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In this study, the Poly (methyl methacrylate)/Polystyrene/Zinc selenide  

(PS/PMMA/ZnSe) nanocomposites films has been prepared by using casting 

method with different weight percentage of (ZnSe) nanoparticles (1, 3 and 5) 

wt.%. The structural, linear and nonlinear optical properties of (PS/PMMA/ZnSe) 

nanocomposites films have been investigated. 

 The structural properties include optical microscope (OM) images and 

Fourier transformation infrared (FTIR). The optical microscope images show that 

ZnSe nanoparticles form relatively large size aggregates at ratio of doping of (5) 

wt.%.  FTIR spectra of the (PS/PMMA/ZnSe) show a shift in some bands and 

change in the intensities of other bands comparing with pure (PS/PMMA) 

polymer. However, they do not include any new bands in comparison with the 

pure (PS/PMMA). This indicates that is no interaction between the polymers and 

the added nanoparticles. The optical properties showed that the absorbance, 

absorption coefficient, refractive index, extinction coefficient, dielectric constant 

(real, imaginary) and optical conductivity of (PS/PMMA/ZnSe) nanocomposites 

films increased with the increasing of the concentrations of the (ZnSe) 

nanoparticles. The transmittance and the energy gap for indirect transition 

(allowed, forbidden) between (3.8-2.8) eV decreased with the increasing of the 

concentrations of (ZnSe) nanoparticles. 

 The absolute value of the nonlinear refractive index and the nonlinear 

absorption coefficient increased with increasing concentration of ZnSe 

nanoparticles.   
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1.1 Introduction 

Polymers are defined as macromolecules composed of one or more 

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

profound interest to society and are replacing metals in diverse fields of life, 

which can be further modified according to modern applications [1]. They are 

more desirable than traditional materials in areas such as packaging, construction, 

and medical applications. The processing of polymeric materials depends on 

applied heat and pressure etc. [2]. 

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

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

conventional materials but with greater economic values, some represent 

significant improvements over existing materials, and some can only be described 

as unique materials with characteristics unlike any of the previously known to 

man. Polymer materials can be produced in the form of solid plastics, fibers, 

elastomers, or foams [3]. They may be hard or soft or maybe films, coatings, or 

adhesives. They can be made porous or nonporous or can melt with heat or set 

with heat. The possibilities are almost endless and their applications fascinating 

[4].  

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

separate polymer matrices in two or three dimensions [5]. In addition, polymer 

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

reinforcement properties differ considerably and are better than the matrix 

properties. Polymer composites have excellent mechanical strength and stiffness, 

and are corrosion resistant [6]. A particular feature of polymers is the possibility 

of linking together separate chains to form networks. Such cross-links can be 

introduced by copolymerizing a monofunctional monomer such as styrene with a 

dysfunctional monomer such as divinylbenzene [7]. Polymers, such as 

polymethyl methacrylate, have excellent attention in many applications because 
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of their unique properties: low density, ability to form intricate shapes, and low 

manufacturing cost [8].               

1.2 Structure of Polymer 

The physical characteristics of polymer materials depend not only on 

molecular weight and shape but also on the molecular structure. different types of 

polymer chains are  shown in Figure (1.1) [9]:  

1. Linear polymers: Van der Waals bonding between chains. Examples: 

polyethylene and nylon. 

2. Branched polymers: chain packing efficiency is reduced compared to linear 

polymers - lower density. 

3. Cross-linked polymers: chain is connected by covalent bonds. Often, it is 

achieved by adding atoms or molecules that form covalent links     between 

chains. Many rubbers have this structure. 

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

epoxies and phenol-formaldehyde. 
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Fig. (1.1): Polymer Chains; a) Linear polymers,  b) Branched polymers , c) Cross-linked , and d) 

Network polymers [9]. 

1.3 Nanomaterials  

Nanotechnology is the creation and exploitation of nanomaterials with 

structural features between those of atoms and their bulk materials. Nanomaterials 

are the materials when the grain size of the individual building blocks between 

(1-100 nm) dimension, that is different from the bulk material and the 

characteristics that can be applied in most fields such as medical applications, 

biomedical applications, healthcare and life sciences, agricultures, food safety, 

security, energy production, energy storage, consumer goods, infrastructure, 

building and construction sector, and aerospace [10]. Over decades, the ability to 

tune surface morphologies and the structure of semiconductor materials with near 

atomic scale has led to further idealization of semiconductor structures: quantum 

wells, wires, and dots. These nanostructures have completely different density of 

electronic states predicted by simple particle in a box type models of quantum 
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mechanics [11]. Nanostructures of nanomaterials can be classified according to 

their basic dimensions (X, Y and Z) in space are shown in figure (1.3) [12]:  

1. Zero-dimension (0-D) (represent for quantum dots or nanoparticles). 

2. One-dimension (1-D) (indicate to nanowires, nanorods, nanofibres, nanobelts, 

and nanotubes). 

3. Two-dimension (2-D) (refer to nanosheets, nanowalls and nanoplates). 

4. Three-dimension (3-D) (represent to nanoflowers and other complex structures 

such as nanotetrapods). 

1.4 Nanocomposites    

Nanocomposite polymers are defined as homogenous or heterogeneous, 

two-phase systems that consists of polymers and fillers with at least one 

dimension within the nano-range (1-100) nm. The fillers can be Nano fibers, two-

dimensional clay platelets, one dimensional nanotube, or three-dimensional 

spherical particles. Polymers are the most popular materials used in the 

manufacturing of nanocomposites such as thermoplastics, thermosets or 

elastomers [13].  

 

Fig. (1.2): Types of nanomaterial [12] 
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Over the past decades, polymer nanocomposites have drawn significant 

attention in both academia and industry, and they have become a crucial factor in 

the production of innovative advanced materials suitable for a range of uses, 

including electrical engineering [13]. Nano-composites are composed of synthetic 

and natural polymers, and nano materials, which refer to materials with nano sizes 

or are comprised from nano-sized building components [14]. The mechanical, 

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

can vary greatly from those of their component materials [15].  

1.5 Literature Review  

In (2013), P. P. Jeeju et. al. [16], prepared films of ZnO/PS/PMMA 

nanocomposites by using the spin coating technique to enhance the optical 

properties of these nanocomposites. They found that the ZnO/PS/PMMA 

nanocomposite films with 10 wt.% ZnO content exhibits shielding in the UV 

region and high transparency in the visible region. They found these results 

indicated optical limiting type nonlinearity in the films due to two-photon 

absorption. They also found that the minimum transmittance of around 0.25 has 

been observed in the ZnO/PS/PMMA nanocomposite films which is much lower 

compared to that in ZnO/PMMA and ZnO/PS nanocomposite films. 

In (2014), N. G. Hamed and M. Rahem [17], studied the optical and 

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

with different concentrations by using the casting method. They found that there 

was a nonlinear proportion between the optical constants and the concentration 

ratio, which was attributed to their incompatibility. Also, they found an increase 

in the absorption spectra with an increase in the silver concentration in Ag/PMMA 

composites, they refered it to the increase in localized states. They also found the 

best conductivity was at a 9%Ag ratio and the lowest receptivity.  

In (2015), S.K. Tripathi et. al. [18] studied investigation of non-linear of 

CdS/PS polymer nanocomposite. XRD spectra of CdS/PS nanocomposite reveals 

the cubic phase of CdS nanoparticles with average crystallite size 2.54 nm. The 
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vibrational band corresponding to CdS bond was observed at 406.57 cm-1 in FTIR 

spectra of CdS/PS nanocomposite along the typical styrene bonds. From the UV–

vis spectra. In PL emission spectra, in addition to band-to-band transition 

emission, the green and yellow bands have been observed due to the interstitial 

sulfur and cadmium defect states respectively. Z-scan technique was utilized to 

study the non-linear optical properties of the CdS/PS nano- composite. The value 

of non-linear absorption coefficient (β) and non-linear refractive index(n2) were 

calculated.  

