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Abstract 
 

In this work, the effect of silver nanoparticles (AgNPs) which were synthesized 

by pulsed laser ablation in liquid (PLAL) using Ndmium Yag-1064 nm laser 

was investigated after adding to a mixture of organic methylene blue dye 

solution with polyvinyl alcohol polymer (MB/PVA) solutions. Methylene blue 

(MB) and polyvinyl alcohol (PVA) dye were prepared using distilled water as a 

solvent with different concentrations (1x10-4, 3x10-4, 5x10-4, 7x10-4) M. The 

absorption and fluorescence spectra of the prepared solutions were studied 

before and after adding particles Silver nanoparticles (AgNPs) in the UV-

visible regions. It was observed that the maximum absorbance is achieved at a 

concentration of methylene dye at (7x10-4)  M and a wavelength of 660 nm. 

On the other hand, at a constant concentration of AgNPs, and using a range of 

MB concentrations, the absorption intensity of the MB/PVA/AgNps mixture 

was obtained due to the surface plasmon resonance beam-width. Some of the 

linear optical properties were studied by means of absorption spectra 

measurements of the prepared samples before and after adding the 

nanomaterial, and the properties include spectra of transmittance (T), 

reflectivity (R), linear absorption coefficients (α◦), linear refractive index ( no), 

and the extinction coefficient (K). It was observed that the values   of the 

optical constants increase in the presence of silver particles indicating the effect 

of the nanomaterial. Moreover, the structural properties of the composite film 

(MB/PVA/AgNps) prepared by the casting method were studied by AFM and 

XRD measurements at angles 37, 041, 64 and 526. It was also observed through 

the structural study increase in the crystallite size, and a decrease in the average 

roughness by changing the concentration of the nanomaterial in the films. This 

is a promising indication of the effect of silver nanoparticles due to their high 

surface area. 
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1.1 Introduction  

Organic dyes are known as hydrocarbons, Organic dyes are composed, of large 

molecules that have a complex structure, and have a wide absorption, and 

fluorescence spectrum in the visible, and ultraviolet regions of the electromagnetic, 

spectrum, with a large molecular, weight. Because it contains, conjugate chains 

composed, of carbon atoms linked by, alternating single and double bonds, which 

is, called the chromophore system [1]. The chromophore, is characterized by 

absorbing light in ,the ultraviolet and visible region, which makes the dye colorful 

because the, absorption transitions (S0 to S1) occur, in the visible region [2]. The 

chromophores, are the responsible group ,for giving the colouring character to ,the 

molecule, so the dye molecule ,appears a certain colour for some pigments ,that 

absorb the wavelength that falls, within the range (400 nm -800 nm) [3].   

Polymers emerged in the, 1920s amid prolonged, controversy, and its ,acceptance 

that is closely, associated ,with the name of H. Staudinger ,who received the 

Nobel, Prize in 1953. Many examples, of synthetic, polymers, can be mentioned 

some are, used every day, like polyesters, others less known, as the ones used,, for 

medical applications for organs, and ,degradable sutures, etc [4].  On the other 

hand, some metals have been, ,replaced by polymers in,, many uses due to the, 

possession of these polymers similar, ,properties to metals, in particular electrical 

,properties. It was found, that some organic, polymers, have high electrical 

properties, and have conductivity values, returning from, semiconductors, to metals 

[5].  

Laser Ablation in Liquid Phase ,,nanostructures such as ,particles, wires, and 

nanotubes are the focus of ,intensive research due to their ,unparalleled 

applications in microphysics, chemistry, and the fabrication ,of devices at the 

nanoscale [6].  
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The laser ablation in, liquid has ,opened, up unique horizons for, manufacturing 

nanostructures, and as a result of this, there has been a, rapid growth of studies in 

the, formation, of nanostructures, with this ,new technology recently. By 

comparing the, traditional physical, method such ,as chemical vapor deposition, 

Vapor Phase Transport, and vacuum laser ablation, and other ,methods , The liquid 

phase laser ablation has,, advantages, including, the nanoparticles are somewhat 

crystalline ,and can, be obtained, easily ,by one, step, without any subsequent heat 

treatment, due to the high ,efficiency, of the removed parts, and pure colloidal 

solutions of nanoparticles can form, a product. It collects in the colloidal solution 

[7].  

"Nano is a Greek word derived, from nano-meaning, (dwarf). This prefix is, used 

in the metric, system to mean 10
-9

 or one billionth, of a meter. In comparing, of the 

DNA, double-helix has, a diameter around, (2 nm), typical carbon-carbon bond 

,lengths, or the spacing, between these atoms, in the molecule are, in the range 

(0.12–0.15) nm. Additionally, the smallest, cellular life-forms, which is, bacteria of 

the genus Microplasma, are around (200 nm) in length, and the comparative, size 

of a nanometer to, a meter is the same, as that of a marble, to the size of the earth, 

[8]. Nanoparticles have, been around for a, long time. The first reported ,technical 

use of nanoparticles, is date back to the ,middle age where they ,were used for 

their, optical ,properties in ,some, ,representation. One of the, first, record of 

nanoparticles, in the scientific, literature dating, back to the middle, of the 19th 

century when, Michael Faraday was studying gold, colloids in the, nanometer, 

range [9]. The possible, shapes, and structures, of nano-objects, are vast and 

fascinating, spanning for, example, dots, pillars, ,spirals, flowers, cups. 
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1.2 Previous studies 

Elmira Solati and  Maryam Mashayekh (2011),silver nanoparticles were 

synthesized using pulsed laser ablation of Ag metal plate in acetone. The pulsed of 

a Q-switched Nd:YAG laser of 1064 and 532 nm wavelengths at 7 ns pulse width 

and different fluences was employed to irradiate the solid target in acetone.[13]. 

Siti Machmudah et al. (2012), pulsed laser ablation (PLA) was widely employed in 

industrial and biological applications and other fields. The environmental 

conditions in which PLA are important parameters that affect both the solid 

particle cloud and the deposition produced by the plume.[14]. 

T. Jebakumar Immanuel Edison and  M.G. Sethuraman. (2012),a novel green 

approach for the synthesis and stabilization of silver nanoparticles (AgNPs) using 

water extract of Terminalia chebula (T. chebula) fruit under ambient conditions is 

reported in that article. The instant formation of AgNPs was analyzed by visual 

observation and UV–visible spectrophotometer. The synthesized AgNPs were 

characterized by FT-IR, XRD, HR-TEM with EDS and DLS with zeta potential 

[15]. 

Mostafa Khajeh et al. (2013), a simple and fast method for preconcentration and 

determination of trace amount of methylene blue (MB) from water samples was 

developed by silver nanoparticles based solid-phase extraction method and UV-Vis 

spectrophotometry. Response surface methodology and hybrid of artificial neural 

network- particle swarm optimization (ANN-PSO) have been used to develop 

predictive models for simulation and optimization of solid phase extraction 

method. Under the optimum conditions, the detection limit and relative standard 

deviation were 15.0 mg L1 and <2.7%, respectively. The preconcentration factor 

was 83. The method was applied to preconcentration and determination 

ofmethylene blue from water samples [16]. 
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D.M. Fernandes et al. (2013), PVA/Ni0.04Zn0.96O and PVA/Fe0.03Zn0.97O 

nanocomposites were synthesized in flexible and transparent films form. In an inert 

atmosphere, the nanostructured Ni0.04Zn0.96O decreases the thermal stability of 

the PVA film. However, in oxidative atmosphere the PVA/Fe0.03Zn0.97O films 

exhibit greater thermal stability than the pure PVA.[17]. 

M. Boutinguiza et al. (2015), studied laser ablation of silver plates in the open air 

using nanosecond laser were carried out to produce silver nanoparticles in a 

continuous process and without irradiating the obtained particles to increase the 

production yield. The results showed that crystalline silver nanoparticles with a 

rounded shape and narrow size distribution have been obtained, ranging from few 

to 50 nm.[18]. 

P. SAGITHA et al. ( 2016), stable silver nanoparticles were synthesized using 

polyvinyl alcohol (PVA) as a reducing and capping agent. The method of steric 

stabilization was adopted for the incorporation of silver nanoparticles in the 

polymer matrix. The successful incorporation of silver nanoparticles in a PVA 

matrix was confirmed by UV–Visible spectroscopy, transmission electron 

microscopy (TEM) and Fourier transform infrared (FT-IR) spectroscopy [19]. 

Runze Li et al. (2016), data and analysis presented show that when MB and 

AgNO3 are combined and react together against five different bacteria, the effect is 

synergistic, within a dose (s) limit. The number of bacteria that remain alive after 

the reaction of the combined two agents is about three orders of magnitudes 

smaller than the sum of the two agents reacting alone against the same number of 

bacteria.[20].   

  Nosheen Zafar et al. (2016), silver nanoparticles in the range of 10–40 nm were 

synthesized chemically and by laser ablation, employed for in vitro antibacterial 

action against the human pathogenic bacterium. Their formation was evidenced by 

UV-visible spectrophotometer; particle size confirmed by atomic force 
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microscopy, crystal structure determined by X-ray diffraction and chemical 

composition investigated by Fourier transform infrared (FTIR) spectroscopy [21]. 

 

H.A. Rafaiea et al. (2017), AgNPs decorated microstructures ZnO photocatalyst 

with Ag loading of 2.33–63.31. were synthesized by using sol-gel method. The 

samples were used to in the photocatalysis degradation of MB in aqueous solution 

to study the effect of Ag NPs decoration of ZnO photocatalysts [22]. 

Varadharajan Krishnakumar et al. (2017), Mg-doped CdS prepared at different 

concentrations of Mg were composited with polyvinyl alcohol (PVA) for 

functionalization in photocatalytic process. These nanocomposites films were 

characterized using different physicochemical techniques [23]. 

Ranjith Rajendran et al. (2018), the enhanced photocatalytic performance of 

nanocomposite was synthesized via the hydrothermal method and characterized 

using X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), 

UV–visible diffuse reflectance spectroscopy (UV–Vis DRS) and 

photoluminescence spectroscopy (PL) [24]. 

Jagdeep Singh and A. S. Dhaliwal. (2018), bio-fabrication of silver nanoparticles 

using stems extract of Nepeta leucophylla and their photocatalytic degradation 

activity have been undertaken. The synthesized silver nanoparticles are 

characterized by using ultraviolet-visible spectroscopy, Fourier transformed 

infrared spectroscopy, X-ray diffractometry, X-ray spectroscopy [25]. 

M.F. Abdel Messih et al. (2019) studied the  ZnO nanoparticles containing various 

proportions of metallic silver which were prepared by an innovative combined sol-

gel and chemical reduction method. Chitosan was used as an environmentally 

benign reducing agent to avoid the toxicity of traditionally used reducing agents 

[26]. 
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AJaseela P.K. et al. (2019), proposed a very simple, rapid and practical method for 

the synthesis of an inorganic-organic hybrid nanocomposite containing TiO2 and 

PVA, which possess remarkable selectivity for the adsorption of methylene blue 

(MB), from the mixture of methylene blue and methyl orange (MO) in an aqueous 

environment. The nanocomposite was characterized by using X-ray diffraction 

(XRD), Fourier transforms infrared spectroscopy (FTIR), UV–Vis spectroscopy 

and Photoluminescence spectroscopy (PL) [27]. 

Yongheng Ni Na et al. (2019), TiO2 nanoparticles were evenly immobilized in the 

poly (vinyl alcohol-co-ethylene) nanofibrous scaffold by a novel facile method 

based on the melt phase separation technique. Methylene blue (MB) was chosen as 

a model pollutant to evaluate the synergistic effect on the hybrid film. The 

experimental results showed that the hybrid film with embedded TiO2 

nanoparticles exhibits highly removal efficiency of MB under UV irradiation, 

reaching 97.3% within 150 min, and could be further enhanced by coupling with a 

dye-enriched filtration process [28]. 

Debopriyo Ghoshal et al. (2019) optical filter, especially the laser cut-off filter is 

an essential component of optoelectronics technology. the preparation of self-

standing is reported. A low cost, flexible methylene blue /poly (vinyl alcohol) 

composite film by simple solution casting technique for application in the optical 

filter was fabricated [29]. 

Ali Badawi  (2020), the optical properties of polyvinyl alcohol (PVA)/polyvinyl 

pyrrolidone (PVP) (1:1) polymeric blend have been tuned in situ using tin sulfde 

(SnS) semiconductor for optoelectronics. The solution casting technique was used 

to prepare plain PVA/PVP polymeric blend and diferent weight ratios percentages 

(x: 0, 0.1, 0.5, 1.0, 5.0 and 10.0 wt%) of SnS flled PVA/PVP polymeric blend 

nanocomposite flms. The prepared flms were characterized using a scanning 

electron microscope, X-ray difractometer, FT-IR spectroscopic technique and UV–
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visible–NIR spectrophotometer. The efect of SnS concentration on the optical 

parameters (optical energy gap, refractive index, optical conductivity, dielectric 

constants, dispersion energy and average oscillator strength) has been investigated. 

The ability to tune the optical parameters of the prepared SnS nanocomposite 

polymeric blend flms makes them efective candidates in many applications 

especially optoelectronics and optical devices [30]. 

Ahmed Gamal El-Shamy (2020), both novel nano-composites based on zinc 

peroxide (ZnO2) and carbon dots (CDots) decorated zinc peroxide (CZnO2) 

embedded in polyvinyl alcohol, (PVA/ZnO2 and PVA/CZnO2) films, have been 

successfully designed for pollutant dye removal [31]. 

Ahmed G. El-Shamya and  H.S.S. ZayiedbIn (2020),  PVA/CQDs nano-composite 

films were made up via a solution casting approach for the methylene blue dye 

removal from wastewater. PVA/CQDs nano-composite films were achieved by the 

marriage of PVA and the CQDs nano-particles, after the preparation of zero-

dimension CQDs nano-particles by microwave heating process [32].  

