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Summary 

    The present research includes studied the spectral, linear and nonlinear 

optical properties for Malachite green (MG) organic laser dye doped with 

PMMA polymer and Cu nanoparticles for used its application as a 

nonlinear optics.  

      In this work, solutions of Malachite green organic laser dye dissolved 

in chloroform solvent have been prepared, at concentrations (2, 4, 6 and 

8) ×10
-5

 M at room temperature, also thin films have accomplished. The 

effect of laser power on the nonlinear optical properties for all prepared 

samples have studied. MG laser dye have been characterized using 

Fourier Transform Infrared (FT-IR).   

    The linear optical properties for all prepared samples have been studied 

as well as the absorption and transmission spectra using UV-Vis 

spectrophotometer for different concentrations of dye dissolved in 

chloroform solvent. The results showed when the concentrations 

increased the absorbance also increased for the same wavelength. The 

opposite relationship was observed for transmittance. The spectral optical 

properties of all the prepared samples have been studied using 

fluorescence spectrometer.  

     The nonlinear tests measurements have used (Z- scan) technique in 

two configuration (Close aperture) and (Open aperture) in order to 

determine the nonlinear refractive index (n2) and nonlinear absorption 

coefficient (β) respectively. The measurements were performed using 

(CW) diode pumped solid state laser (457 nm) wavelength, at different 

laser powers (70,84 and 102) mW. 

    The results have showed increasing in nonlinear refractive index and 

decreasing in nonlinear absorption coefficient with increasing laser 

powers, for all prepared samples. 



 

      The results also  have showed increasing of nonlinear refractive index 

while decreasing of nonlinear absorption coefficient with increasing 

concentrations for all samples of organic laser dye . 

     Thin films have better spectral, linear and nonlinear optical properties 

than solutions. The samples prepared from dye doped with polymer and 

nanoparticles have better spectral, linear and nonlinear optical properties 

compared to samples prepared from pure dye.  

     The results indicate that the optical power limiting threshold is 

inversely related to the solution concentration. The prepared thin films of 

laser dye doped with PMMA polymer and Cu nanoparticles give spectral, 

linear and nonlinear optical parameters high than pure dye. The highest 

value of the quantum efficiency (95%) and the highest value of the 

nonlinear refractive index and the nonlinear absorption coefficient 

(13.997×10
-3

 cm
2
/mW) and (3.583 cm/mW) were obtained respectively. 

 The results indicate that all samples of pure and doped dye (solutions 

and thin films) could be employed as a suitable medium for a variety of 

optoelectronic applications, including optical power limiting and active 

laser medium in liquid lasers.  
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Chapter One  

General Introduction 

1.1 Introduction  

     Nonlinear optics (NLO)  have been the subject of many investigations 

theoretically and experimentally during recent years due to their 

applications in many branches. The nonlinear optical properties are 

important parameters in characterizing and determining the applicability 

of any material to nonlinear optical device. There are several techniques 

for measuring these parameters like Z-scan technique, degenerate four 

waves mixing and third harmonic generation [1]. Nonlinear optics are 

"nonlinear" in the sense that they occur when the response of a material 

to an applied optical field depends in a nonlinear manner upon the 

strength of the optical field [2].  

     Organic dyes are large molecular weight fluorescent chemicals having 

a strong absorption band in the visible range of the electromagnetic 

spectrum. Only organic molecules with an extended system of conjugated 

bonds alternating single and double bonds have this property [3]. These 

molecules are dissolved in an organic solvent or combined into a solid 

matrix in a dye laser. Although dyes get shown to laser in the solid, 

liquid, and gas phases, dyes have made one of most impact as laser media 

in the liquid and solid phases [4].  

     Dye lasers are active sources of coherent tunable radiation because of 

their unique operational flexibility. The important characteristics of dye 

lasers are their tunability, with emission from near ultraviolet to the near 

infrared [5]. Because of the big  nonlinear characteristics for this organic 

dyes, fast response, and excellent stability into optical devices. Organic 
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dyes are one of the materials that play an essential role in the nonlinear 

optics area  [6]. 

     Dye doped polymers have applications in many fields of modern 

photonic technology, optical amplifiers, fiber optics, and optical limiting 

which is used for protecting the human eye and the sensors by handling 

the laser output [7]. Polymers have also contributed to the advancement 

of solid state dye laser systems. Polymeric composites have been 

discovered to exhibit optical characteristics that make them suitable as 

laser hosts for organic dyes [8].  

     Poly methyl methacrylate (PMMA) is the most frequently used host 

for laser dye due to its excellent optical transparency and its relatively 

high laser damage resistances [9]. Nanotechnology represents one of the 

greatest inventions of modern science, enabling materials of distinctive 

size, structure and composition to be formed. For the smaller particles the 

percentage of surface atoms increases, leading to changes in physical and 

chemical properties of the materials. PMMA composite thin films are 

modulated and improved by addition of  Cu nanoparticles and those 

properties can be applied in the fields of optics and electronics [10]. 

     The nonlinear properties of dyes solutions, dyes doped polymer thin 

films and Cu  nanoparticles composite can be studied by Z-scan 

technique [11]. It is a sensitive and popular experimental method to 

measure intensity dependent of NLO properties of materials which can 

rapidly measure both nonlinear absorption (NLA) and nonlinear 

refraction (NLR) in solids, liquids and then studying the optical limiting 

behavior [12].      

     Optical limiters are devices that make use of organic materials. They 

are used to protect the eyes and sensors. An optical limiter, in an ideal 

world, would transmit light linearly at low incident light but become 

opaque at high incident light [13]. 
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1.2  Literature Survey  

     Several researches of spectral, linear and nonlinear properties by using 

Z-scan for study nonlinear properties in organic dyes. 

     In (2012) H. Shaaker et al. [14], have studied optical properties and 

spectral behavior for pure and doping thin films of Malachite green dye. 

The result showed that the refractive index and absorption index are 

independent of film thickness and the nonlinear optical properties and 

nonlinear refractive index are sensitive to the wavelength of light and 

doping materials. 

     In (2012) R. Manshad and  Q. Hassan [15], have studied  nonlinear 

optical properties to determine the nonlinear optical properties of the 

Orcein dye in chloroform solvent and a dye doped PMMA polymer film. 

The experiments were performed using continuous wave (CW) laser with 

a wavelength of (532) nm. This material exhibits negative optical 

nonlinearity. The open aperture Z-scan data of nonlinear optics materials 

in solution and thin film sample displayed two photon absorption and 

saturable absorption, respectively. 

     In (2013) V. Sukumarana and A. Ramalingamb [16], have 

investigated the spectral characteristics and the nonlinear optical 

properties of Malachite green dye doped in PMMA polymer. The 

experiments were performed using CW (He-Ne) laser at (632.8) nm. 

Analysis of nonlinearity of Malachite green dye showed (self-defocusing) 

nonlinearity in the Z-scan experiment is a signature of negative 

nonlinearity 

     In (2013) M. Rusal  et al [17], have studied nonlinear properties of  

PMMA films before and after the addition of the filler by using Z-scan.  

The results show that increase the nonlinear optical properties in the 

PMMA/copper matrix more than in the unmodified PMMA/copper 

matrix. The nonlinear refractive index is directly proportional to the input 
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intensity while the nonlinear absorption coefficient is inversely 

proportional to the input power. 

     In (2014) H. Kitching et al. [18], have  studied the interaction of gold 

and silver nanoparticles with Malachite green (MG) dye. The result of 

UV-Vis spectrum have showed only a small peak at (685) nm of 

Malachite green dye doped with gold nanoparticles while for pure MG 

dye was found at (617) nm in relative proximity to the aggregate 

peak ,these effects were not observed with silver nanoparticles .  

     In (2015) L. Guru [19], researched the nonlinear optical applications 

for Malachite green dye doped with polymer (PVA) as a film. FT-IR 

spectra were recorded in a range of (4000 - 400) cm
-1

. In this study (C=N) 

bond vibrations show a peak near to (1173) cm
-1

 but single bond (C-N) 

show a peak in the range of (1120-1140) cm
-1

. This vibrational band 

appears at (1155 and 1070) cm
-1

 and confirms the presence of single bond 

(C-N) group. Similarly, stretching vibration of (C-NH2) bond sketches the 

peak at (1300) cm
-1

 and in this study, the vibrational peak is observed at 

(1335) cm
-1

. 

     In (2015) J. Worood [20], have used Z-scan method to study optical 

properties of Acridine dye doped in PMMA polymer and alumina 

nanoparticles, using a pulsed Nd:YAG laser with a wavelength of (532) 

nm. The results indicates the samples show high nonlinear optical 

properties, negative nonlinear refractive index (self-defocusing) and two 

photon absorption for nonlinear absorption coefficient and it was found 

out that the Acridine dye doped with PMMA and Al2O3  nanoparticles 

could best be active medium as dye lasers. 

         In (2016) I. Hussein and S. Abdulkareem [21], have studied the 

nonlinear optical characteristics of Giemsa dye in chloroform solvent at 

various concentrations, a continuous wave (CW) low power solid-state 
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laser (SSL) operating at a wavelength of (532 nm) as an excitation source 

as well as dye mixed with PMMA as a dye-doped polymer film. The 

obtained results indicate that in addition to negative nonlinear refraction, 

Giems dye exhibits positive nonlinear saturable absorption (SA) and 

negative nonlinear refraction. 

           In (2017) K. Lamyaa [22], have been prepared thin film of 

Rhodamine B dye and TiO2 nanoparticles doped in PMMA polymer by a 

casting method. The nonlinear optical properties were measured by        

Z-scan technique using Nd:YAG laser with (1064 nm) wavelength. The 

nonlinear refractive index (n2) and nonlinear absorption coefficient (β) 

were estimated for the thin film for different energies of the laser, (n2) 

and (β) were decreased with increasing intensity of incident laser beam. 

Also, the type of (β) was two-photon absorption and (n2) negative 

nonlinear reflective.  

              In (2018) H. Imad Al-Deen et al. [23], have prepared Celestin 

blue B dye doped PMMA polymer film at different concentrations were 

using casting technique. The nonlinear optical properties and optical 

power limiting behavior of Celestin blue B dye-doped polymer films have 

been studied  using the Z-scan technique with a continuous wave laser 

beam at wavelength (532) nm. The experimental results showed that the 

dye - doped polymer film has a large optical nonlinearities. It is found 

that the optical power limiting depends on the dye concentration and 

possesses low optical power limiting threshold.  

             In (2019) R. Mohammad et al. [24], have studied spectral and 

linear optical properties of Malachite green dye. The values of absorption 

and refraction coefficient decrease as the concentration of the solution 

decreases and the decreasing in concentration of the dye solution leads to 
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decrease in the intensity of the fluorescence spectra and the shift of its top 

spectra to short wavelengths (blue shift) in different solvent. 

     In (2019) T. Noor Al-huda [25],  have prepared organic laser dye 

doped with PMMA polymer and silver nanoparticle. The structural, 

spectral ,linear and nonlinear optical properties were studied. The 

measurements performed using diode pump solid state laser operating at 

(457) nm wavelength. The results showed that increasing of the  

nonlinear refractive index when increasing concentrations but decreasing 

of nonlinear absorption coefficient, when increasing concentrations for all 

prepared samples       

      In (2020) A. Jassim et al. [26], have studied the optical properties of 

Malachite green dye as solution and films prepared by casting method. 

Were found two transitions wavelengths (428,622) nm when dye is 

dissolved in ethanol and (435,646) nm when preparing films. Linear 

optical properties were studied for the three concentrations and it was 

found increased absorption coefficients and refractive index by rising 

concentration. 

     In (2020) S. Bashair [27], have investigated  organic dyes as liquid , 

pure dyes as  thin films, pure dyes doped with Poly methyl methacrylate  

(PMMA) and pure dyes doped PMMA with titanium dioxide 

nanoparticles  (TiO2) to study the linear and nonlinear optical properties.  

The result show possibility of using the dyes (solution and thin films) as 

good optical limiting. The best result is achieved from pure dye as thin 

film for nonlinear parameters n2 and  (β) and optical limiting , it can be 

seen that  all samples have a good nonlinear properties and can be used  

as photo device or as optical limiting. The properties of optical limiting 

for thin films of dyes are better than of dyes as solutions.       
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     In (2021) J. Shymaa [28], have researched  Rhodamine B dye as a 

laser active medium. The result show increasing the linear optical 

parameters (αo and no) of the dye solution with increasing concentration. 

The experimental data of nonlinear optical  properties of dye solution at 

different concentrations show self-defocusing phenomena and a negative 

nonlinear refractive index, as well as a two-photon absorption coefficient, 

indicating that the sample could be useful in nonlinear optical devices. 

     In (2022) O. Muller et al. [29], have studied the optical limiting 

behavior of a series of polymer-dye nonlinear nanocomposites, combined 

azophloxine, a red azo dye, with two polymer hosts, namely poly methyl 

methacrylate (PMMA) and polylactide (PLA).Investigation the nonlinear 

absorption coefficients and refractive indices were measured by the Z-

scan method. Optical measurements in the nonlinear method were 

performed at the wavelength of (1064 nm) with nanosecond pulses at a 

low pulse repetition rate. 

