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Abstract 

A homogenous colloidal composed of PbO/Cu and PbO/Ag were  

prepared pulsed laser ablation technique (PLAL) ,through a prepare of 

mixtures of Pb:Cu and Pb:Ag with different concentration 

(15,20,30,50,75 and 85wt%).The resultants powders were pressed as a 

pellet of dimensions() used a targets. ND-YAG pulsed laser of 

wavelength (1064) and pulse duration 6ns at a condition of 300pulses 

associated with energy 400J.The resultant powders of PbO/Cu and 

PbO/Ag were subjected to XRD and uv-vis techniques for studying both 

structural and optical property .TEM and SEM techniques were used for 

studying the size, shape and morphology of the prepared powders. The 

absorbance is found increased and take maximum values at the 

wavelength of (220-230)nm due to surface Plasmon resonance of each 

colloidal. The absorbance peaks are found tend to red shift near to the 

infrared region. In addition, the extinction coefficient display and 

enhanced value with increasing the doping concentration of both Cu and 

Ag increased too. The energy gap suffer some reduced and reached to 

(32.91 v) for 75wt% Cu with PbO and (2.63ev) for 20wt% Ag with PbO. 
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1.1 Introduction: 

Nano science defines a set of technologies and developments based 

on physical, chemical, and biological phenomena that existing at the 

Nano scale range of approximately (1-100) nanometer [1]. The properties 

and the behaviors of nanomaterial differ from those with macro or bulk 

materials [2]. The transition from micro to nano scale in the materials 

leads to a significant change in their properties. The major change is the 

increasing in their surface area to volume ratio. Thus large portions of the 

surface atoms accumulated with ultra-fine size and shape effects resulting 

in the formation of the nanoparticles that exhibit different properties from 

those for the bulk nature [3]. 

 In general, there are two approaches used to fabricate Nano 

materials which named as top-down and bottom-up. In the top-down 

approach the nanoparticles are etching to smaller structures from larger 

ones. On the other hand, bottom-up approach refers to the build-up of a 

material from the bottom: atom-by atom, molecule-by-molecule, or 

cluster-by-cluster [4].  

The most efficient physical methods for the fabrication of 

nanostructure are the laser ablation, and it is a typical example of the top-

down approach in the fabrication of nanoparticles. Laser ablation is the 

process of ablated material from a solid surface by irradiating it with a 

laser beam [5]. 

The laser ablation of  a material from the target leads to form Nano 

clusters that deposition on  a substrate yielding a nanostructure film or 

when the Nano clusters can released into the liquid forming a colloidal 

nanoparticles solution, Also the difference may occurs between these 

processes when the plasma begins to expand ,which occurs freely in 
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vacuum but is confined by liquid layer, the liquid delays the expansions 

of the plasma leading to high plasma pressure and temperature, which 

allows to formation of novel materials [6].  

The mechanism of laser- ablation of the particles from a target 

starts when the laser beam irradiates at the interface between the solid and 

the liquid. Through the liquid, a plasma plume is formed at the interface, 

and confined by the surrounding liquid during each pulse. 

 The confined plasma expands adiabatically at a supersonic 

velocity, creating a shock front that in turn induces an elevated pressure 

and increase the plasmas temperature. Such a transient pressure in front 

of the plasma plume impinges the ablated species of metallic ions, atoms 

and clusters into the confined liquid, and the chemical reactions between 

the ablated species and the liquid occur, resulting in nucleation of oxides 

and/or hydroxides, depending on the type of liquid. It is believed that in 

the case of PLAL the shock wave plays a self-limiting role for the 

generation of NPs and alters the efficiency of the process [7, 8]. PLAL 

has been demonstrated that the size of the synthesized material can be 

controlled by changing the laser parameters including: laser fluencies, 

wavelength, and pulse laser duration or by changing the type of the 

surfactant solution. The reason mentioned before in which are parameters 

effect of the stability and size of the resulted NPs. 

 Ablation process that used ultra-short laser beam makes it suitable 

to produce very gentle material removal converting a bulk material into 

nanoparticles in gases and liquids media without changing its 

stoichiometry [9]. 

Moreover,  the limited heating effect resulted from the interaction 

of ultra-short pulses with the matter led to faster cooling of  the ablated 
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particles and prevented their aggregation. The ablation process occurs 

from both melted and vapored phases, leading to  the emission of 

particulate and liquid micro-droplets[10[.  

The long lasting material emission and longer pulse duration lead to 

laser-vapor interaction that limiting the control of the properties of the 

ablated particles[11].  Scientists believe that nanotechnology will solve a 

range of challenges facing humanity such as disease, clean water for all, 

as well as cheap space trips that are not affected by radiation. 

        The origin of the word "Nano" is derived from the Greek word 

"Nano", a Greek word meaning dwarf and meant, everything is small and 

here means the technique of nanoparticles or nanotechnology micro or 

miniature technology. Nano science is the study of the basic principles of 

molecules and compounds that are not more than 100 nanometers. Valona 

is the most accurate metric unit known to date. It is one billionth of a 

meter, ten times the atomic measurement unit known as angstrom. The 

nanometer is defined as part of Billionth of a meter, and a fraction of a 

thousand micrometers. To bring this definition closer to reality, the 

diameter of the head hair is approximately 75,000 nm, and the red blood 

cell is up to 2,000 nm. The Nan science is the boundary between the 

world of atoms and molecules and the world of macro  [21] . 

 

1.1. Nano technology 

          The technological breakthrough was the unique feature of the 20th 

century, which we called a few years ago. The experts agreed that the 

most important technological development in the latter half of this 

century was the invention of silicon or transistor electronics and 
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electronic laboratories. Their development led to the emergence of solid  

to a technical revolution in all areas such as communications, computer, 

medicine and others] 13[. Until 1950 there was only white and black 

television, and there were only ten computers in the world. There were no 

mobile phones, no digital clocks or the Internet. All these inventions are 

due to the small segments, whose increased demand has led to lower 

prices for easy access to all the consumer electronics that surround us 

today. Over the past few years, a new term has emerged that has put its 

weight on the world and has become the focus of attention. The term is 

"nanotechnology." 

        This promising technique promises a huge deep in all branches of 

science and engineering, and think it will over shadow all areas of 

modern medicine, global economy, international relations and even the 

everyday life of the ordinary person. It will simply enable us to do 

anything we imagine by lining the molecules of matter together Imagine a 

supercomputer that can be injected into the blood or ingested to treat 

blood clots, tumors and incurable diseases [23] . 