 

N.M. Shiltagh et al. (2020), studying the optical properties of silver nitrates using a 

pulsed laser deposition technique,  Proceedings  The optical properties of silver 

nitrates aqueous solution were investigated at different concentrations (1x10
-1

, 

1x10
-2

, 5x10
-2

 and 1x10
-3

) M. As well thin silver nitrate films of various thickness 

(210.76, 223.12, 241.56 and 287.87 nm) were prepared via pulse laser deposition 

(PLD) technique using different laser pulses (250, 200, 150, 100) Pulse [33]. 

 

B.N. Hoang et al. (2020),  enhanced selective adsorption of cation organic dyes on 

polyvinyl alcohol/agar/maltodextrin water-resistance biomembrane. The synthesis 

of nanoparticles from plant sources has proved to be an effective and alternative 

method for the novel production of nanoparticles. This paper reports the 



Chapter One                                                          Introduction and Literature Review 

 

 
8 

bioreduction of silver nitrate into silver nanoparticle by the leaf extract of Delonix 

elata. The synthesized silver nanoparticles were characterized by UV–visible 

(UV–vis) spectroscopy, Fourier infrared spectroscopy (FT-IR), X-ray diffraction 

(XRD), Scanning Electron Microscopy (SEM) coupled with Energy Dispersive 

Spectroscopy (EDS), high resolution transmission electron microscope (HRTEM) 

[34]. 

Gangatharan et al. (2021), "Characterization of Silver-Titanium Nanoparticles 

using UV-Visible Spectrophotometer and Scanning Electron Microscopy (SEM) 

Analysis.", the characterization of silver-titanium nanoparticles (Ag-TiO2 NPs) 

synthesized using ethanolicAloe veraleaves extract and aqueous. Psidium Guajava 

Leaves extraction is observed using UV-Vis spectrophotometer [35]. 

 

1.3 The Aim of the Work 

1- Study of the effect of silver nanoparticles (AgNps) on the optical and structural 

properties of liquid (solutions) and solid (films) prepared samples of MB dye 

doped by PVA pohymer  (polymethyl alcohol). 

2- The knowledge of the structure and optical properties of studied composites 

provides important information significantly which make them eligible to use in 

several applications. One of the important applications is the reduction process in 

the presence of metal nanoparticles (MNPs) with an MB/PVA mixture. Hence, the 

PVA/MB/AgNPs composite could well represent an effective treatment for the 

removal of organic dye in wastewater. 



 

 

 

Chapter Two 

Theoretical Part 



  Chapter Two                                                           Theoretical Part          
 

 
9 

2.1  Introduction 

This chapter ,includes a general description, of the theoretical part ,of physical 

concepts, the definition, of the linear optical processes and constants, the definition 

and study ,of the ,infrared spectrum with ,scientific, explanations, laws and 

relationships used, to explain the results, of the study. It also includes an 

,explanation of the pulsed laser ablation, technology in detail. 

2.2  linear optical properties 

The interaction ,between the nature and, distribution of charges inside the ,material 

(electronic, molecular ,or ionic) and, the electromagnetic radiation, leads to the, 

appearance of the, optical properties of, materials [33]. 

 When the electromagnetic radiation falls on the material and interacts with it, 

many processes occur as part of the electromagnetic radiation is absorbed by the 

material and the other part is called the transmitting ray 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 [34]. 

In order to ,obtain information, about the interference, composition of, the material 

and the nature ,of its bonds, it is necessary ,to know the transmittance, absorption 

and, reflectivity of the, electromagnetic ,radiation falling, on the material. ,For 

example, the energy, packets and the quality, of transitions ,within the material, are 

identified, by studying the, ultraviolet spectrum, but to ,know the field ,of practical 

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

[35]. and one of the most important linear optical properties :- 

 

2.2.1 Absorbance 

The mathematical, quantity that, relates the ,particle density ,(concentration) in a 

sample and sample, thickness, (optical path length) is the absorbance,(A) or optical 

,density [35]. 
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A=log ( 
  

 
  ………. (2.1) 

where I: is the, intensity of the, light at wavelength, λ that passes through, the 

sample, (the intensity of the, transmitted light), I◦  : is the ,intensity of the, light 

before ,entering the sample, (the intensity of the ,incident light). 

The absorption,of the incident, rays by the material ,causes an electronic ,activity 

that may ,lead to the disintegration, of its molecules ,if the value of ,the absorbed 

energy, is greater than ,the value of the ,dismantling of one ,of the bonds ,or its 

transfer to ,a higher energy level, as the possibility of, absorption increases, with 

the increase ,in the concentration ,of the material ,in the lower energy, level and 

with, the increase in, the number ,of photons ,of the incident, rays [38,95]. 

The probability ,of photon absorption, is directly proportional, to the concentration, 

of the ,absorbed particles ,in the sample and the ,thickness of the, sample (the 

length ,of the optical ,path), according to ,Beer-Lambert Law, which is ,an 

empirical relationship, that links the absorption, of light with the, properties of the 

,material through which ,the light passes, the law ,states that ,the number, of 

absorbing ,molecules in a substance, is proportional to the portion, of the absorbed 

ray passing through, it. If the rays pass through, a specific solution, the ,amount of 

absorbed or, transmitted light is ,an exponential function ,of the concentration ,of 

the solute. And as, in the following, equation: 

 

I=I◦ e
-
 
α◦P

  Cm L   ……………(2.2) 

As αop : represents the ,optical absorption coefficient, L: the optical path, length, 

and cm: the molar ,concentration. 

The equation can be ,written as follows: 

 

Ln 
  

 
= α◦P Cm L= A ……………(2.3) 
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Beer-Lambert's law ,can be applied in ,different spectral regions, such as 

ultraviolet, visible, and others, provided that the ,radiation used is monochromatic, 

[36]. 

 

2.2.2 Transmittance (T) 

The transmittance of the medium, is defined as "the percentage ,of the intensity of 

the transmitted light, (I) to the intensity of the ,incident light (I◦). Also it can, define 

"the energy of the radiation, transmitted from the, medium to the energy, of the 

radiation falling, on it [37]. It is given by the ,following relationship: 

T=( 
  

 
 ………………….(2.4) 

According to, the Beer-Lambert law, the transmittance, decreases with the increase 

in the molar, concentration (Cm) and the, length of the optical path (L) through, 

which the light, passes [37]. 

Regarding permeability ,of the medium, it is related to ,the absorbance, of the 

solution (A) that given in, the equation: 

A= - log (
 

 
)= - log (

 

  
)= log (

 

  
) ………….(2.5) 

From this, relationship, we notice that the ,permeability (T) increases as the 

absorbance of ,the medium (A) decreases. 

2.2.3 Reflectivity (R) 

Reflection in light is the reflection of light falling on the separating two media of 

different optical density, and reflectivity is defined as the energy of the reflected 

light [38] as given in the following equation: 

R= (
   

   
)
2
 …………………..(2.6) 
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2.3 Optical constants : 

2.3.1 Absorption coefficient 

The absorption coefficient ,can be defined as ,the percentage of decrease in the 

energy of the incident radiation, relative to a unit distance, in the direction of 

propagation of the wave within the medium. The absorption coefficient depends on 

the energy of the photon (hυ) and the properties of the material [39]. 

Log (
 

  
) = 2.303 A = αo d ………….(2.7) 

αo = 2.303 
 

 
 ……………………..(2.8) 

Where d: represents the thickness and its amount (1cm). 

2.3.2 Refractive index (n) 

Light travels in, all its wavelengths at its, maximum speed through, a vacuum, 

which is a fixed, quantity and this ,value decreases ,in any other medium, as it 

changes in material, media with different , 

wavelengths. 

The ratio ,between the speed, of light in a vacuum, to its speed in any given 

medium for a given, wavelength is known, as the mean refractive index of that 

wave. As shown in the, following equation: 

n = (
 

 
) = ……………………..(2.9) 

where n: refractive index, c: the speed ,of light in a vacuum, v: the speed of light in 

a material medium. 

The refractive index is ,not fixed and depends on the, length of the 

electromagnetic, wave. In addition to some ,materials, the refractive, index varies 

according to ,the direction of progress ,of the electromagnetic, wave in the 

material, and these ,materials are used to ,change the direction of ,polarization of 
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those waves. The ,refractive index shows ,how sensitive a material, is to 

electromagnetic, waves. When electromagnetic, rays fall on material, they 

,displace the charges in ,the material from their ,original positions, thus generating 

a dipole. The incident ,wave will be converted into ,the vibrational energy ,of the 

generated electrode, dipole, Thus, the amplitude ,of the incident wave decreases, 

and assuming that, the energy loss due ,to the diodes oscillates, slightly, but the 

delay ,in re-radiation will reduce, the speed of light, and then it ,is said that the 

material has a ,refractive index (n), as in the ,equation (2.10), [40]. Hence, it 

becomes ,clear that the ,polarization in the ,material due to ,the fall of 

electromagnetic, rays on it is a measure ,of the refractive index ,of this material. 

light, and therefore, its refractive, index (n = 1). In most cases, the refractive index 

is greater than ,one and its value is proportional ,to the density of the medium. The 

higher the density, of the medium, the higher the ,refractive index of the material. 

The refractive, index does not have, a distinguishing unit. The refractive, index can 

also be obtained from, the following equation, which is the ,equation that adopted 

in making the, calculations in this research, after entering it into, a computer 

program [40]. 

n =[
(     

(     
  (     ]

 

  
(    

(    
     …………. (2.10) 

 

Where they represent (n) refractive index,  (R) the reflectivity,  (k) Coefficient of 

extinction. 

2.3.3 Extinction Coefficient (ko): 

The coefficient ,of inactivity represents ,the inertia occurring ,in the 

electromagnetic, wave inside the material, and the coefficient, of inactivity can be 

defined as the, amount of the relative loss, in energy that the electromagnetic, wave 
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suffers when it passes, through the material [38]. Complex Refractive, Index-n It is 

called Extinction, Coefficient, as given by the, following equation. 

 

n = 
 

 
 = n-iko      ..................(2.11) 

 

If (n): The real part of ,the refractive index. The extinction factor ,can be calculated 

using the following, equation [74].  

Ko = 
  

4π
     ………. (2.12) 

Where (λ): the wavelength of the, incident beam, [40]. 

-- 

2.4 Fluorescence Spectra 

These transitions, are accompanied by an ,energy emission during their 

,acquisition. The molecule that is raised, after reaching the lowest ,vibrational level 

(S1) and the loss of the amount, of energy in the vibration, relaxation process, is 

caused by the, molecule or atom absorbing, a photon and entering, the irritating, 

level. The only way to, relax is by emitting the, electrons, which causes an, energy 

loss (So) of the, fluorine process, which, causes a direct ,radiation transmission 

between, (10
-8

-10
-9

)S. This period differs, from one sample, to another and is 

known as the, chronological age of the, fluorescence sample, and the wavelength 

longer than the, wavelength that produced, the excitation (energy loss), i.e, the 

stokes phenomenon, [83]. Stokes shift can be, defined as the difference, in 

wavelength or frequency, units in the position, of the absorption and emission, 

(fluorescence) spectra of the same, electronic transitions. Stokes shift happens due, 

to the vibration, relaxation in excited ,states [41]. Figure (2.3) shows the Stokes 

shift between, the absorption and ,emission (fluorescence) ,spectra. 
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Fig (2.1): Stokes displacement between the absorption spectra and the 

emission spectrum [42]. 

 

2.4.1 Phosphorescence 

  A radiative transition, between states of ,different multiplicity ,is described as, 

phosphorescence. It occurs when ,the molecules move from, T1 to various vibration 

levels, of the ground state (S0) and emit photons, at a lifetime of about, (10
-3

 - 10
-2

) 

sec, and is larger than ,the lifetime of the fluorescence, process. Since the energy of 

triplet state, (T0, T1) is less than that of singlet ,state (S0, S1) as shown in, figure 

(2.4)  (The state of fluorescence emission), thus, the energy of phosphorescence 

photons, is less than that of fluorescence ,photons [43]. 

 

2.4.2 Non-radiative Processes 

Sometimes the electron, can be relaxed without ,emission photon, where the 

photon energy, can be converted to kinetic energy, or the walls of the container. In 

the case of a solid, such as a crystal and, an ionic, the excited ion is given, energy 

to lattice material, therefore the non-radiative processes do not, emit the photons, 

 [ 44]. 
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2.4.3 Intersystem Crossing 

The intersystem crossing, is a non-radiative transition, which occurs when singlet, 

state S1 can be, changed to the triplet T1 ,without emission radiation, and the decay 

time, of this translation is about, (510
-8

) sec. This process involves a ,change in 

the spin multiplicity, of the molecule. 

Intersystem crossing ,occurs faster than ,the fluorescence, for example, the 

benzophenone molecule, (S1) undergoes intersystem, crossing to (T1) with lifetime 

(10
-10

) sec and, the fluorescence lifetime, is (10
-6

) sec,. However, due to the 

exciting, triple-state is, lower in energy from ,the excited single state, the molecule, 

cannot return to the excited ,single state, but, it can easily return to the ground, 

state by phosphorescence processes [45]. 

 

2.4.4 Internal Conversion 

  If no spin-change occurs, the non-radiative ,,process is called an, internal 

conversion. This is higher, excited ,singlet states decay ,rapidly to the lowest, 

excited singlet before ,a further photophysical,, change occurs. Similarly, higher 

triplet states decay, rapidly to the ,lowest triplet state by, this process, internal 

conversion can ,also occur from ,the lowest singlet state, to the ground state [46]. 

The Jablonski diagram, shows the Photophysical Process ,in figure (2.4). 
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Fig (2.2) : Jablonski Diagram [94]. 
 

 

 

2.5 Structural properties 

The study of the structural ,properties is an important, means of studying, the 

crystal structure of, semiconductor films in terms, of the nature, type and quality 

of, the membrane. As well as, the crystalline, levels possessed by the ,films, 

allowing to explain, the different results that ,accompany the change in ,physical 

properties and other, influences, and this is recognized, through the use of (XRD) 

diffraction. 