1.3 Aims of the Work 

      The main aims of this research are as the following steps : 

1. Study spectral , linear and nonlinear optical properties for Malachite  

     green dye organic laser dye dissolved in chloroform solvent at      

different concentrations . 

2. Preparing thin films of Malachite green dye doped with PMMA 

polymer and Cu nanoparticles using drop casting method . 

3. Study the effect of adding PMMA polymer and Cu nanoparticles on 

spectral, linear and nonlinear optical properties of Malachite green 

dye.  

4. Possibility of using all samples of organic dye as active laser medium 

and optical limiting. 
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Chapter Two 

Theoretical Part 

2.1 Introduction 

      This chapter defines laser dyes, dyes calssification, applications of  organic 

laser dyes, organic hosts (Polymers), nanoparticles, fluorescence spectra 

characteristics,  fluorescence quantum efficiency, laser beam characteristics, laser 

light interaction with matter, optical properties, linear and nonlinear optical 

properties, Z-scan technique and optical limiting. 

2.2 Laser Dyes  

      Laser dyes are large molecules with molecular weights of few hundred mu. 

When one of these molecules is dissolved in a suitable liquid solvent (such as 

ethanol, methanol or water) it can be used as laser medium in a dye laser. 

Generally, laser dyes are complex molecules containing a number of ring 

structures, which lead to complex absorption and emission spectra. The laser dyes 

can be classified into different classes by virtue of their structures that are 

chemically similar. Common examples are the coumarins, xanthenes and poly 

methenes as in Figure (2.1) [30].  

     Laser dyes can be used to span continuously the emission spectrum from the 

near ultraviolet to the near infrared. Laser dyes, either as solutions or solid, are the 

active medium in pulsed and CW dye lasers as well as ultra-shorter pulse with 

passive mode-locking. Thus a variety of dyes is necessary to cover the entire 

spectral range [31]. Dye molecules are used mostly to generate tunable laser. The 

basic absorption processes in laser dyes could be divided into linear and nonlinear 

absorption, the nonlinear have two parts:saturation of absorption (SA) and reverse 

saturable absorption (RSA). Saturation of absorption is vital for use of the dyes in 

mode locking [32].  
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    The most important application of (RSA) is for optical limiting devices that 

protect sensitive optical components, including human eye from laser induced 

damage. Laser dyes are promising compounds for nonlinear optical applications 

because they exhibit strong nonlinear optical behavior.  For effective performance, 

laser dyes molecules should have the following characteristics [33]: 

1. Strong absorption at excitation wavelength and minimal absorption at lasing 

wavelength.  

2. High quantum yield (0.5-1.0) . 

3. Good photochemical stability. 

4. A short fluorescence lifetime (5-10) ns. 

5. Low probability of intersystem crossing to the triplet state. 

6. Laser dyes have to be very pure since impurities frequently quench the laser 

output. 

By appropriate dye selection it is possible to produce coherent light of any 

wavelength from (320 to 1200) nm. The approximate working ranges of various 

laser dyes are shown schematically as in Figure (2.1). 

 

 

 

 

 

 

 

 

 

 

Figure (2.1) : Laser Dyes [34]. 



Chapter two                                                                Theoretical part 

10 

 

2.3 Dyes Classification 

      Normally, dyes are classified in two separate ways, either accordance to their 

chemical structure or according to the method of application. Around thirty 

different groups of dyes can be discerned based on chemical structure. Organic 

dyes are one of most used in dye laser and classified according to their chemical 

structure into [ 35]:        

    1. Poly methane dyes: gives a laser action in near IR (0.7-1.5) m. 

    2. Xanthene dyes: gives a laser action in visible region (500-700) nm. 

  3. Coumarin dyes: gives a laser action in blue – green region (400- 500) nm.        

  4. Scintillator dyes: gives a laser action in UV-region (< 400 nm). 

    Xanthene dyes are important dyes because of having strong optical absorption, 

long phosphorescence life time and number of double bonds, It is cover the 

wavelength region from (500 to 700) nm. Xanthene dyes divided into two main 

classes (rhodamines, fluorescein). Another important advantage is actually that 

they are comparatively easy for manufacture, without complicated purifications, 

not like most other dyes [36].  

2.4 Applications of Organic Laser Dyes   

        There are many applications of laser organic dyes [37]:  

1- Industrial applications of laser dyes include separation of isotopes of important 

radioactive elements such as uranium. Uranium is used as fuel in the nuclear 

power reactors to generate electricity.                   

2- Medical applications of laser dyes include skin treatments, including tattoo 

removal, diagnostic measurements, activation of photosensitive drugs for 

photodynamic therapy; etc. In the field of medical applications, dye lasers have 

potential advantages over other lasers. Dye lasers are unique sources of tunable 
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coherent radiation, from the ultraviolet to the near infrared. The medical 

applications of dye lasers are some of the most important clinical applications.  

3- Optical communications. 

4- Image processing.  

5- Switching. 

6- 3D data storage and optical limiting. 

2.5 Organic Laser Dye (Malachite Green) 

     Malachite green is an organic compound that classified in the dyestuff  industry 

as a triarylmethane dye and also using in pigment industry , this dye is used as a 

direct dye for silk, wool, and to dye cotton that has been mordanted with tannin. 

Prepared from benzaldehyde and dimethylaniline, the dye occurs as lustrous green 

crystals soluble in water and in alcohol [38]. Malachite green refers to the chloride 

salt, although the term malachite green is used loosely and often just refers to the 

colored cation. There was another type of Malaghite green (oxalate salt) is also 

marketed. The anions have no effect on the color, the intense green color of the 

cation results from a strong absorption band at (621) nm. Malachite green is a 

xanthine dye. The intense color of this ion is caused by the extended conjugated 

system its used medicinally in solution as a local antiseptic. Malachite green is 

used as an active laser medium, effective against fungi and bacteria. Malachite 

green has frequently been used to catch thieves and pilferers [39]. 

2.6  Organic Hosts (Polymers) 

     The name polymer is derived from the Greek word, in which the first word 

"Poly" means multiple and the second one "mer" means part. The polymer has a 

synonym word "macromolecule". The building block unit of the polymer is the 

monomer. Polymers are macromolecules composed of repeated units (monomer), 

and sometimes these units are repeated linearly and the chain is formed by 

https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Triarylmethane_dye
https://en.wikipedia.org/wiki/Cation
https://en.wikipedia.org/wiki/Oxalate
https://en.wikipedia.org/wiki/Anion


Chapter two                                                                Theoretical part 

12 

 

connecting these units or the chains to form branches or they are interconnected 

[40]. The polymer chain length is determined by the number of the repeated unites 

(monomer) in the chain and it is called the degree of polymerization. Its molecular 

weight is equal to the product of the molecular weight of the monomer by the 

degree of polymerization. One of the important characteristics of polymers is their 

high molecular weight. Atoms are bonded together in the polymer chain by strong 

covalent bonds, and are attracted by very weak internal forces [41]. The polymer is 

called "homopolymer" if the repeated units are the same whereas the polymer 

formed of different units is called "co-polymer" or "mixed polymer". The polymer 

is said to be "ordered" if its monomers repetition is constant. However if any 

reduction occurs to the arrangement of the monomers, the polymer becomes 

"Amorphous" [42]. 

2.6.1 Classification of Polymer  

   Polymers can be classified according to molecular structure to four types as 

shown in Figure (2.2) [ 43]: 

a- Linear polymers.                                              b- Branched polymers. 

c- Cross linked polymers.                                    d- Network polymers. 

  

 

 

 

 

 

 

 

 

Figure (2.2) Types of polymers :- ( a) Linear 

(b) Branched (c) Cross linked (d) Network [46]. 
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2.6.2 Poly Methyl Methacrylate (PMMA) 

     This polymer, whose name is often abbreviated to PMMA, is the most 

important of the commercial acrylic polymers. These polymers are formally 

derived from poly (acrylic acid), [—CH2CH(CO2H)—]n. In the case of PMMA, 

this derivation can be thought of as coming about by replacement of the tertiary 

hydrogen atom by a methyl group, CH3, and by esterification of the carboxylic acid 

group with methanol, CH3OH [44]. At room temperature, PMMA is a hard, fairly 

rigid material. When heated above its glass transition temperature (Tg=105) 
º
C, it is 

a tough,  pliable, and extensible material that is easily bent of formed into complex 

shapes and that can be molded or extruded [45]. The optical properties of poly 

methyl methacrylate are particularly important. PMMA absorbs very little light but 

there is about 4% reflection at each polymer air interface for normal incident light 

through a parallel sheet of acrylic material is about 92%. It can also serve as a 

conduct for light. The main applications for PMMA arise from the combination of 

its transparency and its good outdoor weathering properties [46]. 

 

2.7 Nanoparticles  

     Nanoparticle has a size range between (1 to 100) nm. Unexpected physical and 

chemical behavior of matter occurs at the nanometer scale, paving the way for a 

number of scientific exploitations, making nanoparticles a great area of scientific 

research. The transition from microparticles to nanoparticles yields dramatic 

changes in all properties. Nanoscale materials have a large surface area for a 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 

[47].  
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    In nanomaterial, the surface area per unit volume is inversely proportional to the 

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

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

from the micrometer to nanometer range, will affect the surface area to the volume 

ratio by three orders of magnitude generally, there are different approaches for a 

classification of nanomaterials, the main classes of nanoscale structures can be 

classified by dimensions, some of which are summarized in Table (2.1) [48]. Also 

can be shown in Figure (2.3). 

 

Table (2.1) Classification of Nanomaterials by Dimension [49]. 

 

 

 

 

 

 

 

 

 

 

Figure (2.3) : Various Kinds of Nanomaterials. (A) 0D spheres and clusters.(B) 1D 

nanofibers, wires, and rods. (C) 2D films, plates, and  networks. (D) 3D nanomaterials [49]. 

 

Example Dimension 

Particles , quantum dots 0 dimension 100 nm 

Nanotubes, Nanowire, Nanorods 1 dimension 100 nm 

Thin films,Coatings, Multilayers 2 dimension 100 nm 

Nanometar-sized cluster 3 dimension 100 nm 
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2.7.1  Copper Nanoparticle (Cu NPs) 

     Copper nanoparticles (Cu NPs) are very attractive due to their heat transfer 

properties such as high thermal conductivity. Cu NPs also have high surface area 

to volume ratio, low production cost, antibacterial potency, catalytic activity, 

optical and magnetic properties as compared to precision metals such as gold, 

silver or palladium. The main difficulty lies in their preparation and preservation as 

they oxidized immediately when exposed in air. Scientists are using different inert 

media such as Argon, Nitrogen [50]. 

 

2.7.2 Applications of Copper Nanoparticle  

     Copper nanoparticles are being used in numerous technologies and incorporated 

into a wide array of consumer products the applications of copper nanoparticles are 

listed below [51]: 

 Acts as an anti-biotic, anti-microbial, and anti-fungal agent when added to 

plastics, coatings, and textiles. 

 Copper diet supplements with efficient delivery characteristics. 

 High strength  metals and alloys. 

 Heat sinks and highly thermal conductive materials. 

 Efficient catalyst for chemical reactions and for the synthesis of methanol 

and glycol. 

 As sintering additives and capacitor materials. 

 Conductive inks and pastes containing (Cu) nanoparticles can be used as a 

substitute for very expensive noble metals used in printed electronics, 

displays and transmissive conductive thin film applications. 

 Superficial conductive coating processing of metal and non-ferrous metal. 

 As nanometal lubricant additives. 
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2.8  Photophysical Process of Laser Dyes 

      Jablonski diagram is a very important diagram used to describe the most 

important processes as shown in Figure (2.4). Absorbed light excites dye 

molecules from the lowest levels of the ground state (S00) to higher vibrational 

levels of the (S1n) state, thermal redistribution of the populations among the 

continuum of sublevels takes place within a very short time (~  10
-11

 s).  

Boltzman distribution in the continuum is achieved, with most of the excited 

molecules decaying nonradiatively to level (S10). Excitation of the (S1) state can 

also be affected by direct absorption from the ground state to the second excited 

singlet state (S2n). For most organic dye solutions, the decay from (S2 to S1) 

state is nonradtive and very rapid(~ 10
-10

 to 10
-11

 s) [52]. A molecule in (S10) 

can return to (S00) by emitting a photon of light whose energy is less than the 

absorbed light. This spontaneous radiative process (fluorescence) is thus shifted 

to longer wavelengths from the absorption. The intersystem crossing from 

single to triplet manifold is comparatively slow considering the small energy 

gap between (S1 and T1).           

       Frequently the highest energy fluorescence band is of lower energy than the 

lowest energy absorption band. The difference in wavelength observed between 

these two bands is called the Stokes shift. A Stokes shift is the most easily 

observed as the difference between the wavelength of maximum absorption and 

the wavelength of maximum fluorescence [53]. Phosphorescence is the 

emission of a photon involving a change of  multiplicity, because the change in 

multiplicity is formally forbidden. The phosphorescence lifetimes are 

significantly longer than the fluorescence lifetimes. Phosphorescence is 

commonly observed from (T1 to S0). Because the lifetime of phosphorescence is 

so long, molecules in (T1) may lose their  energy by other transitions that are 

more efficient or by chemical reaction [54]. 
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Figure (2.4) : Jablonski Diagram [54]. 

