nm 

19.44 0.456 366.89 100 2.08 0.036 38.75 

40.46 0.222 49.27 10.7 0.36 0.006 23.52 

43.90 0.206 42.97 11.71 0.23 0.004 37.24 

 

4.3.2 XRD of the Methyl Orange Powder 

The XRD data for the MO powder are shown in Figure (4-4). The major 

diffracting peaks are found using the Match!3 software, and it is roughly located at 

(        ) with (d = 15.71 nm), (     ) with (d=30.91 nm), and (   

     ) with (d=39.09 nm). The unit cell of the crystal is monoclinic [73]. Based 
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on the observed X-ray diffraction patterns, the crystallite's grain size is calculated 

using Scherrer's equation (2-26) [72]. Table (4-3) presents the relevant data 

derived from MO powder XRD studies. 

 

 

Figure (4-4): The XRD of MO powder. 

 

Table (4-3): XRD measurement of MO powder: 

  

2θ 

degree 

d 

nm 
I 

I/Io 

% 

FWHM 

degree 

   

rad 

Average 

crystal Size 

nm 

10.96 0.806 50.20 8.87 0.28 0.004 28.5 

15 0.590 180.49 476.5 0.44 0.007 18.21 

17.20 0.515 149.86 367.3 0.44 0.007 18.26 

26.92 0.331 270.25 60.64 0.52 0.009 15.71 

44 0.205 409.89 91.97 0.20 0.003 30.91 

64.34 0.144 445.69 100 0.24 0.004 39.09 
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4.4 Atomic Force Microscope (AFM) 

 
Atomic force microscopy (AFM) is used to evaluate the surface structure of 

the PVA, MO and PVA/MO composite thick films before and after irradiation with 

different thickness using a violet laser source as shown in Figures (4-5 - 4-10). The 

findings revealed that the surfaces become less roughness, the grain size increased.  

The result shows that the laser beam irradiation improves the uniformity of the 

surfaces of the films because it acts to recrystallize them. The drop in average grain 

size values is related to the atoms inability to merge with one another due to strain 

between the crystalline boundaries in those films. The AFM results for each thick 

films are listed in Table (4-4). 

 

Figure (4-5): AFM for non-irradiated PVA thick film at thickness 3000 nm. 
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Figure (4-6): AFM for PVA thick film with thickness 3000nm irradiated for 40 min by a 

405 nm violet laser. 

 

 

Figure (4-7): AFM for MO thick film with thickness 3000 nm for non-irradiated sample. 
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Figure (4-8): AFM for MO thick film with thickness 3000 nm and time irradiated 40 min 

by 405 nm violet laser. 

 

 

Figure (4-9): AFM for PVA/MO thick film with thickness 6000 nm for non-irradiated 

sample. 



Chapter Four                                                           Results & Discussion 

 

 40 

 

Figure (4-10): AFM for PVA/MO thick film with thickness 6000 nm and time irradiated 40 

min by 405 nm violet laser. 

 

Table (4-4): AFM measurements of PVA, MO and PVA/MO thick films before and after 

405 nm laser irradiating. 

 

Thick film 
Thickness 

nm 

Irradiating 

time min. 

Average 

diameter 

nm 

          

nm 

Average 

Value 

nm 

Root 

mean 

square 

nm 

PVA 3000 
0 86.345 5.568 22.059 39.27 

40 75.711 3.83 21.148 11.50 

MO 3000 
0 32.525 2.380 11.850 39.38 

40 24.024 1.469 6.710 11.61 

PVA/MO 6000 
0 34.075 2.754 11.554 56.16 

40 21.766 2.180 10.243 34.83 
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4.5 Optical Properties  

4.5.1  The Solutions 

The absorbance spectra of PVA, MO and PVA/MO solutions are recorded in 

the wavelength range (190-1100) nm before and after the laser irradiation. The data 

are illustrated in Figures (4-11a, 4-12a and 4-13a) for PVA, MO and PVA/MO 

respectively. PVA spectra show the absorption in the range (240–330) nm, the 

highest absorbance was recorded at the wavelength of 280 nm, While the 

wavelength  from 360 nm there is no absorbance. For MO the absorbance spectra 

at (390 - 510) nm, the highest absorbance appears at the wavelength of 469 nm and 

from 530 nm there aren't absorption. In the case of composite PVA/MO, the 

absorbance spectrum appears at (260 - 520) nm, and it becomes clear that there are 

two high values of absorbance, the first at 270 nm and the second at 479 nm, while 

the wavelength that are not affected by absorbance are at 530 nm.   

It can be seen from the absorbance spectra that increasing the irradiating 

laser time causes decreasing in the solution absorption obeying Beer – Lambert 

law. This behavior is attributed to breaking the molecules bonding due to the 

intense laser energy which is a strong indicator that laser beam has an effect on the 

absorbance. As a result, the irradiating by violet laser shows a red shift. 