In (2016), Aya H. Makki et. al. [19] studied the effect of ZnO dopant on 

the nonlinear optical behavior of TiO2-PMMA nanocomposites films were 

studied. TiO2-PMMA Nano composites films were pre pared using solution 

casting method then doped with different amounts of ZnO nanoparticles. Z-Scan 

measurements were performed to obtain the nonlinear optical response of these 

samples at 1064nm using CW Nd- YAG laser. The addition of ZnO nanoparticle 

into the Nano composites showed a great enhancement in the nonlinear optical 

response and decreasing in limiting threshold (10 mW) as the dopant's 

concentration increased.     

In (2017), M. T. Ramesan et. al. [20], prepared the nanocomposites of 

poly (vinyl alcohol) - poly (vinyl pyrrolidone) / silver-doped zinc oxide (Ag-

doped ZnO). The intermolecular interaction between the polar component of the 

mix and the metal oxide nanoparticles was shown by the FT-IR and UV spectra. 

The structurally ordered arrangements of nanoparticles inside the polymer matrix 

were determined using SEM and XRD patterns. The electrical characteristics of 

the composites, such as AC conductivity and dielectric properties, were shown to 

rise with an increase in nanoparticle content up to a particular concentration (5 

wt. percent), after which the value decreased. 

     In(2018), DongxiangLi and WeihongLin  [21],  In this letter, the 

nanocomposites of gold nanorods and ormosil gel glass were prepared by a 

solvent-assisted dispersing process and characterized by UV–vis spectra, TEM, 

XRD and optical limiting measurement. The results showed that these 
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gold/ormosil nanocomposites could preserve optical limiting property of gold 

nanorods and had enhanced thermostability due to thermostable silica matrix. 

Such nanocomposite material of metal-doped gel glass matrix could be considered 

as a promising candidate for optical limiter against tunable laser. 

In (2019), L. Gahramanli et. al. [22] studied the surface modification of 

ZnSe crystal was carried out by silver ions. After ion exchange of crystal, on the 

surface area was formed Ag2Se compound from XRD results. As seen from SEM 

image, the surface area was modified by the affect of heating with silver ions in 

the Muffle oven. Porosities were formed on the surface area and ZnSe were 

transformed to Ag2Se. After ion exchange of crystal, the band gap value decreases 

1.1eV. 

In (2020), A. M. Alsaad et. al.  [23], studied PMMA-PS/ZnO 

nanocomposites by using dip-coating technique. UV-Vis spectrophotometer 

measurements showed that the transmittance for PMMA-PS/ZnO thin films had 

strong absorption in UV region (𝜆 ≤ 300 𝑛𝑚) and high values of transmittance in 

the visible region. they found that the transmittance values increased gradually 

upon introducing the ZnO NPs in the films and exhibit a maximum value of 85% 

for PMMA-PS/10% NPs. The structure and the morphology of the obtained doped 

polymers using EDAX mapping and SEM micrographs. their results indicated 

that Zn atoms was distributed uniformly in the structure. As-prepared Transparent 

PMMA-PS/ZnO Polymeric Nanocomposite Films were of great quality and could 

be used for several important optical applications. 

In (2021), Q. M. Al-Bataineh et. al. [24], studied optically characterize 

pure PMMA and PMMA incorporated with metal oxides nanoparticles (MO NPs) 

such as ZnO, CuO, TiO2 and SiO2 NPs with weight concentration of 10% using 

dip-coating technique. SEM images of MO NPs show that all NPs had nearly an 

average size of around 50 nm. The optical parameters such as, optical parameters 

(n and k), optoelectronics properties, dispersion, band-gap energy and band 

structure of as-prepared nanocomposite thin films were determined by analyzing 

the transmittance and reflectance spectra. Mainly, optical band-gap energy (Eg) 
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and the thickness of thin films were evaluated to a high degree of accuracy by 

utilizing Q-functional derived using a mathematical model recently published. 

The Eg value of un-doped PMMA thin films is found to be 4.273 eV. This value 

decreased as pre-selected MO NPs were introduced into thin films. The FTIR 

technique was employed to elucidate the vibrational bands of the nanocomposites 

and the intermolecular bonding between PMMA matrix and the MOs NPs.  

In 2022, M. H. Noory and Z. A. Hasan [25], prepared methyl blue dye 

doped with silicon oxide (SiO2) nanoparticles with different weight ratios (1, 3 

and 5) % by a dropping and swiping method on glass slides at room temperature 

and atmospheric pressure to obtain films of varying thicknesses (15 -25) μm. It 

was found that the alloy plays a role in improving the optical properties well, as 

good refractive values were obtained that are useful for use in applications that 

need large refractive indexes. It was also found that the optical transmittance 

decreases with increasing the doping and thus increasing the absorbance, reaching 

the highest peak in the visible field around 600 nm.   The closed aperture Z-scan 

results for all cases showed high nonlinear optical properties, and negative self-

defocusing. The Z-Scan scan results with a three-state open aperture (MBD: SiO2) 

nanocomposites gave a two-photon absorption, while pure (MBD) without SiO2 

nanoparticles gave a saturated absorption. 

 

1.6 The Aims of The Study 

Synthesis  (PMMA/PS/ZnSe) nanocomposites films and study their linear and 

nonlinear optical properties. 
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2.1 Introduction  

This chapter presents the main theoretical concepts and basic definitions 

that are adopted in this work. 

2.2 Structural and Morphological Properties 

2.2.1 Optical microscope 

A compound optical microscope is an optical tool that magnifies an object (or 

specimen) and projects it onto the retina of the eye or onto an imaging device 

using visible light. The term "compound" refers to how two lenses, the objective 

lens and the eyepiece (or ocular), work together to generate the image's final 

magnification [26]. Both diffracted (rays that interact with the specimen) and non-

diffracted (rays that pass through the specimen without deviating) rays are 

gathered by the objective lens in most kinds of transmitted light microscopy and 

contribute to picture generation [27]. 

2.2.2 Fourier Transforms Infrared (FTIR) Spectroscopy  

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

chemical characterization method. This spectral region is classified into three 

regions: far-infrared, near-infrared and, mid-infrared which are between (4~400 

cm‐1), between (400~4,000cm‐1) and lastly, between (4,000~14,000 cm‐1), 

respectively [28]. FTIR spectroscopy is a vibrational spectroscopic method that 

can be used for the optical study of molecular shifts. The allowable existence of 

this technology relies on the identification of vibration in the sample by the 

chemical functional group [29-30]. Wherever an interaction takes place between 

infrared light and matter, the chemical bonds will stretch. [31]. Thus, a molecule 

is only absorbed at frequencies corresponding to its molecular vibration modes in 

the region of the electromagnetic spectrum between the visible (red) and the short 

(microwave) waves when exposed to radiation emitted by the thermal emission 

of a hot source (the source of IR energy) [32].  
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2.3 Optical Properties 

The optical absorption spectroscopy technique is a very efficient method 

for examining electronic changes induced by light. Additionally, they investigate 

the energy gap and band structure of crystalline and amorphous materials 

theoretically. According to this idea, photons with an energy level greater than the 

band gap energy are collected by the absorption and transition of ultraviolet and 

visible light [33]. 

In the past few years, more people have been looking for optical qualities 

because they are used in integrated optics, like optical data storage and optical 

information. A lot of attention has also been paid to research on the optical and 

electrical properties of polymers because they are used in related devices [34]. 

Electrical conduction in polymers was examined with a view to understanding the 

characteristic features of the load transport prevailing in these materials, whereas 

optical properties are developed to enhance reflective and anti-reflective 

interference and polarization properties [35]. 