2.8.1 Radiative Processes  

   They are the processes which include emission of the photon as a result of the 

interaction between the atom and the photon of light. After absorbing the energy of 

the photon in the ground state, the excitation is from the lowest vibrational state in 

the So single band of the electronic ground state of the dye to any of the 

electronically excited singlet S1, S2, with the excitation S0, S1 being the strongest 

[55]. They are divided into:1-Flourescence. 2- Phosphorescence  
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2.8.1.1 Fluorescence 

       It is direct transition of molecule from the lowest vibrational level of the first 

excited state (S1) to one of the vibrational levels of the ground state (S0) ,emitting 

is energy in the form of fluorescence. This process occurs at a rate of time between 

(10
-8

 -10
-9

) s. This time 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 [56]. 

  

 2.8.1.2 Fluorescence Quantum Efficiency 

       The time of the radiative transition from the lower vibrational level to the 

excited electronic state then to a ground vibrational level and back to its first state 

after this period of time is called radiative lifetime (τFM), which is defined as the 

inverted rate of fluorescence emission (KFM) in unit (sec
-1

) [57]:  

FM

FM
K

1
                                              (2.1) 

Where: (KFM) represents the probability of radiation transition. 

  Because of the presence of non-radiative processes competing with the possibility 

of radiation transition (KFM), it will reduce the number of particles qualified for 

fluorescence emission, so the total probability of transition (KF) will be the sum of 

the radiated and non-radioactive transition [58]: 

FdFM

F
KKK

11






                            (2.2) 

Where (ΣKd) is the sum of constants (rate constants) for non-radioactive processes 

for the lowest vibratory state. The time of the fluorescence lifetime (τF) is the 
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actual time of the fluorescence, which is equal to the inverted total constants of all 

non-radiative and radioactive processes that cause energy loss [59].  

                                     
ISCICFM

F
KKK 


1

                        (2.3)   

   Where ( KIC) is the rate of inter conversion (s
-1

) and (KISC) is the rate of 

intersystem crossing (s
-1

). The lifetime of the fluorescence (τF) can be the main 

lifetime of the excited state. There is a relation between fluorescence intensity and 

fluorescence lifetime (τF) [60]:               

                                  )/exp( FtII                              (2.4) 

Where (I) is the fluorescence intensity at time (t), (Io) represents the highest 

fluorescence intensity and (t) time immediately after the cessation of excitation.  

      The lifetime of fluorescence (τF) can be calculated from a standard compound 

known as its chronological age, as well as the area under curve, as in the following 

relationship [61]: 

   
       

   
                                           (2.5) 

Where (τfRB) is the time-span of the standard compound, the Rhodamine B (3.230 

ns) at concentration (10
-4

) M and (aRB) is the area under the fluorescence curve of 

Rhodamine B and its value (117.6 cm
-1

), a is the area under the curve of the 

compound required in this research. The quantum efficiency (ФF) represents the 

quantum yield of fluorescence, which is the ratio between the probability of 

radiation transition (KFM) and the sum of processes for the single states 

(KFM+KIC+KISC). This value is a physical constant of each type of excited 
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particles, or the ratio of total energy emitted to the amount of absorbed energy 

[62]:       







dFM

FM

ISCICFM

FM
F

KK

K

KKK

K
                     (2.6)                          

FM

F
FFMF K




                                                              (2.7) 

        It is also possible to calculate the quantum yield of fluorescence (ФF) by 

calculating the ratio between the area of the fluorescence spectrum and the area of 

the absorbance spectrum, as shown in the following equation (2.8) [63]:   

                                  
 

∫  (  )   

∫                                      (2.8) 

     It has been observed that the quantum yield of fluorescence for several 

compounds depends on the wavelength used in the excitation and the temperature. 

So, the quantum yield of fluorescence increases when non-radiative processes 

decrease and when the temperature is reduced, the relation between them is 

reversed. The values of fluorescence production are between (0-1), therefore, the 

lifetime of the fluorescence is far less than the radiation lifetime due to the non-

radiative processes competing for the fluorescence process. Since values of the 

quantum efficiency are less than or equal to one, then (τFM>τF) [64]. 

2.8.1.3 Phosphorescence  

    The phosphorescence process is the radiative transition which occurs from the 

excited triplet state (T1) to the ground state (S0). The phosphorescence is a spin-

forbidden process. And also the phosphorescence lifetime is about (10
-3

 to 10
-2

 s) 

and this is  longer than the lifetime of the fluorescence process [65]. 
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2.8.2 Non-radiative Processes  

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

photon energy can convert to kinetic energy or to the walls of the container. In the 

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

lattice material, therefore the non-radiative processes do not emit the photons [66]. 

 

2.8.2.1 Intersystem Crossing 

      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 about (5×10
-8

 s). This process involves a change in 

the spin multiplicity of the molecule [68]. Intersystem crossing occurs faster than 

the fluorescence, example, the benzophenone molecule, S1 undergoes intersystem 

crossing to (T1) with lifetime (10
-10

 s) and the fluorescence lifetime is (10
-6

 s), so, 

intersystem crossing at a rate that is (10
4
) times faster than fluorescence. And 

because the excited 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 [67].  

2.8.2.2  Internal Conversion  

     If no spin-change occurs, the non-radiative process called internal conversion. 

This is the means by which higher excited singlet states decay rapidly to the lowest 

excited singlet before 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 [68]. 
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2.9 Laser Beam Characteristics 

   Laser beam Characteristics will be explain in details in the following paragraphs. 

2.9.1 Gaussian Beam 

      A Gaussian beam is a beam of electromagnetic radiation whose electric field 

intensity transverse is a Gaussian function. Many lasers emit beams with a 

Gaussian profile, in which case the laser is said to be operating on the fundamental 

transverse mode or ―TEM00‖. In TEM00 mode, the beam emitted from a laser is a 

perfect plane wave with a Gaussian transverse irradiance profile as shown in 

Figure (2.5) [69]. 

 

 

 

 

 

 

Figure (2.5): Irradiance profile of a Gaussian TEM00 mode [71]. 

2.9.2 Beam Waist and Divergence 

       For a Gaussian beam propagating in free space, the spot size (w) will be at 

minimum value (wo) at one place along the beam, known as the beam waist. Figure 

(2.6) shows the Gaussian profile in free space. For a beam of wavelength (λ) at a 

distance (z) along the beam from the beam waist, the variation of the spot size is 

given by [70]: 

           
  

   
   

                                         (2.9) 

   R(z) is the radius of curvature of the beam; its variation is given by [71] : 
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                                                 (2.10) 

                         

 

 

 

 

 

Figure (2.6): Gaussian profile in free space [72] 

      The divergence of a Gaussian beam, at a sufficient from the waist, tends to an 

angle [73] : 

          
 

   
                                                     (2.11) 

      It describes the spreading of the beam when propagating towards infinity. The 

above quantity means that larger values of the width mean lower values of the 

divergence and vice versa [74]. 

 

2.9. 3 Focusing Gaussian Beam with a Lens 

     A Gaussian beam can be imaged by lenses or mirrors. When a Gaussian beam 

passes through a focusing lens with focal length (f), the spot size (wo) at the focal 

point is the same on both sides of the lens. The effect of focusing a Gaussian beam 

by a thin positive lens is shown in Figure (2.7) can be evaluated [75]: 

          (
 

  
)
 
 
 

                                      (2.12) 

 o  
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Figure (2.7): Lens focusing of a Gaussian beam [75] 

      In addition, the spot diameter (dfocus) at the focal point, at distance (f) from the 

lens, is now given by [76]: 

                                                      (2.13) 

Where, (f) is focal length of a lens, and (θo) is the divergence angle of the laser 

beam as shown in Figure (2.7). 

2.10  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 flounce. 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 then transferred to lattice therefore laser energy is transferred to 

material [77].  

     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. The intensity of laser light produces a wide range of interaction.  
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     The interaction of matter can be classified as linear interaction and nonlinear 

interaction. The advant of the laser as a coherent light with high intensity source 

gives birth of nonlinear optics, it plays an important role in many branches of 

science and technology [78]. The nonlinear optics 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 of oscillator group with natural resonance frequency [79]. 

2.11 Optical Properties 

     The study of the optical constants of a material is interesting for many reasons. 

Firstly, the use of materials in optical applications such as interference filters, 

optical fibers and reflective coating, requires accurate knowledge of their optical 

constants over a wide range of wavelengths. Secondly, the optical properties of all 

materials may be related to their atomic structure, electronic band structure and 

electrical properties [80]. The optical properties of organic dyes are divided into 

two types: linear optical properties and nonlinear optical properties. 

2.11.1 Linear optical properties 

    When light interacts with matter the optical processes observed in solid state 

materials can be classified as reflection, refraction, absorption, and transmission 

[81]. The intensity (Io) of the beam incident to the surface of the solid medium 

must equal the sum of the intensities of the transmitted, absorbed, and reflected 

beams, denoted as IT, IA, and IR respectively[82]: 

 

                                                                                      (2.14)                                                  

                                                                                          (2.15) 
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    A number of parameters can be used to quantify the optical properties of 

materials, such as absorption coefficient, refractive index, extinction coefficient 

and real and imaginary dielectric constant. 

2.11.1.1  Linear Optical Coefficients  

     A number of parameters can be used to quantify the optical properties of 

materials. In particular the refractive index, or refractivity, absorption coefficient, 

or absorbance, are defined as the ratio of refrected to incident intensity and 

absorbed to incident intensity respectively [83]. The liner absorption coefficient 

(αo) and linear refractive index (no) can be found from transmittance spectrum 

according to the following equations [83]: 

                                           
 

 
    

 

 
                                         (2.16) 

                     
 

 
 *(

 

  
  )+

   
                        (2.17) 

       

Where (t) is the thickness of sample and (T) is the transmittance. 

2.11.2 Nonlinear Optical Properties 

      The study of events that develop as a result of changes in the optical properties 

of materials as a result of intense light contact is known as nonlinear optics. 

Nonlinear phenomena have received a lot of attention [84]. Positively charged 

particles travel in the direction of applied electric fields, while negatively charged 

particles go in the opposite direction. The displacement between positive and 

negative charged particles produces dipole moments, and the dipole moment per 

unit volume describes the induced polarization of the medium. Electric polarization 

is approximately linearly proportional to the applied electric field (E) when the 

applied electric fields are sufficiently minimal [85].       

                                                                                            (2.18) 

Where (χ) is the electric susceptibility tensor  in the case of linear optics.  
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When the applied electric fields are high enough, however, the induced 

polarization has a nonlinear dependence on them and may be described as a power 

series with respect to them [86]: 

 

                  (1)      (2)       (3)                            (2.19) 

 

                                                                (2.20) 

 

     Where χ
(1) 

is the linear susceptibility, χ
(2)

 is the second order nonlinear 

susceptibility, and χ
(3)

 is the third order nonlinear susceptibility.  

    The term
 
χ

(1)
 is responsible for linear absorption and refraction, and is the only 

term that reflects the linearity between the induced polarization and the incident 

electric field. The term χ
(2)

 is present only in non-centrosymmetric materials, i.e. 

materials that do not have inversion symmetry. The third order nonlinear optical 

interactions, which are described by the term χ
(3)

 [87]. The field of nonlinear optics 

(NLO) has been developing for a few decades as a promising field with important 

applications in the domain of photo electronics and photonics. Organic materials 

are considered as one of the important classes of third order NLO materials 

because they exhibit large and fast nonlinearities. To obtain materials with large 

third order nonlinearity, various types of organic compounds have been explored 

[88].  

     Third order nonlinearity has been measured using a variety of approaches, 

including degenerate four waves mixing, third harmonic production, and the Z-

scan technique. Among these methods, Z-scan is the most straight forward for 

determining the nonlinear refractive index and nonlinear absorption coefficient. It 

gives not only the real and imaginary parts of the nonlinear susceptibility's 

magnitudes, but also the real part's sign. The Z-scan technique, which uses self-
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focusing or self-defocusing events in optical nonlinear materials, may quickly 

quantify nonlinear refraction and nonlinear absorption in solid and liquid samples. 

The open-aperture and closed-aperture systems are the two approaches of Z-scan 

[89]. 

  2.12 Nonlinear Optical Response of Organic Materials  

      Organic molecules have an isotropic nonlinear optical response (uniformity in 

all orientations). Carbons, for instance, may form two forms of covalent: s-bonds 

and π-bonds. Because π-bonds have a larger electronic density than s-bonds, they 

exhibit nonlinear optical properties[90]. (NLO) are dependent on the change in 

polarization of the electrons in the π-bonding. As a result, the nonlinear optical 

properties of organic materials containing π- bonds are more numerous than those 

seen in saturated compounds with the same amount of carbon atoms. Various types 

of organic compounds have been explored in order to develop materials that 

exhibit a high degree of third order nonlinearity[91]. 

 

2.13 Z-Scan Technique  

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

nonlinear refraction and nonlinear absorption. It is based on a single beam method. 