       Nanotechnology is a field of applied science and technology covering 

a wide range of topics. The standardization of the main subject is to 

control any order of magnitude smaller than the micrometer, as well as 

manufacturing the same hardware along this schedule table [24] . It is a 

highly interdisciplinary field, taking advantage of areas such as 

macromolecular physics and extended physics. There is a lot of 

speculation about what new science and technology might produce from 

these research lines. Some people see nanotechnology marketing a term 

that describes existing research lines applied to a micron-wide sub-

scale]16[. Despite the simplicity of what this definition, Nan scale 

includes various areas of investigation. Nanotechnology permeates many 
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fields, including the genetics of science, chemistry, biology and applied 

physics. It can be considered an extension of science on the list, 

appreciating either the reworking of existing science using the latest or 

most modern means  [21] . There are two main approaches that use 

nanotechnology: it is the "base" that is the building materials and tools of 

molecules that combine chemical elements using the principles of 

molecular recognition; the other "top-to-bottom" that is opposed is a 

larger Nano-building than sub-atomic entities. The momentum of nano 

science terms from the new interest of science adding a new generation of 

analytical tools such as atomic force microscopy and scanning 

microscopy .Common and duplicate processes such as electron beam and 

lithography these two instruments are deliberate manipulation, 

nanostructures and this in turn led to monitoring phenomena . The nano 

scale also describes the emerging technical developments associated with 

sub - dimensional microscopy  [21] . Despite the great promise of 

numerous nano scale techniques such as point size and nano metric, real 

applications that have emerged from the laboratory to the market are 

mainly using the advantages of nano party colloidal not in most of the 

form, such as suntan lotion, cosmetics, protective coatings and stain-

resistant clothing [12] . 

 

 

1.1. Historical review: 

 Tabor) 1974([21] made a comparison between polythene that 

prepared with and without lead oxide fillings in terms of friction, wear 

and tear. The fillings significantly reduce the corrosion but not the high 

density polythene friction found under the conditions it is observed that 

any such reduction in low-density polythene. With high-density 
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polythene, improved corrosion is limited to high speeds and relatively 

soft steel facades.  

         Mustafa Amer Hassan) 2012( ] 22[ prepared pure and doped 

copper oxide thin films by chemical spray pyrolysis. The films were 

doped with Manganese (Mn) at 2 and 4 wt%. X-ray diffraction pattern 

shows that all prepared films have two strong peaks located around 

35.74° and 38.95°which correspond to the (111)and (111) reflection 

planes respectively, similar to those for CuO.  The absorption coefficient 

was calculated from the transmission spectra in the range of (450–950) 

nm, and it was increased with increasing the doping concentration. 

Similarly, the allowed direct optical band gab energy has been increased 

with increasing doping concentration. 

 

           Khawla S. Khashan)2013( [12]  prepared CuO thin films by spray 

pyrolysis method using different concentration of CuCl2.2H2O. X- ray 

diffraction (XRD) and UV-VIS transmission spectroscopy were used to 

characterize the structure and optical properties of the prepared thin films. 

XRD patterns show that the films are polycrystalline and monoclinic with  

(111) and (111) crystalline orientations. The optical band gaps are in the 

range of (2.05 -2.42) eV, with high absorption coefficient change from 

(3×10
5
 - 1×10

5
) cm

-1
 at 0.3M concentration. Also, the excitation 

coefficient varied from (0.85 – 0.7). These constants are found to be 

oscillatory in nature, which are attributed to the particular structure of 

films and their doping concentrations. 

             Abdulhadi kadhim AL-Ogaili et al( ( ]1112 24[were 

characterized silver nanoparticles that synthesized by pulsed (Q-switched, 

1064 and 532nm doubled frequency-Nd: YAG) laser ablation using (Q-
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switched, 1064 and 532nm doubled frequency-Nd: YAG) system. The 

silver metal was immersed in double distilled deionized water DDDW, 

Without any chemical additives, the optical and antibacterial properties 

have been studied as a function of both the laser energy and the number 

of pulses. It has been observed that both the laser energy and number of 

laser pulses have a control over the size of the nanoparticles. Increasing 

these parameters resulted in a clear blue shift in the absorption peak of 

the fabricated nanoparticles indicating that the average size of the 

particles decreases with increasing laser energy and number of pulses.  

Also, increasing the period of ablation reduces the average size of 

nanoparticles. 

             M. A. Al-Hur ] (1112 )  [12  prepared CdS and Cd1-xSCux thin 

films by spray pyrolysis method. The optical band gap of pure and doped 

CdS were varied from 2.34 to 2.45 eV with increase Cu concentration 

from (0 -0.1). The X-ray diffraction (XRD) analysis revealed that the 

films were polycrystalline and exhibited two phases cubic and hexagonal 

structure and the hexagonal phase was increased with increasing Cu 

concentration. 

            Azhar A. Hassan (2015( ]26[prepared transparent conducting 

oxides thin films of copper aluminum oxide (CuA1O2) by spray pyrolysis 

technique onto glass substrates at (500°C). The precursor solution was 

prepared by mixing CuCl2 and anhydrous AlCl3 salts at different (Cu:Al) 

ratio (1:1), (1:2), and (2:1). The XRD results show that the pure 

delaffosite phase of CoAlO2 was dominate at the ratio (1:1).The UV-

visible spectrum shows the highest absorption coefficient value in the 

visible region for the film prepared with (1:1) ratio. The optical allowed 

direct and indirect band gap of the prepared thin films at (1:1), (1:2) and 

(2:1) were calculated to be (2.9, 3, 2.6 and 1.2, 1.5, 1.4) eV respectively. 
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The extinction coefficient was also calculated at different ratios. The 

authors stated that the effective ratio for photoelectric application is (1:1).  

            Dunia K. M. Al-Nasrawy(2015( ]27[prepared lead silicate 

glasses at different lead oxide content. The structural, surface 

morphology and bonds properties were studied by means of X-ray 

diffraction, AFM, and FTIR. The X- ray diffraction patterns revealed that 

the strongest peak related to a hexagonal silica dioxide, while other 

phases related to silica oxide (SiO2) and lead oxide (PbO). Growth and 

decay phases in X-ray diffraction patterns have been  changing lead oxide 

content. AFM analysis shows that the film has a homogeneous surface 

with an average diameter around 100 nm. Infrared spectrum is 

characterized by the presence of large absorption band between (1200 and 

900) cm
-1

 and have its maximum value at 1080 cm
-1

 which is attributed to 

stretching vibrations of Si–O–Si bonds. Another bands were attributed to 

Pb–O–Pb, Pb–O–Si, [AlO4]-tetrahedron, and Si–O–Al bond. 

R.Ramos Barradob ( 1112 ) [28 [ Lead oxides (II) in the form of 

bulk and thin films as electrodes for rechargeable lithium batteries have 

been prepared by pyrolysis of aqueous solutions from Pb(CH3-COO)2 . 

2H2O and deposited onto lead substrates at 175 °C. The films heated at 

250 °C show well crystallized four-dimensional PbO structure, and it 

developed to polymorph orthorhombic with further heating for long 

period. The configuration of different LiyPb alloys was examined in cells 

at a current density of 0.25 mA/cm
2
 over (0.0-1.0) volt. 

             Raneen Imad Jibrael et al )2016 [11 ](  were prepared  graphene 

suspension by electrochemical exfoliation of graphite electrodes that 

immersed in aqueous solution contains sulfuric acid, nitric acid and 

distilled water (H2SO4/HNO3/H2O). A bias voltage of 10 V has been 

applied, and the resulted grapheme foam was deposited onto glass slide. 
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The structural and optical properties of grapheme was characterized by 

X-ray diffraction (XRD), scanning electron microscope (SEM), energy 

dispersive spectroscopy (EDS), optical microscopy (OP) and Uv-Vis 

spectroscopy. The XRD pattern shows crystalline structure of grapheme 

with sharp peak at 26.59° corresponds to an interlayer distance of 0.334 

nm of (002) orientation which matching with the interlayer distance of 

normal graphite. The SEM image of grapheme showed thin layered 

grapheme structures with wrinkled shapes. The compositions of 

grapheme consist of carbon and oxygen with atomic percentages of 

82.75% and 12.01%, respectively. The absorbance spectra showed that 

grapheme suspension and grapheme film have two transitions included π-

π and n- π respectively. 