2.5.1 X-ray diffraction 

X-ray diffraction is ,one of the oldest methods, for studying,the structure ,of solids. 

In the process ,of refraction, electromagnetic waves, of a certain frequency. But of 

different phases, interact to produce constructive ,interference (bright spots on the 

film) and destructive, interference (dark spots). By careful ,analysis of the 

diffraction patterns, very accurate, values of network parameters, (unit cell 
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dimensions) can ,be deduced. Figure (2.5) shows a ,diagram of the X-ray 

diffraction and the crystal, levels Bragg's law. 

 

 

 

 

 

 

Fig (2.3) X-ray diffraction. (A) X-ray diffraction diagram, (B) crystal levels 

and Bragg's law [47].   

X-rays can also be defined, as electromagnetic ,waves that lie between ,gamma 

rays and, ultraviolet rays, and they have relatively, large energy and have, a 

specific wavelength, within the, range (0.1-100) Å. The boundaries,, of the 

distance between its, atoms, and that knowledge, of the prevailing, direction ,and 

the main crystal phases, for the, growth of films, at the preparatory ,,conditions by 

the presence of, ,characteristic peaks with ,crystal ,,directions and Bragg's, Angles 

diffraction angles. Additionally, it appears in the study,, a type of X-ray diffraction 

by projecting a monochromatic,, X-ray beam, it has an angle, (θ) on the, membrane 

prepared in the, laboratory, as shown in, figure (2.5 A)  [47]. As the X-rays are 

reflected,, at the atomic levels,which have, several X-ray diffraction peaks, which 

are characteristic,, of the prepared film by the ,occurrence of constructive 

interference, for the rays reflected ,,at the lattice levels for certain angles called 

(Braque angles θB) as shown ,,in figure (2.5 B) [48]. 

 

 

 

A B 
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2.5.2 Bragg's- Law 

It is a simple and remarkable law, and essential for the analysis ,of diffraction data. 

This law relates the, angle (at which there is a maximum, diffraction intensity) with 

the X-ray wavelength, and the interlayer distance, d between the levels of, 

atoms/ions/molecules, in the lattice. To calculate the distance, between (dhkl) two 

successive planes, of any crystal by applying, Barak's law of diffraction, which 

states that the difference in the optical path, between any two reflected rays, is 

equal to an integer number ,of wavelengths. Barak's law is, given by the following, 

equation [48]. 

nλ= 2dhkl sinθ    ……………..(2.13) 

Where  λ :X-ray wavelength. 

n: represents an integer, and is called the order of interference  ) n= 1,2,3, …..) 

dhkl: Interatomic distance ,of surfaces (hkl) 

 

2.5.3 lattice constant 

It is a description ,of the dimensions ,of unit cells in a crystal lattice ,by describing 

the distances a, b, c and angles formed, by α,β,γ for different crystal, systems for 

example, in the, cubic crystal system, we are limited to one, dimension (a) and the 

angle is 90°. Where many crystal ,systems determine the, specifications and shape 

,of the crystal, and the existing rhombic, structure of thin films is the ,dominant 

pattern, and the pattern is expressed by the lattice constant from the X-ray 

diffraction results using the following equation [49]. 

 

  
 

  

  
+
  

  
  +

  

  
   ……………(2.14) 

Where:(a,b,c): are the constants for the crystal lattice and (hkl): Miller coefficients 

for crystal lattice. 
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2.5.4 Average crystal size 

The crystal size of the material  is an important factor in determining the, 

properties of the material. The rate is calculated for the, crystal size (C.S) for thin 

films using Scherer's Formula [50,51] 

C.S= 
     (     )

      
   ………(2.15) 

Whereβ: is the width of the curve at the mid-value of the, diffraction peak height. 

Full Width at Half Maximum )FWHM) it is in radial units. 

λ: Represents the wavelength of X-rays. 

 θ: Diffraction angle. 

(K= 0.94): It represents the Sherrer's constant, which is approximately one in the 

case of a spherical crystal. 

 

 

 

 

 

 

 

Fig )2.4): The difference between the particle size and crystallite size [50]. 

In any case, nanoparticles often lead to the formation of twin structures, and 

therefore the Sherrer relationship may not always give the true sizes of the particle 

or nanoparticles. It is worth noting that, X-ray diffraction only provides, us with 

the average crystal grain size. It is necessary to distinguish, the size of the crystal 

granule and the size of the particles, as the size of the crystal granule is a part of a 

small component of the components of the size of the, minute or particle as shown 

in figure (2.6). 
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2.5.5 Atomic force microscope 

This microscope is characterized,, by having a high, resolving power of (0.1-1.0) 

nm, and a magnification,, power of (5 x 10
2
 - 10

8
), as it can work at normal, 

atmospheric pressure, ,without the need for a high, vacuum [53]. 

 

Fig (2.5): Schematic diagram of the atomic force microscope [54]. 

The atomic force microscope, consists of a cantilever, and it has a probe at its end, 

and this probe has a, sharp tip. This microscope is used to, scan the membrane 

prepared in the laboratory ,to touch, the surface of the sample. This cantilever is 

,made of silicon nitride. This microscope, works to measure ,the surfaces of, 

conductors, insulators, and semiconductors ,and gives us accurate, information 

about the surface, roughness and its rate, and the grain sizes, of crystals [52]. 

2.6 Nanoparticles 

The nanoparticle has, a size range between ,1 to 100 nm. The unexpected, physical 

and chemical behavior, that matter occurs ,at the nanometer scale, paving the way, 

for some scientific, exploitations, making nanoparticles, a great area of scientific, 

research [55]. The transition, from microparticles to nanoparticles, yields dramatic 

changes in all properties. Nanoscale, materials have a large, surface area for a 
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given volume. Many important chemical ,and physical interactions, are governed 

by surfaces and ,surface properties. Nanostructures material, can have substantially 

different properties, from a larger-dimensional, material ,of the same composition 

[56]. In nanomaterial, the surface area per unit, volume is inversely, proportional to 

the material’s diameter, thus, the smaller the, diameter, the greater the surface area 

per unit volume, change in particle diameter, layer thickness, or fibrous material 

diameter from, the micrometre to the nanometer range, will affect the surface area 

to volume, ratio by three orders of magnitude, Generally, there are different 

approaches ,for classification of nanomaterials, the main, classes of nanoscale 

structures, can be classified by dimensions, some of which are, summarized in 

table (2.1) [56]. 

 

 

Table(2.1) Classification of Nanomaterials, with egard to ,dimension [57]. 

Dimension Example 

0 dimension  100 nm Particles, quantum dots 

1 dimension  100 nm Nanotubes, Nanowire, Nanorods 

2 dimension  100 nm Thin films, Coatings, Multilayers 

3 dimension  100 nm Nanometer-sized cluster 

 

Various kinds, of nanomaterials, can be shown in figure (2.8). 
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Fig (2.6): Various Kinds of Nanomaterials. (A) 0D spheres and clusters. (B) 

1D nanofibers, wires, and rods. (C) 2D films, plates, and lattices. (D) 3D  

nanomaterials [55]. 

2.6.1 Properties of Nanoparticles 

In small nanoclusters, the effect ,of reduced dimensionality, on the electronic 

structure has the ,most profound effect, on the energies of the, highest occupied 

molecular, orbital, essentially, the valence band, and the lowest, unoccupied 

molecular orbital, essentially the, conduction band [58]. Optical emission, and 

absorption depend, on, transitions between, these states; semiconductors and 

metals, in particular, show large changes in,, optical properties, such as colour 

[59]. as a function of particle size. Other properties, which, may be affected, by 

reduced dimensionality include, photocatalysis, photoconductivity, photoemission, 

and electroluminescence [60, 61]. 

2.6.1.1 Thermal Properties 

The large increase,in surface energy and the change in interatomic, spacing as a 

function of, nanoparticle size, have a marked,effect on material. There is evidence 

for metallic,nanocrystals,,embedded,in a continuous, matrix the opposite behavior, 

is, true; i.e., smaller,particles have, higher,melting,,points [60]. 
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2.6.1.2 Catalytic Properties 

Catalysis involves, the modification, of the rate of a ,chemical reaction,,usually 

speeding up, or acceleration, ,of the reaction,rate, by the ,addition of a substance, 

called a catalyst,that ,is not,consumed, during the reaction. Ordinary,,the catalyst, 

participates, in, the reaction, by combining with,,one or more,of the reactants, and, 

at the end the,process, it is regenerated,without,,change. The catalyst,,is being 

constantly recycled, as, the reaction, progresses. When, two or more,, chemical 

reactions are proceeding, in sequins,or parallel a, catalyst that can play,,the role,of 

selectively, ,accelerating,one reaction, relative to the, other [62, 63]. 

2.7  Synthesis of Nanoparticles  

Synthesis techniques, to generate metal nanoparticles, depend on the isolation, of 

small amounts of, material. There are two general, strategies mechanism, to obtain 

materials on the, nanoscale; I-the top-down method, (dispersion method) is ,where 

material is ,removed from, the bulk material, leaving, only the desired 

nanostructures. II-the bottom, up method (reduction method), is one where the 

atoms produced from, reduction of ions, are assembled to ,generate nanostructures, 

[64,65]. 

 

2.7.1 Dispersion Methods (Top down method) 

The Top down method typically, starting from bulk, involves laser ,ablation [66], 

arc discharge [67], etc... Nucleation, takes place starting ,from, the plume and 

continues till, a solid substrate comes in its way. Control ,of particle size is 

achieved by tuning ,the fluence, wavelength irradiation, time ...etc. The above 

crude method may, be modified by altering, the design, of the cluster. Top down 

techniques suffer, from the need, to remove large amounts, of material. 
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2.7.2 Reduction Methods (bottom up method)  

The bottom up methods starting, from atoms, include chemical, [68], 

electrochemical, [69], sono-chemical [70]. thermal and ,photochemical reduction, 

[71-73],...etc, have been, used, to generate nanoparticles. Bottom, up, synthesis 

techniques usually ,employs an agent to stop, the growth of the, particle, at the 

nanoscale. Capping materials, such as a surfactant, or polymer are used to prevent 

aggregation, and precipitation of the, metal nanoparticles out, of solution. Choice 

of the reduction, technique, time, and capping, material determine the, size and 

shape ,of the nanoparticles ,generated. Spheres, rods, cubes, disks, wires, tubes, 

branched, triangular ,prisms and tetrahedral. In this work, pulsed laser ablation, in 

liquids method ,was used to generate, nanoparticles [73]. 

 

2.8  Pulsed Laser Ablation in Liquids 

Pulsed laser ,ablation in liquids ,PLAL has currently, been explored ,as a 

prospective, top-down (dispersion method), strategy of metals ,nanoparticles 

preparation, [74]. Simply, no chemistry, is involved and, free from limitations 

because, it can generate nanoparticles, without counter-ions, or surface-active 

substances [75]. When a high-power, pulsed laser beam ,irradiates on a metal, 

target in a transparent liquid, a local plasma, with super high, temperature (about 

6000 K) and high pressure, (about 1 GPa) . will instantly be produced, on the solid-

liquid interface, and quench quickly after, one pulse, due to adiabatic, expansion of 

the plasma and its interaction with surrounding, media. The whole process, is 

finished in, about some ,microseconds, [77]. The formation of nanostructures, can 

be mainly attributed, to the combination ,of ultrafast quenching of hot, plasma 

produced, via evaporated, of molten thin, layer and its, interaction with 
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surrounding, media [78]. Moreover, the nanoparticles, ejected with a velocity of 

about, 200 m/s [79]. 

2.8.1 Fundamental aspects of ( PLAL) 

Pulsed laser ablation. requires a high-energy. laser beam to be .focused on the 

surface of a .solid target immersed. in a liquid. This leads. to the interaction ,of the 

laser with the, target and the. evaporation of the, surface in the form .of a plasma 

halo that contains, different types, of particles such. as atoms or ions. and their 

groups, which have. high kinetic. energy. Particles in the plasma, halo collide. and 

interact with the. surrounding particles. of the liquid, to produce new. compounds 

containing atoms of the, solid and liquid, target [75]. The laser ablation, procedure 

was performed from .a solid target immersed. in a liquid medium. inside an open 

vessel, where laser pulses, were fired at the target for a .while to remove it. The 

first procedure of laser ablation, is the interaction of the laser .beam with the 

surface of the solid target, which causes ,.the solid target to evaporate ..and 

atomize it into the liquid, forming. a collide. Chemical .reactions. can occur 

between molecules of a solid and a solute. in a liquid, and the products of the 

reactions are usually .nanoparticles (NPs) consisting of both the target and the 

liquid atoms that form a suspension, in the liquid Collide [80]. 

 

2.8.2  Interaction of Laser Light with Matter 

When laser ,radiation strikes a material ,surface, part of it is ,absorbed and part is, 

reflected. The energy that ,is absorbed begins to, heat the surface. There are, 

several regimes ,of parameters that should ,be considered, depending on, the time 

,scale and on the fluence. When laser, beam acts, on the material, laser energy is 

first absorbed, by free electrons. The absorbed, energy then propagates, through the 

electron subsystem, and is then, transferred, to a lattice, therefore laser ,energy is 
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transferred to, material [81]. This process has, a resonant feature, because 

materials, show different absorptions, to,lasers with different, wavelengths, this 

dependence, of absorption, on wavelength is decided,, by the microstructure, and 

electromagnetic, properties, of the,material [82]. The intensity ,of laser light 

produces a, wide, range of interactions. The advent of the, laser as a coherent 

light,with high-intensity source gives birth to nonlinear optics. It plays an 

important, role in many areas ,of science and technology,, now [83]. The NLO 

effects are associated, with light-induced changes, in, the optical constants, of the 

material, either the absorption, coefficient, the refractive ,index, or both. They are, 

best treated, by considering the interaction, of the light beam, with the atoms, of 

the material as driving force acting ,on an ensemble of oscillator,, with natural 

resonance, frequency [83]. 