It refers to the process of inserting a sample in a focused Gaussian beam and 

translating it along beam axis through a focal region. The wave front distortion 

from self-focusing or self- defocusing will cause the Kerr nonlinearity. The beam 

power propagating through a small aperture at far field varies with a sample 

position. Measuring the output power versus position sample allows to determine 

nonlinearity. There are two methods of Z-scan, the closed-aperture and open-

aperture system [92]. 
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2.13.1 Closed-aperture Z-Scan 

      The change in intensity of a beam, focused by a lens (L) in Figure (2.8), as the 

sample passes through the focal plane is measured using a closed aperture Z-Scan. 

The light that travels through an axially centered aperture (A) in the far field is 

collected by the photo detector PD. The change in axis intensity is generated by the 

sample (S) self-focusing or self-defocusing, which results in a change in index of 

refraction, which forms a lens in a nonlinear sample, as shown in Figure (2.8) [93]. 

 

 

 

 

 

 

 

 

Figure (2.8): Closed aperture Z-scan [93]. 

         

     If a material with a negative nonlinear refraction index and a thickness lower 

than the diffraction length of the focused beam is utilized, the Z-Scan transmittance 

as a function of (Z) is related to the sample's nonlinear refraction. This can be 

thought of as a narrow variable focal length lens. The beam irradiance is modest 

and nonlinear refraction is minimal distant from the focus (Zo). The measured 

transmittance remains constant in this situation (i.e., Z-independent). Irradiance 

increases as the sample approaches the beam focus, causing self-lensing in the 

sample [94].  

     A negative self-lens in front of the focal plane will tend to collimate the beam 

on the aperture in the far field, increasing the aperture position transmittance. 

Following the focal plane, the same self-defocusing increases the beam divergence, 
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causing the beam to diverge at the aperture and lowering the measured 

transmittance. Far from focus (Z >0), nonlinear refraction is modest, resulting in a 

Z-independent transmittance. A negative nonlinearity's Z-Scan characteristic is a 

transmittance maximum (peak) followed by a transmittance minimum (valley). A 

positive nonlinearity is defined by an inverse Z-scan curve (i.e., a valley followed 

by a peak). These two cases are shown in Figure (2.9) [95]. 

 

 

           Figure (2.9): Calculated Z-Scan transmittance curves for a cubic nonlinearity [95]. 

        

     The nonlinear refractive coefficient is calculated from the peak to valley 

difference of the normalized transmittance by the following formula [96]: 

   
   

       
                                                         (2.21) 

Where, (   = 2π/λ),   ) is wave number, (Io) is the intensity at the focal spot and 

(ΔΦο) is the nonlinear phase shift [96]:  

            |   |                                          (2.22) 

           the difference between the normalized peak and valley transmittances, 

(Leff) is the effective length of the sample, determined from [97]: 

       
            

  
                                                (2.23) 

n2˃ 0 n2˂0 
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Where (L) is the sample length. The intensity at the focal spot is given by [98]: 

     
      

   
 
                                                              (2.24) 

Which defined as the peak intensity within the sample at the focus, where (ωo) is 

the beam radius at the focal point. 

 

2.13.2 Open-aperture Z-Scan 

        An open-aperture Z-scan measures the variation  in intensity of a beam in the 

far field at photo detector (PD), which captures the full beam, as focused by lens 

(L). Multiphoton absorption in the sample (S) as it travels through the beam waist 

causes the shift in intensity. Schematics of experimental setup used for the closed-

and open-aperture Z-scan, is shown in Figure (2.10) [99]. 

 

 

Figure (2.10): Open-aperture Z-scan [99]. 

       

       Z-scan with a open aperture is clearly insensitive to nonlinear refraction, even 

with nonlinear absorption (thin sample approximation). With no aperture, the Z-

scan signatures should be symmetric with regard to the focus (Z = 0), where they 

should have the lowest transmittance (e.g., two photon absorption) or maximum 

transmittance (e.g., saturation of absorption). In fact, the coefficients of nonlinear 
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absorption can be easily calculated from such transmittance curves. Nonlinear 

absorption coefficient (β), can be easily calculated by using the following equation 

[100] : 

                  
 √       

      
                                         ( 2.25) 

 

   Where T(z): the minimum value of normalized transmittance at the focal point, 

(Z=0). It should be clear that the transmittance versus position graph of sample in 

an open aperture Z-Scan should be symmetric around the focus as shown in Figure 

(2.11). 

 

 

 

 

 

 

 

 

 

 

Figure (2.11): Open aperture Z-Scan curve [100]. 

 

2.14 Nonlinear Absorption and Nonlinear Refraction 

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

absorption, which is defined by the nonlinear absorption coefficient (β), and 

nonlinear refractive index (n2). These two parameters are depending on the electric 

field intensity of laser light. The energy of the absorbed photons allows the 

material to shift from the ground state to the excited state when it is irradiated. 

Two Photon 

Absorption 
Saturation 

Absorption 
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When a substance is exposed to a high electric field, it changes its refractive index. 

In reality, the intensity of the electric field influences the index of refraction, gives 

the refractive index at high intensity [101]: 

 

                                                                                    (2.26) 

 Where (  )  is the linear refractive index and (  ) is the nonlinear refractive 

coefficient related to the intensity.                              

The absorption of the material is also intensity dependent given by [102]: 

                                                                                                             (2.27) 

Where      is the linear absorption coefficient and (β) is the nonlinear absorption 

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

intensity of laser. 

 

2.15 Saturable Light Absorption  

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

levels and population changes in those levels is that of saturable absorption. This 

process occurred when the nonlinear absorption coefficient (β < 0), which can be 

appeared when a strong light absorption between two levels causes saturation 

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

surface resonance ground and excited state. On the other hand, this is a process in 

which a material can be highly absorbing at a specific wavelength when a low-

intensity beam is incident upon the material, yet an extremely intense beam (at that 

same wavelength) will pass through the medium with little change in intensity 

[103]. 
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2.16 Two Photon Absorption (TPA)  

     Two-photon absorption (TPA) is the simultaneous absorption of two photons of 

identical or different frequencies in order to excite a molecule from one state 

(usually the ground state) to a higher energy electronic state. The energy difference 

between the involved lower and upper states of the molecule is equal to the sum of 

the energies of the two photons, as in the case of a saturable absorber. This process 

occurred when the nonlinear absorption coefficient β > 0. The two-photon 

transition rate can be significantly enhanced if an intermediate level (2) is located 

near the virtual level shown by the dashed line in Figure (2.12) [104]. 

     

 

 

 

 

 

 

 

 

 

Figure (2.12): Energy levels for two-photon absorption process [104]. 

 

2.17 Kerr Effect  

     The nonlinear electronic polarization, which can be defined as altering the 

refractive index, is a nonlinear interaction of light in a material. The Kerr effect 

can produce a local change in the refractive index in high-intensity laser beams, 

causing the laser material to operate as a lens. This can cause laser beams to self-

focus [105]. 

 

Level  Two 

Level One 

Virtual State 
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2.18 Optical Limiting 

       In a material with a strong nonlinear effect, the absorption of light increases 

with intensity such that beyond a certain input intensity the output intensity 

approaches a constant value. Such a material can be used to limit the amount of 

optical power entering a system. This can be used to protect expensive or sensitive 

equipment such as sensors, can be used in protective goggles, or can be used to 

control noise in laser beams. The ideal behavior of such a device is shown in 

Figure (2.13) [106]. 

 

Figure (2.13):  Schematic of theoptical Limiting Geometry [106]. 

 

The ideal optical limiter has the characteristics shown in Figure (2.14).  It 

has a high transmittance for low input power or energy.  

 

 

 

 

 

 

              Figure (2.14):  Schamatic Representation of the behaivor of an Ideal Optical 

Limiter [106]. 
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Chapter Three 

Experimental Part 

3.1 Introduction  

    This chapter describes the preparation method of solutions and thin films of 

Malachite green organic dye doped with PMMA polymer and  (Cu ) nanoparticles  

and the instruments used for characterization the material. The Z-scan system was 

presented and a measurement was done using diode pumped solid state laser 

(DPSS) at wavelength (457 nm) and laser power (84 mW) and the procedure of 

these measurements with their photographic pictures.  

3.2 Materials  

 3.2.1 Malachite Green Organic laser Dye 

      The dye used in this project is Malachite green (MG) due to its importance in 

many applications, especially because it functions as an active medium in dye 

lasers. Malachite green is an organic compound it is from Xanthene group. 

Malachite green is traditionally used as a dye for materials such as silk, leather 

and paper it is also used as a dyestuff and an antimicrobial in aquaculture. It is 

appears as green crystals with a metallic luster. [109]. Molecular structure of 

Malachite green  shown in Figure (3.1) and  the principle characteristics of this 

dye shown in Table (3.1) . 

 

 

 

 

 

 

 

Figure (3.1): Molecular structure of Malachite green organic dye. 
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Table (3.1): The principle characteristics of Malachite green dye [107 ]. 

 

 

 

 

 

 

 

 

 

 

3.2.2 The Solvent 

     Chloroform was utilized as a solvent. It is relatively unreactive, miscible with 

most organic liquids [108]. The molecular structure of chloroform solvent was 

shown in Figure (3.2) and the main characteristics of chloroform solvent are 

displayed in Table (3.2) . 

     

 

 

 

 

 

 

Figure (3.2): The molecular structure of chloroform solvent . 

 

 

 

Properties Malachite green 

Molecular formula C23H25ClN2 

Molecular weight 364.911 g/mol 

Appearance 
Green crystals with 

metallic luster. 

Solvents 
Methanol, Chloroform and  

Water  

Other names 
Aniline green, Basic green 

4, Diamond green B, 

Victoria green B 

CL 

CL 

CL C 

H 
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Table (3.2): The main characteristics of chloroform solvent [108]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.3 PMMA Polymer  

     PMMA or (Poly methyl methacrylate) polymer has named as acrylic or 

the  acrylic glass  and it has the  trade names such as  Plexiglas  [109]. Molecular 

structure of PMMA polymer was shown in Figure (3.3) and the principle 

characteristics of this polymer was shown in Table ( 3.3).  

 

Figure (3.3): Structure of  poly methyl methacrylate (PMMA). 

 

Properties 

 

Chloroform 

 

Chemical formula 

 

CHCl3 

 

Molar mass 

 

46.07 (g/mol) 

 

Refractive index 

 

1.3614 

 

Dielectric Constant 

 

24.195 

 

Polarity 

 

0.5771 

 

Density 

 

0.7936   mg/ cm
3
 

 

Freezing Point 

 

-114   
o
C 

  
 

Boiling Point 

 

78.3   
o
C 
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 Table (3.3): The main characteristics of PMMA polymer [109]. 

 

3.2.4 Cu Nanoparticles 

     Copper nanoparticles were supplied by laboratory Reagent LTD; the main 

characteristics are shown in Table (3.4). (Cu) nanoparticles are very attractive due 

to their heat transfer properties such as high thermal conductivity. (Cu NPs) also 

have high surface area to volume ratio, low production cost, antibacterial potency, 

catalytic activity, optical and magnetic properties as compared to precision metals 

such as gold, silver or palladium. The main difficulty lies in their preparation and 

preservation as they oxidized immediately when exposed in air [110]. 

 
Table (3.4): The main characteristics of Cu nanoparticles [110]. 

 

Cu nanoparticle Description 

Productive company 
SIGMA-ALDRICH, 

Germany 

Form Nano powder 

Surface area 40-70 m
2
/g  

Particle size (10-100) nm 

 

 

 

Material Chemical formula Molecular Weight 

M .Wt 

gm/mol 

Melting 

Temperature 

Tm 
o
C

 

Density 

g /cm
3
 

PMMA CH2=C(CH3)COOR 84000 213 1.2 
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3.3 Work Scheme 

       Figure (3.4) shows the experimental procedure as a block diagram of the 

main steps followed in this work: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.4): Main steps of the experimental work. 
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3.4 Samples Preparation 

3.4.1 Solutions Preparation  

        Solutions of concentration (10
-3

 M) of Malachite green organic dye in 

chloroform solvent were prepared. The powder was weighted by using an 

electronic balance type (BL 210 S), Germany, having a sensitivity of four digits. 

(0.0182) g from this dye were dissolved in (50 ml) of chloroform solvent 

according to the following equation [111]: 

 

                        
      

    
                                                            

                        

Where, W: Weight of the dissolved in material (g), Mw: Molecular weight of the 

material (g /mol), V: Volume of the solvent (ml) and C: The concentration (M). 

The prepared solutions were diluted according to the following equation [111]: 

 

                                                                                                                    

Where: C1:  Primary concentration, C2:  New concentration.V1 is the volume 

before dilution, V2 is the volume after dilution. In this work, (2×10
-5

 ,4×10
-5

 

,6×10
-5

 and 8×10
-5

) M
 
 concentrations were prepared for Malachite green dye. 

Figure (3.5) shows pure dye solution and dye doped  with PMMA polymer and 

(Cu) nanoparticles at different concentrations.  
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Figure (3.5) Malachite green organic laser dye at different concentrations.  