            Halah H. Rashed et al  ](1112) 30[prepared lead oxide 

nanoparticles by laser ablation of lead target immersed in deionized water 

using pulsed Nd:YAG laser with laser energy 400 mJ/pulse and different 

laser pulses. The chemical bonding of lead oxide NPs was investigated by 

Fourier Transform Infrared (FTIR); surface morphology and optical 

properties were investigated by Scanning Electron Microscope (SEM) 

and UV-Visible spectroscopy respectively, and the size effect of lead 

oxide nanoparticles was studied on its antibacterial action against two 

types of bacteria Gram-negative (Escherichia coli) and Gram-positive 

(Staphylococcusaurus) by diffusion method. The antibacterial property 

results show that the antibacterial activity of the Lead oxide NPs was 

inversely proportional to the size of the nanoparticles in both Gram-

negative and Gram-positive, and also it has been found that Gram-

positive bacteria possess greater sensitivity and less resistance to the lead 

oxide nanoparticles compared with Gram-negative bacteria 

            Nawfal Y. Jamil et al ] (8102) 31[ studied the effect of Ag doping 

concentration (0, 1, 5, 10) % on the optical and structural properties of 
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CdSe thin films. Measurements of the transmittance, absorption of the 

prepared CdSe thin films in the wavelength range of (400-750)nm was 

carried out. The band gap energy for CdSe thin films were calculated 

with respect to Ag concentration (0, 1, 5, 10) % to be (1.97, 1.92, 

168,152) eV respectively. X-ray diffraction (XRD) results show that 

deposited pure CdSe thin film was polycrystalline with hexagonal 

structure, whereas doped films show cubic structure with[111] direction. 

           Noha. H. Harb ) 2018( 32] ] prepared Ag doped CdO thin films at 

different Ag ratios (0.1, 0.3, 0.5) %    using pulse laser deposition 

technique (PLD), and the resulted thin films annealed at 300 K. The 

Nd:YAG laser with the following parameters   λ=1064 nm, energy of 600 

mJ , a repetition rate of 6 Hz and 400 pulses was used. The effect of 

doping content on the structural and optical properties of CdO films was 

studied. The structural results showed that these films were 

polycrystalline with a preferred orientation in the (002) direction for Ag. 

The grain size is proportional with the concentration of CdO. The optical 

properties of Ag doped CdO thin film included transmittance, absorption 

coefficient, and the energy gap in the wavelength range of 300-1100 nm 

were studied. The prepared films show a direct energy gap inversely 

proportional to the concentration of CdO. 

 

1-4-Aims of the work: 

1-This study aims to prepare PbO/Cu and PbO/Ag nanoparticles 

NPs using the laser ablation technique of colloidal targets that immersed 

in deionized water. 

- 1 study the structural , morphological and optical properties of the 

suspension PbO/Cu and PbO/Ag nanoparticles, which using papered 

samples in opto – electronic devices field. 
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2.1 Introduction: 

This chapter describes the process of laser ablation in liquid, as 

well as the optical, structural, and morphological properties of PbO/Cu 

and PbO/Ag nanoparticles. Also the chapter contains a theoretical review 

along with the relations and scientific explanations that in this study. 

2.2 Nano materials 

In the last two decades, the term of Nano science has rushed into 

the scientific vocabulary such as nanomaterial, nanoparticle, 

nanostructure, Nano colloids and Nano cluster [23].  

Nano materials are defined as a solid material characterized by at 

least one dimension in the nanometer range which can also be classified 

into Nano crystalline materials and nanoparticles. The Nano crystalline 

materials are polycrystalline bulk materials with grain sizes in the 

nanometer range (less than 100 nm), while the nanoparticles refer to 

ultrafine dispersive particles with diameters below 100 nm. Nanoparticles 

(NPs) are generally considered as the building blocks of bulk Nano 

crystalline materials [3]. Exists in different shapes such as spherical, 

triangular, cubical, pentagonal, rod-shaped, shells, ellipsoidal and so 

forth. It contains small enough number of constituent atoms or molecules 

that differ from the properties of their bulk counterparts [22]. The term 

Nano colloid is a stable liquid phase containing particles in different sizes 

ranging from nanometers to several hundreds of micrometers. Many 

colloidal particles can be detected by the scattered light, such as dust 

particles in air [15]. The term Nano cluster usually refers to small 

nanoparticles that have well-defined composition and surface structure as 

finite aggregates of atoms or molecules that bounded by metallic, 

covalent, ionic or Vander Waals bonds [20].  
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Nano materials have attracted much attention for their unique and 

superior characteristics that are unavailable in conventional macroscopic 

materials nanomaterial may have a significantly lower melting point or 

phase transition temperature and appreciably smaller lattice constants, 

due to a huge portion of the surface atoms out of the total amount of 

atoms 81-81]  [.Also the crystal structures are stable at high temperatures, 

but in the nanometer sizes they are stable at lower temperature. 

Therefore, the ferroelectric and ferromagnetic may lose their Ferro 

electricity and ferromagnetism when the materials are shrunk to the 

nanometer scale.  

The optical properties of nanomaterial are different from bulk 

materials. For example, the absorption peak of a semiconductor 

nanoparticle shifts to short wavelength region, due to increase its band 

gap energy.  

The bulk semiconductors become insulators when the characteristic 

dimension is small. The diameters of the nanoparticles produced by laser 

ablation are in the range of (5-1oo) nm [5]. 

       Thus for particles sizes less than 10nm, the quantum confinement 

effects (discrete electron energy levels resulting from the potential well at 

the boundary of the nanoparticles) of certain materials appear. This leads 

to consider laser ablation an attractive method for generating the quantum 

dot [19]. 

       The Nano materials are widely used in many photoelectronic 

applications such as: photo-thermal therapy, surface-enhanced Raman 

Spectroscopy, biochemical sensors, Nan photonics devices, carrier 

systems for drug delivery, solar cells, optoelectronic device, diabetic 
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healing, cooling system, antibacterial against, cancer treatment, imaging, 

and inkjet-printer. [20]. 

2.3. Classification of Nano materials 

According to the order of structural, nanomaterial's can be 

classified as zero-, one-, two and three dimensional nanostructures. 

2.3.1.Zero-dimensional (0-D) nanostructures 

Nano materials are materials where in all the dimensions are 

measured within Nano scale. Also, named as nanoparticles, with all 

possible geometries, such as spheres, cubes and platelets these 

nanoparticles could be single crystal, polycrystalline and amorphous 

particles. If all the nanoparticles are single crystals, they are often 

referred to as Nano crystals. When the NPs have a dimension even small, 

and a quantum confinement effects are observed, the common term used 

to describe such nanoparticles is the quantum dots [33]. 