 

2.8.3 Nanoparticles Formation ,Mechanisms 

The complexity of the mechanisms, of metal nanoparticle ,formation during PLAL 

includes, various reactions in ,high-temperature and, high-pressure, plasma ,which 

are nonequilibrium, processes [77]. Upon laser ablation, various materials, such as 

metal atoms, ions, clusters, fractures, and droplets [84] are emitted from, the metal 

plate. Nanoparticles, are formed ,via nucleation, phase transition, and crystal 

growth of, these emitted substances, [85]. Based on that mentioned, above, the 

formation, of nanoparticles could be described, in three mechanisms and, every 

mechanism started, with three steps :(I) After the interaction, between, pulsed 

laser, and the metal ,target, the electron–phonon ,coupling leads to a transfer ,of the 

electronic, excess energy into lattice heat. The high-temperature, and high-pressure 

,of plasma, (without solvent) is produced, in, the solid-liquid interface, quickly 

after, the interaction between, the pulsed laser ,and the metal, target. 
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(II) The subsequent ultrasonic, and adiabatic expansion, of the high, temperature, 

and high-pressure, metal plasma leads to cooling, of the metal plume, region and 

hence to the formation, of metal clusters. (III) With the, extinguishment of the, 

plasma, the formed, metal clusters encounter, the solvent and ,surfactant molecules 

in the solution, which induces, some chemical reactions ,and capping effects. The 

final structure and, morphology, of the particles, are dependent, on the surfactant 

concentration, in, solution or on the, competition ,between, aqueous, oxidation of 

metals particles and,, surfactant protection, [86]. However, The first mechanism, 

associated with, aggregation, of the ablated atoms ,and clusters ,into small 

embryonic nanoparticles, and their growth by evaporation, of the metal is unlikely, 

since the pressure, of metal, vapour at a temperature close,, to melting is too low,, 

compared to vapour pressure of ,surrounding liquid [77]. Surface tension stabilizes, 

the molten drop of the metal, while the pressure of the surrounding, vapour of the 

liquid tends, to split this drops [80,87]. 

It was source of the,bimodal distributions,was attributed to, nanoparticles formed 

,from ejected species from, the initial ultrafast, nonthermal, laser target interaction 

and, thermal,, vaporization due to ,plasma heating, ,of the target the bimodal 

,distributions found here, are,attributed to thermally, induced vaporization and, 

explosive boiling. We identify, the larger-sized ,,mode ,of the distribution as 

arising, from explosive boiling, that ejects molten nanoparticles, directly and the 

,small size, from thermal ,vaporization [80]. 

2.8.4 Surface Plasmon Resonance in Metal Nanostructures (SPR) 

The term plasmon, is used to refer to plasma ,oscillations in metals, i.e. collective 

oscillation of conductive electron, driven by, light. The term resonance refers, to a 

plasma oscillation ,excited by electromagnetic waves, and the term surface is used, 

because a surface, polarization, is the origin of the plasma oscillation, [88]. For this 
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purpose, the Surface Plasmon, Resonance SPR in metal nanoparticles, is an oscilla- 

tion plasmon that, absorbs or scatters light resonantly of a certain, wavelength also 

is known as surface plasmon,,extinction SPE, localized surface plasmon resonance 

LSPR, polariton resonance or Mie, resonance [89].  

 

2.8.5 Colloids 

Nanosized particles of metals are, ordinary insoluble, in an organic or organic 

solvent, but if they can be prepared, in colloidal form, they can function more 

readily as catalysts. A colloid is a suspension of particles in a range from 1 nm to 

1μm in size. Many colloidal, particles can, however, be detected, by the way they 

scatter light, such as dust, particles in the air. These particles, are in the state of 

constant random, movement (Brownian motion) arising, from collisions with 

solvent molecules, which themselves, are in motion. Particles are ,kept in 

suspension by repulsive, electrostatic forces between them. The addition ,of salt to 

a colloid can weaken, these forces and cause the, suspended particles to ,gather 

into aggregates, and eventually, they, collect as sediment at the bottom, of the 

solvent. This process of settling out, of colloid is called flocculation. Analogous 

colloidal dispersions in water, are called hydrosols [90,91]. 

 

 2.9 Materials 

2.9.1  Methylene blue (MB) dye 

 The dye being examined in, this project is Methylene Blue, (also known as Basic 

Blue 9) which falls ,under the basic dye ,category and, it is a dark green, crystalline 

solid [92]. Solutions, of MB in water ,or alcohol, have a characteristic, of deep 

blue, colour from which the, compound, derives its name.  Methylene blue, (MB) 

dye was chosen ,in this study. Some physical, and chemical ,properties of MB, are 
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listed in the, table (2.2), and figure )2.7) shows the, molecular structure ,of MB 

dye. 

 

  Fig (2.7): The molecular ,structure of MB, [92]. 

 

Table (2.2) Some physical and, chemical properties, of methylene, blue [92]. 

Dye name Methylene blue 

Trade name Methylene Blue 

Abbreviation MB 

Scientific  name Basic Blue 9 

Color Index number 52015 

Class  Thiazin 

λ max 664 

Solubility in water Soluble 

Color  Blue 

Empirical Formula C16H18N3SCl 

Formula Weight 319.85 g/mol 

Molecular volume 

(cm
3
/mol) 

241.9 

Molecular diameter 0.80 

 

2.9.2  Silver ,Nanoparticles (AgNps) : 

Silver NPs are ,of interest due to, their unique properties, which can ,be 

incorporated, into antimicrobial, applications, composite, fibres, cryogenic, 

superconducting ,materials, biosensor materials, cosmetic products, and electronic, 
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components. Silver NPs could, be manufactured by, laser ablation ,of metallic bulk 

,materials in ,solution [93-97]. The ablation, efficiency ,and the characteristics, of 

produced, nano-silver particles ,depend upon ,several parameters, involving, the 

wavelength, of the laser impinging ,the metallic target, the duration ,of the laser 

pulses the laser, fluence, the ablation, time duration,, and the effective,, liquid 

medium, with or without, the, presence, of the surface. There are,, many 

mechanisms, in the action, of silver nanoparticles on ,the bacterial cell [98]. In this 

work, a silver plate, with a purity of  99.999 % was used. 

 

2.9.3 PVA polymer 

polyvinyl alcohol ,(PVA), is a polymer, obtained by the hydrolysis, process, the 

(PVA) has particularly, notable properties ,than other, thermoplastic. Polyvinyl, 

alcohol (PVA), is a water-soluble, synthetic, polymer. Due to the, characteristics of 

easy, preparation, we have good ,biodegradability, excellent ,chemical resistance, 

and good ,mechanical ,properties: (PVA) has been, used on many ,biomaterial 

applications [99]. The doping ,of polymers attracted, scientific and, technological 

researchers, because, of their wide applications. The dopant ,in a polymer can, 

change the molecular structure and hence the microstructure as well as 

macroscopic properties, of the polymer [100]. Table (2.3) shows, the physical 

properties of polyvinyl ,alcohol (PVA), and figure )2.8) shows ,the molecular 

structure ,of (PVA ) polymer. 
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Table (2.3) The physical properties, of polyvinyl ,alcohol (PVA) [101] 

 

Appearance White –to-cream granule powder 

Solution PH (5.0-7.0) 

Bulk Density, kg/m
3
 (400-432) 

Specific Gravity 1.30 

Resin Density, kg/m
3
 1294 

Specific Volume , kg/ m
3
 7.7 x 10

-4
 

Specific Heat, J/kg.K 1674 

Thermal Conductivity, W/(m.K) 0.2 

Melting Point 

 (unplasticized) C
o
 

(230) for fully hydrolyzed grades 

,(180-190) for partially hydrolyzed Grades 

Tg C
o 
(dry film) (75-85) 

Storage Stability (solid) Indefinite when protected from Moisture 

Flammability Burns similarly to paper 

Stability to Sunlight Excellent 

 

 

Figure (2.8): molecular, structure ,of  (PVA) ,polymer [102]. 

 

2.9.4  Distilled water (DW), 

is a neutral solvent, but the main, problem in its use, is the formation, of dimers, 

which is a, process of encircling, the dye molecule, by water molecules, which 

inhibits ,the laser emission process. Water is a polar ,solvent and does not give 
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good ,absorption results ,except in dyes that, belong to the xanthine, group. Figure 

(2.9) shows the structure of the water molecule.  Distilled water is essential for 

preparing all, samples and has, also been used as a ,solution in the eradication 

process to, obtain the nanomaterial. Table (2.4) shows the, properties, of water. 

 

  

Figure (2.9): The molecular, structure of, water [103]. 

 

Table (2.4) Shows the basic, properties of, the solvents used [104]. 

Parameters Distilled water 

Chemical formula H2O 

molecular weight 

)g/mol( 

18.015 

Refractive index 1.333 

Dielectric Constant 78.540 
Polarity 1.85 
Viscosity(centi poises) 1.008 
Density(gm/cm

3
) 1 
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3.1 Introduction 

This chapter involves, the material chosen for the present investigation. The 

samples preparation which includes, four cases were studied, the first case is 

methylene blue dye pure solution, the second case ,is methylene blue dye solution 

doped PVA polymer the third case is MB, dye solution doped PVA polymer with 

Ag nanoparticle while the last case films preparation (MB doped PVA polymer ) 

and (MB dye doped PVA polymer with Ag  Nano)  and description of the 

measuring devices used to the present work. Several samples tests were used 

including the absorption, transmission and fluorescence measurement. And 

Structural and morphological devices (X-ray Diffraction and Atomic force 

microscope) Measurement. The figure ) 3.1)  shows the most important steps of the 

work.  

 

Fig (3.1) Scematic graph of samples preparation of (Dye-Polymer-Silver Nano 

particles) composite 
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3.2 Samples Preparation 

3.2.1 Methylene blue dye solutions preparation 

   A concentration of 1x10
-3 

M  Methylene blue dye solution, in DW solvent was 

prepared, according to, the following equation [35]. 

  
      

    
 …………  (3.1) 

where   

W   weight of the dissolved dye, (g), the molecular weight of the dye (g/mol),  

V    the volume of the solvent (ml), and 

C   the dye concentration (mol/l) 

The prepared solution were dilution, according to the following ,equation [35]:-  

 C1V1=C2V2  ……………..  (3.2) 

      where        

    C1   primary concentration,     

    C2   new concentration,   

    V1   the volume before dilution, and 

    V2   the volume after dilution  

Methylene blue dye solution were prepared concentrations for .The concentrations 

are (1x10
-4

, 3x10
-4

, 5x10
-4

 and 7x10
-4

) M 

Figure (3.2) shows Methylene blue  dye solution at different concentrations. 
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Fig (3.2): Methylene blue  dye solution at different concentrations 

 

3.2.2  Preparation of the PVA polymer as a solution 

A quantity of polymer powder of 0.2 gm was taken and dissolved using 20ml of 

distilled water. After which it was placed on the magnetic stirrer for 30 minutes at 

a temperature of 50 °C to obtain a complete dissolution, as shown in the figure 

(3.3). 

MB 1×10-4 
MB 3×10-4 MB 5×10-4 

MB 7×10-4 
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Fig (3.3):  PVA polymer  as a Solution on the magnetic stirrer 

 

3.2.3  Preparation of PVA /MB solutions 

Models of methylene blue dye mixed with the polymer were prepared by taking 

equal quantities, where 2ml of MB and 2wt%  of PVA polymer were taken and 

mixed well using the magnetic stirrer for 5 minutes to obtain complete dissolution. 

As shown in figure (3.4). 



Chapter Three                                        Experimental Set-up and Procedure 

 
38 

 

Fig (3.4):  MB / PVA models as a solution of four concentrations 

 

3.2.4  Synthesis of silver nanoparticles (AgNPs) 

A pure (99.995%) bar of silver metal, was immersed in a glass beaker, containing 

distilled water (DW) ,after washing the metal using alcohol, to remove 

contamination and, any other impurities. Then silver plate ,target was irradiated by 

the Nd:YAG (1064 nm) laser, whose beam was ,focused on the bottom ,of the 

beaker on the target surface, via a convex lens (f = 400 mm). The colour ,of the 

prepared liquid changed to ,a brownish-red colour, indicating Ag nanofluid 

formation. 

In brief, due to the ,interaction between the target and laser, irradiation and 

multiphoton ionization, hot atomic plasma ,at the contact point between, the 

surface of the target and ,laser beam formed due to, ablated particles [105]. Upon 

continuity of laser pulses ,with the creation of the colloidal, solution, the density of 

the ionized plasma number, increases. As a consequence, an extremely ,dense and 

hot plasma was formed ,that then expanded, driving a shockwave, into the aqueous 

MB+PVA 

1×10-4 

MB+PVA 

3×10-4 

MB+PVA 

5×10-4 

MB+PVA 

7×10-4 



Chapter Three                                        Experimental Set-up and Procedure 

 
39 

surroundings. The dense plasma ,subsequently collapses when it, expands into the 

colder region in the beaker, releasing nanoparticles, to create colloidal ,nano-fluid 

[106, 107]. The change, in colour of the DW to a brownish-red, solution is 

indicative of the formation of an AgNPs fluid during, ablation in liquid. The 

power, of the laser, 100 mJ/pulse with, a repetition frequency of 6 Hz, was 

sufficient to, ablate silver particles, due to a laser shot. The concentration, of the 

synthesized, nanoparticles depends, on the number of laser pulses, fired; in this 

work, three, groups of pulses were used to ,shoot the plate target, i.e., 200, 400, 

and 600 pulses, with a time of 6-7 ns for each pulse. To investigate the surface, 

plasmon resonance (SPR), the colloidal nano-fluids obtained, were characterized 

using a UV-Vis spectrometer. Fig. (3.5) illustrates the process of silver, ablation in 

liquid (a), and a photo of the silver nano ,colloidal solution obtained (b). 