 Figures (4-11b, 4-12b and 4-13b) indicate that the absorbance of the non- 

irradiated samples is bigger than the laser irradiated samples. It decreases with 

increasing the laser exposure time of the solution because of the longer time, the 

greater bonds dissociation. 
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Figure(4-11): (a) The PVA absorbance spectra for different laser exposure times (0, 10, 20 

and 30) min.  (b) The absorbance as a function of irradiating time at 405 nm wavelength. 

 

            

Figure (4-12):(a) The MO absorbance spectra for different irradiating times (0, 10, 20 and 

30 minute). (b) The absorbance as a function of irradiating time at 405 nm wavelength. 
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Figure (4-13): (a) The PVA/MO absorbance spectra for different irradiating times (0, 10, 

20 and 30) min. (b) The absorbance as a function of irradiating time at 405 nm wavelength. 

 

The indirect energy gap is excluded from  Figures (4-14a, 4-15a and 4-16a) 

utilizing Tauc equation. (   )
1/2  

is plotted as a function of the solution band gap. 

Obviously, the rapid increase in the absorption coefficient is where it can deduce 

the absorption edge. 

Figures (4-14a, 4-15a and 4-16a) explain the band gap behavior when the 

irradiation times increase. This energy gap control by laser irradiation can be used 

as an optical filter application. 

The optical properties of PVA, MO and PVA/MO solutions appeared that 

decreasing in the absorbance and reflectance with increasing the laser irradiation 

times while the transmittance increases. The energy gap rises with increasing the 

irradiation times while the results show that the optical constants decrease as 

shown in tables (4-5, 4-6, 4-7). 
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Figure(4-14):(a)The PVA (𝜶𝒉𝝊)
1/2

 as a function of the photon energy for different 

irradiating times (0, 10, 20 and 30) min. (b) The indirect energy gap as a function of 

irradiating time at 405 nm wavelength. 

 

 

Figure (4-15): (a) The MO  (𝜶𝒉𝝊)
1/2

 as a function of the photo energy for different 

irradiating times (0, 10, 20 and 30) min. (b) The indirect energy gap as a function of 

irradiating time at 405 nm wavelength. 
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Figure (4-16): (a) The PVA/MO  (𝜶𝒉𝝊)
1/2

 as a function of the photo energy for different 

irradiating times (0, 10, 20 and 30) min. (b) The indirect energy gap as a function of 

irradiating time at 405 nm wavelength. 

 
Table(4-5): The optical constants of PVA solution for different irradiating times at 

wavelength 280 nm. 

 

 

 

 

 

 

 

 

 

Time 

min. 

α
 
 

cm
-1

 

 

K  10
-4

 n       
         

 

   

   
 

σ optical 10
-6 

 

s
-1

 

0 0.18 4.01 1.57 2.46 1.26 4.5 6.74 

10 0.17 3.73 1.53 2.35 1.15 4.6 6.16 

20 0.14 3.11 1.45 2.10 0.903 4.7 4.85 

30 0.12 2.63 1.38 1.92 0.728 4.8 4.23 
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Table(4-6): The optical constants of MO solution for different irradiating times at 

wavelength 469 nm: 

 

 

Table(4-7): The optical constants of PVA/MO solution for different irradiating times at 

wavelength 479 nm: 

 

 

4.5.2 The Thick Films  

PVA, MO and PVA/MO thick films are deposited by casting coating method 

at room temperature with different thickness on a petri dish. 

PVA thick films have absorbance spectrum around (280- 380) nm for both 

thickness 2000 and 3000 nm. High absorption appears at 350 and 360 nm, 

respectively, for both thicknesses.  

For MO at thickness 2000 and 3000 nm the spectrum recording in (400- 560)nm 

and (420- 580) nm, while the high wavelength in 480nm and 490 nm respectively   

Time 

min. 

α
 
 

cm
-1

 

 

K  10
-4

 n       
         

 

   

   

 

σ optical 10
-6 

 

s
-1

 

0 1.49 5.55 1.88 3.54 2.09 3.2 6.69 

10 1.20 4.46 2.30 5.30 2.06 3.3 6.57 

20 1.04 3.87 2.45 6.03 1.90 3.5 6.08 

30 0.91 3.42 2.52 6.35 1.72 3.6 5.51 

Time 

min. 

α
 
 

cm
-1

 

 

K  10
-4

 n       
         

 

   

   

 

σ optical 10
-6 

 

s
-1

 

0 0.19 7.33 1.60 2.57 2.35 3.8 7.36 

10 0.13 4.92 1.42 2.01 1.40 4.1 4.37 

20 0.10 3.90 1.33 1.78 1.04 4.25 3.26 

30 0.08 3.23 1.28 1.63 8.25 4.38 2.58 

40 0.07 2.50 1.22 1.48 6.08 4.5 1.90 
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In the composite  PVA/MO thick films for thickness 2000 nm (460- 550) with high 

absorption 500nm, 4000nm (470- 560)nm with high absorption 520nm and 6000 

nm (370- 570)nm with high absorption 560nm.   