2.3.2. One-dimensional (1-D) nanostructures 

Nano materials have one dimension that is outside the Nano scale. 

This type has been called by a variety names such as: whiskers, fibers or 

fibrils, nanowires and Nano rods. In many cases, one-dimensional 

systems take into account carbon-based, metal-based or even oxide-based 

systems. Nanotubes and Nano cables are also considered one-dimensional 

structures if the extension over one dimension is predominant over the 

other types [32 34ـ]. 

2.3.3 Two-dimensional (2-D) nanostructures 

Nano materials are materials in which two of their dimensions are 

not confined to the Nano scale. They are another important nanostructure 
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that include many shapes such as nano films, Nano layers, Nano coatings 

and Nano discs, therefore, they have been a attracted much attention.[32  ـ 

34]. 

2.3.4. Three dimensions (3-D) system 

Nano materials, also known as bulk Nano materials, are relatively 

difficult to classify. However, it is true to say that bulk Nano materials 

are materials that are not confined to the Nano scale in any dimension. 

These materials are thus characterized by having three arbitrarily 

dimensions above 100 nm 

The arrangement of three-dimension Nano system consists of both 

crystalline and amorphous nanostructures, such as Nano crystals have a 

very large variety of ordered Nano arranged porous materials. Figure 2.1 

explain the relationships among 0-D, 1-D, 2-D and 3-D Nano materials in 

three dimensions space [32 ـ  34]. 

 

 

 

 

Figure 2.1 Classification of Nano materials according to the order of structural 

[33]. 
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2.4. Laser Ablation In Liquid: 

The ejection of material from a surface under low and high 

intensities laser pulses are known as pulsed laser ablation (PLAL). The 

efficiency of this process is described by the ablation rate, which gives 

the maximum layer thickness ablated during irradiation with a laser pulse 

[35, 36]. The ablation rate is strongly influenced by the laser such as 

features and target properties [37, 38]. 

The surface may be melted into a liquid with a moving solid-liquid 

interface. The Liquid may be removed from the molten pool as droplets 

that result in a higher ablation rate. However, a series of events during 

laser ablation have process could place, and discussed as follows:- 

Although many theoretical and experimental studies have been 

devoted to the interpretation of the physical phenomena occurring during 

the intense short-pulse laser interaction with materials, some processes 

like the dissipation of absorbed energy into the lattice and corresponding 

material removal mechanisms, are still under investigations. Recently, the 

double-pulse technique, consisting in the application of two time-delayed 

sequential laser pulses, has been used in order to get a better insight into 

the temporal characteristics of the different ablation mechanisms [39,40]. 

Compared to material’s ablation in vacuum or in low pressure 

backgrounds, laser ablation in liquids has attracted significant attention 

during the last several years, mainly because it allows producing “pure” 

NPs of a large variety of compounds comprising neither surface-active 

substances nor counter-ions [41, 42].  

Various laser sources can be used for NPs generation using this 

technique, from IR to UV, while their pulse duration spans from tens of 

nanoseconds to tens of femto seconds during laser ablation in liquids. The 
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laser pulse passes through the liquid layer that should be transparent to 

the laser wavelength and melts the target surface. The thin liquid layer 

adjacent to the melted surface is heated up to high temperature and 

expands over the melt providing its ejection into the surrounding liquid. 

As a result, the dispersed melted material remains in the solvent forming 

a colloidal of NPs suspensions. Upon ablation of metallic objects, the 

laser radiation is absorbed by free electrons, and the subsequent surface 

melting occurs after the thermal excitation of the electrons within the 

lattice. In that case of metal’s ablation with laser pulses, the time of 

electron-phonon relaxation is on the order of the pulse duration itself, and 

thus, both melting and expansion of the melt into the surrounding liquid 

occurs when the laser pulse is already over. If the ablation of a metal 

target is carried out with two consecutive time-delayed pulses, short delay 

times, comparable to the relaxation time, may be influence in generating 

of superior concentration of free electrons which could concurrently 

transfer their energy to the lattice. At elongated delays can be supposing 

that NPs production and has the same properties as those generated by 

two independent laser pulses [43]. 

2.5. Mechanisms of Laser Ablation Technique and 

Nanoparticles Formation 

2.5.1. General Considerations of Laser Ablation of Materials 

The most efficient physical method for nanofabrication is the laser 

ablation technique because of a number of advantages compared to 

conventional methods, the advantages of laser ablation method are 

simplicity of the procedure and the absence of chemical reagents in 

solution .This method also gives certain flexibility over other techniques 

as all types of materials can be processed and ablated due to the very high 
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energy density. Controlling the size of produced NPs by optimizing the 

process parameters such as laser irradiation time, pulse duration, energy 

density, laser wavelength...etc. [44]. 

As mentioned above when a laser pulse reaches to the surface of 

target, some of this energy is reflected by the surface of target, this 

reflectivity depends on the material and laser wavelength [45]. The other 

part of energy absorbed by the sample this absorption energy can be 

considered as an energy source inside the material, in order to induce any 

effect on the substrate, however, the source can develop its own dynamics 

depending on the specific electronics and lattice responses of the 

material, although it is driven by the incident light beam, i.e. it is 

transferred from optical photons to electrons and then to the lattice, which 

then diffuses the energy into the material. Photochemical reactions may 

occur at extremely high energy pulses which remove atoms and 

molecules from the surface of material, rapid vaporization process occur 

when the temperature of heated surface reaches close to the critical 

temperature .The vaporization resulting in plasma that consists of ionized 

vaporized atoms. The plasma shielding phenomena occur when the 

plasma cloud absorbs some of the incident laser energy and thereby only 

allows a fraction of the laser energy to reach the surface. The plasma 

expands and heats by photon absorption. Later the vapor cools and 

aerosol particles begin to form [46]. 

2.5.2. Laser Ablation Technique 

Generally, the product of nanoparticles from laser ablation comes 

directly from the condensation of the plasma plume which generated by 

the laser pulse irradiating the surface of the solid target. Therefore there 

are three basic processes of the plasma plume from laser ablation of 
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solids. These processes are generation, transformation, and condensation, 

which play important roles in materials preparation. Figure 2.2, shows a 

schematic diagram of the physical mechanism of formation NPs [47]. 

These processes occur starting from electronic absorption of laser optical 

energy (at 10−15 sec) to particles condensation (at 3−10 sec) after laser 

pulse duration [20]. Figure 2.2a explains the plasma generation processes; 

two important parameters determine the natural of process, the laser 

intensity and pulse duration. 

For a nanosecond laser pulse (ns) with intensity less than 108 

W/cm2 , the thermal vaporization is a dominant mechanism: phase 

transition occurs when the temperature of the solid surface increases, the 

phase transition starting from solid to liquid, liquid to vapor, and ending 

when vapor transform to plasma. For a picosecond laser pulse (ps) with 

intensity between 1010–1013 W/cm2, both thermal and non-thermal 

mechanisms occurred. For intensity higher than 1013 W/cm2 with 

femtosecond laser pulse (fs), Coulomb explosion is the main bond 

breaking mechanism [20]. After the plasma generation process, 

transformation stage begins and it contains plasma expansion as shown in 

Figure 2.2b. The expansion of plasma occurs at the end of the laser pulse, 

it will be governed by the initial plasma properties and the expansion 

medium. After 1 μs from laser pulse, Plasma will be expansion adiabatic. 