2.3.1 Absorbance (A) 

    It is the phenomenon in which radiation relinquishes a portion or the entirety 

of its energy to the medium in which it traverses. The reduction of the overall 

energy of the radiation is known as attenuation. In the event that liquid materials 

are involved, the absorbing incident photons exhibit a direct correlation with the 

concentration of the absorbing molecules of the sample. The absorbance of the 

medium can be expressed mathematically as [36]. 

A= 𝑙𝑜𝑔10 (
𝐼0

𝐼
)= ԑℓC                                                                               (2.1) 

where, I: is the intensity of rays at wavelength (λ) passing through the sample 

(transmitting intensity), I0: is the incident intensity, C: is the concentration of the 

absorbing material, ԑ: is the molar extinction coefficient and its units (M-1 cm-1), 

and ℓ: is the thickness of the material through which the incident ray passes 
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2.3.2 Transmittance (Tr)  

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

incident rays on the film (𝐼0) is called the transmittance (𝑇) and can be obtained 

as follows [37].  

𝑇 =   𝐼/𝐼0          (2.2) 

2.3.3 The Absorption Coefficient (α)  

The absorption coefficient refers to the decrease in the incoming radiation per unit 

length of the medium along the direction of wave propagation [38]. It depends on 

the photon energy (hυ). Photon energy created by Planck ̓s relationship [36]:  

𝐸 = ℎ𝜈 =
ℎ𝑐

𝜆
      (2.3) 

where: 𝑐: is the light's velocity and 𝜆: is the light's wavelength. The absorption 

coefficient can be calculated from Lambert’s law as [26]: 

𝐼 = 𝐼𝑜𝑒−𝛼𝑑                                            (2.4) 

where:  (𝑑) is the thickness of the sample.  

𝛼 𝑑 =  2.303 𝑙𝑜𝑔𝑠 (𝐼𝑂 / 𝐼)                 (2.5) 

But 𝐴 =  𝑙𝑜𝑔 (𝐼𝑂 / 𝐼)  

𝛼 𝑑 =  2.303 ×  𝐴                              (2.6) 

Then: 

𝛼 =  (2.303 ×  𝐴) / 𝑑                      (2.7) 

where: (𝐴) is the absorbance of the material. 

 

2.3.4 Fundamental Absorption Edge  
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The fundamental absorption edge can be defined as the rapid increasing in 

absorbance when absorbed energy radiation is almost equal to the band energy 

gap; therefore [40], the fundamental absorption edge represents the less difference 

in the energy between the up point in the valance band to the bottom point in 

conduction band [41]. 

 

2.3.5 Absorption Regions 

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

(2.1): 

A) High Absorption Region   

In this area, the absorption coefficient is about (α ≥ 104 cm-1) [42]. 

B) Exponential Region  

The value of absorption coefficient ( α ) is equal to (1 cm -1 < α < 104 cm-1). 

It indicates the transition from the extended level at the top of the valence band 

towards the localized level at the conductive band and vice versa, from the local 

level  towards the extended level at the bottom from conductive band [43,44]. 

C) Low Absorption Region   

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

(α<1cm-1). The transition happens in this region because of state density inside 

space motion results from faults structural [45,46]. 
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Fig. (2.1): The Absorption Regions [47]. 

 

2.3.6 Electronic Transitions 

The electronic transitions can be classified basically into two types: 

2.3.6.1 Direct Transition 

This transition occurs in semiconductors when the bottom of the conduction 

band (C.B.) is exactly over the top of the valence band (V.B.)  indicating that they 

have the same wave vector value, i.e. Δ K=0; absorption occurs in this state when 

(hυ = Eg
opt). The conservation of energy and momentum was needed for this 

transition form [48]. Direct transitions are classified into two kinds: 

A- Direct Allowed Transition 

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

bottom point in the conduction band [49], as shown in Figure (2.2 A). 

B- Direct Forbidden Transitions:  

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

the bottom points of the conductive band, as shown in Figure (2.2 B).  

The absorption coefficient for this transition type is given by [50]:  
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𝛼ℎ𝜈 = 𝐵[ℎ𝜈 − 𝐸𝑔
𝑜𝑝𝑡

]
𝑟
         (2.8) 

where: Eg
opt. the energy gap between direct transition.  

B: constant depended on the type of material.  

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

r =1/2 for the allowed direct transition.  

r =3/2 for the forbidden direct transition.  

2.3.6.2 Indirect Transitions  

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

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

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

the motion arising from variation in the electron wave vector. Two types of 

indirect transition exist, namely whenever the transition is between the top point 

of the valance band and the lower point of the conduction band, which is located 

in the various regions of the space (k) called  indirect transition as shown in Figure 

(2.2 C): when these transitions happen between near points in the top of valance 

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

transitions, as shown in Figure (2.2 D) [51]. As seen in Figure (2-2), the 

coefficient of absorption for a transition with phonon absorption can be obtained 

through the following equation:  

𝛼ℎ𝜈 = 𝐵[ℎ𝜈 − 𝐸𝑔
𝑜𝑝𝑡

± 𝐸𝑝ℎ]
𝑟
        (2.9) 

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

absorbed, whereas it is (+) in case the phonon is emitted. The value of (r) is (2) 

and (3) for the allowed and forbidden indirect transitions, respectively.  
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   Fig. (2.2): The Electronic transitions types of (a) Allowed direct, (b) Forbidden direct 

transition, (c) Allowed indirect, and (d) Forbidden indirect transitions [52]. 

2.3.7 The Refractive Index (n)  

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

shows how far a matter is affected by electromagnetic waves. It can be expressed 

by the following equation [53]: 

𝑛 =
𝑐

𝜈
           (2.10) 

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

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

transmission (T) and absorbance (A) values through the following equation [54]:  

𝑅 + 𝐴 + 𝑇 = 1          (2.11) 

The refractive index (n) can be calculated using following equation  [55]. 

n= [4R/(R −1)2 −k 2 ] 1/2+ (R+1)/(R−1)                                                   (2.12)                                                         

2.3.8 Extinction Coefficient (ko)  

The extinction coefficient (Ko) presents the amount of attenuation of the 

electromagnetic wave that passes through a material. Its value is determined by 
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the density of the free electrons within the material and its structure, and expresses 

by the following relationship [56]:  

𝑘0 = 𝛼𝜆/4𝜋           (2.13) 

where (𝑘0) is the extinction coefficient, and (λ) is the wavelength of the 

incident light.                                                                                         

2.3.9 The Dielectric Constant (ԑ)  

The dielectric constant serves as an indicator of the polarization capacity of 

a material. The real and imaginary components of the dielectric constants (ε1 and 

ε2) can be computed using the following equations [57]: 

𝜀1 = (𝑛2 − 𝑘2)          (2.14) 

𝜀2 = (2𝑛𝑘)           (2.15) 

2.3.10 The  Optical Conductivity (σ)  

The optical conductivity (σ) can be calculated by using the equation [58]: 

𝜎 = 𝛼𝑛𝑐/4𝜋          (2.16) 

2.4 Nonlinear optical properties  

The optical properties of materials are modified by high-intensity light such 

as a laser. The study of this phenomenon is called Nonlinear Optics. This 

phenomenon is observed in a wide variety of materials like dyes, polymers, 

semiconductors, nanomaterials, etc. [59]. After the invention of the first working 

laser by Theodore Maiman in 1960, Peter Franken et al demonstrated the firs t 

nonlinear optical phenomenon – second-harmonic generation in 1961. This has 

been considered the beginning of the study of nonlinear optics [60]. 