 

  

 

 

 

 

 

 

 

 

 

 

Fig(3.5): (a) Schematic diagram of the experimental PLAL setup. (b) 

Nanocolloidal solution obtained from silver metal under 400 P from the PLAL 

method. 

(b) 
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3.2.5  Preparation of the MB / PVA / AgNps mix solutions 

The mixture was prepared by taking 2ml of a polymer solution and 1ml of a 

solution of silver nanoparticles and adding them to the dye concentrations and 

mixing them well using a magnetic stirrer for a few minutes. As shown in  

figure(3.6)  

 

Fig (3.6): MB/ PVA /AgNps samples as a solution of four concentrations 

 

3.3Preparation of films samples: 

3.3.1 Prepare  films of MB/PVA 

The films were prepared using the casting method, where an amount of the mixture 

solution (MB/ PVA) was poured over a glass slide after being thoroughly cleaned 

with distilled water and alcohol. After that, slides were placed on a flat surface and 

left for a whole day to dry to obtain the film, as shown in figure (3.7). 

MB+PVA+AgNps 

1×10-4 

MB+PVA+AgNps 

3×10-4 

MB+PVA+AgNps 

5×10-4 

MB+PVA+AgNps 

7×10-4 
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Fig (3.7): MB/ PVA films samples. 

 

3.3.2 Preparation of films of MB/PVA/AgNps 

films consisting of a solution of dye and polymer doped by AgNps, were made by 

taking a quantity of the mixture solution and pouring it over the glass slides using 

the casting method and leaving it for a whole day to dry. Then films were created 

after they have dried as shown in Fig. (3.8). 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig (3.8): MB/ PVA /AgNps films samples 

MB+PVA 7×10-4 MB+PVA 5×10-4 MB+PVA 3×10-4 MB+PVA 1×10-4 

MB/PVA /AgNps 

200p/100 mj 

MB/PVA /AgNps 

400p/100 mj 

MB/PVA /AgNps 

600p/100 mj 
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3.4 The Optical Testing (Linear Optical Properties) 

3.4.1  Absorption Spectra Measurement 

The absorption spectrum was, measured using a dual-beam (UV-Visible - 

Spectrophotometer) this spectrometer, covers a wide area of the electroma- gnetic 

spectrum from the, ultraviolet region to the near-infrared region. Figure (3.9) 

shows a picture of the used device, and the device includes, two sources of 

irritation: 

 

a- The deuterium lamp covers the region within, the wavelengths (360-190) nm. 

b- and the Tungsten Lamp, which covers a spectral distribution, within the 

region of the wavelengths (360-1100) nm. 
 

 
                    

 Fig (3.9): UV-Visible Spectrophotometer  
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Table (3.1) Specification of the UV-Visible Spectrophotometer. 

Wavelength range 190 nm – 1100 nm 

Wavelength scan rate Maximum 1000 nm /min 

Detector Silicon photodiode 

Power requirements 220-240 V.AC 

 

3.4.2 Laser induced fluorescence (LIF) 

To examine the emission spectrum. of the solutions, a laser-induced emission 

spectrometer (fluorescence) was used by. shining a laser beam with a specific 

wavelength on the model. An optical fiber is used ,to transfer the fluorescence 

spectrum to the device to measure the intensity and wavelength of the emitted 

spectrum. (TID High Resolution Cooled Spectrometer) it is of Iranian origin With 

the specifications shown in the table (3.2). 

Table )3.2): Showing the device specifications 

Model CS-G400 

Serial No 016-US 

Software Tansu 

Spectral Range 200nm-1100nm 

Resolution 0.28nm(per pixel) 

 

The main function of the spectrometer is to absorb and divide light, digitize the 

signal as a function of wavelength, and read and display it through a computer. On 

the model to receive fluorescence photons, figure (3.10) shows a diagram of the 

principle of operation of the device. 
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Fig (3.10): Shows how to measure. the laser induced fluorescence, spectrum 

 

3.5  Nd:YAG laser 

 The first element. of laser ablation ,,system, Nd: YAG laser in the, present Q-

switched Nd: YAG laser, was used. The pulse duration .is 30 ns. The power 

supply. of the laser consists of a. transformer with a. transforming ratio. of (1:10). 

The transformer was. connected to a trigger circuit. to provide a high trigger, 

voltage (about 20 kV) to the xenon. flash lamp. The Nd: YAG laser is. very 

common, because of its, features: simple construction, reliability and large 

variability. Figure (3.11) shows a photo of the Nd: YAG laser used in the 

University of Babylon. The characteristics, of Nd: YAG laser are listed in the table 

(3.3). 
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Fig. (3.11): Nd: YAG laser 
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 Table (3.3)  Characterization of Nd: YAG laser. 

 

 

 

 

 

 

 

 

3.6 Structural and morphological devices  

3.6.1 X-ray Diffraction Measurement  

To provide information about the chemical ,composition, lattice parameter, and 

crystallite size, X-ray diffraction measurement .was used as shown in figure  

(3.12). The test has been performed. using a type device ( ADX-2700 Powder 

Diffraction), Made in China. 

Physical and Chemical Properties 

Chemical Formula                Nd:Y3A15O12 

Melting Point 1970°C (2240 K) 

Density  4.56 g/cm
3
 

Refractive Index 1.82 

Physical and Optical properties 

Lasing Wavelength  1064 nm 

Radiative Lifetime  530 ms 

Linewidth  0.6 nm 

Divergence angle  0.625  mrad 
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Fig (3.12): X-ray diffraction measurement 

 

3.6.2 Atomic force microscope (AFM): 

Atomic force microscope device. is used in the field of. nanotechnology to find, 

out and draw the topography, of surfaces with nano. and macro dimensions. The 

atomic force microscope consists, of a Cantilever. at the end of a probe. consisting 

of a sharp tip used to scan, the surface of the sample, and this Cantilever is. made 

of silicon nitride (Si3 N4) with a radius of Within. a few nanometers. Fig. (3. 13) 

shows a picture of the device. 
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Figure (3.13): Atomic Force Microscopy 



 

 

Chapter four                                 

Results and discussion 
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4.1 Introduction 

In this chapter, the results of the spectroscopic investigations of (MB) dye samples 

prepared with different concentrations in distilled water before and after adding 

Silver Nanoparticles (AgNps) with different weights are presented. The effect of 

concentrations was discussed, as well as the effect of adding, Silver Nanoparticles 

(AgNps) on the spectral, optical and structural properties of the dye (MB) doped 

PVA polymer as a solution and film. Additionally, important conclusions were 

achieved in this study. 

 

4.2 Linear optical properties of MB dye solution    

4.2.1 (UV-Vis) absorption spectra of MB dye solutions 
 

Figure (4.1) shows the UV-Vis absorption spectra of (MB) dye solutions. The 

absorption spectra of methylene blue solution have a wide absorption spectrum that 

extends from the wavelength (540 to 700) nm. The highest value of the absorbed 

intensity was at the wavelength of 670 nm. The concentration value has a high 

impact on the absorption spectrum which increase upon higher concentration value. 

This fully corresponds to the Beer-Lambert law. Furthermore, the absorption 

spectrum at 7x10
-4

 Ml was slightly shifted towards longer wavelengths )redshift) 

about 7 nm. This is could indicate an increased probability of the formation of 

protolytic forms of MB dye and other products of oxidation-reduction reactions 

with water [108], as shown in figure (4.1).  
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Fig. (4.1) Absorption spectra of (MB) dye solution in different concentrations. 

 

From the above figure, there are obviously two peaks at the visible region, 

indicating that each peak has levels of transitions; the first one corresponds to 

n→π* transitions at the range of (620-700) nm. This is due to the MB monomer in 

the sample (n is the free doublet on the nitrogen atom of the C=N bond and free 

doublet of the S atom on the S=C bond). On the other hand and secondly, the peak 

at around 580-620 nm is not a band but a shoulder that might well be attributed to 

the existence of the (hypothetical) methylene blue dimer [109] and corresponds to 

the vibrational structure of the electronic band 0→1(level 0 of ground state to level 

1) which is associated with aromatic π→π* transitions [110, 111]. Because water is 

used as a solvent, water also helps to form dimers. Table )4.1) shows the 

absorption values of the dye solution at several concentrations. 
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Table (4.1) Absorbance spectra of (MB) dye solutions in a different 

concentrations. 

 

 

 

 

 

From the results of the absorption spectra, it was possible to obtain the 

transmission spectra (T) and reflectivity (R), as shown in figure (4.2) and Table 

(4.2).  

 

Figure (4.2) Transmission spectra of MB dye solution in different 

concentrations 
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C (M) λ max (nm) A (a.u) 

1×10
-4 

 664 0.179591333 

3×10
-4 

 665 0.303880667 

5×10
-4 

 667 0.515210667 

7×10
-4 

 670 0.689662333 
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Table (4.2) Transmittance and reflectivity of MB dye solution in different 

concentrations. 

 

It has been seen through the table that the transmittance values gradually decrease 

whenever the concentration is high, and this is consistent with Beer-Lambert's law. 

Since the transmittance is the inverse of the absorbance, the higher intensity of the 

absorbance corresponds to the lower transmittance values. However, the 

reflectivity increases regularly as the concentration increases. After obtaining the 

results of the transmittance and reflectivity, linear absorption coefficients (αo) and 

linear refraction index (no) were measured for MB solution by equations (2.17) and 

(2.19), shown in table (4.3). 

Table (4.3) Linear absorption  coefficients (αo) and linear refraction index (no) 

of MB dye solutions at different concentrations 
 

C (M) λ max (nm) (cm
-1

 )αo no 

1×10
-4 

664 0.41359884 2.3270392 

3×10
-4 

665 0.699837176 2.4698724 

5×10
-4 

667 1.186530166 2.6135762 

7×10
-4 

670 1.588292353 2.8655295 

 

C (M) λ max (nm) T R 

1×10
-4 

 
664 0.6613 0.15909 

3×10
-4 

 
665 0.4967 0.1600564 

5×10
-4 

 
667 0.3053 0.1794453 

7×10
-4 

 
670 0.2043 0.1993905 
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Another feature of linear optical properties was calculated which is the extinction 

coefficient (K) for the prepared samples by equation (2.21). it was found that this 

coefficient proportional linearly upon increases of concentration of dye solution, as 

shown in  table (4.4). 

 

Table (4.4) Extinction coefficient of MB dye solution 
 

C (M) 

 

λ max (nm) K 

 

1×10
-4 

664 21.865416382 

3×10
-4 

665 36.997761533 

5×10
-4 

667 61.2629468343 

7×10
-4 

670 83.96704796 

 

4.4.2  UV-Vis Absorption spectra of MB/PVA solution  

Figure (4.3) shows the (UV- Vis) absorption spectra of MB dye after adding PVA 

polymer solution and using a magnetic stirrer for 2 hours (at 400 rpm) to obtain a 

MB/PVA mixture solution. Regarding the intensity (absorption) of the dye in the 

presence of the polymer, it increases with increasing concentration according to 

Beer-Lambert Law. On the other hand, a clear decrease in the absorbance intensity 

compared to that of the MB dye solution was due to the addition of equal 

proportions of polymer (PVA). This indicates that the different concentrations of 

the dye began to decrease. Where the solvent for both the dye and polymer is 

distilled water, as shown in table (4.5) 
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Figure (4.3) Absorption spectra of MB/PVA solutions in different 

concentrations. 

 

Upon adding MB dye to PVA polymer, a blue shift in the maximum peak of 

monomer n→π* transitions was observed with increasing doping ratio of the MB 

dye, which went from 666 nm, the intensity is 0.13 at low doping ratio to 662 nm, 

the intensity is 0.43 at the high ratio. Nevertheless, with an increasing 

concentration of dye for a fixed amount of polymer, the absorption intensity of MB 

increases as well. However, by comparison with the intensity with the previous 

figure for MB dye alone, it is noteworthy that this intensity was found to be 

reduced due to the quenching of MB by crosslinking with PVA polymer, which is 

the mechanism responsible for enhancing dye elimination from liquids. 

Furthermore, due to the overlap between molecules of PVA and the dye molecules 

in the molecular electronic energy levels, this leads to the split of the energy levels. 

As a result, the absorbance intensity decreases compared to the MB dye solution. It 

was found also that the discrepancy of the width of the absorption spectra of low 

concentrations is greater than high concentrations. 
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Table (4.5 )Absorbance of MB/PVA solution in a different concentrations. 

 

 

 

 

 

 

 
 

Table (4.6) shows a simplified summary of the comparison between the absorbance 

intensity of the MB dye in the case of being MB pure and after adding the PVA 

polymer to it (MB/PVA). 

1 

Table (4.6) Comparison of the adsorption intensity of  MB dye pure solution 

and  MB dye in the presence of PVA  polymer. 
 

Concentrations solution 
1×10

-4
 

(M) 

3×10
-4

 

(M) 

5×10
-4

 

(M) 

7×10
-4

 

(M) 

λ max (nm) 
MB 664 665 667 670 

MB/PVA 666 664 663 662 

A (a.u) 
MB 0.179591 0.303881 0.515211 0.689662 

MB/PVA 0.135226 0.173436 0.325754 0.435406 

 

From the results of the absorption spectra, it was possible to obtain the 

transmission spectra, and reflectivity spectra as shown in Figure (4.4) and Table 

(4.7). 

C (M) λ max (nm) A(a.u) 

1×10
-4 

666 0.135225667 

3×10
-4 

664 0.173436 

5×10
-4 

663 0.325754 

7×10
-4 

662 0.435406 
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Fig (4.4) Transmission spectra of MB dye solution in different concentrations 

 

Table (4.7) Transmittance and reflectivity of MB dye solution in different 

concentrations 

 

Through the table, the transmittance values gradually decrease whenever the 

concentration is high, and this is consistent with Beer-Lambert's law, since the 

transmittance is the inverse of the absorbance, the higher the intensity of the 

absorbance, the lower the transmittance values. As for the reflectivity, it increases 

regularly as the concentration increases. 