 

Figure (3.6) Malachite green organic laser dye doped with PMMA polymer at different 

concentrations . 

 

Figure (3.7) Malachite green organic laser dye doped with PMMA polymer and Cu NPs 

at different concentrations. 
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3.4.2 Preparation of Solid Samples (Thin Films). 

   The thin films of (Malachite gree ) organic laser dye were prepared on a clean 

glass slide by drop casting method, with solution at a concentration (10
-3

) M, and 

dried at room temperature for (2) days, the thickness of these thin films is about 

(150-200) nm.  Dye doped polymer films were fabricated by drop casting method, 

at concentration (10
-3

) M. The solution of PMMA polymer is prepared by 

dissolving the required amount of polymer (3 g in 50 ml of chloroform solvent).   

   A desired amount of dye solution was added to PMMA polymer solution and 

stirred by a magnetic stirrer at room temperature to get a uniform mixture. Thin 

films were shaped by drying the mixed polymer dye solution on a slide at room 

temperature.(0.03) g of (Cu) nanoparticles powder was added to polymer dye 

solution and stirred by magnetic stirrer at room temperature to get a uniform 

mixture. Thin films dye doped with PMMA polymer and (Cu NPs) are framed by 

allowing the mixture to be dried on a glass block at room temperature. Figure 

(3.8) shows thin films of Malachite green dye doped with PMMA polymer and 

(Cu NPs).    

 

 

 

 

 

 

 

 

Figure (3.8): Thin Films of : A- Malachite green doped PMMA polymer B- Malachite 

green doped with PMMA and Cu NPs. 

 

 

A B 
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3.4.3 Thickness Measurement 

     Thickness is one of the most important thin film parameters since it largely 

determines the properties of thin films. The thickness of thin films is usually 

measured by monitoring the rate of the deposition during the coating process. 

However there are several methods used for measuring thickness of thin  films, 

such as weight, optical, electrical and other methods. In our work the thickness of 

the thin films was measured by optical method it's done by optical thin-film 

measurement model (LIMF -10, Lambda Scientific Pty Lt ). This measured is 

done in Electro- Optics Laboratory in Babylon University - Science College - 

Physics department. Figure (3.9) with following specifications . 

 

 

 

 

 

 

 

 

      

 Figure (3.9): Image and specifications for optical thin-film thickness measurement. 

 

3.5 Structural Properties Measurements  

  The structural properties are examined using (FT-IR) transmission. 

3.5.1 Fourier Transforms Infrared Spectrometer (FT-IR)  

     Infrared spectra of Malachite green organic dye as powder  have been taken by 

using infrared spectrophotometer, at the laboratories of department of chemistry, 

college of science, university of Kufa. Figure (3.10) shows FT-IR spectrometer. 
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Figure (3.10): FT-IR spectrometer . 

3.5.2 Optical Microscope  

     Thin films of Malachite green dye doped with PMMA polymer and (Cu NPs) 

were examined by using an optical microscope, which is supplied from Olympus 

name (Toupview) type (Nikon -73346) and equipped with light intensity 

automatic controlled camera. Under magnification (100x), this measurement was 

implemented in the( University of Babylon / College of education for pure 

sciences/Department of physics), as shown in Figure (3.11).         

 

 

 

 

 

Figure (3.11): Optical Microscope. 

3.5.3  Atomic Force Microscopy Measurement (AFM) 

     In order to observe the surface roughness and topography of deposited thin 

films, AFM micrographs were obtained using digital instruments. AFM images 
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data include root mean square (r.m.s) roughness and grain size. It has three main 

modes of mapping topography: contact(which is used in our morphology 

investigation), non-contact and intermittent contact or tapping. The most 

important part of an AFM is the tip with its nanoscale radius of curvature .The tip 

is attached to a micron scale which reacts to the Van der Waals interaction and 

other forces between the tip and sample, The device was used to determine the 

morphology of the recorded nano composite , grain size and the statistical 

distribution that shown in Figure (3.12).   

(Model :CSPM AA3000) produced from Angstrom company. The test is done in 

the central laboratories of the University of Tehran. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.12) : Atomic force microscope. 
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3.6  Linear Optical Properties 

3.6.1 UV-Visible Spectrophotometer 

       The absorbance spectra were measured using a UV-Visible 

Spectrophotometer type (Shimadzu-1800). This device has two light sources 

Deuterium Lamp (190-360) nm and Tungsten Lamp (360-1100), so it covers a 

wide range of the electromagnetic spectrum, extending from the ultraviolet to the 

near infrared region. The idea of operating the device depends on the separation 

of the incoming beam into two parts, one of which passes through the sample 

solution to be studied, while the second beam in the solvent that represents the 

reference beam. The device then subtracts the reference beam and registers the 

absorption spectrum of the sample alone. All samples were examined in the 

laboratory of thin films (University of Babylon / College of Education for Pure 

Sciences / Department of Physics), as shown in Figure (3.13). 

 

 

 

 

 

 

 

 

  Figure (3.13): UV – Visible spectrophotometer.  

3.6.2   Fluorescence Measurements 

         Fluorescence spectra were measured for all prepared samples using 

spectrophotometer type (Fluoro Mate FS-2). The samples were mounted cubic 

cell of quartz dimensions (115) cm
3
 perpendicularly with incident beam. All 

samples were examined in the laboratory of thin film (University of Babylon / 
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College of Education for Pure Sciences / Department of Physics), as shown in 

Figure (3.14). 

 

 

 

 

 

 

 

 

 

Figure (3.14): The Fluorescence Spectrometer. 

3.7 Nonlinear Optical Properties 

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

the following paragraph: 

 

3.7.1 Z- Scan Technique 

     The Z-scan measurements were divided into two types: closed aperture and 

open aperture. Each part was employed by a continuous wave (CW) diode pump 

solid state laser with a wavelength of (457) nm and different laser power of (84) 

mW. The nonlinear refractive index was measured using a closed-aperture Z-

scan, whereas the nonlinear absorption coefficient was measured using open-

aperture Z-scan. The beam was focused by using a convex lens (f =15 cm). The 

sample was moved along the Z-axis. The transmittance through the sample is 

recorded as a function of sample position. Figure (3.15( shows the open-aperture 

and closed-aperture Z-scan setup. 
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Figure (3.15): Z-Scan set-up. 

 

3.7.2 Diode Pumped Solid-State Laser (DPSS) 

CW (457) nm DPSS laser is used. Table (3.5) shows the characteristics of 

the laser, which used in this research. 

 

Table (3.5): Specifications of 457 nm (DPSS) laser. 

 

 

 

 

 

 

 

 

 

 

Model  MBL-457 nm 

Wavelength (nm) 457nm 

Output power (mW) 142.5mW 

Transverse mode TEM00 

Operating mode CW 

Power stability (rms, over 4 hours) 5.71% 

Beam divergence, full angle (m rad) 1. 8 

Beam diameter at 1/e
2
 (mm) X:1.883nm     Y:1.285nm 

Power supply (100-240 )Volt 
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3.7. 3 Detector  

    The third element in the Z-Scan is the optical power meter detector type (LLM-

2), which is used to measure the output power of the laser. The detector was 

placed at the far field of a Gaussian laser beam.  

3.7.4 Aperture  

    The aperture is an important parameter in Z-Scan system to measure complex 

refractive index (n2) in the closed-aperture technique, and its diameter is (1mm). 

The aperture was aligned with the lens in the same axis. 

3.7.5 The Sample 

     All solutions are filled into the glass cuvette (1) mm thickness. The cuvette 

was hand made in the laboratory, which consists of five slides of glass as shown 

in Figure (3.16). The geometry of a sample cuvette can be shown in Figure (3.17), 

which is represented engineering drawing of sample cuvette. 

 

 

 

 

 

 

 

 

 

 

Figure (3.16): Photograph of a sample cuvette. 
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Figure (3.17): Geometry of sample cuvette. 

 

3.8 Reference Beam Measurements 

      In order to measure the reference power of a CW laser, the detector was 

placed directly in front of the (457 nm) DPSS laser. The normalized transmission 

as a function of sample position is given by [111]:  

          
    

          
                                                 (3.3) 

 

Where, (P) is the power of the transmitted laser beam, when the cuvette is filled 

by dye solution, and (Pref) is power of the reference laser beam. 
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Chapter Four 

Results , Discussion, Conclusions and Suggestions 

4.1  Introduction 

      In this chapter, the results of all prepared samples of Malachite green 

organic laser dye at concentrations (2, 4, 6 and 8)
 
×10

-5 
M in chloroform 

solvent as pure and after doped with PMMA polymer and Cu  nanoparticles 

(as solutions) and thin films at (10
-3

) M were presented, the structural 

properties which including charts of infrared (FT-IR) and atomic force 

microscopy (AFM) were investigated. The spectral, linear and non-linear 

optical properties for all prepared samples were discussed. Z-scan technique 

using for two cases, closed and open aperture utilized  CW diode pump solid 

state laser operating at a wavelength (457) nm at constant and different 

powers (70, 84 and 102 ) mW. The optical limiting behavior of all samples 

are also discussed. 

4.2   Structure Properties 

   Structural properties of all prepared samples of Malachite green organic 

laser dye have been determined by study (FT-IR) and (AFM) will be explain 

in detail in the following paragraph: 

 

4.2.1 FT-IR Spectra  

     FT-IR spectra of Malachite green dye as powder was measured at room 

temperature as shown in Figures (4.1), this Figure shows the bond of 

stretching represented by the range (3738-2854) cm
-1

 is for bond of (N-H).  

The peak at (1711) cm
-1

 indicate a carbon–nitrogen bond is a covalent bond  
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between carbon and nitrogen (C=N), the peak at (1572) cm
-1

 indicate (C = 

C). the peak at (1345) cm
-1

 indicate Carbon-NH2 bond (C-NH2),the peak at 

(1137) cm
-1

 indicate (C-N), its agreement with [19].  

 

Figure (4.1): FT-IR spectrum for Malachite green dye as powder. 

 

4.2.2 Atomic Force Microscope (AFM) 

  The 3-D AFM images and granularity accumulation distribution charts for 

thin films of Malachite green dye with PMMA polymer and (Cu NPs) 

,deposited on glass substrate by drop-casting method at room temperature, 

with the ability to depiction and analysis of these surfaces and give the 

statistical values with high accuracy about surface roughness values 

depending on the root mean square (r.m.s) of the average roughnes .Can 

study through microscopic analysis (AFM) effect of (thickness, 

concentration, temperature, method of preparation , etc.) ,on the properties 
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of the deposited film material to the fact that the study of the surfaces of film 

materials important to recognize how the distribution and arrangement of 

atoms on surfaces, and to identify the differences or homogeneity properties 

or attributes relating to each atom separately and illustrative image about the 

distribution rate of the crystalline size onto  surfaces. Figures (4.2 and 4.3) 

show 2-D and 3-D images of AFM for thin films of Malachite green dye 

doped with PMMA polymer and (Cu) nanoparticles at (10
-3

) M, a diagram of 

distribution of growth granular groups on the surfaces of the deposited films. 

Table (4.1) shows that  the average diameters (grain size) of thin films .It is 

found that the grain size and the (r.m.s) of surface roughness increases when 

thickness increases [119].  

 

 

 

 

 

 

 

 

 

        Figure (4.2): 2-D and 3-D AFM images for thinfilm of Malachite 

 green dye doped with PMMA polymer. 

 

 

Figure (4.3): 2-D and 3-D AFM images for thinfilm of Malachite 

green dye doped with PMMA polymer and (Cu Nps). 
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Table (4.1):  AFM parameters of thin films of Malachite green dye 

doped with PMMA polymer and (Cu Nps). 

 

 

 

4.2.3 Optical Microscope 

      Figure (4.4:A and B) show the optical microscope images of thin films 

for Malachite green dye in two cases : one doping with PMMA and the other 

case doping with PMMA polymer and (Cu NPs) at magnification power 

(100 X). Those Figures illustrate spreading dye molecules on the glass 

substrate with (PMMA) polymer .Thin films exhibit uniform distribution of 

dye at surface morphology. Thin films in Figure (4.4:A) have exhibited 

slightly better interference between dye and polymer than thin films were 

shown in Figure (4.4: B). Figure (4.4:B) shows distribution of  (Cu NPs) and 

form paths of network inside the (Dye-PMMA) blend. Nanoparticles are 

aggregates as a cluster of  dye doped PMMA and (Cu NPs) samples . This 

behavior is agreement with [25]. 

 

 

Thickness 

(nm) 

Average 

Grain Size 

(nm) 

Roughness  

(nm) 

root mean 

square (nm) 
Material 

160 30 0.598 39.20 MG+PMMA 

182 41.41 0.791 55.30 
MG+PMMA+ 

(Cu NPs) 
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Figure (4.4): Photomicrographs  (100x) for thin films of 

A: Malachite green dye doped with PMMA polymer  , B: Malachite green dye doped 

with PMMA polymer and (Cu) nanoparticles. 

 

4.3  Optical Properties 

     The optical testing included the linear, spectral and nonlinear optical 

properties of  Malachite green organic laser dye pure and doped with 

PMMA polymer and (Cu) nanoparticles at concentrations  (2, 4, 6, and 8) 

×10
-5

 M as solutions and thin films . 