The absorption spectrum are show in Figures (17 a - 23 a)  before and after laser 

irradiation for the polymer, methyl orange, and their composite with different 

thicknesses, respectively. 

As for the Figures (17 b - 23 b), they show the relationship between the absorption 

spectrum and the irradiation time (0, 10, 20, 30 and 40) minutes, as the absorption 

spectrum decreases with increasing irradiation time due to the breaking of bonds. 

Figure (4-17): (a) The absorbance spectra of PVA thick films with 2000 nm thickness for 

different irradiating times (0, 10, 20, 30 and 40) min. (b) The absorbance as a function of 

irradiating time at 405 nm wavelength. 
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Figure (4-18): (a) The absorbance spectra of PVA thick films with 3000 nm thickness for 

different irradiating times (0, 10, 20, 30 and 40) min. (b) The absorbance as a function of 

irradiating time at 405 nm wavelength. 

 

Figure (4-19): (a) The absorbance spectra of MO thick films with 2000 nm thickness for 

different irradiating times (0, 10, 20, 30 and 40) min. (b) The absorbance as a function of 

irradiating time at 405 nm wavelength. 
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Figure (4-20): (a) The absorbance spectra of MO thick films with 3000 nm thickness for 

different irradiating times (0, 10, 20, 30 and 40) min. (b) The absorbance as a function of 

irradiating time at 405 nm wavelength. 

 

 

Figure (4-21): (a) The absorbance spectra of PVA/MO thick films with 2000 nm thickness 

for different irradiating times (0, 10, 20, 30 and 40) min. (b) The absorbance as a function 

of irradiating time at 405 nm wavelength. 
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Figure (4-22): (a) The absorbance spectra of PVA/MO thick films with 4000 nm thickness 

different irradiating times (0, 10, 20, 30 and 40) min. (b) The absorbance as a function of 

irradiating time at 405 nm wavelength. 

 

 

Figure (4-23): (a) The absorbance spectra of PVA/MO thick films with 6000 nm thickness 

for different irradiating times (0, 10, 20, 30 and 40) min. (b) The absorbance as a function 

of irradiating time at 405 nm wavelength. 
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The energy band gap (direct) with photon energy as shown in Fig. (4-27 – 4 

33). the photon energy value of PVA, MO and PVA/MO thick  film of ~ 2000, 

3000      thickness for each PVA and MO and about 2000, 4000 and 6000 nm for 

PVA/MO, irradiated at  wavelength  405    at time 0,10,20,30 and 40    . We 

notice that the optical energy gap increases slightly with the increase in the time 

irradiation. Optical parameters as (absorption coefficient, refractive index, 

extinction coefficient, dielectric constants, optical conductivity and direct energy 

gap) for all thick films are listed in Tables (4-8 - 4-14). 

 

Figure (4-24): (a) The PVA at thickness 2000nm  (𝜶𝒉𝝊)
2
 as a function of the photo energy 

for different irradiating times (0, 10, 20, 30 and 40) min. (b) The direct energy gap as a 

function of irradiating time at 405 nm wavelength. 
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Figure (4-25): (a) The PVA at thickness 3000nm  (𝜶𝒉𝝊)

2
 as a function of the photo energy 

for different irradiating times (0, 10, 20, 30 and 40) min. (b) The direct energy gap as a 

function of irradiating time at 405 nm wavelength. 

 

 
Figure (4-26): (a) The MO at thickness 2000nm  (𝜶𝒉𝝊)

2
 as a function of the photo energy 

for different irradiating times (0, 10, 20, 30 and 40) min. (b) The direct energy gap as a 

function of irradiating time at 405 nm wavelength. 
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Figure (4-27): (a) The MO at thickness 3000nm  (𝜶𝒉𝝊)

2
 as a function of the photo energy 

for different irradiating times (0, 10, 20, 30 and 40) min. (b) The direct energy gap as a 

function of irradiating time at 405 nm wavelength. 

 

 
Figure (4-28): (a) The PVA/MO at thickness 2000nm  (𝜶𝒉𝝊)

2
 as a function of the photo 

energy for different irradiating times (0, 10, 20, 30 and 40) min. (b) The direct energy gap 

as a function of irradiating time at 405 nm wavelength. 
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Figure (4-29): (a) The PVA/MO at thickness 4000nm  (𝜶𝒉𝝊)

2
 as a function of the photo 

energy for different irradiating times (0, 10, 20, 30 and 40) min. (b) The direct energy gap 

as a function of irradiating time at 405 nm wavelength. 

 

 
Figure (4-30): (a) The PVA/MO at thickness 6000nm  (𝜶𝒉𝝊)

2
 as a function of the photo 

energy for different irradiating times (0, 10, 20, 30 and 40) min. (b) The direct energy gap 

as a function of irradiating time at 405 nm wavelength. 
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Table(4-8): The optical constants of PVA thick film with 2000 nm for different irradiating 

times at wavelength 350 nm. 