2.4.1. Nonlinear Absorption and Nonlinear Refraction 

The main optical properties involved in the light-matter interaction are 

absorption, which is defined by the nonlinear absorption coefficient β, and 
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nonlinear refractive index n2. These two parameters are depending on the electric 

field intensity of laser light [61]. When the material is irradiated, the energy of the 

absorbed photons makes it possible for the transition from the ground state to the 

excited state, and this represented a linear absorption. The further excitation may 

be possible due to the increasing of incoming photons (i.e., two photon absorption 

or multi photon absorption), this represents a type of nonlinear absorption [62]. 

There is also a change in the refractive index when a material is placed in 

a strong electric field. In fact, the index of refraction becomes dependent on the 

intensity of the electric field. At high intensity (I) of laser light, the refractive 

index is given by [63]: 

𝑛 = 𝑛0 + 𝑛2 𝐼          (2.17) 

where, no: linear refractive index, n2 is the nonlinear refractive coefficient 

related to the irradiance. The absorption of the material is also intensity dependent 

given by [64]: 

𝛼 = 𝛼0 + 𝛽 𝐼          (2.18) 

where αo, is the linear absorption coefficient, β is the nonlinear absorption 

coefficient related to the intensity. The coefficients n, and α are related to the 

intensity of laser. 

2.4.2. Saturable Absorption 

A nonlinear process that can be associated with real (rather than virtual) 

energy levels and population changes in those levels is that of saturable absorption 

[65]. This process occurred when the nonlinear absorption coefficient β < 0, which 

can appear when a strong light absorption between two levels causes saturation 

(bleaching) of the corresponding electronic transition. The two levels are involve 

surface resonance ground and excited state [66]. On the other hand, this is a 

process in which a material can be highly absorbing at a specific wavelength when 

a low-intensity beam is incident upon the material, yet an extremely intense beam 
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(at that same wavelength) will pass through the medium with little change in 

intensity [67]. 

2.4.3. Two-Photon Absorption  

A nonlinear process that involves the transfer of energy to excited energy 

levels of the material [68]. This process occurred when the nonlinear absorption 

coefficient β > 0 . This effect is shown in figure (2.3) [69]. 

 

Fig. (2.3): Two-photon absorption [69]. 

 

 

2.4.4. Kerr Effect 

A nonlinear interaction of light in a medium related to the nonlinear 

electronic polarization, which can be described as modifying the refractive index 

[70]. For high-intensity laser beams, the Kerr effect can create a local change in 

the refractive index that causes the laser material to act as a lens. This can result 

in self-focusing of laser beams [71]. 

  2.4.5  Self-focusing and  Self-defocusing 
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  Self-Focusing (or Self-Defocusing): This occurs when a light beam of non-

uniform intensity falls on a nonlinear medium. Since the nonlinear index follow 

the shape of the beam (for local effects without saturation), an index gradient is 

induced in the medium. For a positive nonlinearity, induces greater index, and 

hence, larger phase retardation on-axis than the wings result to focus the beam, 

negative nonlinearity induces the defocusing of the beam, as shown in figure (2.4) 

[72]. The NRI has generated significant scientific and technological interest. It 

has been utilized in or considered for a variety of the applications such as 

nonlinear spectroscopy, correcting (or finding) optical distortions, optical 

switching, optical logic gates, optical data processing, optical communications, 

optical limiting, passive laser mode-locking, waveguide switches and modulators 

[73]. 

 

Figure 2.4 : self-focusing and self-defocusing of a Gaussian beam [73]. 

 

2.5 Z-Scan Technique and Nonlinear Optical Properties 

Measurements 
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Z-Scan technique is a simple and direct method to characterize both the 

nonlinear refraction and nonlinear absorption coefficients. It is based on a single 

beam method and it refers to the process of inserting a sample in a focused 

Gaussian beam and translating it along beam axis through a focal region. The 

wave front distortion from self-focusing or self-defocusing are results of the kerr 

nonlinearity [74]. The beam power propagating through a small aperture at far 

field varies with a sample position. Measuring the output power versus position 

sample allows to determine nonlinearity. There are two methods of Z-Scan, the 

closed-aperture and open-aperture system [75]. 

2.5.1 Closed-Aperture Z-Scan 

 

A closed-aperture Z-Scan measures the change in power intensity of a 

beam, focused by lens (L) in figure (2.5). Photo-detector (PD) collects the light 

that passes through an axially centered aperture (A) in the far field. The change in 

on-axis intensity is caused by self-focusing or self-defocusing by the sample (S) 

as it travels through the beam waist [76]. 

A (TEM00) Gaussian beam has the greatest intensity at the center and will 

create a change in index of refraction forming a lens in a nonlinear sample as 

shown in figure (2.5) [77]. This can be considered as a thin lens of variable focal 

length. Beginning far from the focus (z<0), the beam irradiance is low and 

nonlinear refraction is negligible. In this condition, the measured transmittance 

remains constant (i.e.,z-independent).As the sample approaches the beam focus 

(focal point of lens), irradiance increases, leading to self-lensing in the sample 

[78]. 
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Fig.  (2.5): Closed-Aperture Z-Scan [77]. 

 

A negative self-lens before the focal plane tend to collimate the beam on 

the aperture in the far field, increasing the transmittance measured at the iris 

position. After the focal plane, the same self-defocusing increases the beam 

divergence, leading to a widening of the beam at the aperture and thus reducing 

the measured transmittance [78].  

Far from focus (z>0), again the nonlinear refraction is low resulting in a 

transmittance z-independent. A pre-focal transmittance maximum (peak), 

followed by a post-focal transmittance minimum (valley) is a Z- Scan signature 

of a negative nonlinearity [79]. An inverse Z-Scan curve (i.e., a valley followed 

by a peak) characterizes a positive nonlinearity. Figure (2.6) depicts these two 

situations [80]. 
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Fig. (2.6) : Calculated Z-Scan transmittance curves for a cubic nonlinearity [80]. 

 

The nonlinear refractive coefficient is calculated from the peak to valley 

difference of the normalized transmittance by the following formula [81]: 
𝑛2 =

∆𝜙0

𝐼0 𝐿𝑒𝑓𝑓 𝑘
          (2.19) 

Where, 𝑘 =  2𝜋/𝜆, is wave number , λ is the beam wavelength, 𝐼0 is the 

intensity at the focal spot ,𝛥𝛷0 is the nonlinear phase shift [82]: 

∆𝑇𝑝−𝜈 = 0∙406|∆𝜙0|         (2.20) 

where ∆𝑇𝑝−𝜈 is a difference between the normalized peak and valley 

transmittances, Leff is the effective length of the sample, determined from [83]: 

𝐿𝑒𝑓𝑓 =
1−exp (−𝛼0 𝐿)

𝛼0
         (2.21) 

where 𝐿 is the sample length, 𝛼0 is linear absorption coefficient which is 

given as [84]: 

 𝛼 =  (2.303 ×  𝐴) / 𝑑                                                                            (2.22) 

where (d) is the thickness of sample and T being the transmittance.  
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The intensity at the focal spot is given by [85]: 

𝐼0 =
2𝑃𝑝𝑒𝑎𝑘

𝜋 𝜔0
2            (2.23) 

Is defined as the peak intensity within the sample at the focus, where ωo is 

the beam radius at the focal point. 

2.5.2 Open-Aperture Z-Scan 

 

An open-aperture Z-Scan measures the change in power intensity of a 

beam, focused by lens (L) in figure (2.7), in the far field at detector (PD), which 

captures the entire beam [86]. The change in power intensity is caused by 

nonlinear absorption in the sample S as it travels through the beam waist. In the 

focal plane where the intensity is  the greatest, the largest nonlinear absorption is 

observed [87]. At the “tails” of the Z-Scan signature, where | z | >> zo, the beam 

intensity is too weak to elicit nonlinear effects. The higher order of multiphoton 

absorption present in the measurement depends on the wavelength of light and the 

energy levels of the sample. Clearly, even with nonlinear absorption, a Z-Scan 

with a fully open aperture is insensitive to nonlinear refraction (film sample 

approximation) [88]. 