After obtaining the results of the transmittance and reflectivity, linear absorption 

coefficients (αo) and linear refraction index (no) were measured for the prepared 

samples by equations (2.17) and (2.19), shown in table (4.8). 
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C (M) λ max (nm) T R 

1×10
-4 

666 0.732444 0.1323304 

3×10
-4 

664 0.670755 0.1558088 

5×10
-4 

663 0.472331 0.2019155 

7×10
-4 

662 0.366939 0.2976548 
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Table (4.8) coefficients of linear absorption (αo) and linear refraction (no( 

MB/PVA 
 

C (M) λ max (nm) (cm
-1

 )αo no 

1×10
-4 

 
666 0.311424711 2.143530023 

3×10
-4 

 
664 

0.399423108 

 

2.30429043 

 

5×10
-4 

 
663 

0.750211462 

 
2.600904253 

7×10
-4 

 
662 1.002740018 2.632071681 

Then the extinction coefficient (K) was calculated for the prepared samples by 

equation (2.21), as shown in table (4.9). 

 

Table (4.9) Extinction coefficient of MB/PVA solution. 

C (M) 

 
λ max (nm) K 

 

1×10
-4 

 

666 16.43854148 

3×10
-4 

 

664 21.11599870 

5×10
-4 

 

663 39.66086072 

7×10
-4 

 

662 53.01109649 

 

 4.3 Effect of addition AgNPs on the MB dye spectral properties 

4.3.1 (Uv-Vis) Absorption spectrum of AgNps prepared by PLAL 
 

Silver nanoparticles were prepared by the method of pulsed laser ablation. Three 

concentrations were prepared by taking fixed energy (100 mJ) of the laser 

according to the threshold limit of the material, as each material has its threshold 
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and according to the number of pulses (200,400 and 600) Pulses. Where the 

purpose of a different number of pulses is to obtain different concentrations of 

nano-particles.  

The higher number of pulses leads to the higher concentrations of nanoparticles 

(AgNps) in the liquid, as the liquid used is distilled water. To get a small and 

acceptable granular size during the work, the threshold must have adhered. Figure 

(4.5) shows the spectrum of silver nanoparticles with a wide range of wavelengths, 

as the highest peak position of the wavelength, was (429) nm. As shown in the 

table )4.10). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (4.5) Absorption spectra of AgNps prepared by pulsed laser ablation in 

DW. 
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Table (4.10) Absorbance of Ag Nps prepared by pulse laser ablation in 

different pulses 

N.o of pulses λ max (nm) A(a.u) 

200p 417 0.330131 

400p 417 0.392143 

600p 429 0.473136 

It is noted from the table, the shift of the peak of absorption towards a long 

wavelength (redshift) at the high number of pulses at 600 p. 

 

4.3.2 Absorption spectra of MB/PVA/AgNps.  

Fig. (4.6) shows the (UV-Vis) absorption speed of MB/PVA /AgNps.  As for what 

we observe in the presence of silver nanoparticles prepared by the method of 

Pulsed Laser Ablation in Liquids and their effect on the concentrations taken from 

the dye, several possibilities occur in this addition process. 

One effect of the increase of the nanoparticles concentration inside the liquid is 

leading to a shift of the wavelengths either in the direction of (red-shift) or in the 

direction of (blue shift). Also, this depends on the grain size of the prepared 

nanomaterial. Another effect is the intensity of absorption where the concentration 

of the substance has a relationship to increase or decrease the intensity 

(absorbance). A remarkable point was observed when the amount of the prepared 

nanoparticles was small compared to the added ratio of dye and the polymer, where 

it was noticed that the intensity (absorbance) was reduced, as a result of the 

addition of the nanoparticles, as mentioned, due to the low concentration of the 

additive. 

 



Chapter Four                                                               Results and Discussion 

   

 
60 

 

Figure (4.6) Absorption spectra of MB/PVA/AgNps in different 

concentrations. 

 

Table (4.11) Absorbance of  MB/PVA /Ag Nps  in a different Concentration of 

MB . 

C (M) λ max (nm) A(a.u) 

1×10
-4 

664 0.083630667 

3×10
-4 

664 0.158102333 

5×10
-4 

663 0.287627667 

7×10
-4 

662 0.391985333 

 

Regarding the effects of silver nanoparticles, there is an interference between its 

molecules and MB dye molecules in the molecular electronic energy levels, which 

leads to the split of the energy levels and as a result, the absorption intensity 

decreases. Furthermore, the higher of energy transferring potential causes the 

greater the absorption intensity. But here the possibility decreased due to the 

presence of the AgNPs which led to the reduction of intensity, and this means that 
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the energy transfer was inhibited. Thus, this indicates that the electrical behaviour 

of the nanomaterial affected the electronic energy levels, which led to a decrease in 

the occurrence of the main transition and increased probability of moving to the 

second level. 

In addition, Fig. (4.6) exhibits a very nice and distinct line for two absorption 

spectra for MB and AgNPs at a range around (355-425) nm. It was found that there 

was a very slight blue shift to the AgNPs spectra with an increasing concentration 

of MB/PVA. Another remarkable observation was a reduction of the shoulder (to 

be weaker) attributed to the dimer π→π* transitions at around 666 nm in MB bands 

after adding silver nanoparticles, accompanied by a decrease in the intensity of 

absorption of MB compared to the spectra without Ag. 

Table (4.12) shows a simplified summary of the comparison between the 

absorbance intensity of the MB dye in the case of being MB alone and after adding 

the PVA polymer and AgNps to it (MB/PVA/AgNps). 

 

Table (4.12) Comparison of the adsorption intensity of  MB dye pure solution 

and  MB dye in the presence of PVA  polymer and silver nanoparticles. 
 

Concentrations Samples 1×10-4 

(M) 

3×10-4 

(M) 

5×10-4 

(M) 

7×10-4 

(M) 

λ max (nm) MB alone 664 665 667 670 

MB/PVA/AgNps 664 664 663 662 

A (a.u) MB alone 0.179591 0.303880 0.515210 0.689662 

MB/PVA/AgNps 0.083630 0.158102 0.287627 0.391985 

  

from the results of the absorption spectra, it was possible to obtain the transmission 

spectra, and reflectivity spectra as shown in Figure (4.7) and table (4.13). 

 



Chapter Four                                                               Results and Discussion 

   

 
62 

 

Fig (4.7) Transmission spectra of MB /PVA/AgNps solution in different 

concentrations. 

 

Table (4.13) Transmittance and reflectivity of MB /PVA/AgNps solution in 

different concentrations 

C (M) λ max (nm) T R 

1×10
-4 

664 0.824839 0.091530 

3×10
-4 

664 0.694861 0.147037 

5×10
-4 

663 0.515671 0.196702 

7×10
-4 

662 0.405522 0.202436 

 

Through the table, the transmittance (T) value gradually decreases upon the 

increase of concentration, and this is consistent with Beer-Lambert's law. Since the 

transmittance is the inverse of the absorption, the high intensity of the absorption 

has met the lower values of the transmittance. As for the reflectivity (R), it 

increases regularly as the concentration increases. After obtaining the results of the 
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transmittance and reflectivity,  linear absorption coefficients (αo) and linear 

refraction index (no) were measured for the prepared samples by equations (2.17) 

and (2.19), shown in table (4.14). 

 

Table (4.14) Linear absorption coefficients (αo) and linear refraction index (no) 

of MB/PVA/AgNps solution in different concentrations of AgNPs. 
 

C (M) λ max (nm) (cm
-1

 )αo no 

1×10
-4 

664 0.192601426 1.86745261 

3×10
-4 

664 0.364109673 2.24387887 

5×10
-4 

663 0.662406517 2.59395976 

7×10
-4 

662 0.902742222 2.63630807 

 

Then the extinction coefficient was calculated for the prepared samples by equation 

(2.21), shown in  Table (4.15). 

 

Table (4.15) Extinction coefficient of  MB/PVA/AgNps solution 

C (M) λ max (nm) K 

1×10
-4 

664 10.182113603 

3×10
-4 

664 19.249110101
 

5×10
-4 

663 35.01894325 

7×10
-4 

662 
47.724588806
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4.3.3  Study of the effect of AgNps at different concentrations on the  

absorption spectra and optical properties of MB dye solution. 
 

Another option was taken into account in this project when one concentration of 

the dye (1×10
-4

) M and several different concentrations of silver nanoparticles 

(200, 400 and 600) P /mJ to mix to know the effect of the nanoparticle on the dye 

by studying its optical properties. It is noticed from Fig (4.8) that the absorption 

intensity increases at a high concentration of silver nanoparticles. The highest value 

of the absorbance intensity was at the highest concentration of silver (600 pulses 

and energy of 100 mJ). Also, it was found that there is no shift of MB peak of 

intensity as shown in table (4.16). Furthermore, the lines of AgNPS absorption 

become stronger at 400 nm. 

 

 

 

 

 

 

 

 

 

  

Fig (4.8) Absorption spectra of MB/PVA/AgNps in different concentrations of 

AgNPs. 
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Table (4.16) Absorbance of MB/PVA/AgNps solution in different 

concentrations of AgNPs. 

C (M) N.o of pulses λ max (nm) A(a.u) 

1×10
-4 

200 p 664 0.266657 

1×10
-4 

400 p 664 0.297490 

1×10
-4 

600 p 664 0.490174 

Table (4.17) shows a simplified summary of the comparison between the 

absorbance intensity of the MB  dye alone and in the case of adding silver 

nanoparticles with different concentrations of silver nanoparticles.  

Table (4.17) Comparison of the adsorption intensity of  MB dye pure solution 

and  MB dye in the presence of silver nanoparticles in different concentrations 

of AgNps. 

N.o of pulses Samples 1×10
-4  

(M)
 

1×10
-4 

(M)
 

1×10
-4

 

λ max (nm) MB pure 664 664 664 

MB/PVA/AgNps 664 664 664 

A (a.u) MB pure 0.179591 0.303881 0.515210 

MB  / AgNps 0.266657 0.297490 0.490174 

  
 

 

 

 

 

 

 

 

Fig. (4.9) Transmission spectra of MB /PVA/AgNps solution in different 

concentrations of AgNPs. 
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Table (4.18) Transmittance and reflectivity of MB /PVA/AgNPs solution in 

different concentrations of AgNPs. 

C (M) N.o of pulses λ max (nm) T R 

1×10
-4 

200 p 664 0.541181572 0.186361965 

1×10
-4 

400 p 664 0.504091452 0.192161428 

1×10
-4 

600 p 664 0.323464035 0.198417881 

 

From table (4.18), the transmittance (T) values gradually decrease whenever the 

concentration is high, and this is consistent with Beer-Lambert's law. Since the 

transmittance is the inverse relation to the absorbance, the higher intensity of the 

absorbance corresponds to the lower values of transmittance. As for the 

reflectivity, it increases regularly as the concentration increases. 

After obtaining the results of the transmittance and reflectivity, linear absorption 

coefficients (αo) and linear refraction index (no) were measured for the prepared 

samples by equations (2.17) and (2.19), shown in table (4.19). 

 

Table ( 4.19) Linear absorption coefficients (αo) and linear refraction index  

(no( MB/PVA/AgNps with different concentrations of AgNPs 
 

C (M) N.o of pulses λ max (nm) (cm
-1

 )αo no 

1×10
-4 

200 p 664 0.61411107 2.519247012 

1×10
-4 

400 p 664 0.68512101 
2.561013946 

 

1×10
-4 

600 p 664 1.12887072 
2.606470719 

 

 

Then the extinction coefficient was calculated for the prepared samples by equation 

(2.21), as shown in  Table ( 4. 20). 
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Table(4.20) Extinction coefficient of  MB/PVA/AgNps in a different AgNPs. 
 

C (M) N.o of pulses λ max (nm) K 

1×10
-4 

200 p 664 32.46572543 

1×10
-4 

400 p 664 36.21977292 

1×10
-4 

600 p 664 59.6791528 

 

Figure (4.10) illustrates the absorption intensities as a function of the concentration 

of MB dye, respectively. The intensity increases with increasing the concentration 

of each sample according to the Beer-Lambert Law. However, the intensities of the 

peaks of the absorbed lines decreased after adding the PVA polymer and 

significantly reduced further on the addition of Ag nanoparticles. This is a strong 

indicator of photocatalytic degradation of MB dye via Ag nanoparticles prepared 

via the PLAL method. This degradation was increased by doping the dye with PVA 

polymer. 

 

 

 

 

 

 

 

Fig (4.10) Absorption intensities as a function of the concentration of MB dye 

before and after adding PVA and Ag nanoparticles. 
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4.4 Linear optical properties of MB/PVA films 

4.4.1 (UV-Vis )Absorption spectra of MB/PVA films. 

The absorption spectra of the films of the mixture of dye and polymer (MB/PVA) 

were studied. it was noticed that the peak of the spectrum was shifted towards short 

wavelengths (blue-shift) compared to the peak of the absorption spectrum of the 

dye in its pure state. Furthermore, an increase in the absorption intensity was 

observed. The reason for the shift at the top of the spectrum and the increase in 

intensity is due to the effect of adding polymer to the dye. As shown in figure 

(4.11) and table (4.21). 

 

 

Fig. (4.11) Absorption spectra of MB/PVA films. 

  

In figure (4.11), we note that the absorbance intensity of the membranes is much 

less than the absorbance intensity of the MB/PVA solution. We also note that the 

width of the spectra is clear and very large compared to the solution for all 

concentrations.  
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Table (4.21) Absorbance of MB/PVA films in a different concentrations. 