 

4.3.1 Linear Optical Properties 

      The linear optical properties consisted of absorption and transmission 

spectra,as well as measurement of linear refractive index and linear  

absorption coefficient. 

 

 

 

 

 

A B 
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4.3.1.1 Absorbance Spectra of Malachite green dye pure and doped with 

PMMA polymer and (Cu) nanoparticles (as Solutions) 

 

      The absorbance spectra of Malachite green dye pure and doping at 

different concentrations  as solutions were recorded in the region (400-700) 

nm as shown in Figures (4.5- 4.7) respectively.These Figures show that the 

four spectra have two bands, the absorbance in visible region which is called 

Q-band at the range about (420-620)  increases strongly with concentrations 

increases according Beer-Lambert law, it agree with reference [24]. 

    These two bands belongs to transition of (n→π*) that referred to the 

neighboured active azomethine groups, which acted as an electron-receptor 

where the free lone pair of electron was available at each nitrogen atom (has 

ability for sharing at resonance phenomena). These two bands in visible 

region which is called Q-band this is suggested to take place because of 

Xanthene family. It was observed that the intensity of absorption is reduced 

by reducing the concentration and increase strongly with concentrations 

increases according Beer- Lambert law, it agree with reference [109]. The 

absorption spectra for Malachite green dye after adding PMMA polymer a 

solutions with ratio (1:1) ml shown in Figure (4.6). The absorption spectra of 

dye doped with PMMA polymer at the same concentrations  is similar to the 

dye alone where it have two band also but the intensity of absorbance is 

increased. This behavior was in agreement with [16]. The absorption spectra 

of Malachite green dye solution doped with PMMA and (Cu)  nanoparticles 

were shown in Figure (4.7).The results show that the absorption peaks 

shifted toward the longer wavelengths after adding PMMA polymer and 

(Cu) Nanoparticles. This shift was overall obtained due to the  increasing 
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number of molecules per unit volume, this in turn lead to change in energy 

levels result in effect of vibration field on molecules, its agree with [17].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.5): Absorbance spectra of Malachite green pure dye  

at different concentrations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.6): Absorbance spectra of Malachite green dye doped with PMMA polymer 

at different concentrations . 
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Figure (4.7): Absorbance spectra of Malachite green dye doped with PMMA 

polymer and (Cu) nanoparticles at different concentrations . 

 

 

 

4.3.1.2 The Absorbance Spectra of Malachite green dye doped with 

PMMA polymer and (Cu) nanoparticles as(Thin Films) 

 

     The linear absorbance spectra of thin films of Malachite green dye at 

concentration (10
-3

) M doped with PMMA and (Cu)  nanoparticles are 

shown in Figure (4.8). The present results show that the absorption peaks 

were shifted toward the longer wavelengths after addition PMMA polymer 

and Cu nanoparticles to pure dyes. This shift obtain due to electronic and 

vibrational states of interfacial molecules, which is lead to increasing 

absorption for all samples of nanocomposites, this is suggested to take place 

because of the excitations of high occupation molecular orbital (HOMO) 

electrons to the lowest inoccupation molecular orbital (LUMO).  
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     Fundamental absorption of absorption spectra refers to band or excitation 

transition, at visible and near infrared regions, the absorption of all samples 

for nanocomposites has high values, this behavior attributed to the energy of 

incident photons doesn’t enough energy to interact with atoms, thus the 

photons will be transmitted when the wavelength increases, ie, when the 

amount of energy required for transmission decreases [30]. 

   The linear absorption coefficient (αo) and linear refractive index (no) of  all 

samples obtained from Equations (2.16 and 2.17) respectively as shown in 

Table (4.3). The values of (αo) and (no) for dye doped with PMMA  polymer 

and (Cu) nanoparticles are larger than values for pure dye, as well as, the values 

of (αo)  and (no)  for thin films are larger than those values for same materials as 

solutions.This behavior agrees with references [27].The results showed that the 

absorbance of the thin films with nanoparticles (Cu) is higher than that of the 

thin films without nanoparticles.  

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.8): Absorbance spectra of thin films of Malachite green dye doped with 

PMMA polymer and (Cu) nanoparticles. 
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4.3.1.3 The Transmittance Spectra of Malachite green dye pure and 

doped with PMMA polymer and (Cu) nanoparticles (as Solutions) 

 

    The transmission spectra of Malachite green dye doped with PMMA 

polymer and (Cu) nanoparticles at different concentrations were analyzed 

using UV-Vis spectrophotometer as shown in Figures (4.9- 4.11) 

respectively.The optical transmission curve of all samples showed a variable 

behavior of the transmission as a function of the incident wavelength ,this 

behavior agrees with [9].The transmittance decreases with increases 

concentrations at the same wavelength. The transmittance intensity of nano 

composite was lower than intensity of pure dye and dye doped with PMMA 

polymer .Transmittance decreases, this is suggested to take place because of 

(Cu) nanoparticles contain electrons which can be the absorption of 

electromagnetic energy of the incident light and travel to higher energy 

levels. This process is not accompanied by emission of radiation because the 

traveled electron to higher levels have occupied vacant positions of energy 

bands, thus part of the incident light is absorbed by the substance and does 

not penetrate through it, on the other hand, the pure samples have a little 

transmittance than  doping samples this is suggested to take place because of  

no free electron (i.e. electrons are linked to atoms by covalent bonds),this is 

because the breaking of electron linkage and moving it to the conduction 

band need to photon with high energy [113].  
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Figure (4.9): Transmittance spectra of Malachite green pure dye at different 

concentrations.  

 

 

Figure (4.10): Transmittance spectra of Malachite green dye doped with  PMMA 

polymer at different concentrations . 
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Figure (4.11): Transmittance spectra of Malachite green dye doped with PMMA 

polymer and (Cu) nanoparticles at different concentrations . 

 

 

4.3.1.4 The Transmittance of Malachite green dye doped PMMA 

polymer and (Cu) nanoparticles as (Thin Films) 

 

       Transmission spectrum of thin films of Malachite green dye doped with 

PMMA polymer and (Cu) Nanoparticles at (10
-3

 M), as shown in Figure 

(4.12).The optical transmission curve of the samples show a variable behavior 

of the transmission as a function of the incident wavelength. The transmittance 

intensity of nanocomposite was lower than intensity of dye with adding 

PMMA.Transmittance decreases, this is suggested to take place because of 

(Cu) nanoparticlecontain electrons which can be the absorption of 

electromagnetic energy of the incident light and travel to higher energy levels. 

This process is not accompanied by emission of radiation because the traveled 

electron to higher levels have occupied vacant positions of energy bands, thus 

part of the incident light is absorbed by the substance and does not penetrate 
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through it. This behavior agrees with [16]. The results showed that intensity of  

transmittance for thin films are less than those values for same materials as 

solutions. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure (4.12): Transmittance spectra of thin films for Malachite green dye   

doped with PMMA polymer and (Cu) nanoparticles . 
 

4.3.2.1  Fluorescence Spectra of Malachite green dye pure and doped 

with PMMA polymer and (Cu) nanoparticles (as Solutions) 

 

      Figures (4.13- 4.15) shows fluorescence intensity for Malachite green 

organic laser dye at different concentrations (2, 4, 6 and 8) ×10
-5

 M as pure 

dye and doping with PMMA polymer and (Cu) nanoparticles, the 

wavelength of excition is (620) nm. From these Figures it noticed that the 

fluorescence intensity at higher concentrations reaches a limiting value and 

then decreases with further increase in concentration, it agree with 

references [25].  

    Several factors are responsible for this behavior occurring to stern 

equation. This can be related to the phenomenon of re-absorption and re-

emission, which ultimately reduces fluorescence emission [16].With 
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increasing dye concentration the formation of dimmers and higher 

aggregates decreases the fluorescence emission by a combination of 

monomer-dimer, higher aggregates energy transfer and absorption of 

radiation by non-fluorescent dimmers and higher aggregates. This transfer of 

energy between molecules by collisional mechanism makes the 

nonradioactive processes prominent and hence fluorescence decreases.  

      The fluorescence spectra of many organic dyes in liquid solution depend 

on the local electric field which is induced by the surrounding polar solvent 

molecules, so this effect is a result of intermolecular solute-solvent 

interaction forces (such as dipole-dipole or dipole-induced dipole) that tend 

to stretch the molecular bonds and shift the charge distribution on molecules 

and thus altering the energy difference between the ground and excited states 

of the solute molecules. This shift is not special case for fluorescence spectra 

but in the same principles in absorption spectra where the fluorescence 

represents a mirror image for the absorption [112]. 

        From the  Figures (4.13-4.15)  show fluorescent spectra of Malachite 

green dye doped with PMMA polymer and (Cu NPs) it was observed that 

maximum value was at about (5298) at concentrations (2×10
-5

) M. The 

intensity fluorescent of Malachite green dye doped with PMMA polymer 

and (Cu) nanoparticles is larger than intensity fluorescent of dye as pure and 

doped PMMA polymer. This behavior of fluorescent spectra is opposites to 

the behavior of  absorbance spectra and this agreement with [114]. 
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Figure (4.13): Fluorescence spectra of Malachite green  pure dye at different 

concentrations. 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.14):Fluorescence spectra for Malachite green dye doped with 

PMMA polymer at different concentrations. 
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Figure (4.15): Fluorescence spectra of Malachite green dye doped with 

PMMA polymer and (Cu) nanoparticles at different concentrations. 

 

4.3.2.2 Fluorescence Spectra of of Malachite green dye pure and doped 

with PMMA polymer and (Cu) nanoparticles (as Thin films) 

 

      Fluorescence spectra of thin films for Malachite green dye   doped with 

PMMA polymer and (Cu) nanoparticles at (10
-3

 )M prepared by drop-casting 

method , are shown in Figure (4.16). From this Figure observed that have 

narrower band width than samples as solutions its agreement with [31].  

      There are many factors that effect on fluorescence of dye such as 

concentration, impurities and self-absorption, that could affect directly the 

fluorescence quantum yield and consequently the energy yield of the 

fluorescence [115]. One of the most important characteristics of the dye 

doped in solid matrix is the Stokes shift. In addition, the values of the Stokes 

shift were increased by increasing the concentration. Fluorescence spectra of 
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all samples of Malachite green dye doped with PMMA polymer and (Cu 

NPs) were shifted towards long wavelengths.  

    Thin films of dye doped with  PMMA polymer and (Cu) NPs showed the 

effect of the existence of nanoparticles on the fluorescence spectra. Thin 

films showed narrow band width of the emission peaks , also increase 

intensity agreement with[17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.16): Florescence spectra of thin films of Malachite green dye doped with 

PMMA polymer and with PMMA and (Cu) nanoparticles. 

 

4.4   Calculation of Quantum Efficiency and Life Time 

    The values of time-life and quantitative efficiency of all the prepared 

samples are shown in the Table (4.2). The time-life and quantitative 

efficiency were calculated from the equations (2.5) and (2.8) and the 

measurement is done by calculating the area under the fluorescence curve 

over the area under the absorbance curve using a computer program (GEUP 

9). It is noted from the Table that the increase in concentration leads to an 

F
lo

u
rs

ce
n

ce
 I

n
te

n
si

ty
 



 

Conclusions and Suggestions Chapter Four                    Results , Discussion, 

 

69 

 

increase in the lifespan of time and a decrease in quantitative efficiency, and 

that the highest quantitative efficiency is in the case of the dye doped with 

PMMA polymer and (Cu)  nanoparticles. Therefore, the fluorescence energy 

is less than absorption and increased dye concentration leads to the 

displacement of the fluorescence to long wavelengths with low energies 

[116]. 

      The explanation is to increase the concentration of the dye solution, the 

local electric field in the solution will be enhanced and the charges will be 

rearranged due to the electron transfer of the molecule. It became dipole of 

excited state more the ground than level its due to increase of solvent 

solution with more stability of excited state ,its reduce energy level . The 

following displacement position peak of the fluorescence spectrum to the 

longer wavelength (red shift) agree with [37] . 
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Table (4.2): Fluorescence intensity at maximum wavelength, quantum efficiency and 

life time parameters of Malachite green dye as solutions . 