The Z-Scan traces with no aperture are expected to be symmetric with 

respect to the focus (z=0) where they have a minimum transmittance (For 

example, multiphoton absorption) or maximum transmittance (For example, 

saturation of absorption) [89]. The coefficients of nonlinear absorption (β), can be 

easily calculated by using following equation [90]: 

𝛽 =
2√2 𝛥𝑇(𝑧)

𝐼0 𝐿𝑒𝑓𝑓
          (2.24) 

where 𝛥𝑇(𝑧) :is the difference between the sample transmittance at the 

linear regime and the minimum value of normalized transmittance at the focal 

point ,where (z=0), It should be clear that the transmittance versus sample position 
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graph of such an open aperture Z- Scan should be symmetric around the focus as 

shown in figure (2.8) [91] . 

 

Fig. (2.7) : Open-aperture Z-Scan [86]. 

 

Fig. (2.8): Open aperture Z-Scan curve [91]. 
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3.1 Introduction  

This chapter discusses the processes involved in the preparation of samples, 

the use of instruments, and measurement methodologies. A general description of 

the materials Polystyrene (PS), Polymethyl methacrylate (PMMA) and zinc 

selenide (ZnSe).  This study makes use of a variety of microscopy methods, 

including optical microscopy, Fourier Transform Infrared (FTIR), liner and non-

liner optical properties measurements.  

3.2 The Utilized Materials  

3.2.1 Poly(methyl methacrylate) (PMMA) 

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

It is a significant and fascinating polymer due to its appealing physical and optical 

features, which determine its wide applicability. PMMA is a non-biodegradable 

polymer with good transparency, mechanical strength, less weight, and chemical 

resistance. Thermoplastic material has a good tensile strength and hardness, and 

high rigidity. If it is polymerized between the float glass panels, it has a high shine 

on the surface [92]. Besides being polishable, it is weatherproof and resistant to 

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

its structural integrity. As a result of its outstanding light transmission and the fact 

that it can be colored to a high degree of saturation, (PMMA) is widely used in 

the lighting sector [93]. The PMMA (acrylic) polymer exhibits high levels of light 

transmission, making it an excellent choice for optical applications. PMMA 

enables lighter to travel through it than glass or other polymers, allowing 92 % of 

light to pass through. Table (3-1) shows the most important properties of PMMA 

polymer. These plastics can be easily thermoformed without any loss of visual 

clarity compared to polystyrene and polyethylene [94]. (PMMA) has been 

successfully utilized to freeze enzymes, build micro-locked devices, precipitate 

minerals, and freeze proteins and DNA [95]. Figure (3.1) shows the chemical 

structure of the PMMA polymers.  
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Fig. (3.1): Chemical Structure of PMMA [94]. 

Table (3.1) : The Most important Characteristics of PMMA [93]. 

 

3.2.2 Polystyrene (PS) 

Polystyrene (PS) is a flexible plastic that is commonly used in several 

aspects of human life and industry due to its low cost, light weight, ease of 

fabrication, flexibility, thermal efficiency, durability, and moisture resistance 

[95]. However, polystyrene is exceptionally stable and difficult to degrade in the 

surroundings after disposal [96]. It is produced by the polymerization of styrene 

and is the most widely used plastic. At room temperature, the thermoplastic 

polymer is a solid but when heated above 100 °C it flows. It becomes rigid again 

when it cools down. Polystyrene is insoluble in water. Polystyrene is compound 

that is non-biodegradable with a couple of exceptions. It is easily dissolved by 

Description Parameters 

(C5O2H8)n Chemical formula 

106 °C Tg (°C) 

1.49 Refractive index 

1.2 g/cm3 Density  

160 °C Melting point 

100.116gm/mol Molecular weight Mw 

(gm/mol) 
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many aromatic hydrocarbon solvents and chlorinated solvents. It is widely used 

in the food-service industry as rigid trays, containers, disposable eating plates, 

bowls, etc [97,98]. Figure (3.2) shows the chemical structure of the PS polymer's 

[99]. Table (3-2) explains some physical properties of PS [100,101]. 

 

Fig. (3.2): The Chemical Structure of the PS [99]. 

Table (3.2): Physical Properties of PS [100, 101]. 

Property Description 

Chemical formula (C8H8)n 

Glaas Transition temperature 

(Tg  ) 

100 °C 

Density 1.04 g/cm³ 

Solubility in water Insoluble 

Melting Point 240 °C 

Boiling point 430 °C  

Molecular Weight/ Molar 

Mass 
104.1 g/mol 

 

3.3.3 Zinc Selenide (ZnSe) 

https://en.wikipedia.org/wiki/Chemical_formula
https://en.wikipedia.org/wiki/Boiling_point
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Zinc selenide (ZnSe) is one of the group II-VI semiconductors. ZnSe is 

particularly interesting for applications related to the interaction with infrared and 

visible light [102]. Having good mechanical and chemical properties. ZnSe is a 

cubic structure as shown in figure (3.3) [103]. ZnSe thin films are suitable 

candidates for semiconductor window layers in the architecture of photovoltaic 

cells. ZnSe has a large direct band gap of 2.67 eV at room temperature, high 

optical transmittance and good photosensitivity. Optoelectronic devices based on 

ZnSe thin films were produced and characterized, such as light emitting diodes 

[104], solar cells [105], photo detectors [106], transistors [107], and dielectric 

mirrors [108]. In thin film based solar cells technology, ZnSe is a less toxic 

alternative to the widely used cadmium sulfide (CdS). Various techniques were 

used for deposition of ZnSe thin films: chemical bath deposition [109], thermal 

evaporation (TVE) [110], chemical vapor deposition [111], molecular beam 

epitaxy or electrodeposition [112]. Table (3-3) explains the most important 

physical properties of ZnSe [108-109]. 

 

Fig. (3.3): The Chemical Structure of ZnSe [103] 

 

 

 

Table (3-3) Physical Properties of ZnSe [108-109] 
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Property Description 

Chemical formula ZnSe 

Chemical structure cubic 

Energy gap 2.67 eV 

Density 5.27 g/cm³ 

Refractive index 2.403 

Melting Point 1525 °C 

Thermal conductivity 20 W/mK 

Molecular weight Mw (gm/mol) 144.35gm/mol 

 

3.3 Preparation of (PS/PMMA/ZnSe) Nanocomposites films 

The following method is used to produce the (PS/PMMA/ZnSe) 

nanocomposites, as shown in Figure (3.1). The polymer blend was prepared by 

dissolving 0.5 wt.% of Polystyrene (PS) in 50 ml of chloroform and using a 

magnetic stirrer for 1/4 hour at room temperature after which it bec ame a 

homogeneous mixture and then we added 0.5 wt.% of Poly methyl methacrylate 

(PMMA) with continuous magnetic stirring for one hour until the mixture became 

homogeneous. The fabricated nanocomposite is prepared by adding the ZnSe NPs 

to the solution of (PS/PMMA) blend with concentration of 1, 3, and 5 wt. % as 

shown in Table (3-4).  Then it was casted into a glass petri dish and left to dry for 

four days.  

Table (3-4): Weight percentages for (PS/PMMA/ZnSe) nanocomposites. 