 

 

 

Table(4-9): The optical constants of PVA thick film with 3000 nm for different irradiating 

times at wavelength 360 nm. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Time 

min. 

α
 
 cm

-1
 

 
K  10

-4
 n                

   

   

σ optical 10
-6 

 

s
-1

 

0 0.0645 17.87 1.41 2 50.6 3.95 21.8 

10 
0.0419 11.6 1.27 1.62 29.6 

4.01 
12.7 

20 0.0234 6.50 1.15 1.33 15.05 4.07 6.48 

30 0.0131 3.64 1.08 1.18 7.93 4.09 3.41 

40 0.0073 2.04 1.04 1.10 4.28 4.12 1.84 

Time 

min. 

α
 
 cm

-1
 

 
K  10

-4
 n       

         
 

   

   
 

σ optical 10
-6 

 

s
-1

 

0 
0.0436 12.44 1.42 2.02 35.42 

4 
14.84 

10 
0.0372 10.60 1.36 1.85 28.92 

4.04 
12.11 

20 
0.0310  8.85 1.30 1.70 23.12 

4.08 
9.68 

30 
0.0256 7.32 1.25 1.57 18.36 

4.1 
7.69 

40 
0.0218 6.22 1.21 1.48 15.15 

4.13 
6.34 
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Table(4-10): The optical constants of MO thick film with 2000 nm for different irradiating 

times at wavelength 480 nm. 

 

 

 

Table(4-11): The optical constants of MO thick film with 3000 nm for different irradiating 

times at wavelength 490 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

Time 

min. 

α
 
 cm

-1
 

 
K  10

-4
 

 

n       
         

 

   

   
 

σ optical 10
-6 

 

s
-1

 

0 
0.6076 23.22 

2.43 
5.91 10.58 

2.6 
33.06 

10 
0.5909 22.58 

2.35 
5.56 10.46 

2.7 
32.71 

20 
0.5806 22.19 

2.34 
5.47 10.38 

2.8 
32.46 

30 
0.5718 21.85 

2.31 
5.37 10.31 

2.9 
32.22 

40 
0.5329 20.36 

2.27 
5.19 9.9 

3 
30.96 

Time 

min. 

α
 
 cm

-1
 

 
K  10

-4
 n       

         
 

   

   
 

σ optical 10
-6 

  

s
-1

 

0 
0.0879 32.98 1.79 3.23 11.85 

2.5 
37.76 

10 
0.0848 31.83 1.77 3.14 11.29 

2.6 
35.96 

20 
0.0807 30.26 1.74 3.02 10.53 

2.7 
33.55 

30 
0.0617 23.16 1.58 2.50 7.33 

2.8 
23.36 

40 
0.0569 21.36 1.54 2.37 6.58 

2.9 
20.98 
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Table(4-12): The optical constants of PVA/ MO thick film with 2000 nm for different 

irradiating times at wavelength 500 nm. 

 

 

 

Table(4-13): The optical constants of PVA/ MO thick film with 4000 nm for different 

irradiating times at wavelength 520 nm. 

 

 

 

 

 

 

 

 

 

 

 

Time 

min. 

α
 
 cm

-1
 

 
K  10

-4
 n       

         
 

   

   
 

σ optical 10
-6 

 

s
-1

 

0 
0.1997 79.51 2.10 4.44 33.51 

3.1 
10.05 

10 
0.1741 69.34 1.99 3.99 27.73 

3.2 
8.32 

20 
0.1552 61.79 1.91 3.65 23.64 

3.3 
7.09 

30 
0.1292 51.45 1.78 3.18 18.35 

3.4 
5.50 

40 
0.1068 42.54 1.66 2.76 14.15 

3.5 
4.24 

Time 

min. 

α
 
 cm

-1
 

 
K  10

-4
 n       

         
 

   

   
 

σ optical 10
-6 

 

s
-1

 

0 
0.0084 33.08 1.11 1.23 73.64 

2.9 
22.36 

10 
0.0065 25.63 1.08 1.18 55.77 

3 
16.93 

20 
0.0051 20.29 1.06 1.14 43.41 

2.917 
13.18 

30 
0.0041 16.30 1.05 1.11 34.44 

2.945 
10.45 

40 
0.0033 13.26 1.04 1.09 27.74 

3 
8.42 
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Table(4-14): The optical constants of PVA/ MO thick film with 6000 nm for different 

irradiating times at wavelength 560 nm. 

 

 

 

4.6 Dispersive properties for thick films 

 
To study the dispersive properties of PVA, MO and PVA/MO thick films, 

Urbach tails are calculated using the absorption data before and after violet laser 

exposure of 10, 20, 30 and 40 minute duration. (    ) is plotted as a function of the 

photon energy (  ) depending on equation (2-20), which was discussed in chapter 

two. The behaviour is shown in Figures (4-31a – 4-37a ). The inverse slope 

represents Urbach tails. 