After that time, there is an energy loss and gradient temperature happened 

[47]. 
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.

 

Figure 2.2: A schematic diagram of the physical mechanism of formation NPs, 

a- Generation process, b- Transformation process and c - Condensation 

process [47]. 

The last process responsible of the generation of nano sized is 

condensation of the vaporized atoms particles as shown in Figure 2.2c. 

There are many critical factors effect on the condensation process such as 

the ambient pressure, gas properties and temperature. Condensation 

processes were predicted when the plasma temperature decreased to a 

sufficiently low value related to the vapor number density [45, 50,]. I.e. 

Condensation starts when the vapor plume temperature reaches the 

boiling temperature of the material (∼3000 K) and stops at the 

condensation temperature of the material (<2000 K) [20]. 
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Besides the main particle generation mechanisms, Coagulation and 

agglomerates processes considered the most important minor mechanisms 

to alter the distribution of particle size or the total particle number 

concentration, these processes can occur from several nanoseconds to 

several milliseconds after the laser pulse. These processes increase the 

final particle size, whereas the particle after forming from laser ablation 

which collide each other in gas ambient and if the momentum is large 

enough or participate particle in liquid phase. Particle coalesces to form 

new large particle this process is called Coagulation process and usually 

happened in the latter time scale. 

Agglomerates are formed as early soon condensation state ,when the 

Nano size aerosols are form from vapor ,they are strongly charged with 

electrons existing in the plasma then the charged particles attach to each 

other by the electronic bond [46]. 

2.5.3. Mechanisms of Formation NPs  

The ablation mechanisms causing the generation of the plasma 

plume are different for the Nano second and ultra-short, e.g., femtosecond 

laser pulses, therefore this matter will explain in the following paragraphs 

[47]. 

 2.5.4. Laser ablation in Nano second Laser Irradiation 

For the ablation of the nanosecond laser with irradiances less than 

108 W/cm2, there is enough time to propagation of thermal wave into the 

bulk material thereby causing a melting and evaporation.  

The dominant mechanisms in the plume absorption are inverse 

Bremsstrahlung and thermal vaporization. When the vaporization starts, 

the evaporated material (vapor particle) will expand. Then, this vapor 
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plume interact with background gas, because of the background gas is 

pushed further away from the solid target, yielding the confinement of the 

plume. 

 Since the temperature in the vapor plume can rise to much high 

values, therefore a plasma plume will be generated during the front part 

of the incident laser pulse irradiating of the solid target. 

The plasma plume excitation and ionization are mainly a result of 

the multiphoton absorption, ionization, and inverse Bremsstrahlung in the 

gaseous phase induced by the laser pulse [20, 47]. 

 Ablation of the nanosecond laser, the plasma plume expands in 

femtosecond laser without any other heating process, and the plasma 

plume expansion will fast lose the temperature with short lifetime. 

Importantly, the ultra-fast duration (e.g., the femtosecond laser) is the 

shorter time of the mechanical relaxation (expansion) of the absorbing 

volume, and the laser heating takes place at nearly constant volume 

conditions, causing the buildup of a high thermoplastic pressure. Then, 

the photomechanical effects induced by the pressure relaxation start to 

play an important role in material ejection [48, 49]. 

The femtosecond ablation has several advantages compared to 

longer pulse lengths. The main advantage of using femtosecond lasers is 

the minimal effective thermal load to the material thus no heat affected 

zone, but in nanosecond laser the heat affected zone is large, Figure 

(2.3)shows of nanosecond ––pulsed laser ablation techniques [50]. 
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Figure 2.3: Mechanisms of laser ablation techniques in: nanosecond –

pulsed laser ablation laser ablation [50]. 

 

Another important advantage of femtosecond laser processing is 

that the peak power is very high, allowing nonlinear absorption within 

the bulk of transparent materials. Because of nonlinear absorption, it is 

possible to limit the region of material modification to the area around 

the laser focus. Any energy absorbed above or below the focus will 

generally be below the material modification threshold, so no damage is 

produced [53]. 

Laser ablation of materials from a solid target occurs either in 

vacuum or in liquid environment in laser-based materials processing to 

produce Nano clusters. In the former method the Nano clusters can be 

deposited on a solid substrate resulting formation of a nanostructured 
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film [52]. This method has some disadvantages such as the difficulty of 

controlling the production of NPs.  

In the latter method the Nano clusters can be released into the 

liquid forming a colloidal nanoparticle solution leading for a more 

effective collection of synthesized particles. The solvent can provide 

positive physical and chemical effects such as plasma confinement, 

cooling actions, oxidation or reduction leading to enhancement of 

ablation efficiency [53].  

PLAL is a one-step top–down procedure (dispersion method) 

strategy of nanoparticles preparation [54, 55].This technique can also be 

applied for the preparation of oxides base nanostructures such as oxide 

nanoparticles and Nano composites, because ablated species with high 

energy can be easily reacted with water and oxidized, and the formed 

nuclei can react with the organic molecules in aqueous solution [55, 56]. 

2.6 Fundamental Mechanisms of PLAL Technique 

2.6.1 General Arrangement of PLAL Technique 

Figure 2.4a shows the general schematic diagram of a typical 

experimental setup for PLAL. The setup basically only needs pulsed 

laser beam delivery optics and a container to hold the target and liquid. 

The container as well as the target is usually rotating by using magnetic 

stirrer or rotating stage for examples to ensure no ripple was observed 

on the surface of the solution and to avoid a deep ablation crater. 

 The setup may be modified to control the ablation process, but the 

common features still exist, that is, a laser beam is focused onto a target 

immersed in liquid, and the ablated materials are dispersed into the 

liquid [57]. 



Chapter two ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  Materials and Methodsـ 
 

11 
 

(a) (b)

 

Figure 2-4: (a) General schematic diagram of the experiment setup of PLAL. 

(b) a combination of constituents and interactions in PLAL [35]. 

  Three main constituents effect on the nature of PLAL technique. The 

constituents of laser pulses, liquid media (including potential surfactant 

molecules/ions and electrolyte ions), and solid targets as shown in Figure 

2.4b, the ablated products also may be interacted with each other. These 

interactions occur in the same system and in a short time after the laser 

pulse, thus are strongly coupled. The coupled interactions may lead to 

especially unique micro- /nanostructures that might not be envisioned by 

conventional fabrication techniques [58]. 
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2.7. PLAL Parameters 

In general, there are three main factors, which can influence size 

and composition of nanoparticles/nanostructures produced by PLAL 

technique these factors corresponding in (laser parameters, liquid 

properties and ablated material properties).The effect of these parameters 

will explain in the following paragraphs [68]. 

2.7.1 Laser Parameters 

Laser parameters such as pulse width (pulse duration), laser 

flounce, laser wavelength influence on nucleation, growth, and 

aggregation mechanisms, thus these parameters effect on the 

characteristics of nanoparticles, [60, 61]. All these parameters determine 

the temperature, density and angular distribution of ejected atoms and 

particles [69]. 