ZnSe (gm) PMMA(gm) PS (gm) 

0 0.5 0.5 

0.01 0.495 0.495 

0.03 0.485 0.485 

0.05 0.475 0.475 

 

https://en.wikipedia.org/wiki/Chemical_formula
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Fig. (3.4): Scheme of Experimental Part 



Chapter Three                                                                                               Experimental Work 

 

32 

 

3.4 Optical Measurements of Thickness  

Film thickness measurements have been obtained by optical interferometer 

method. This method is based on interference of the light beam reflection from 

thin film surface and substrate bottom. He-Ne laser (632 nm) was used and the 

thickness determined by the difference in optical path lengths of the two 

reflections, as shown in figure (3.4).  The thickness of the prepared of 

(PS/PMMA/ZnSe) nanocomposites are (0.8, 1.1, 1.3, and 1.5) µm respectively. 

This work was prepared in (College of Science for Women in Babylon University 

/department of Laser physics). 

 

 

 

 

 

 

 

 

Fig. (3.5) thin film thickness measurement 

3.5 Structural Properties for (PS/PMMA/ZnSe) Nanocomposites 

fims 

3.5.1 Optical microscope  

The (PS/PMMA/ZnSe) nanocomposite films are analyzed using the optical 

microscope, which was supplied from Olympus (Top View) type (Nikon-73346), 

equipped with light intensity automatic controlled camera with magnification 
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(40x), as shown in figure (3.5). It is implemented in the university of Babylon 

/college for Pure Science / department of physics. 

 

Fig. (3.6): Optical Microscope 

3.5.2 Spectral Characterization for FTIR 

FTIR spectra were recorded by FTIR Bruker company, German origin, type 

vertex -70. The spectrum of wave numbers considered is (500-4000) cm-1, as 

shown in figure (3.6). FTIR has been introduced at the University of Babylon / 

Education College for Pure Science / Physics. 

 

Fig. (3.7): FTIR spectroscopy 
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3.6 Optical Properties Measurements  

The absorption spectra of (PS/PMMA/ZnSe) nanocomposite films were 

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

spectrophotometer (Shimadzu, UV-1800 A0, Japan), as shown in figure (3.7). This 

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

Science /Physics. The absorption spectrum was recorded at room temperature 

(RT). To obtain the optical constants, absorbance, transmittance, absorption 

coefficient, indirect transition, extinction coefficient, refractive index, dielectric 

constant (real and imaginary parts). A computer program (UV Probe software) 

was used. 

 

Fig. (3.8): UV Photographic of spectrophotometer 
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3.7 Nonlinear Optical Properties  

     Nonlinear optical properties of all samples will be explained in details in the 

following paragraph:  

3.7.1 Z-Scan System  

     To detect nonlinear optical transmittance, a Z-Scan system was used, the parts 

of which are shown in the figure (3.8 a,b). This experiment (ZSCAN-VER-8) was 

equipped by (MAHFANAVAR) company. It consists of: 

1- Continuous mode (CW) lasers with different wavelengths. 

2- Different optical filters to control the intensity of the laser beam.   

3- Optical lenses with different focal lengths (5, 8.5 cm). 

4- Laser beam splitter to split the beam.  

5- The first detector is located directly beyond the beam splitter and is 

equipped with a 1 mm hole. This detector is used for detecting the nonlinear 

refraction.  

6- The second detector is equipped with a collecting lens and it used for 

detecting the nonlinear absorption.  

7- Connecting wires to transfer signals from the detectors to a device 

(Controller), which, in turn, is connected to a computer.  
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Figure (3.8 a,b) a: demonstrate the Z-Scan technique , b: Schematic diagram and 

working principle of the technique [110] 
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4.1 Introduction 

This chapter shows the results of the study and the discussion of the results. 

Structural (optical microscope, Fourier Transform Infrared Spectrometer (FTIR), 

linear and nonlinear optical measurements of (PS/PMMA/ZnSe) nanocomposites 

are also discussed in this chapter.  

4.2 Structural Properties of (PS/PMMA/ZnSe) Nanocomposites 

films 

4.2.1 The Optical microscope (OM) images 

Figure (4.1) presents the images of (PS/PMMA/ZnSe) nanocomposites 

films taken for samples of variant content at magnification power (10x). The 

images demonstrate a distinct difference from the samples, as depicted in pictures 

A, B, C, and D. When the concentration of ZnSe nanoparticles in films composed 

of polystyrene (PS) and polymethyl methacrylate (PMMA) exceeds 5 wt.%, 

relatively large size aggregates of nanoparticles are formed within the polymer 

matrix.  
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Fig. (4.1): Photomicrographs (10X) for (PS/PMMA/ZnSe) Nanocomposites: (A) for 

(PS/PMMA) blend, (B) for 1 wt.% ZnSe, (C) for 3 wt.% ZnSe, (D) for 5 wt.% ZnSe 

4.2.2 Fourier Transform Infrared Radiation (FTIR) of (PS/PMMA/ZnSe) 

nanocomposites films 

Fourier Transform Infrared Radiation FTIR spectroscopy has been used to 

analyze the interactions among atoms or ions in (PS/PMMA/ZnSe) 

nanocomposites. These interactions include changes in the vibrational modes of 

the nanocomposites. The (FTIR) transmittance spectra of (PS/PMMA/ZnSe) 

nanocomposites films with the different ratio of (ZnSe) nanoparticles are shown 

in figure (4.2. A-B-C and D) these spectra are recorded at room temperature in 

the region (400-4000) cm-1.  

From the spectra, the FTIR spectrum of (PS/PMMA) films shows band 

about 2991.02 cm-1 corresponding to the CH3 bending vibration, and the band 

1722.19 cm-1 attributed to the C=O stretching vibration. CH3 stretching vibration 

is indicated to the band 1447.82 cm-1.  The band 1239.92 cm-1 corresponding to 

the wagging of (CH) The absorption band at 1144.62 attribute to the symmetric 

A 

C 
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stretching vibration of C-O. The bands 965.60 cm-1, corresponding to the out of 

plane rings C-H bending, 845.19   cm-1 corresponding to the C-C stretching 

vibrations, 747.87 cm-1 corresponding to the stretching vibration. the bands 

694.82cm-1, 620.14 cm-1 corresponding to the wagging mode of (OH) groups 

[111]. The FTIR studies show that adding different concentration of ZnSe in 

images B, C, and D leads to the displacement of some of the bonds and not 

emergence of new peaks therefore, there is no interaction between ZnSe 

nanoparticle and the PS/PMMA polymer matrix. 
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Fig. (4.2): FTIR spectra of (A) for (PS/PMMA), (B) for 1 wt.% ZnSe, (C) for 3 wt.% 

ZnSe, (D) for 5 wt.% ZnSe 
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4.3 The Optical Properties  

4.3.1 The Absorbance of (PS/PMMA/ZnSe) nanocomposites films 

The absorption spectrum of (PS/PMMA/ZnSe) nanocomposites as a 

function of wavelength of the incident light is depicted in figure (4.3). As it can 

be seen from the figure, the absorbance of all films is at its maximum at 

wavelength (260 nm).  After that, the absorbance decreases as the wavelength 

increases. In general, films have a low absorbance in the near infrared and the 

visible ranges. This can be explained by the following: at long wavelength the 

incident photon doesn't have enough energy to interact with atoms, thus the 

photons 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 then absorbance will increase [110].  

 

Fig. (4.3): The absorption of (PS/PMMA/ZnSe) nanocomposites films as a function of 

wavelength for different concentrations of ZnSe. 
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4.3.2 The Transmittance of (PS/PMMA/ZnSe) Nanocomposites 

The optical transmittance spectrum of (PS/PMMA/ZnSe) nanocomposite is 

shown in figure (4.4) as a function of wavelength of incident light. Figure (4.4) 

demonstrates that transmittance reduces when the concentration of ZnSe NPs 

increases, this is due to the addition of ZnSe NPs having electrons in their outer 

orbits that can absorb the electromagnetic energy of incident light and move to 

upper energy levels. Or the addition can increase the scattering in the sample. 