 

Material 
Concentration  

(Mol/L) 

λ max 

( Absorbance ) 

λ max 

(  Fluorescence ) 

Fluorescence 

intensity   (ns)  F 

MG 

 

2×10
-5

 
 

616 

 

626 

 

2357 
0.116 

 
86% 

4×10
-5

 

 

616 

 

626 

 

 

1616 
0.117 

 
%85 

6×10
-5

 

 

616 

 

626 

 

 

783 
0.119 

 
82% 

8×10
-5

 
 

616 

 

626 

 

361 
0.121 

 
%80 

MG + 

PMMA 

2×10
-5

 
 

617 

 

627 

 

3682 
0.118 

 
92% 

4×10
-5

 

 

617 

 

627 

 

 

2329 
0.120 

 
90% 

6×10
-5

 
 

617 

 

627 

 

1189 
0.122 

 
88% 

8×10
-5

 
 

617 

 

627 

 

537 
0.123 

 
87% 

MG 

+PMMA

+ 

Cu NPs)) 

2×10
-5

 

 

618 

 

 

628 

 

5298 0.126 95% 

4×10
-5

 
 

618 

 

628 

 

4896 0.128 93% 

6×10
-5

 
 

618 

 

628 

 

3144 0.129 90% 

8×10
-5

 
 

618 

 

628 

 

2561 0.130 89% 
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 4.5 Nonlinear Optical Properties  

      The nonlinear optical properties were calculated for Malachite green 

(MG) organic laser dye at different concentrations (2, 4, 6 and 8) ×10
-5  

M in 

chloroform solvent as pure and after doped with PMMA polymer and (Cu) 

nanoparticles and thin films doped with PMMA polymer and (Cu) 

nanoparticles at concentration  (10
-3

) M using Z-scan technique for two cases, 

closed and open aperture using CW diode pump solid state laser operating at 

a wavelength (457 nm) and power (84 mW) for all samples then using 

different powers (70 and 102 ) mW for concentration (8×10
-5

) M as solution 

and for thin films. 

 4.5.1 Nonlinear Refractive Index for All Samples of Malachite Green     

Organic Laser Dye   
       

     Closed-aperture of  Z-scan technique is used to investigated the nonlinear 

refractive index of all samples of  Malachite green organic laser dye as pure 

and after doped with PMMA polymer and (Cu) nanoparticles as solutions and 

thin films.  

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

distance is shown in Figures (4.17- 4.20) for solutions and thin films the 

nonlinear effect region is extended from  (-2) cm to (2) cm.  

The peak followed by a valley transmittance curve obtained from the closed 

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

negative  (n2 ˂ 0 ), leading to self-defocusing lensing in these samples [118]. 

 In order to describe the Z-scan behavior in the previous Figures, when the 

sample moves far from the focus, the transmitted beam intensity is low and 

the transmittance remains relatively constant. As the sample approaches the 
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beam focus, intensity increases, leading to self-lensing in the sample tend to 

collimate the beam on the aperture in the far field, increasing the measured 

transmittance at the iris position. If the beam experiences any nonlinear phase 

shift due to the sample as it is translated through the focal region, then the 

fraction of light falling on the detector will vary due to the self-lensing 

generated in the material by the intense laser beam. In this case, the signal 

measured by detector will exhibit a peak and valley as the sample is 

translated [24]. 

     The position of the peak and valley, relative to the z-axis, depends on the 

sign of the nonlinear phase shift .Where the change in the normalized 

transmittance from the peak of the curve to the valley (         is directly 

proportional to the nonlinear phase shift imparted on the beam. Moreover, if 

the beam is transmitted through the nonlinear medium the induced phase shift 

can also be either negative or positive accordingly when the medium is self- 

defocusing or self-focusing, respectively [28]. 

     The magnitude of the phase shift can be determined from the change in 

transmittance between peak and valley. After the focal plane, the self-

defocusing increases the beam divergence, leading to a widening of the 

beam at the focus and thus reducing the measured transmittance. Far from 

focus (Z >0),again the nonlinear refraction is low resulting in a transmittance 

Z-independent . The behavior of Z-scan curves was in good agreement with 

reference [119].The nonlinearity of dye doped with PMMA and (Cu) 

nanoparticles is larger than those for pure dye. As well as thin films possess 

very large nonlinearity as compared with dye as solutions. The relation 

between the nonlinear refractive index and the nonlinear phase shift is a 

linear increasing relation [120].Z-scan  measurements indicated that pure 
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and dye doped and their thin films exhibited negative nonlinear refractive 

index , it agree with reference [20]. 

 

         Figure (4.17): Close - aperture Z-Scan data of Malachite green pure dye at  

different concentrations.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.18): Close - aperture Z-Scan data of Malachite green dye doped 

with PMMA  polymer at different concentrations. 

 

 

  
 

 

 

 

 

 

 Figure (4.19):Close -aperture Z-Scan data of Malachite green dye doped with 

PMMA  polymer and (Cu) nanoparticles at different concentrations. 
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Figure (4.20): Close - aperture Z-scan data of thin films of Malachite green dye 

doped with PMMA  polymer and (Cu) nanoparticles. 

 

4.5.2 Nonlinear Absorption Coefficient for All Samples of Malachite 

Green Organic Laser Dye   

     The nonlinear absorption coefficient investigated for all of the prepared 

samples in different concentrations as solutions and thin films were 

measured by open-aperture Z-scan technique. The performed open aperture 

Z-Scan exhibits an increasing in the transmission about the focus of the lens. 

Open-aperture Z-scan of  all samples as solution and thin films at power (84) 

mW are shown in Figures (4.21- 4.24).  

     The behavior of transmittance starts linearly at different distances from 

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

curve begins to decrease until it reaches the minimum value (Tmin) at the 

focal point, where (Z= 0 mm). The transmittance begins to increase towards 

the linear behavior at the far field of the sample position (+Z).The change of 

intensity, in this case, is caused by two photon absorption phenomena when 

in the sample travels through beam waist as shown in Figures (4.21- 4.23) 

respectively, its agree with [118]. 
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     The open-aperture Z-scan defines variable transmittance values, which 

was used to determine absorption coefficient.(Saturable Absorption) 

phenomenon were observed for open-aperture Z-scan of thin films under 

study as shown in Figure (4.24). The behavior of transmittance curves starts 

linearly at different distance from the far field of the sample position (-Z).  

     At the near field the transmittance curve begins to increase until it 

reaches the maximum value  (Tmax) at the focal point, where Z=0 mm. 

Afterwards, the transmittance begins to decrease toward the linear behavior 

at the far field of the sample position (+Z).The transmittance is sensitive to 

the nonlinear absorption as a function of input power intensity. The change 

in intensity is caused by saturation absorption phenomena in the sample as it 

travels through the beam waist. In the focal plane where the intensity is 

greatest, the largest nonlinear absorption is observed. At the far field of the 

Gaussian beam, where , the beam intensity is too weak to elicit nonlinear 

effects. A symmetric peak value is contributed to the negative nonlinear 

absorption coefficient, indicates that the sample shows a bleaching-like 

behavior (saturation of absorption) [119]. 

      From the results its it observed that samples of dye doped with PMMA 

polymer and (Cu) nanoparticles have high nonlinearity than those which it 

without nanoparticles and  thin films of the prepared samples were exhibited 

better nonlinearity than liquid samples. This is suggested to be take place 

due to the π−π* stacking in super molecular interactions between delocalized 

electrons in solid samples. In addition, in the case of thin films, the molecule 

orientation is crucial where molecules can be arranged either by hemitropic 

alignment or columnar stacking on the substrate as almost organic dyes are 

self-organized materials [120].As well as thin films possess very large 
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nonlinearity as compared with dyes as solution. This is due to increasing 

number of  molecules per volume unit at high concentrations, it agree with 

[20].The closed-aperture Z-Scan defines variable transmittance values, 

which used to determine the nonlinear phase shift ΔΦ using equation (2.22) 

and  the nonlinear refractive index (n2) using equation (2.21),nonlinear 

absorption coefficient (β) using equation (2.25).The nonlinear parameters 

are calculated ,as tabulated in Table (4.3).  

    This Table show that non-linear  refractive increased but nonlinear 

absorption coefficient decreased with increasing the concentrations, as 

increasing the values of linear parameters (αo and no). This is due to 

decreasing number of  molecules per volume unit at low concentrations. The 

results showed that the nonlinear optical properties for all samples of 

Malachite green dye doped with PMMA polymer and (Cu) nanoparticles as 

(solutions and thin films) were higher as compared with pure dye.  

                  

 

 

 

 

 

 

 

 

 

 

 

Figure (4.21): Open-aperture Z-Scan data of  Malachite green pure dye. 

 at different concentrations. 
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        Figure (4.22): Open-aperture Z-Scan data of Malachite green dye doped  

PMMA polymer at different concentrations. 

 

 

 

 

 

 

 

 

 

 

                   

 

    

     Figure (4.23): Open-aperture Z-Scan data of Malachite green dye doped  

PMMA polymer and (Cu) nanoparticles at different concentrations 

. 

 

        

 

 

 

 

 

 

 

 

 

 

          Figure (4.24): Open-aperture Z-Scan data of thin films for Malachite green 

dye doped with PMMA polymer and (Cu) nanoparticles . 
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Table (4.3 ): Linear and nonlinear optical parameters for different concentrations   

of Malachite green dye as solutions and thin films  at (λ=457nm). 

 

 

Material 

 

 

Concentration 

(Mol/L) 

 

  T% 

 

 

(α◦) cm
-1

 

 

   n◦ 

 

ΔTP-V 

 

      n2 

(cm
2
/mW) 

 

T(z) 

 

 

β (cm/mW) 

MG 
(solutions) 

2×10
-5

 0.978 0.0155 1.19 0.18 4.233×10
-10

 0.73 
1.699×10

-3
 

 

4×10
-5

 0.966 0.0247 1.229 0.26 5.102×10
-10

 0.71 
1.558×0

-3
 

 

 

6×10
-5

 0.941 0.0333 1.25 0.34 7.081×10
-10

 0.69 
1.421×10

-3
 

 

 

8×10
-5

 0.913 0.0472 1.54 0.42 8.078×10
-10

 0.66 
1.235×10

-3
 

 

MG+ 

PMMA 

(solutions) 

2×10
-5

 0.984 0.0213 1.29 0.24 5.121×10
-10

 
 

0.54 

 

 

 

2.190×10
-3

 

4×10
-5

 0.975 0.0339 1.45 0.32 6.132×10
-10

 0.52 2.088×10
-3

 

6×10
-5

 0.967 0.0604 1.59 0.41 7.802×10
-10

 0.50 1.749×10
-3

 

8×10
-5

 0.953 0.0909 1.66 0.49 9.371×10
-10

 0.48 1.582×10
-3

 

 

Thin Film of 

(MG+PMMA

) 
  

10
-3

 0.644 1680.83 2.30 0.55 10.453×10
-3
 0.6 2.612 

MG+PMMA

+ Cu NPs 

(solutions) 

2×10
-5

 0.731 0.3120 2.29 0.28 7.6869×10
-10

 0.51 3.322×10
-3

 

4×10
-5

 0.727 0.3183 2.31 0.37 9.110×10
-10

 0.49 3.290×10
-3

 

6×10
-5

 0.722 0.3247 2.33 0.48 10.822×10
-10

 0.47 3.177×10
-3

 

8×10
-5

 0.713 0.3373 2.38 0.59 11.121×10
-10

 0.44 3.008×10
-3

 

Thin Film of 

(MG+PPMA

+Cu NPs) 
 

10
-3

 0.708 1680.92 2.73 0.64 12.861×10
-3
 0.56 3.541 
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4.6 Optical Limiting Behavior of Organic Dye 

      The optical limiting behavior, was performed  by closed-aperture Z-Scan 

with the same laser used in Z-scan technique. Figures (4.25- 4.28) 

respectively  give the optical limiting characteristics at room temperature for 

all samples of  Malachite green organic laser dye as solutions and thin films 

doped with PMMA polymer and Cu nanoparticles were dissolved in 

Chloroform solvent respectively. The samples show very good optical 

limiting behavior arising from nonlinear refraction[117].  

     The output power rises initially with the increasing in input power, but 

after a certain threshold value, the sample starts defocusing the beam 

resulting in a greater part of the beam cross-section being cut off by the 

aperture. Thus, the transmittance recorded by the photodetector remained 

reasonably constant showing a plateau region.  

 Thin films samles give optical power limiting threshold and limiting 

amplitude less as compared with the dye as solutions, therefore, the 

properties of optical limiting for thin films of organic laser dye are better 

than of dye as solutions,due to increasing number of molecules per unit 

volume which is lead to increasing the nonlinear absorption ,as listed in 

Table (4.4).This behavior agree with [118]. 
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Figure (4.25): Optical limiting response  of  Malachite green pure dye at 

different concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

 

Figure (4.26): Optical limiting response of  Malachite green dye doped PMMA 

polymer at different concentrations. 
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Figure (4.27): Optical limiting response of Malachite green dye doped PMMA 

polymer and (Cu) nanoparticles at different concentrations. 

 

 

 

Figure (4.28): Optical limiting response for thin films of Malachite green dye doped 

PMMA polymer and (Cu) nanoparticles . 
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Table ( 4.4 ): The Optical limiting response of  Malachite green dye pure and doped 

PMMA polymer and (Cu) nanoparticles as Solutions and thin films. 
 