The first laser parameter is a width of pulse influences the thermal 

transport in the material. The short pulse laser ablation has a smaller 

thermally affected area when it is reduction of heat affected zones has 

been attributed to suppression of thermal diffusion resulting from the 

short pulse duration [46]. 

The second parameter is laser flounce. At low flounces, 

nanoparticles with relatively small mean size and narrow dispersion were 

obtained and vice versa. Because the value of laser flounce depend on the 

laser energy, thus the magnitude of the laser energy changes the mass 

removal mechanisms from pure vaporization to liquid ejection, and 

eventually even phase explosion happen when very high energy is 

involved as well as the increases in energy lead to obtain more 

micrometers particles from molten layer .Also, the pulse energy has a 
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strong effect on materials which have high reflectivity and then leads to 

increase the intensity of absorption peak and then increase the efficiency 

of ablation because of increasing the stability of NPs [46]. 

The third parameter is the laser wavelength. The choice 

wavelength of laser plays an important role on ablation process. The 

selection of a wavelength with a minimum absorption depth ensures a 

high energy deposition in a small volume for rapid and complete ablation 

[71]. 

The fourth parameter is the pulse repetition rate. If the rate is too 

low, all of the energy which was not used for ablation will leave the 

ablation zone allowing cooling. If the residual heat can be retained using 

a high repetition rate, thus limiting the time for conduction, then ablation 

will be more efficient. More of the incident energy will go toward 

ablation and less will be lost to the surrounding work material and the 

environment [71]. It should be noted that the size of the nanoparticles 

decreased with an increase of the pulse number. This may be related to 

self-absorption of laser light provided by the particles. 

2.7.2. Target Properties 

Many physical and chemical properties of material effects on the 

produced nanoparticles by PLAL such as the chemical composition of 

material and its purity also thermal diffusivity influence on this 

technique. 

Whereas the laser pulse irradiates the material, it deposits energy at 

the focal spot. This creates a temperature gradient and the heat diffuses to 

a length scale duff. Given below, resulting in surface cracks and other 

unwanted damage to the target material. The diffusion length is given by 

following equation [44]:- 
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ddiff.=2(τ Dth       …….……….. (2.1) 

Where 

 - is the pulse duration (s). 

Dth - is the thermal diffusivity of the target material (m
2
 /s). 

Also, the thermal relaxation time of material (TRT) plays an 

important role in comparison this time with pulse duration of laser (τ), 

Whereas τ<< TRT this leads to unthread interaction such as in 

femtosecond laser and when τ> >TRT this leads to thermal interaction as 

nanosecond laser. 

2.8. Advantages and Disadvantages of PLAL Technique 

PLAL has become an increasingly popular top-down approach for 

producing nanoparticles because it has many advantages compared with 

other techniques to produce nanoparticles such as pulsed laser deposition, 

photo-reduction, solve thermal, electrolysis, microwave-induced, glow 

discharge, aerosol flow reactor, spray pyrolysis and spark discharge [74 , 

75]. One of disadvantage PLAL technique that the size distribution of the 

NPs tend to be broadened due to agglomeration of Nano clusters and to 

the possible ejection of the relatively large target fragments during the 

laser ablation process [64]. 

The main advantages of this technique is its ability to produce 

various kinds of Nano materials such as metals, noble metals, 

semiconductors, Nano alloys, oxides, magnetic and core–shell 

nanostructure [76 , 77]. PLAL do not need vacuum equipment, and 

nanoparticles stabilize directly by adding the stabilizer to ablation 

environment because the role of surrounding solvent, as mentioned above 

has physical effects such as confinement and high cooling rate and 
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chemical reactions effects such as oxidation or reduction [78]. In 

addition, the surfactant molecules can control on aggregation and 

dispersion by preventing the increase of particle size because of their 

adsorption on the nanoparticles as coating reagents effect [79]. 

PLAL is considered an alternative and promising method for the 

controlled fabrication techniques of nanomaterial by rapid reactive 

quenching of ablated species at the interface between the plasma and 

liquid with high-quality nanoparticles. The Nano materials produced by 

PLAL technique have inherent stoichiometry from their mother targets 

therefore, it has a capability to produce nanomaterial of desired chemical 

composition and they have surfaces free from chemical contaminations 

[80]. 

Beneficial aspects of the PLAL method are the new phase 

formation involves in liquid -solid interface. Also the phase, size and 

shape of the synthesized Nano crystals can be readily controlled by 

tuning laser parameters and by choosing the suitable surfactant solutions 

to ensure the nanoparticles are relatively free from oxidative effects [81, 

79]. The oxidation of the nanoparticles could be easily controlled if the 

liquid selected in the operation is oxygen-free [82]. 

Furthermore, the produced NPs in this method can easily be 

obtained in one-step procedures without subsequent heat-treatments, 

because of the high energetic state of ablated species [83]. 

The high purity of the nanomaterial, the material variety, and the 

dispersion of the nanoparticles in a variety of liquids allowing them safe 

and stable handling of the colloids [84, 85], Simplicity of the procedure, 

and it requires minimum amount of chemical species for synthesis NPs 
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and because of it can generate nanoparticles without counter-ions or 

surface-active substances [86]. 

Although these advantages, some of the disadvantages of PLAL 

method especially under water include: some light is absorbed by water; 

light may be scattered by the water surface, suspensions, and bubbles; 

power loss due to water cooling; water photolysis; water vapor hazardous 

to electronics; and possible corrosion of materials. Also, the liquid could 

splash out from the container at every laser pulse, requiring the liquid 

level to be constantly topped-up. That means the experiment had to be 

stopped on several occasions during an ablation run to refill the liquid 

[87]. 

2.9. Characterization of selected materials 

2.9.1. Physical properties of lead oixdes 

] Lead Oxide (PbO), an important industrial material, has been 

widely applied in gas sensors, pigments and paints [88, 89]. PbO has two 

polymorphic forms and a wide band gap: red α - PbO, stable at low 

temperature, and yellow β - PbO, stable at high temperature [90, 91]. 

Because of its applications, considerable progresses have been made on 

the synthesis of lead (II) monoxide polymorphs (α - PbO and β - PbO) 

over the years. Methods such as thermal evaporation [92], sputtering [93], 

pulsed laser deposition [94], chemical vapor deposition [94], sol-gel, 

precipitation, solve-thermal and hydrothermal processes have been 

adopted for the synthesis of PbO[95]. 

2.9.2. Physical properties of cupper 

Copper is a member of the first row transition series of elements, 

which consists of Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu and Zn, and belongs 
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to group II of the periodic table, along with Ag and Au. The element has 

an atomic number of 29, an atomic mass of 63, two main oxidation states 

(+1 and +2) and two naturally occurring isotopes (63Cu and 65Cu), with 

abundances of 69.17% and 30.83% respectively. In spite of a similarity in 

electronic structure, there are few resemblances between the chemistry of 

the three elements in group 11, although certain complexes of Cu2+ and 

Ag2+ are isomorphs] 96, 97[ 

2.9.3. Physical properties of silver 

The silver based electrical contact materials are widely used by 

electrical and electronics industry representing a significant group of 

functional materials [98]. Basic properties required for these materials are 

high electrical and thermal conductivity, high resistance to arcing, high 

welding resistance, low contact resistance, high hardness and strength. 