C (M) λ max (nm) A(a.u) 

1×10
-4 

668 0.010423  

3×10
-4 

668 0.012174 

5×10
-4 

666 0.020259 

7×10
-4 

664 0.024853  

 

From the results of the absorption spectra, it was possible to obtain the 

transmission spectra, and reflectivity as shown in Figure (4.12) and table (4.22). 

 

 

Fig. (4.12) Transmission spectra of MB /PVA films in different concentrations 

of MB dye. 
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Table (4.22) transmittance and reflectivity of MB/PVA films in different 

concentrations of MB dye. 

C (M) λ max (nm) T R 

1×10
-4 

668 0.976285862 0.013291138 

3×10
-4 

668 0.972357571 0.015468429 

5×10
-4 

666 0.954423227 0.025317773 

7×10
-4 

664 0.944380476 0.030766524 

  

Through the table, we notice that the transmittance values gradually decrease 

whenever the concentration is high, and this is consistent with Beer-Lambert's law. 

Since the transmittance is the inverse of the absorbance, the higher the intensity of 

the absorbance, the lower the transmittance values. As for the reflectivity, it 

increases regularly as the concentration increases. After obtaining the results of the 

transmittance and reflectivity, linear absorption coefficients (αo) and linear 

refraction index  (no) were measured for the prepared samples by equations (2.17) 

and (2.19), shown in Table ( 4.23). 
 

Table( 4.23)  Linear absorption coefficients (αo) and linear refraction index  

(no( of MB/PVA films in different concentrations of MB dye. 
 

C (M) λ max (nm) (cm
-1

 )αo no 

1×10
-4 

668 0.024004169 1.26062062 

3×10
-4 

668 0.028036722 1.28407533 

5×10
-4 

666 0.046656477 1.37844820 

7×10
-4 

664 0.057236459 1.4254298 
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Then the extinction coefficient was calculated for the prepared samples by equation  

(2.21), shown in table (4.24). 

 

Table(4.24) Extinction coefficient and the real, imaginary dielectric constant 

of   MB/PVA films in different concentrations of MB dye. 
 

C (M) λ max (nm) K 

1×10
-4 

668 1.276654845 

3×10
-4 

668 1.491125023 

5×10
-4 

666 2.481320570 

7×10
-4 

664 3.044104666 

 

4.5  Effect of AgNPs on the spectral properties of MB dye as film. 

4.5.1 (UV-Vis) spectra of MB/PVA/AgNPs films. 
 

(UV-Vis) spectra of MB/PVA/AgNPs were studied for the films consisting of the 

mixture of dye and polymer (MB/PVA) doped with silver nanoparticles. We also 

notice a decrease in the absorbance intensity, because the nanoparticles work to 

reduce the intensity of absorption. When the concentration of the dye increases, the 

intensity of absorption increases. As shown in figure )4.13). The absorbance of 

these films was also studied, as shown in the table (4.26). 
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Fig (4.13) absorption spectra of MB/PVA/AgNPs film in different 

concentrations of MB dye. 

 

From the absorbance spectrum (MB/PVA/AgNps) with different concentrations of 

the dye, we notice an almost complete split of the absorption peaks (A) with the 

appearance of a new peak that was very clear in the two concentrations (1×10
-4

 

,3×10
-4

) mM. This is due to the effect of the nanoparticles on the electronic energy 

levels of the dye molecule, which led to the occurrence of new molecular electronic 

transitions. 

Table (4.25) Absorbance of MB/PVA/AgNps in different concentrations of MB 

dye. 

C (M) λ max (nm)  A (a.u) 

1×10
-4   674 0.009343 

3×10
-4 674 0.009507 

5×10
-4 670 0.019703 

7×10
-4 668 0.028409 
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From the results of the absorption spectra, it was possible to obtain the 

transmission spectra, and reflectivity spectra as shown in Figure (4.14) and Table 

(4.26).  

 

Fig. (4.14) Transmission spectra of  MB /PVA/AgNps films in different 

concentrations of MB dye. 
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After obtaining the results of the transmittance and reflectivity,  linear absorption 

coefficients (αo) and linear refraction index  (no) were measured for the prepared 

samples by equations  (2.17) and (2.19), shown in table (4.278). 
 

Table (4.27) Linear absorption coefficients  (αo) and linear refraction index  

(no( of MB/PVA/AgNps films in different concentrations of MB dye. 
 

C (M) λ max 

(nm) 

(cm
-1

 )αo 

 

no 

1×10
-4 

674 0.02151693 1.2453524 

3×10
-4 

674 0.02189462 1.2477164 

5×10
-4 

670 0.04537601 1.3725016 

7×10
-4 

668 0.06542593 1.4592005 

 

The extinction coefficient was calculated for the prepared samples by equation 

(2.21), shown in table( 4.28). 

 

Table (4.28) extinction coefficient and the real and imaginary dielectric 

constant of film  MB/PVA/AgNps with different concentrations of MB dye. 

C (M) λmax (nm) K 

1×10
-4 

74 1.140945439 

3×10
-4 

674 1.16445914 

5×10
-4 

670 2.41331003 

7×10
-4 

668 3.4796591 
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4.5.2 (UV-Vis) Absorption spectra of MB/PVA/AgNps films in 

different concentrations of AgNps.  
 

The absorption spectra of films consisting of dye and polymer (MB/PVA) saturated 

with different concentrations of silver nanoparticles (200P, 400P and 600p)/100 mJ 

was studied. It was observed a difference in wavelengths by increasing the 

concentration of the nanoparticles. Also, an increase in the intensity of the 

absorbance was observed, but this increase does not continue and decreases at the 

higher concentration (600 p)/ 100 mJ, as shown in Figure (4.15), as well as the 

study of the optical properties of these films shown in the table (4.29).  

 

 

Fig (4.15)Absorption spectra of MB/PVA/AgNps films in different 

concentrations of AgNPs. 
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red-shift in the wavelength, noting the increase in the intensity of the nanoparticles 

on the intensity of the dye peaks. 

 

Table (4.29) Absorbance of MB/PVA/AgNps films in different concentrations 

of AgNPs. 

C (M) No. of pulses λ max (nm) A (a.u) 

1×10
-4 

200p 661 0.10178 

1×10
-4 

400p 662 0.228382 

1×10
-4 

600p 663 0.209202 

 

After obtaining the results of the transmittance and reflectivity,  linear absorption 

coefficients (αo) and linear refraction index (no) were measured for the prepared 

samples by equations  (2.3) and (2.5), shown in figure (4.16) and table (4. 30).  

 

 

           Fig. (4.16) Transmittance spectra of MB /PVA/AgNps films in different 

concentrations of AgNPs. 
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Table (4.30) transmittance and reflectivity of  MB/PV/AgNps films in different 

concentrations of AgNPs. 
 

C (M) N0. of pulses λ max (nm) T R 

1×10
-4 

200p 661 0.791074 0.1071407 

1×10
-4 

400p 662 0.618737 0.1805764 

1×10
-4 

600p 663 0.591519 0.173069 

 

After obtaining the results of the transmittance and reflectivity,  linear absorption  

(αo) and linear refraction index (no) were measured for the prepared samples by 

equations  (2.17) and (2.19), shown in table (4.31). 

 

Table ( 4.31) linear absorption coefficients (αo) and linear refraction index  

(no( of MB/PVA/AgNps films in different concentrations of AgNPs. 

C (M) N.o of pulses λmax (nm)  (cm
-1

 )αo no 

1×10
-4 

200p 661 0.2343993 1.97319 

1×10
-4 

400p 662 0.48179221 2.52041 

1×10
-4 

600p 663 0.52596375 2.477915 

 

Then the extinction coefficient was calculated were measured for the prepared 

samples by equation  (2.21), shown in table (4.32). 
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Table (4.32) Extinction coefficient of MB/PVA/AgNPs films in different 

concentrations of MB dye. 
 

C (M) N.o of pulses λ max (nm) K 

1×10
-4 

200p 661 12.317162 

1×10
-4 

400p 662 27.721974 

1×10
-4 

600p 663 25.048591 

 

4.6 Fluorescence spectroscopy of different samples of the 

solution 

4.6.1 Fluorescence spectra of MB dye solution 
 

Figure (4.17) shows the emission spectra (fluorescence) of pure and dissolved MB 

dye in distilled water with different concentrations. The dye was excited using a 

continuous wave (CW) laser with a wavelength (650 nm). 

 

   

     Fig. (4.17) Fluorescence spectra of MB dye solution in different 

concentrations. 
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There is an increase in the fluorescence intensity as the concentration of MB dye 

increases, but this increase does not continue at the higher concentration. Namely, 

at low concentrations (5×10
-4 

M)  the electronic transitions (s1 to s0) will be the best 

possible fluorescence intensity, but the highest concentration has led to the 

agglomerations between the dye molecules. Hence inhibition process occurs in the 

emission spectrum because in this case the rate of non-radioactive decay increases. 

The figure illustrates that with increasing concentration, the peaks of the 

fluorescence spectra curves shift towards the length of the long-wavelength (red-

shift) by around 10 nm. Additionally, fluorescence spectrum width (FWHM) 

increases to a certain extent and starts decreasing the higher the focus. Figure 

(4.20) clarifies that the peak of the fluorescence which is exposed to this 

concentration (5×10
-4 

M)  could be due to the saturation of the detector although 

the intensity of the light did not reach the maximum level of the device. Table 

(4.33) shows the fluorescence spectrum data. 

 

Table (4.33) The emission spectra (fluorescence) properties of MB dye solution 

dissolved in distilled water in different concentrations. 
 

C (M) max (nm)λ  (nm)λ∆ Fluorescence (a.u) 

1×10
-4 

678 13 3624 

3×10
-4 

680 15 6424 

5×10
-4 

684 19 8476 

7×10
-4 

688 23 6820 
 

The reason for the increase of the bandwidth of the fluorescence spectrum at the 

concentration (7×10
-4

 M) is because the radioactive particles return and absorb 

additional photons from the common area within the spectrum absorption and 

fluorescence, which causes to decrease in terms of short wavelengths. The values of 
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λ∆  in the above table represents the difference between absorption and 

fluorescence spectra referring to the Stocks shift. 

Figure  (4.18) shows the UV-Vis spectral absorbance for pure MB (blue line) and 

overlap of absorption-emission spectra (brown line) at t concentration (5×10
-4

M). 
 

 
 

Fig (4.18) UV-Vis spectral absorbance for MB dye (blue line) and overlap of 

absorption-emission spectra (brown line). 

 

4.6.2 Fluorescence spectra of MB /PVA solution  
 

 By mixing the dye and the polymer, which were dissolved in the same solvent 

distilled water, a clear difference in the intensity of fluorescence resulting from this 

process was observed as a result of the dye overlapping between the binding 

polymeric chains. This leads to a reduction in the intensity of fluorescence due to 

the decrease in the dye concentrations in addition to the clear shift process towards 

long wavelengths with low energies where the λ max is (682 nm). We note from 

figure (4.19) that the emission spectra of the MB/PVA mixture dissolved in 

distilled water with different concentrations. we note from the figure that the 
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increases with increasing concentration, but this increase does not continue. We 

note that the fluorescence peaks shift towards long wavelengths and bandwidth It 

increases with increasing concentration and then decreases at the highest 

concentration due to the suppression of the intensity of the fluorescence of the dye, 

but the inhibition here is less due to the addition of PVA polymer and the reason 

for the inhibition is due to distilled water. As shown in table (4.34). 

 

Fig. (4.19) Fluorescence spectra of MB /PVA solution in different 

concentrations. 

 

Table (4.34) The emission spectra (fluorescence) properties of MB/PVA 

dissolved in distilled water in different Concentration 

C (M) max (nm)λ  (nm)λ ∆ Fluorescence (a.u) 

1×10
-4 

679 14 2737 

3×10
-4 

679 14 6148 

5×10
-4 

684 19 7938 

7×10
-4 

685 20 7624 
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We note from the table the increase in the intensity of fluorescence when 

increasing the concentration and also this increase does not continue and decreases 

at the highest concentration as well as a decrease in the width of the fluorescence 

spectrum at the two concentrations (3×10
-4

and 7×10
-4

) M and the shift of their 

spectrum sites towards long wavelengths by a difference of (6 nm) due to the 

increase in concentration. When using water as a solvent, the intensity of 

fluorescence increases with increasing concentration, but the increase does not 

continue as shown in figure (4.19). The position of peaks of the fluorescence 

spectra differs with the difference in the medium and concentrations. Also, it was 

noted that with increasing concentration, the fluorescence peaks are shifted towards 

the long wavelengths and that the reason for the decrease in the width of the 

fluorescence spectrum at the highest concentration is due to the increase in the 

amount of absorption of fluorescence photons. 

and figure(4.20).shows Overlap of absorption-emission spectra of MB/ PVA 

solution at (5×10
-4

 M) concentration. 

 

 

 

 

 

 

 

 

 

 

 

Fig (4.20) The overlap of absorption-emission spectra of MB/ PVA solution. 
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4.6.3 Fluorescence spectra of MB /PVA/AgNps solution. 

Through the fluorescence spectrum of the dye with the materials mixed from silver 

and polymer was found that the intensity of fluorescence is very low if we compare 

it with  MB dye spectra, as well as the dye with the polymer. The width of the 

surface plasmon resonance beam, which affects the electron transmission process, 

and thus the intensity of fluorescence here decreases for all concentrations. As 

shown in figure (4.21) and table (4.35). 

 

Fig. (4.21) Fluorescence spectrum of MB /PVA/AgNPs 

 

Table (4.35) The emission spectra (fluorescence) properties of 

MB/PVA/AgNps dissolved in distilled water, in different Concentration 
 

C (M) max (nm)λ  (nm)λ∆ Fluorescence (a.u) 

1×10
-4 

680 16 59389 

3×10
-4 

681 17 59365 

5×10
-4 

682 18 59211 

7×10
-4 

684 20 58911 
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The position and peaks of the fluorescence spectra differ with the difference in the 

medium and concentrations. we also note that with increasing concentration, the 

fluorescence peaks are shifting towards the long wavelengths. Figure (4.22) shows 

the absorption spectrum overlap with the fluorescence spectrum of the MB/VAMB/ 

AgNPs component. The shaded and lined area represents the overlapping region 

between the absorption and emission lines of the concentration (5×10
-4

M). 