 

 

 

Material 

 

 

Concentration 

(Mol/L) 

Limiting 

Amplitude 

Limiting 

Threshold 

MG 

(Solutions) 

2×10
-5 

16 104 

4×10
-5

 14.2 103 

6×10
-5

 12.3 102 

8×10
-5

 10.2 102 

 

MG+PMMA 

(Solutions) 

 

2×10
-5

 14 89 

4×10
-5

 12.5 88 

6×10
-5

 11 88 

8×10
-5

 9.5 87 

Thin Film 

MG+PMMA 
10

-3
 12.5 83 

MG+ PMMA+ Cu NPs 

(Solutions) 

2×10
-5

 11 86 

4×10
-5

 10 85 

6×10
-5

 9.3 85 

8×10
-5

 5.8 84 

Thin Film 

MG +PMMA+ Cu NPs 
10

-3
 5.7 82 
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4.7 Nonlinear Optical Properties at Different Laser powers 

        The nonlinear parameters (nonlinear refractive index and nonlinear 

absorption coefficient ) for all samples at concentration (8× 10
-5

)M as 

solutions and thin films at (10
-3

) M are calculated in different laser power 

(70,84 and 102) mW as shown in Figures (4.29- 4.38) . The results was 

tabulated in Table (4.5), from this Table it can be seen that the values of 

nonlinear refractive index (n2) increased with increasing laser powers, but 

the values of nonlinear absorption coefficient (β) decreased with increasing 

laser powers .  

     The nonlinearity of thin films of doped dye is larger than those for pure 

dye as solutions due to adding PMMA polymer and (Cu) NPs, and  

increasing number of  molecules per volume unit ,as well as thin films have 

thickness smaller than liquid dye which is lead to increasing the nonlinear 

phase shift, its agreement with [48]. The transmittance is sensitive to the 

nonlinear absorption as a function of input power intensity. The change in 

intensity is caused by saturation absorption in the sample as it travels 

through the beam waist. In the focal plane where the intensity is the greatest, 

the largest nonlinear absorption is observed.  

      At the far field of the Gaussian beam, where , the beam intensity is too 

weak to elicit nonlinear effects. A symmetric peak value is contributed to the 

negative nonlinear absorption coefficient (β), indicates that the sample 

shows a bleaching-like behavior (saturation of absorption). This behavior 

agrees with[17].The variation of nonlinear absorption coefficient is inversely 

proportional to the input power, the nonlinear absorption showed the power 

dependence. As the power increase there is a significant decreasing in the 

nonlinear absorption coefficient [119].  
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             Figure (4.29 ): Open-aperture Z-scan data for Malachite green pure dye as 

solutions  at concentration (8×10
-5

 M) at  different laser powers . 

 

  Figure (4.30 ): Open-aperture Z-scan data for Malachite green dye doped      

PMMA polymer  as solutions at concentration (8×10
-5

 M) at  different laser 

powers . 

 

 

 

 

 

 

 

 

 

 

 

 Figure (4.31 ): Open-aperture Z-scan data for Malachite green dye doped 

PMMA polymer and Cu NPs  as solutions  at concentration (8×10
-5

 M) at 

different laser powers . 
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       Figure (4.32 ): Open-aperture Z-scan data for thin film  for (MG) dye doped 

PMMA polymer at different laser powers . 

 

      Figure (4.33 ): Open-aperture Z-scan data of thin film for  (MG) dye doped 

PMMA polymer and Cu NPs  at  different laser powers . 

 

Figure (4.34 ): Close-aperture Z-scan data of Malachite green pure dye  as solution 

at concentration (8×10
-5

 M) at  different laser powers . 
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      Figure (4.35 ): Close-aperture Z-scan data of Malachite green dye doped PMMA 

polymer  as solution  at concentration (8×10
-5

 M) at  different laser powers . 

 

 

Figure (4.36 ): Close-aperture Z-scan data of Malachite green dye doped PMMA 

polymer and Cu NPs as solution  at concentration (8×10
-5

 M) at different laser 

powers . 
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Figure (4.37 ): Close- aperture Z-scan data of thin film  for Malachite green dye 

doped PMMA polymer  at  different laser powers . 

 

 

         Figure (4.38 ): Close-aperture Z-scan data of thin film of Malachite green dye 

doped PMMA polymer and Cu NPs  at  different laser powers . 
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Table (4.5 ): The nonlinear optical parameters for Malachite green  dye pure and 

doped PMMA and with Cu NPs as solutions and thin films at  (λ= 457nm) at 

different laser powers.  

 

Material 

 

 

 

Powers 

(mW) 

 

ΔTP-V 

 

ΔΦo 

n2 

(cm
2
/mW) 

 

 

 

T(z) 

 

 

β (cm/mW) 

 

 

MG 

(Solutions) 

 

 

MG+ PMMA 

70 
0.26 

0.64 6.024×10
-10

 0.61 1.316×10
-3 

84 0.32 0.78 8.078×10
-10

 0.65 
 

1.235×10
-3

 
 

102 0.38 0.93 
9.083×10

-10
 

0.68  

1.152 ×10
-3 

 

MG +PMMA 

(Solutions) 

70 0.28 0.68 7.13×10
-10 

0.45  

1.632×10
-3

 

84 0.34 0.83 9.371×10
-10 

0.5  

1.582×10
-3

 

102 0.4 0.98 
10.231×10

-10 0.55  

1.471×10
-3

 

 

Thin Film 

MG +PMMA 

70 
0.31 0.76 9.138×10

-3
 0.3 

 

2.713 

84 0.4 0.98 10.453×10
-3

 0.35 
 

2.612 

102 0.49 1.20 11.610×10
-3

 0.4 
 

2.432 

 

MG+PMMA+  

Cu NPs 

(Solutions) 

70 
0.36 0.88 10.358×10

-10
 0.37 

 

2.13×10
-3

 

84 
0.44 1.08 11.121×10

-10
 0.4 

 

2.008×10
-3

 

102 
0.52 1.28 12.581×10

-10
 0.44 

 

1.931×10
-3

 

 

Thin Film of  

MG+PMMA+ Cu 

NPs 

70 0.4 0.98 11.791×10
-3

 0.27 
 

3.583 

84 
0.52 1.28 12.861×10

-3
 0.32 

 

3.322 

102 
0.64 1.57 13.997×10

-3
 0.36 

 

3.117 
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4.8 Conclusions 

     The main conclusions that are obtained in this work: 

1. Preparation thin films of Malachite green  organic laser dye have been 

successfully by drop-casting method on glass substrate. 

2. The grain size of thin films, calculated from atomic force microscope  (AFM) 

in the range of  (30 - 41) nm.  

3. All samples of Malachite green organic laser dye doped with PMMA 

polymer and (Cu) nanoparticles possess large linear optical properties as 

compared with samples of pure laser dyes, as a result  it can  be used as  

optical and photonic devices. 

4. The linear refractive index (no) and linear absorption coefficient (αo) of  

Malachite green organic laser dye doped with PMMA polymer and (Cu) 

nanoparticles (solutions and thin films) are larger than those for pure dye. 

5. Fluorescence intensity of all solutions of Malachite green organic laser dye 

doped with PMMA polymer and (Cu) nanoparticles decreasing linearly with 

increasing of concentrations. 

6. Fluorescence intensity of thin film Malachite green dye  doped with PMMA 

and (Cu) nanoparticles is higher than these for thin film of the dye doped of 

PMMA polymer only, as a result it can be used as active laser medium.   

7. Decreasing the value of quantum efficiency with increasing in concentration 

for all prepared samples. 

8. The nonlinear optical properties of all samples of Malachite green organic 

laser dye doped with PMMA polymer and (Cu) nanoparticles (solutions and 

thin films) are larger than those for pure dye. 

9. The nonlinear refractive index for all samples shows the behavior self- 

defocusing, and two photon absorption  in nonlinear absorption coefficient. 
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10. The nonlinear absorption coefficient for all thin films of laser dye and 

doped dye show saturable absorption phenomena.  

11. The nonlinear optical properties of thin films of Malachite green organic 

laser dye with (Cu) nanoparticles are higher than the thin film without 

adding nanoparticles. 

12. The nonlinear refractive index of all samples of Malachite green organic 

laser dye increases when increasing laser powers but the nonlinear 

absorption coefficient of all samples decreases when increasing laser 

powers. 

13. Optical limiting properties increase with decreasing concentrations for all 

samples. 

14. Optical limiting properties of Malachite green organic laser dye with (Cu) 

nanoparticles (solutions and thin films) are better than those for pure dyes 

as a result  it can  be used as better optical limiting in electro-optical 

devices. 

    

4.9 The Suggestions and Future Works  

          In this context, a further investigation can be suggested as future works: 

1. Study spectral linear and nonlinear optical properties of dye solution with 

another types of solvents at different concentrations.   

2. Study nonlinear optical properties of dye using different types of 

nanoparticles at different ratios. 

3. Study effect for adding another types of polymers on spectral, linear and 

non-linear of the dye.  
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 الخلاصة

 تظبغنوانبظشٌت انخطٍت وانلاخطٍت  انطٍفٍتانخظائض دساعت ٌخضًٍ انبحذ انحانً        

صغًٍاث و PMMA)) يٍزٍم يٍزاكشٌهٍجبىنً  ببىنًٍش ًطعًتانانعضىٌت  انخضشاء انًٍهٍكاث

 انلاخطٍت.  ا فً يضال انبظشٌاثًيُه فادةعخنلإورنك  ،(Cu NPs) ُاَىٌتان ُحاطان

خشاكٍض ب انكهىسوفىوفً يزٌب  تانًزابيحانٍم يٍ انظبغت انهٍضسٌت  ححضٍش حىفً هزا انعًم      

10× (and 8 6 ,4 ,2) يخخهفت
-5

 M ًدساعت حى  .اغشٍت سلٍمت وحضشث،  انغشفتدسصت حشاسة  ف

طبغت حى حشخٍض  عهى انخظائض انبظشٌت انلاخطٍت نضًٍع انًُارس انًحضشة. انهٍضسحأرٍش لذسة 

 .FT-IR   يطٍاف الاشعت ححج انحًشاء باعخخذاو انًٍهٍكاث انخضشاء

الايخظاطٍت  طٍفً كزنكو انًحضشة حى دساعت انخظائض انبظشٌت انخطٍت نضًٍع انًُارس         

 يزٌب شاكٍض يخخهفت يزابت فًنخانفىق انبُفغضٍت   -انًشئٍت يطٍاف الاشعت باعخخذاو  وانُفارٌت

حبٍٍ يٍ خلال انُخائش اَه كهًا صاد انخشكٍض اصدادث الايخظاطٍت نُفظ انطىل  .انكهىسوفىسو

حى دساعت انخظائض انبظشٌت انطٍفٍت نضًٍع  . نُفارٌتنطٍف اانًىصً بًٍُا ٌحذد انعكظ بانُغبت 

 .انفهىسة يطٍافانًُارس انًحضشة باعخخذاو 

و (Open-aperture) انفخح  ( نحانخZ-scanًحضًُج انفحىطاث انلاخطٍت اعخخذاو حمٍُت )     

( ويعايم الايخظاص n2نهحظىل عهى يعايم الاَكغاس انلاخطً )، (Closed-aperture)انغهك

انطىل  رو  نٍضس انحانت انظهبت (CW) اَضضث انمٍاعاث باعخخذاو ،عهى انخىانً (βانلاخطً )

 .  mW (70,84,102) عُذ لذساث نٍضسٌت يخخهفت (nm 457انًىصً )

       

 يع اَخفاع يعايم الايخظاص انلاخطً وأظهشث انُخائش صٌادة فً يعايم الاَكغاس انلاخطً 

حؤدي انى  صٌادة انخشكٍض اٌاٌضا أظهشث انُخائش  انًحضشة. انًُارس انهٍضسٌت نضًٍع  انمذساثصٌادة 

نكم ًَارس  (β) اَخفاع يعايم الايخظاص انلاخطً و،  (n2الاَكغاس انلاخطً ) ًيعايه صٌادة

   .انًحضشة انهٍضسٌت انعضىٌت تانظبغ



. انٍمبانًماسَت يع انًح أفضمخطٍت  لاطٍفٍت خطٍت وبظشٌت  الاغشٍت انشلٍمت خظائضحًخهك       

طٍفٍت  انًطعًت ببىنًٍش ويىاد َاَىٌت حًخهك خظائض بظشٌت تانظبغ واٌ انًُارس انًحضشة يٍ

 انُمٍت. تلا خطٍت أفضم يماسَت يع انًُارس انًحضشة يٍ انظبغ ،خطٍت و

 ٌا نكم انًُارس. اظهشث انُخائش اٌ عخبت يحذد انمذسة انبظشٌت حخُاعب عكغٍا يع حشكٍض انًحهىل

انُاَىٌت اعطج اعهى  انُحاطصغًٍاث ووانًطعًت ببىنًٍش انهٍضسٌت  تالاغشٍت انًحضشة يٍ انظبغ

 كاَج  اعهى لًٍت نهكفاءة انكًٍت .بانظبغت انُمٍتخطٍت يماسَت  خطٍت ولاطٍفٍت  بظشٌت ، يعايلاث

cmكم يٍ يعايم الاَكغاس انلاخطًنواعهى لًٍت  (95%)
2
/mW)   13.997×10

ويعايم   (3-

 عهى انخىانً. (cm/mW 3.583الايخظاص انلاخطً )

 (انًحانٍم والاغشٍت) انًطعًت وانُمٍت تًَارس انظبغ كمبٍُج انُخائش ايكاٍَت اعخخذاو   

وعاط نٍضسٌت فعانت فً أو شٌتبظكًحذداث  تانكهشوبظشٌكأوعاط صهذ نًخخهف انخطبٍماث 

 . ٍضساث انغائهت هان

 