For several decades Ag-CdO has been the material of choice for 

application in wide range of switching devices [99]. This is due to its 

superior anti welding properties and wears resistance, suitable hardness 

that enables good machinability and high electrical conductivity. Taking 

into consideration toxic nature of cadmium and strict environmental 

legislation (RoHS, WEEE) numerous materials have been investigated as 

a possible more environmentally friendly substitutes [100].  

2.10. Optical properties of material 

2.10.1. Absorbance: 

Tha part of the incident beam that is not reflected by the material is 

either transmitted through the material or absorbed. The fraction of the 

beam that is absorbed is related to the material thickness and the way in 

which the photons interact with the structure of materials .The intensity of 

the beam after passing through the material is given by:[101] 
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                   I=I0e
-α t                                                              

………..
 
…(2-2)

 

                                                                                                                                          
 

Where t: Is sample thickness 

Io: Intensity of light incident on sample 

I: Intensity emerging from sample. 

α: absorption coefficient .Equation (2-3) is also known as the Beer–Lambert 

law .The unit of absorption coefficient is (cm
8-
) , And this parameter 

varies depend on the wavelength of the incident light and the nature of 

material [102]. 

 

2.10.2. Transmittance:. 

The fraction of the beam that is not reflected or absorbed is 

transmitted through the material, Figure (2.6) shows beam that is 

reflected, absorbed, incident and transmitted. Transmission is the term 

utilized to describe the operation by which incident radiant flux leaves a 

medium or surface from a side other than the incident side , usually the 

cross side. The spectral transmittance T ( λ ) of a medium is the ratio of 

the transmitted spectral flux iT to the incident spectral flux Iₒ , or 

…(2-3) =    IT/ Iₒ                                              T 

Repeat remove thination.[103]. 

Absorbance is associated with the permeability by following the 

relationbelow[104]: 

       A = Log (1/T)                                                           ………  (4- 2)  

       T = exp [-2.303A]                                                        …..  (5- 2)  

Using the following steps, we can determine the fraction of the beam that 

is transmitted: 
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1.  .If the incident intensity is I0, then the loss due to reflection at the front 

face of the material is Ŕ iº. The fraction of the incident beam that actually 

enters the material is 

iₒ - Ŕ Iₒ = (1 - Ŕ)iₒ                                                                  …(2-6)  

i reflected at front surface = Ŕ iₒ                                         …..(2-7)  

i after reflection = (1 - Ŕ)iₒ                                                    ….(2-8)  

2. A portion of the beam that enters the material is lost by absorption. The 

intensity of the beam after passing through a material having a thickness 

x is  

i after absorption = (1 - Ŕ) iₒ exp(-αx) (2-9)  

3. Before the partially absorbed beam exits the material reflection occurs 

at the back surface. The fraction of the beam that reaches the back surface 

and is reflected is :  

i reflected at back surface = Ŕ (1 - Ŕ)i0 exp(-αx) (2-10)  

4. Consequently, the fraction of the beam that is completely transmitted 

through the material is:  

itransmitted = iafter absorption - ireflected at back 

 

Figure (2-5) Beam that is reflected, absorbed, incident and transmitted [105] 
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2.11.3 Reflection: 

When light radiation come from one medium into another having a 

various refractive index, some of the light is scattered at the interface 

between the two sides even if both are transparent .The reflectivity Ŕ is 

the part of the incident light that is reflected at the interface [106]. 

        Ŕ = I R / Iₒ                                                                    …..(2-11) 

 

Where iₒ and i Ŕ are the intensities of the incident and reflected beams, 

Respectively.  

Reflectance can be obtained from absorption and transmission spectra in 

accordance with the law of conservation of energy by the relation [107[ 

        Ŕ + T + A = 1                                                                ….(2-12) 

2.10.4 Absorption coefficient: 

The absorption coefficient (α) is defined as the gradually reduction 

of the flow of incident ray energy on a unit area along the direction of 

wave diffusion inside a medium. The absorption coefficient depends on 

the energy of photon and properties of the semiconductor regarding the 

gap energy of the semiconductor and the kind of electronic transitions 

[119]. 

αt = 2.303log I/I0…………………………………………(2-13) 

where : log I/Io represents the absorbance (A). 

The absorption coefficient can be calculated as follows: 

           α = 2.303(A/t)                                                                ..(2-14) 
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2.10.5. Electrical energy gap 

The fundamental absorption refers to band-to–band or the 

transitions in which an electron transfers from the valance band to the 

conduction band with absorption of photon energy higher from energy of 

forbidden gap. For materials of high absorption properties within the UV 

frequencies, Tauc and Menth developed a power law, which identified 

such optical property by 

         αhυ=B (hυ-Eg)r                                                              ….(2-15) 

where B is an energy independent constant.  

(r) is a constant which determines the type of optical 

   where α is the absorption coefficient (cm
-1

), ν is the frequency (sec
-1

) 

and (Eg) is the optical energy gap, (r) constant for fixed electronic 

transition and varies between 1/2,3/2,2, and 3. The values of (r) are 1/2 

for direct transition, 3/2 for forbidden direct transition, 2, and 3 for 

indirect transition. By plotting (αhν)
1/r

 versus hν for fixed r value, the 

extrapolation of the linear part could be used to define Eg [90]. 

2.10.6 Extinction coefficient: 

Extinction coefficient represents the amount of energy absorbed in 

a thin film, or more precisely refers to several different measures of the 

absorption of light in a medium. The extinction coefficient can be 

represented by the following relation 

              K=αλ/4π                                                           ….……(2-16)                                                                                 

It is noted that the extinction coefficient depends mainly on the 

wavelength of the incident radiation, and the absorption coefficient, 

which depends on the type of material [93]. 

 

2.11.7  Refractive index: 



Chapter two ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  Materials and Methodsـ 
 

11 
 

It is defined as the ratio between the speed of light in a vacuum to 

the speed in the medium. 

Ŕ = ((n-1) 
2
+k

2
)/ ((n+1)

2
+k

2
)                                            …….(2-17) 

from this equation we can calculate the refractive index:[90] 

 

2.11. Indexing X-Ray Diffraction Patterns  

 

The XRD patterns, the product of XRD experiment, are somewhat like 

fingerprints in that they are unique to the material that is being examined. 

The information in XRD pattern is a direct result of two things:  

(1) The size and shape of the unit cells determine the relative positions of the 

diffraction peaks;  

(2) Atomic positions within the unit cell determine the relative intensities of 

the diffraction peaks (remember the structure factor?).  

 

         Taking these things into account, we can calculate the size and                

shape of a unit cell from the positions of the XRD peaks and we can 

determine the positions of the atoms in the unit cell from the intensities of 

the diffraction peaks.  

Full identification of crystal structures is a multi-step process that consists 

of:  

(1) Calculation of the size and shape of the unit cell from the XRD peak 

positions;  

(2) Computation of the number of atoms/unit cell from the size and shape of 

the cell, chemical composition, and measured density;  
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(3) Determination of atom positions from the relative intensities of the XRD 

peaks  

 

We will only concern ourselves with step (1), calculation of the size and 

shape of the unit cell from XRD peak positions. 