These procedures do not result in the emission of radiation. As a result, a portion 

of incident ray is absorbed by material and does not pass through it. In addition, 

pure PS/PMMA films have high transmittance due to the absence of free electrons 

(i.e. electrons are covalently bound to atoms). This is because the process of 

breaking the electron's bond and transferring it to the conduction band requires a 

high energy photon [111]. 

 

Fig. (4.4): The Relationship between Transmittance of (PS/PMMA/ZnSe) and 

Wavelength for different concentrations of ZnSe. 
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4.3.3 Absorption coefficient (α) 

The absorption coefficient (cm)-1 is found by using the equation (2-5). The 

absorption coefficient as a function of photon energy for (PS/PMMA/ZnSe) 

nanocomposites as shown in figure (4.7). The value of the absorption coefficient 

determines the type of electron transfer. If the absorption coefficient (α >104) cm-

1, electrons are predicted to undergo a direct transition. However, indirect 

transition of electrons are expected to occur when the values of the absorption 

coefficient are lower than (104) cm-1 [112]. The absorbance coefficient of the 

(PS/PMMA/ZnSe) nanocomposites is lower than (104 cm-1) indicating that the 

electron transition is indirect. 

 

Fig. (4.5): The relationship between the absorption coefficient of (PS/PMMA/ZnSe) and 

the photon energy for different concentrations of ZnSe. 

4.3.4 Energy Gaps of the (allowed and forbidden) Indirect transition 

The energy gap for the allowed and forbidden indirect transition bands has 

been determined using equation (2-9). The variation of the allowed and forbidden 

indirect energy gap of (PS/PMMA/ZnSe) nanocomposites with the photon energy 

is depicted in figs. (4.6), (4.7) respectively. the energy gap can be obtained by  
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 the way of drawing a straight line from upper part of the curve towards the x axis. 

The values obtained are listed in Table (4.1). 

The energy gap values are lowered as the concentration of ZnSe NPs 

increases. This is due to the formation of localized energy levels within                       

the forbidden energy gap, in this situation, the transition occurs in two steps,      

with the electrons moving from the valence band  to the local levels and finally                

to the conduction band as a result of increasing the concentration of ZnSe NPs.               

This is related to the heterogeneous nature of nanocomposites with               

increasing concentrations of (ZnSe) nanoparticles, the density of the localized 

state increased [113]. 

 

Fig. (4.6): The relationship between (αhʋ)1/2 (cm-1.ev)1/2 and photon energy of 

(PS/PMMA/ZnSe) nanocomposites for allowed indirect transitions for different 

concentrations of ZnSe. 
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Fig. (4.7): The relationship between (αhʋ)1/3 (cm-1.ev)1/3 and the photons energy of the 

(PS/PMMA/ZnSe) nanocomposites for the forbidden indirect transition. 

Table (4.1): The energy gap for the allowed and forbidden indirect transition for 

(PS/PMMA/ZnSe) nanocomposites. 

 

ZnSe NPs  

wt.% 

The optical energy gap of the 

indirect transition (eV) 

allowed forbidden 

0 3.8 3.7 

1 3.51 3.6 

3 3.48 3.4 

5 2.9 2.7 

 

4.3.5 Refractive Index (n) 

The refractive index (n) of a material can be calculated using equation          

(2-12). Figure (4.8) shows the relationship between the refractive index of 

(PS/PMMA/ZnSe) nanocomposites and the wavelength. As shown in figure (4.8), 

the refractive index increases as the weight percentage of (ZnSe) nanoparticles in 

(PS/PMMA) increases due to the growing density of nanocomposites.  
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Fig. (4.8). The Relationship between Refractive Index of (PS/PMMA/ZnSe) and 

Wavelength 

4.3.6 Extinction Coefficient (k0)   

Extinction coefficient (k0) is determined by an equation (2-13). Figure 

(4.9) shows the relationship between the extinction coefficient of 

(PS/PMMA/ZnSe) nanocomposites and the wavelength. As can be observed, (k0) 

is smaller at low concentrations and increases as the concentration of (ZnSe) 

nanoparticles increases. This is due to the fact that the absorption coefficient 

increases as the percentage of (ZnSe) nanoparticles increases. This finding shows 

that the host polymer's structure will be improved by the atoms of (ZnSe) 

nanoparticles [114]. 
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Fig. (4.9): Relationship between extinction coefficient of (PS/PMMA/ZnSe) and 

wavelength. 

4.3.7 The Real and Imaginary Parts of Dielectric Constant (ԑ1, and ԑ2). 

The dielectric constants for two-part (real (ε1) and imaginary(ε2)) of 

(PS/PMMA/ZnSe) nanocomposites were determined using equations (2-14) and 

(2-15) respectively. Figure (4.10) shows the relationship between (ε1) and 

wavelength. As showed in the figure, (ε1) is strongly dependent on (n) because 

of the low value of (k2), the real dielectric constant increases as the concentrations 

of (ZnSe) nanoparticles increase. Figure (4.11) shows the relationship between 

(ε2) and wavelength. As seen in the figure, (ε2)  increased with increasing of 

concentration of ZnSe NPs which attributed to that (ε2) is dependent 

on (k) values, which vary with the absorption coefficient because of the 

relationship between (k) and (α) [115]. 
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Fig. (4.10): The relationship between the real dielectric constant of (PS/PMMA/ZnSe) 

and the wavelength.  

 

Fig. (4.11): The relationship between the imaginary dielectric constant of 

(PS/PMMA/ZnSe) and the wavelength. 

  

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

200 300 400 500 600 700 800 900 1000 1100

Wavelength (nm)

pure

1 wt.%

3 wt.%

5 wt.%

R
ea

l 
d

ie
le

ct
ri

c 
co

n
st

a
n

t

0.001

0.006

0.011

0.016

0.021

0.026

200 300 400 500 600 700 800 900 1000 1100

Wavelength(nm)

pure

1 wt.%

3 wt.%

5 wt.%

Im
a
g

in
a
ry

 d
ie

le
ct

ri
c 

co
n

st
a
n



Chapter Four                                                                              Results and Discussion 

 

50 

4.3.8 The optical conductivity 

The optical conductivity is determined by equation (2-16). The variation in 

optical conductivity as a function of wavelength is depicted in figure (4.12). It 

was discovered that the optical conductivity of (PS/PMMA/ZnSe) increases when 

the percentages of ZnSe NPs increase to (5 wt.%). As a result of the new levels 

being created in the band gap, electrons are more easily able to move from the 

valence band to these local levels and finally the conduction band as a result, the 

band gap narrows and conductivity increase this conclusion agree with 

researchers [115]. 

 

Fig. (4.12): The relationship between optical conductivity of (PS/PMMA/ZnSe) and the 

wavelength. 
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4.4.  Nonlinear Optical Properties 

The nonlinear optical properties of (PS/PMMA/ZnSe) nanocomposite with 

different concentration (1, 3 and 5 wt.%) of ZnSe NPs using continuous wave 

(CW) laser at 405 nm wavelength and 20 mW power. Two parts were used to 

measure the nonlinear properties of the material by Z-Scan technique. The first 

part is closed-aperture Z-Scan and the second part is the open-aperture Z-Scan. 

4.4.1. Closed Aperture Z-Scan of (PS/PMMA/ZnSe) Nanocomposite films  

The nonlinear refractive index of the of (PS/PMMA/ZnSe) nanocomposite 

with different ratios (1, 3 and 5 wt.%) of ZnSe NPs were measured by closed-

aperture Z-Scan technique. 

The normalized transmittances of Z-Scan measurements as a function of 

distance are shown in figure (4.13). From this figure, it is observed that the 

nonlinear effect region is extended from (-65) mm to (65) mm relative to the focus 

position. The peak followed by a valley transmittance curve obtained from the 

closed aperture Z-scan data indicates that the sign of the refraction nonlinearity is 

negative (n2<0), leading to self-defocusing lensing in these samples.  