The relationship between Urbach energy and irradiation times is shown in Figures 

(4-31b – 4-37b). It is found that increasing the irradiation time causes decreasing in 

the Urbach energy. This indicated that the crystallization of the irradiated thick 

films increases due to decreasing the crystal defects and the dislocations. 

Time 

min. 

α
 
 cm

-1
 

 
K  10

-4
 n       

         
 

   

   
 

σ optical 10
-6 

 

s
-1

 

0 
0.05464 20.88 1.95 3.81 81.60 

2.8 
25.50 

10 
0.0389 14.88 1.71 2.95 51.14 

2.9 
15.98 

20 
0.0317 12.11 1.59 2.55 38.72 

2.917 
12.10 

30 
0.0269 10.29 1.51 2.29 31.20 

2.945 
9.75 

40 
0.0231 8.83 1.44 2.09 25.55 

3 
7.98 
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Figure (4-31): (a)    𝜶 as a function of the photon energy of PVA thick film with 2000 nm 

thickness. (b)        energy as a function of irradiating times. 

  

Figure (4-32): (a)    𝜶 as a function of the photon energy of PVA thick film with 3000 nm 

thickness. (b) Urbach energy as a function of irradiating times.  
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Figure (4-33): (a)    𝜶 as a function of the photon energy of MO thick film with 2000 nm 

thickness. (b) Urbach energy as a function of irradiating times. 

  

 
Figure (4-34): (a)    𝜶 as a function of the photon energy  of MO thick film with 3000 nm 

thickness. (b) Urbach energy as a function of irradiating times.  
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Figure (4-35): (a)    𝜶 as a function of and photon energy of PVA/MO thick film with 2000 

nm thickness (b) Urbach energy as a function of irradiating times.  

 

 
Figure (4-36): (a)    𝜶 as a function of the photon energy of PVA/MO thick film with 4000 

nm thickness. (b) Urbach energy as a function of irradiating times.  
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Figure (4-37): (a)    𝜶 as a function of the photon energy of  PVA/MO thick film with 6000 

nm thickness. (b) Urbach energy as a function of irradiating times. 

 

To find the single oscillator energy    and the dispersion energy    of  

PVA, MO and PVA/MO, it is plotted between the invers of  (    ) and (      

according to (2-18) equation. The slope represents        
-1

 and the intercept 

value represents (     ). The single oscillator energy E0 is approximately as 

doubled as the energy gap value. This behaviour is shown in   Figures (4-38, 4-40, 

4-42, 4-44, 4-46, 4-48 and 4-50). 

The dispersion energy and the single oscillator as a function of times explains in   

Figures (4-39, 4-41, 4-43, 4-45, 4-47, 4-49 and 4-51). Both of them will increases 

with the increase of time. Decreasing the energy gap belongs to increasing the 

absorbance which has an indirect effect on the single oscillator energy. 
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Figure(4-38): 1/(    ) vs. Square photon energy of 2000 nm PVA thick film. 

 

    

Figure (4-39):Laser irradiating time effect of 2000 nm PVA thick film  on (a) The 

dispersion energy (b) Single oscillator energy. 
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Figure (4-40): 1/(    ) vs. Square photon energy of 3000 nm PVA thick film. 

 

 

Figure (4-41) : Laser irradiating time effect of 3000 nm PVA thick film  on (a) The 

dispersion energy (b) Single oscillator energy. 
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Figure (4-42): 1/(    ) vs. Square photon energy of 2000 nm MO thick film. 

 

 

Figure (4-43): Laser irradiating time effect of 2000 nm MO thick film  on (a) The 

dispersion energy (b) Single oscillator energy. 
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Figure (4-44) : 1/(    ) vs. Square photon energy of 3000 nm MO thick film. 

 

Figure (4-45) : Laser irradiating time effect of 3000 nm MO thick film  on (a) The 

dispersion energy (b) Single oscillator energy. 
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Figure (4-46): 1/(    ) vs. Square photon energy of 2000 nm PVA/MO thick film. 

 

 

Figure (4-47): Laser irradiating time effect of 2000 nm PVA/MO thick film  on (a) The 

dispersion energy (b) Single oscillator energy. 
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Figure (4-48): 1/(    ) vs. Square photon energy of 4000 nm PVA/MO thick film. 

 

 

Figure (4-49): Laser irradiating time effect of 4000 nm PVA/MO thick film  on (a) The 

dispersion energy (b) Single oscillator energy. 
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Figure (4-50) 1/(    ) vs. Square photon energy of 6000 nm PVA/MO thick film. 

 

Figure (4-51): Laser irradiating time effect of 6000 nm PVA/MO thick film  on (a) The 

dispersion energy (b) Single oscillator energy. 
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The relation between  inverse drawing of (    ) and (  ) for thick films 

are explained in Figures (4-52, 4-54, 4-56, 4-58, 4-60, 4-62 and 4-64), the slope 

represents the reciprocal of the average oscillator strength (    ) and the intercept 

represents average inter band oscillator wavelength  (      
 ), as indicated in 

equation (2-22). 