 

Fig (4.22) The overlap of absorption-emission spectra of MB/ PVA/AgNps 

solution. 

 

Fig. (4.23) illustrate the fluorescence intensities as a function of the concentration 

of MB dye, respectively. The intensity increases with increasing the concentration 

of each sample according to the Beer-Lambert Law. However, the intensities of the 

peaks of the emitted lines decreased after adding the PVA polymer and 

significantly reduced further on the addition of Ag nanoparticles. This is a strong 

indicator of photocatalytic degradation of MB dye via Ag nanoparticles prepared 

via the PLAL method. This degradation was increased by doping the dye with 

PVA polymer. 
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Fig. (4.23) fluorescence intensities as a function of concentration of MB dye  

solution before and after adding PVA and Ag nanoparticles. 

 

4.7 Structural analysis 

4.7.1  Morphology results (AFM): 

The figures below show pictures of films of methylene blue dye, polymer and 

silver nanoparticles and the extent of the effect of silver nanoparticles on the dye. 

Using atomic force microscopy, the process of viewing the distribution of atoms on 

the surface was observed. The films were prepared using the casting method at 

room temperature 30 C
°
, where silver nanoparticles (AgNPs) was prepared by 

pulsed laser ablation method, and according to the threshold limit of the material, 

where each material has its threshold limit and the laser energy was fixed 100 mJ 

and the number of different pulses (200,400 and 600) pulses. After preparing the 

membranes by the casting method, the thickness of each membrane was taken. 

Concentration ×10
-4  

 M
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From what we see in the distribution of atoms on the surface of the membrane, 

there is a discrepancy in the distribution process. In addition, the homogeneity was 

in varying proportions and different from one membrane to another. Furthermore, 

regarding the square root rate of the surface roughness, it was noticed an increase 

in succession, where this increase in the square root rate leads to the increase in the 

surface roughness, where the greater the number of laser pulses used in preparing 

the nanomaterial, the greater the concentration of this substance and sometimes an 

increase in granular size as a result of the assembly process occurring in 

nanomaterials, as is clear to us through the pictures. The process of uneven 

distribution of the atoms on the surface is one of the reasons for it is that the 

preparation process for the nanomaterial makes the target non-rotating, i.e. the laser 

pulse falls in one place, so the atoms are of different sizes and this is what we 

notice in the figures below. Whereas Figure (4.24-A) represents the topography of 

the film MB/PVA/ AgNPS at 200 pulses in 3-D particles size. While the Figure 

) 4.24-B) shows Particle size distribution. Fig. (4.25-A) represents the Topography 

of the film MB/PVA/ AgNPS  at 400 pulses in 3-D particles size, and Figure (4.25-

B) shows Particle size distribution. 

The last figure (4.26-A) shows the Topography of the film MB/PVA/ AgNPS  at 

600 pulses  in 3-D particles size, and figure ) 4.26-B) shows the particle size 

distribution. Table (4.36) shows the surface roughness rate average diameter of the 

nanomaterial and root mean square (R.M.S). 
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Fig. (4.24) A Topography of the film MB/PVA/ AgNPs  at 200 pulses in 3-D 

particles size. (B) Particle size distribution of film AgNPS/MB/PVA  at 200 

pulses. 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. (4.25) A Topography of the film MB/PVA/ AgNPs  at 400 pulses in 3-D 

particles size. (B ) Particle size distribution of film MB/PVA/ AgNPs  at 400 

pulses. 
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Fig.(4.26) A Topography of the film MB/PVA/ AgNPs  at 600 pulses in 

 3-D particles size. (B ) Particle size distribution of film AgNPS/MB/PVA  at 

600 pulses. 

  

 

The table (4.36) The surface roughness rate average diameter of the 

nanomaterial 

No. of pulses  D (nm) Roughness Average 

(nm) 

R.M.S  (nm) 

200 p 63.90 31.30 26.25 

400 p 31.06 7.375 5.853 

600 p 18.65 5.633 4.484 

 

4.7.2  X-ray Diffraction )XRD( Test 

The results of the X-ray examinations (XRD) showed that all the prepared films 

were different in terms of homogeneity as they depend on the conditions of 

preparation of the material in addition to the total power of the laser. Where it was 

A 
B 
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found from the third film that the films are polycrystalline and this is what we 

notice by comparison with the international card of the material taken. Through the 

examinations of the (XRD), in which the energy is constant and the number of 

pulses is variable, it was realized that in the first film, in which the number of 

pulses is 200 pulse/s and the energy is 100 mJ, is that the crystal arrangement 

process is irregular and the reason is that the membrane is very thin and incomplete 

in the crystal structure because of the thickness of the film very little (thin film). In 

addition, the number of pulses is also small. In the case of measuring the (XRD) 

we need thickness, but increasing the thickness at the expense of the grain size, 

especially in the method of pulsed laser ablation. 

Because the process of film formation needs layers to form the crystal structure 

with the need to a small size to see the extent the effect of the Ag nanoparticles 

formed on the dye sample. Thus the increase of the layers leads to the formation of 

agglomerates and then increasing the grain size and this is what we do not want. As 

well as, what we notice in the second film, the 400 pulses are shown and the crystal 

formation appears. In the third film, we notice the formation of the crystal 

structure, which had several pulses of 600 pulses/ sec. As the increase in the 

number of pulses leads to an increase in the concentration and this is a factor for 

crystal growth and the formation of the required structure. We conclude that the 

small grain size was shifted towards short-wavelength (blue shift). Also, the form 

that we have, through matching with the international card and Miller's 

coefficients, is (hexagonal). Figure (4.27)  and tables (4.37) , (38) shows that.  

 

 

 

 

 



Chapter Four                                                               Results and Discussion 

   

 
90 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4.27) XRD patterns of films MB/PVA /AgNPs 

 

Table (4.37) shows the average volume of minutes for MB/PVA/AgNps 

according to Scherrer equation 

No. of 

pulses 
β(deg) K λ(nm) 2θ(deg) θ(deg) cosθ C.S D(nm) I% 

200p 0.0137 0.94 0.154 12.195 6.095 0.994 10.18975 0.72517 63.4 

400p 0.0126 0.94 0.154 19.933 9.9665 0.984 11.01916 0.44507 100 

600p 
0.0055 

 
0.94 0.154 29.865 14.9325 0.9662 26.11204 0.29893 87.4 

 

Table (4.38) shows the presence of the AgNps element within the compound 

2  θ (deg) (h k l) N.o of card 

37.031 101 41-1402 

64.46 110 41-1402 

 

PVA 

19.93

PVA+MB 

29.86 
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4.8 Conclusions 

1- The results of studying the spectral properties of MB dye as a solution in water 

solvent showed the usual results, where the intensity of the absorbance increased 

with increasing concentration. Furthermore, there was a redshift in the wavelength 

of the highest absorption peak. With an increase in the absorption and refraction 

index, as well as extinction coefficient with increasing concentration. 
 

2-Regarding the study of the spectral and optical properties of the  MB dye-doped 

with  PVA polymer as a solution,  decrease in the absorption intensity of all the 

banned samples compared to what it was in the dye solution samples, and this also 

applies to the linear optical properties of the dye, 
 

3-When preparing silver nanoparticles (AgNps) by PLAL method, the crystal size 

of the nanoparticles through XRD examination ranged (10-16 nm), the average 

diameter by AFM examination ranged (18-63 nm), and the wavelength of the 

highest absorption intensity was in the region (417-429 nm). 
 

4- When studying the spectral properties of the dye and polymer solution with the 

nanoparticles of different concentrations of the dye, noting a decrease in the 

absorption intensity of all the prepared samples compared to what it was in the dye 

samples, and this also applies to the linear optical properties of the dye. 

5- When studying the spectral properties of the dye and polymer solution with the 

prepared nanoparticles with a different number of pulses, it showed an increase in 

the absorption intensity with an increase in the number of pulses . 
 

6- When studying the optical and spectral properties of the (MB/PVA) films the 

disappearance of the absorption peaks in the UV region with a significant decrease 

in the absorption intensity compared to the samples of solutions with a  shifting of 

the wavelength to (668nm). This was followed by a decrease in the values of the 
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linear optical properties. And a noticeable change in the spectral behaviour of the 

dye where some secondary peaks began to form. 
 

7- When studying the linear optical and spectral properties of (MB/PVA/AgNps) 

films with changing dye concentrations, decrease in the absorption intensity with a 

change in all values of linear optical properties. A change in the spectral behaviour 

of the dye, where the peaks in the UV region disappeared with the appearance of a 

minor peak clearly at the wavelength (618 nm). 
 

8- When studying the linear optical properties of the films  (MB/PVA/AgNps) with 

a different number of laser pulses, we notice a large change in the intensity of 

absorption with the irregularity of this change with concentrations, noting an 

increase in the absorption peak of the nanoparticles at the expense of the dye 

absorption peak with a relative change in wavelength when preparing the material 

nanoparticles with many (600) pulses. 
 

9- When studying the emission spectra of some prepared samples, there was a shift 

towards long wavelengths (i.e. lower energy) and the bandwidth increases with 

increasing concentration and then decreases at the higher concentration due to the 

suppression of the fluorescence intensity of the dye when dissolving it with water 

due to the ability of water to form molecular agglomerates, noting that the 

fluorescence spectra The solutions are almost irregular, and the intensity of 

fluorescence increases with increasing concentration, but this increase does not 

continue it decreases at higher concentration. 
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4.10 Future work 

1- Study of the nonlinear optical properties of the composite AgNps/PVA/MB. 

 

2- Studying the effect of nanoparticles prepared by using pulsed laser ablation 

technique in liquids (PLAL) using different laser energies. 

 

3- Studying the effect of some nanoparticles such as MgNps on the optical and 

structural properties of the PVA polymer film dotted with methylene blue dye. 

 

4- Studying the electrical properties of the for the composite   ) MB/PVA/AgNps) 

using the Hall effect. 
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 الخلاصة
 

 ببٌٍُضس اٌمشؾ ؽشَك ػٓ حظُٕؼهب حُ اٌخٍ( AgNPs) إٌبٔىَت اٌفؼت جضَئبث حأثُش دساست فٍ هزا اٌؼًّ حُ

ِحٍىي طبغت  ِٓ بؼذ اػبفخه ٌّضَج  (PLAL) فٍ اٌسبئً ( nm 1064- َبن إٌذَُّىَ ٌُضس)إٌبؼٍ 

 اٌضسلبء اٌُّثٍُُٓ طبغت ححؼُش حُ (.PVA/MBفًُُٕ ) اٌبىٌٍ اٌّثٍُُٓ اٌضسلبء اٌؼؼىَت  ِغ بىٌُّش وحىي

(MB )فًُُٕ اٌبىٌٍ ووحىي (PVA )َ1ِخخٍفت ) بخشاوُض وّزَب اٌّمطش اٌّبء ببسخخذاx10
-4

، 3x10
-4

 ، 

5x10
-4

 ، 7x10
-4

 )M .ٌٍُّحبًٌُ اٌّحؼشة لبً وبؼذ إػبفت  الاِخظبص والأبؼبد دساست اؽُبف ح

ألظً اِخظبطُت  أْ ٌىحظ. اٌبٕفسجُت وفىق اٌّشئُت فٍ ِٕطمت الأشؼت (AgNPsجسُّبث اٌفؼت إٌبٔىَت )

M (7x10اٌُّثٍُُٓ ػٕذ ) طبغت حخحمك ػٕذ حشوُض
-4

 ػٕذ ، أخشي ٔبحُت ِٓ. nm 660 ِىجٍ ؽىي وػٕذ 

 الاِخظبص وثبفت ػًٍ اٌؼثىس حُ ، MB حشوُضاث ِٓ ِجّىػت وببسخخذاَ ، AgNPs ِٓ اٌثببج اٌخشوُض

حُ دساست بؼغ اٌخىاص . اٌسطحُت اٌبلاصِىْ سُٔٓ حضِت ػشع بسبب MB/PVA/AgNps ٌخٍُؾ

الاِخظبص ٌٍؼُٕبث اٌّحؼشة لبً وبؼذ إػبفت اٌّبدة إٌبٔىَت،  اٌبظشَت اٌخطُت ػٓ ؽشَك لُبسبث اؽُبف

 الأىسبس ِؼبًِ ،(◦α) اٌخطٍ الاِخظبص ِؼبِلاث ،(R) الأؼىبسُت ،(T) إٌفبرَت أؽُبف وحشًّ اٌخىاص

فمذ ٌىحظ صَبدة لُُ اٌثىابج اٌبظشَت بىجىد اٌفؼت دلاٌت ػًٍ حبثُش  (.K) اٌخّىد وِؼبًِ ،(no) اٌخطٍ

( MB/PVA/AgNpsاٌخشوُبُت ٌغشبء اٌّشوب ) اٌخظبئض حُ دساست رٌه ػًٍ ػلاوة اٌّبدة إٌبٔىَت.

وّب ٌىحظ . ( (64.526, 37.041باٌضواَ ػٕذ XRD  و AFM بمُبسبث اٌّحؼش بطشَمت اٌظب واٌّخّثٍت

فٍ ِؼذي اٌخشىٔت  ٔمظبْ حذود و ،((Crystallite Size صَبدة اٌحجُ اٌبٍىسٌ  احشوُبُتِٓ خلاي اٌذساست 

(Average Roughness)  هزا ِؤشش واػذ ٌخأثُش جسُّبث اٌفؼت  .فٍ الاغشُت حشوُض اٌّبدة إٌبٔىَتبخغُش

 سطحهب. ِسبحت لاسحفبع ٔظشًا إٌبٔىَت 
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