Also, it is obvious that the normalized transmittance decreased with 

increasing of nano particles weights. This behavior can be attributed to that the 

nano particles act as a scattering center in the sample, so the increasing of Nano 

particles consolidates the scattering upon the transmittance of that sample. This 

result is agreed with previous studies [116]. 
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Fig. (4.13): Closed-aperture Z-Scan data for (a) for pure (PS/PMMA), (b) for 1 wt.% 

ZnSe NPs, (c) for 3 wt.% ZnSe NPs and (d) for 5 wt.% ZnSe NPs 
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As the sample approaches the beam focus, the intensity increases, resulting in self-

lensing within the sample. This self-lensing phenomenon leads to the collimation 

of the beam onto the aperture in the far field, hence creating an increase in the 

measured transmittance at the site of the iris. In the event that the beam 

experiences a nonlinear phase shift while traversing the focal zone due to the 

sample, the proportion of light reaching the detector will be altered as a 

consequence of the self-lensing effect created in the material by the high-intensity 

laser beam. When the sample is translated, the detector will observe a peak and 

valley in the measured signal. 

4.4.2 Opened Aperture Z-Scan of (PS/PMMA/ZnSe) Nanocomposite films 

The nonlinear absorption coefficient (β) of (PS/PMMA/ZnSe) 

nanocomposite with different ratios (1, 3 and 5 wt.%) of ZnSe NPs can be 

measured by performing the open aperture Z-Scan technique are shown in figure 

(4.14). The performed open aperture zscan exhibits an increasing in the 

transmission about the focus of the lens. 

Open-aperture Z-Scan of (PS/PMMA/ZnSe) nanocomposite with different 

ratios (1, 3 and 5 wt.%) of ZnSe NPs were measured by opened-aperture Z-Scan 

technique. The behavior of transmittance starts linearly at different distances from 

the far field of the sample position (-Z). At the near field, the transmittance curve 

begins to decrease until it reaches the minimum value (Tmin) at the focal point, 

where Z=0 mm. The transmittance begins to increase towards the linear behavior 

at the far field of the sample position (+Z). The change of intensity, in this case, 

is caused by two photon absorption. The photon energy used in this work was 

about 3.06 eV.  Comparing this value with the values of the energy gap of the 

samples under study proves the possibility of two photons absorption process.  
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Table (4.2) reveals the values of the nonlinear optical parameters for 

(PS/PMMA/ZnSe) nanocomposites. The Non-linear optical parameters such as 

transmittance difference (∆𝑇), nonlinear phase shift (∆Ø), non-linear refractive 

index (𝑛2), and nonlinear absorption coefficient have been calculated by using 

equations of nonlinear refractive index (𝑛2) and nonlinear absorption coefficient 

(β), (2-19) and (2-24) respectively. From this table, it can be note that the 𝑛2 and 

β increase with increasing concentration of ZnSe NPs. This is due to increasing 

number of molecules per volume unit at high concentrations, as well as 

nanocomposites have thickness larger than of pure PMMA/PS, which is lead to 

increasing the nonlinear phase shift. The deviation of the value of (𝑛2) at 

concentration of ZnSe of 3% and the value of (β) at concentration of ZnSe of 5% 

represent measurement errors. 

 

Fig. (4.14): Opened aperture Z-Scan data for pure (PS/PMMA), 

1 wt.% ZnSe NPs,  3 wt.% ZnSe NPs, and 5 wt.% ZnSe NPs 
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Table (4.2): The values of the nonlinear optical properties for (PS/PMMA/ZnSe) 

nanocomposites. 

 

4.5 Conclusion  

From the obtained results and discussions, the following points are 

concluded: 

1. The optical microscope images show that, at high concentrations, ZnSe 

nanoparticles form relatively large size aggregates into the polymer matrix.  

2. FTIR spectra do not show any new bands as a results of adding ZnSe 

nanoparticles. This indicates that there is no any kind of interaction between 

the polymers and the added nanoparticles. 

3. The absorption coefficient of (PS/PMMA/ZnSe) nanocomposites increases 

with the increasing of the concentrations of the (ZnSe) nanoparticles. The 

absorption coefficient for all films is less than (104) cm-1. Refractive index, 

extinction coefficient, and dielectric constant (real, imaginary) are increasing 

with the increasing of concentrations of (ZnSe) nanoparticles, while the energy 

gap for indirect transition (allowed, forbidden) and transmittance decreases 

with the increasing of the concentrations of (ZnSe) nanoparticles. The optical 

conductivity increases as the concentrations of (ZnSe NPs) in the (PS/PMMA) 

increase to (5 wt.%). The films can be used in different electronic device such 

as solar cells, coatings, photo-detector and microsensors. 

4. The absolute value of the nonlinear refractive and the nonlinear absorption 

coefficient increase with increasing concentration of ZnSe. 

4.6 Future works 

λ 

(nm) 

Materials 

(NPs) 

Power 

(mW) 

𝑰𝟎 

(MW/m2) 

𝑳𝒆𝒇𝒇 (m) 

×10-3 
ΔT 

n2 (m2/W) 

×10-11 
Δn×10-4 β (m/MW) 

405 

Pure 11.2 75.54290833 0.99 2.248815 -0.492 3.71 33.48 

X0.01 1.2 8.09388304 0.996 1.136364 -2.31 1.87 330.51 

X0.03 1.2 8.09388304 0.998 0.555556 -1.13 0.912 396.83 

X0.05 2.66 17.94144073 0.996 2.628205 -2.41 4.32 177.27 
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1. A study on the thermal properties of the (PS/PMMA/ZnSe) nanocomposites. 

2. A studying on the mechanical properties of the (PS/PMMA/ZnSe) 

nanocomposites. 

3. Study the optical limiting properties of the samples.  
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( باستخدام طريقة الصب PS/PMMA/ZnSeتم تحضير المتراكب النانوي ) ،الدراسةفي هذه 

 . .wt ( %5 و 3و 1)النانوية  ZnSeجسيمات مع نسب وزنية مختلفة من 

تم تشخيص الخصائص التركيبية والخواص البصرية الخطية واللاخطية للمتراكب النانوي  

((PS/PMMA/ZnSe تتضمن الخصائص التركيبية المجهر الضوئي والتحليل الطيفي للأشعة تحت .

تجمعات ذات بشكل  ZnSeأظهرت صور المجهر الضوئي توزيع الجسيمات النانوية . (FTIRالحمراء )

للمتراكب ( (FTIRظهر طيف كذلك لم ي(. (%.5wt    احجام كبيرة نسبيا عن التركيز

((PS/PMMA/ZnSe  مقارنة مع الغشاء أي قمم اضافية(PS/PMMA) تفاعل يوجد  وهذا يشير بانه لا

. أظهرت نتائج الخصائص البصرية للمتراكب النانوي بأن النانوية المضافةبين البوليمر والمواد 

 ثابت العزل الحقيقي والخيالي ،الخمودمعامل  ،الانكسارمعامل  ،الامتصاصمعامل  ،الامتصاصية

للانتقال غير . النفاذية وفجوة الطاقة ZnSe البصرية تزداد مع زيادة تركيز جسيمات النانوية والتوصيلية

 ZnSe .(3.8-2.8)eV النانويةجسيمات المع زيادة تركيز المسموح والممنوع تقل مباشر 

و كذلك  اللاخطي معامل الانكسارالقيم المطلقة لالخواص البصرية اللاخطية أن أظهرت كذلك 

 . ZnSe  الجسيمات النانوية مع زيادة تركيز يقل معامل الامتصاص اللاخطي 
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