The average oscillator strength as a function of the irradiation time, which 

increases with the increase in the laser irradiation time and decreases with the 

increase in the thickness of the film but the average inter band oscillator 

wavelength is indicated as a function of the irradiation time, which shows an 

inverse relationship with average oscillator strength, as it decreases with increasing 

the irradiation time and increases with increasing thickness, which is shows in the 

Figures( 4-53, 4-55, 4-57, 4-59, 4-61, 4-63 and 4-65). 

The dispersion parameters, Urbach energy and the direct energy gap are shows in 

tables (15 - 21). 
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Figure (4-52): The relation between 1/(    ) and      for PVA thick film at thickness 

2000 nm. 

 

Figure (4-53):The PVA thick film 2000 nm (a) Average oscillator strength as a function of 

irradiating times. (b) Average inter band oscillator wavelength as a function of the 

irradiation time. 
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Figure (4-54): The relation between 1/(    ) and      for PVA thick film at thickness 

3000 nm. 

 

 

Figure (4-55):The PVA thick film 3000 nm (a) Average oscillator strength as a function of 

irradiating times. (b) Average inter band oscillator wavelength as a function of the 

irradiation time. 
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Figure (4-56): The relation between 1/(    ) and      for MO thick film at thickness 

2000 nm. 

 

 

Figure (4-57): MO thick film 2000 nm (a) Average oscillator strength as a function of 

irradiating times. (b) Average inter band oscillator wavelength as a function of the 

irradiation time. 
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Figure (4-58): The relation between 1/(    ) and      for MO thick film at thickness 

3000 nm.  

            

 

Figure (4-59): The MO thick film 3000 nm (a) Average oscillator strength as a function of 

irradiating times. (b) Average inter band oscillator wavelength as a function of the 

irradiation time. 
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Figure (4-60):The relation between 1/(    ) and      for PVA/MO thick film at 

thickness 2000 nm.  

 

 

Figure (4-61): The PVA/MO thick film 2000 nm (a) Average oscillator strength as a 

function of irradiating times. (b) Average inter band oscillator wavelength as a function of 

the irradiation time. 
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Figure (4-62):The relation between 1/(    ) and      for PVA/MO thick film at 

thickness 4000 nm. 

 

 

Figure (4-63):The PVA/MO thick film 4000 nm (a) Average oscillator strength as a 

function of irradiating times. (b) Average inter band oscillator wavelength as a function of 

the irradiation time. 
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Figure (4-64):The relation between 1/(    ) and      for PVA/MO thick film at 

thickness 6000 nm. 

 

 

Figure (4-65):The PVA/MO thick film 6000 nm (a) Average oscillator strength as a 

function of irradiating times. (b) Average inter band oscillator wavelength as a function of 

the irradiation time. 
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Table (4-15): The dispersion parameters of PVA with 2000 nm thickness at wavelength 348 

nm. 

 

Time 

min. 

   

   

Ed 

   

   

   

   

    

        

    

   

   

    

 

    

     

0 9.05 17.07 3.95 956 75 160 1.88 0.023 

10 10.46 18.04 4.01 900 80 144 1.72 0.015 

20 12.56 19.32 4.07 862 91.603 126 1.53 0.009 

30 14.38 19.7 4.09 826 97.56 115 1.36 0.006 

40 17 20 4.12 796 104.347 103 1.176 0.004 

 

Table (4-16): The dispersion parameters of PVA with 3000 nm thickness at wavelength 348 

nm. 

 

Time 

min. 

   

   

Ed 

   

   

   

   

    

        

    

   

   

    

 

    

     

0 8.98 15.76 4 895 80.921 149 1.75 0.021 

10 10.43 16.29 4.04 880 84.827 135 1.56 0.014 

20 12.45 17.06 4.08 846 90.714 122 1.37 0.008 

30 15.42 18.36 4.1 814 101.639 105 1.19 0.005 

40 17.87 19.01 4.12 807 116.363 93 1.06 0.003 
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Table (4-17): The dispersion parameters of MO with 2000 nm thickness at wavelength 470 

nm. 

 

Time 

min. 

   

   

Ed 

   

   

   

   

    

        

    

   

   

    

 

    

     

0 5.21 9.91 2.6 250 150 121 1.90 0.070 

10 5.70 10.19 2.7 200 166.666 110 1.78 0.055 

20 6.23 10.75 2.8 166 171.428 104 1.72 0.044 

30 7.45 10.95 2.9 153 185.714 95 1.40 0.026 

40 8.48 11.31 3 146 194.117 86 1.33 0.018 

 

Table (4-18): The dispersion parameters of MO with 3000 nm thickness at wavelength 470 

nm. 

 

Time 

min. 

   

   

Ed 

   

   

   

   

    

        

    

   

   

    

 

    

     

0 6.41 10.18 2.5 875 132.075 118 1.58 0.038 

10 7.54 11.43 2.6 802 152.173 105 1.51 0.026 

20 8.53 12.36 2.7 777 175.879 94 1.44 0.019 

30 11.40 14.61 2.8 744 184.21 84 1.28 0.009 

40 13.12 16.00 2.9 707 195.53 79 1.21 0.007 
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Table (4-19): The dispersion parameters of PVA/MO with 2000 nm thickness at wavelength 

500 nm. 

 

Time 

min. 

   

   

Ed 

   

   

   

   

    

        

    

   

   

    

 

    

     

0 5.94 5.94 3.1 500 11.764 255 1 0.028 

10 7.65 6.02 3.2 486 13.114 221 0.78 0.013 

20 11.11 6.24 3.3 476 16.071 172 0.56 0.004 

30 14.97 6.31 3.4 465 18.75 143 0.42 0.001 

40 18.86 6.50 3.5 448 20.454 123 0.34 0.0009 

 

Table (4-20): The dispersion parameters of PVA/MO with  4000 nm thickness at 

wavelength 495 nm. 

 

Time 

min. 

   

   

Ed 

   

   

   

   

    

        

    

   

   

    

 

    

     

0 5.83 8.57 2.9 530 10.582 333 1.53 0.045 

10 6.39 8.75 3 514 12.424 299 1.36 0.033 

20 7.09 8.97 2.917 492 14.137 275 1.26 0.025 

30 7.78 9.27 2.945 479 16 238 1.19 0.019 

40 8.92 9.70 3 456 18.518 211 1.08 0.013 
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Table (4-21): The dispersion parameters of PVA/MO with 6000 nm thickness at wavelength 

490 nm. 

 

Time 

min. 

   

   

Ed 

   

   

   

   

    

        

    

   

   

    

 

    

     

0 4.56 8.76 2.8 614 9.8 344 1.92 0.092 

10 6.04 9.44 2.9 586 12.894 290 1.56 0.042 

20 8.37 11.63 2.917 566 14.687 266 1.38 0.019 

30 10.77 12.98 2.945 522 16.428 237 1.20 0.010 

40 12.66 13.47 3 492 18.4 213 1.06 0.006 

 

4.7 Photoluminescence for Thick Films  

The Photoluminescence spectra for PVA, MO, and PVA/MO thick films of 

different thicknesses: 3000nm for both PVA and MO, 6000nm for PVA/MO 

before and after laser exposure with irradiation times of 40 minutes at 405 nm laser 

wavelength,   are presented in Figures. (4-66, 4-67 and 4-68). The comparison of 

the emission and excitation energy gaps is also shown in Table (4-22). The results 

show a convergence between the energy gap calculated using      equation and 

the one calculated by the Photoluminescence. 
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Figure (4-66): Emission  spectra of PVA thick film at thickness 3000 nm irradiated by 405 

nm  laser (a) Before irradiating  (b) After 40 minute irradiation time. 

 

 

Figure (4-67): Emission  spectra of MO thick film at thickness 3000 nm, irradiated by 405 

nm  laser (a) Before irradiating  (b) After 40 minute irradiation time. 
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Figure (4-68): Emission spectra of PVA/MO thick film at thickness 6000 nm irradiated by 

405 nm  laser (a) Before irradiating  (b) After 40 minute irradiation time. 
 

 

Table(4-22): The energy gap of  PVA, MO and PVA/MO thick film measured by      and 

PL methods: 

Thick film 
Thickness 

nm 

Irradiating 

time min. 

           

method 

      

PL 

Error ± 

% 

PVA 3000 
0 3.95 3.83 3.13 

40 4.12 4 3.00 

MO 3000 
0 2.5 2.45 2.04 

40 2.9 2.83 2.47 

PVA/MO 6000 
0 2.8 2.74 2.18 

40 3.2 3.11 2.89 

         for violet laser 
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5.1 Conclusions 

The key findings from this study are summarized in the following paragraphs: 

1) The energy gap can be controlled by laser irradiation of PVA, MO and  

PVA/MO overlay between composite for both solutions and thick films 

which can be used as optical filters for physical and medical applications. in 

addition to the chemical characteristic, which has high sensitivity to the 

fluid acidity (PH). 

2)        energy of the thick films can be controlled by laser irradiation time  

to obtain an enhanced structure. 

3) The average oscillator strength of the thick films increases while the 

average oscillator wavelength decreases due to the inverse relationship 

between them. 

4) The dispersion coefficients can be controlled by laser irradiation, which can 

be used to modify geometric and optical specifications with applications 

and the need for medical applications. 

5) According AFM results, the thick films surface after laser irradiation  

becomes smoother than before producing small surface area which will be 

appropriate for multi-layer filter.   

5.2 Suggestions 

1) Examination of solutions and films by UV-visble spectrophotometer 

immediately after laser irradiation. 

2) The angle of diffraction of the laser should be increased to cover the solution 

cell or thick films. 

3) Since the spectrum contains a peak in the violet region, it is necessary that 

the examination cuvette cells are quartz. 

4) The distilled water used should be double ionization water. 
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5.3 Future Works 

Many future works are suggested, including: 

1) Using the methyl blue, the methyl red, mixed dyes or one of the laser 

medium dyes instead of the methyl orange. 

2) Study the effect of varying different laser parameters in addition to the 

irradiation time such as, wavelength and power. 

3) Study the effect of different polymer, such as using high density polymer 

and conductive polymer. 

4)  Study the electrical and mechanical properties of the prepared films. 

5) Using different deposition techniques and investigating the thin films instead 

of thick films. 
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 الخلاصة

 
عيً  اىثظشَح و اىرشرد عيً اىخظائض هزٓ اىذساسح ذأثُش اىرشعُع تاىيُضس اىثْفسجٍ ذرْاوه 

و  PVA/MOو ٍرشامثهَا  MOو طثغح اىَثُو اىثشذقاىٍ  PVAو اغشُح تىىٍ فُُْو اىنحىه  اىَحاىُو

ذٌ اخز اىقُاساخ . دقُقح 01و 01و 01و 01 . شععد اىعُْاخ تأصٍاُ ٍخريفحاىَحضشج تطشَقح اىظة

ععح. ٍع قُاساخ اىعُْاخ غُش اىَش وَرٌ ٍقاسّح هزٓ اىقُاساخ غشُحخىاص اىرشرد ىلا و اىثظشَح ىيَحاىُو

اىَعاٍلاخ اىرشمُثُح اىرٍ َرٌ دساسرها ٍثو  XRD, FTIRاىخىاص اىرشمُثُح اىَرضَْح فحض  دسسدمَا 

 .AFMتىاسطح اىخشىّح  و اىحجٌ اىحثُثٍ

غرام لكل لتر و يتم خلط المحلولين  MO  1010و تركيز  لترغرام لكل  01ركيز بت PVAمحلول  حضر

 0111و  0111تعذ رىل ذٌ ذحضُش الاغشُح اىسَُنح تأسَاك ٍخريفح حىاىٍ للحصول على المتراكب. 

.  PVA/MOىَرشامة ّاّىٍرش  0111و  0111و  0111و تحذود   MOو   PVAّاّىٍرش ىنو ٍِ 

 01و  01ّاّىٍرش و لأوقاخ  014س اىثْفسجٍ رو اىطىه اىَىجٍ شععد اىَحاىُو و الاغشُح اىسَُنح تاىيُض

 دقُقح. 01و  01و 

ّقظاُ فٍ طُف الاٍرظاطُح والاّعناسُح ٍع صَادج  ىيَحاىُو و الاغشُحاىخىاص اىثظشَح ذظهش 

ذضداد ٍع  )اىَثاششج و اىغُش ٍثاششج( صٍِ اىرشعُع تسثة ذنسش الاواطش تَُْا ذضداد اىْفارَح. فجىج اىطاقح

صَادج صٍِ اىرشعُع. اُ اىثىاتد اىثظشَح الاخشي ٍثلا )الاٍرظاطُح، ٍعاٍو الاٍرظاص، ٍعاٍو الاّنساس، 

 اىرىطُيُح اىثظشَح( ذقو تضَادج صٍِ اىرشعُع تاىيُضس. و ٍعاٍو اىخَىد، ثىاتد اىعضه اىحقُقُح واىخُاىُح

  اىفشدٌ تزبطاقح اىَزاُ  حُث سعُع تاىيُضاىسَُنح قثو وتعذ اىرشذٌ دساسح ٍعاٍلاخ اىرشرد ىلأغشُح 

وطاقح اىرشرد وفجىج اىطاقح اىَثاششج وٍرىسظ قىج اىَزتزب ذضداد ٍع صٍِ اىرشعُع، فٍ حُِ أُ طاقح 

 أوستاخ واىطىه اىَىجٍ ىيَزتزب َرْاقظاُ ٍع صَادج صٍِ اىرشعُع.

 

 
 
 
 
 



 

   

 جًهىريح انعراق 

 وزارج انتعهيى انعاني و انثحث انعهًي

 تاتم / كهيح انعهىوجايعح 

 قسى انفيسياء

 

 

 تأثير انتشعيع تانهيسر عهى انخىاص انتركيثيح و انثصريح و انتشتت

 تىني فيُيم انكحىل  /نًتراكة انًثيم انثرتقاني انسًيكح نلأغشيح
 

ٍِ ٍرطيثاخ ُّو جضء ٍقذٍح اىً قسٌ اىفُضَاء ميُح اىعيىً جاٍعح تاتو وهٍ  سساىح

 اىفُضَاء شهادج اىَاجسرُش فٍ عيىً
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