 

2.12. PROCEDURE FOR INDEXING NON-CUBIC XRD 

PATTERNS  

Index a diffraction pattern, assign the correct Miller indices to each 

peak (reflection) in the diffraction pattern. An XRD pattern is properly 

indexed when aLL of the peaks in the diffraction pattern are labeled and 

no peaks expected for the particular structure are missing. The procedures 

are standard. They work for any crystal structure regardless of whether 

the material is a metal, a ceramic, a semiconductor, a zeolite, etc…  

The equations will differ slightly from each other due to 

differences in crystal size and shape (i.e., crystal structure). As was the 

case for cubic crystals, there are two methods of analysis that involve 

calculations. The second I will refer to as the analytical method. Both the 

mathematical and graphical methods require some knowledge of the 

crystal structure that you are dealing with and the resulting lattice 

parameter ratios (e.g., c/a, b/a, etc…).  

First, consider the plane spacing equations for the crystal structures 

of interest. Some are shown below:]93[ 

Tetragonal                                         …….(2-18) 
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which can be rearranged in terms of sin
2

θ to: 

…….(2-19) 

      Should note that as unlike cubic systems where  is constant, your 

results for non-cubic systems will depend upon ratios of lattice 

parameters (i.e., c/a, b/a, etc.) and your interaxial angles (i.e., α, β, γ). We 

will illustrate this (“sort of”) below. This is due to the non-equivalence of 

indices in these systems.  

The Rietveld method refines user-selected parameters to minimize 

the difference between an experimental pattern (observed data) and a 

model based on the hypothesized crystal structure and instrumental 

parameters (calculated pattern) Advantages of Rietveld method. Analysis 

of the whole diffraction pattern – Profile fitting is included – Not only the 

integrated intensities ]93[ 

• Refinement of the structure parameters from diffraction data 

– Quantitative phase analysis (crystalline and amorphous) 

– Lattice parameters 

– Atomic positions and occupancies 

– Temperature vibrations (isotropic and anisotropic) 

• Other information 

– Grain size and micro-strain (isotropic and anisotropic) 

– Stacking and twin faults 

– Magnetic moments (neutrons) 

• Not intended for the structure solution 

– The structure model must be known before starting the Rietveld 

refinement 
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spectrum is calculated by the classical intensity equation: 
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2.13.Quality of Refinement  (Reliability factors): 

sit is a measure of how well the refined structure predicts the 

observed data. The value is also sometimes called the discrepancy index, 

as it mathematically describes the difference between the experimental 

observations and the ideal calculated values ]93[. 

N: number of point , P: number of parametser 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

               The profile R-factor ………                        …….)2-20) 

                  The weighted Rp  …………………………   …….)2-21) 

               The Bragg R-factor  ………  …….)2-22) 

         
 

                   The expected Rf   ……………………………       …….)2-23) 

         

 

             The goodness of fit                          …….)2-24) 
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2.14. Debye scherrer formula 

      The broadening of line diffraction profile can be happen due the 

finite size of crystallite ,strain and defects of deflection from ideal 

crystallite size can be measured by the equation that produced by debye 

scherrer. It is used in the determination of size of particles of crystals in 

the form of powder. The Scherrer equation is limited to nano-scale 

particles. It is not applicable to grains larger than about 0.1 to 0.2 μm, 

which precludes those observed in most metallographic and cerographic 

microstructures [91] 

 

D= 
  

         
 

 

K: is a shape factor (0.89) 

Ɵ:is the brage angle 

λ:is the wave length 

D:is the crystallite size 

FWHM: full width at half maximum of the intensity 

 

 

 

 

 

https://en.wikipedia.org/wiki/Nanotechnology
https://en.wikipedia.org/wiki/Metallography
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3.1. Laser Ablation in Deionized System:  
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3.2. Material Preparations: 

3.2.1 Preparation of PbO/Cu and PbO/Ag NPs: 

        Commercial micro powders of lead oxide (Alherich Sigma 

Company), copper and silver (BDH Chemicals Ltd England). we have 

used a mixture of PbO:Cu  and PbO:Ag with various concentration of 

doped noble metal  (x=15,20,30,50,75,85 wt%) were  pressed (4-6 Ton ) 

pellet  target (diameter 1.5 cm and thickness with 0.3mm), for synthesis 

nanoparticles colloidal by employed laser ablation in deionized water 

(DI). The target was down occupied  in 25 ml beaker, the water highiet 

above the surface of target was kept constant at 10 mm for the duration of 

ablation laser with the intention of keep the efficiency of laser ablation 

constant. The pressed targets were vertically irradiated by (Q-switched 

Nd-YAG laser DIAMOND-288 pattern EPLS), operating at the 

wavelength (1064 nm), pulse duration of (6ns), 300 number of pulses for 

400 mJ of output energy. The laser beam was then focused on the targets 

using a lens with a focal length of 20 cm. The target and glass container 

were rotated during the process, to avoid a deep crust due to repeated 

laser pulses on same spot.  
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Fig. (3.2) pulsed Laser 

ablation in liquid (PLAL)  
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Fig. (3.3) Images of prepared nanoparticle colloidals for 

(a)PbO/Cu and(b) PbO/Ag. 

a 

b 
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Fig.) (4-3 .A schematic of experimental setup applied for the synthesis of PbO/Cu 

and pbO/Ag  nanoparticles using pulsed laser ablation in liquid 

 

3.3. Characteristic Of PbO/Cu and PbO/Ag NPs: 

 3.3.1X-Ray Diffraction Technique  

The Structure properties thin films PbO/Cu and PbO/Ag of the 

nanoparticles solutions of colloidal were prepared for XRD, for structural 

examinations by drop coating of individual solution onto glass substrate. 

Dropping was repetitive several times up to a clear film was formed, with 

consideration of allowd the suspension solutions for 5 min before the 

deposition. The XRD tests were carried out on a diffract meter provide 

with a Cu –Kα X-ray tube(Shimadzu XRD – 6000), in the angular range 

2θ = 10–80. 

3.3.2 Morphology 

Scanning electron microscopy (SEM) 

Films of the colloidal solutions were prepared for morphology properties 

by drop coating of particular solution onto a glass substrate. The dropping 

was repeated several times until a visible film was formed, with 
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consideration of the colloidal solutions were sonicated for 5 min before 

the deposition. As well as, the morphology and calculated size 

distribution of the produced nanoparticles were examined using an (SEM, 

FEI Company Inspect S50-Model), scanning electron microscope 

equipped with an energy-dispersive X-ray spectrometer (EDS, Burker 

Company- Germany X Flash 6l10-Model)). As shown in fig (3.5)    

 

 
 

 

 

 

 

 

 

 

 

Fig. (3.5) Scanning electron 

microscopy (SEM) 
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Transmission Electron Microscopy(TEM). 

Drops of the colloidal solutions PbO/Cu and PbO/Ag nano particles (with 

consideration of the colloidal solutions were solicited for 5 min before the 

deposition ) prepared were dried separately on model copper grid coated 

with gold (contains about 200 meshes) to characterize their  

size and structure using Transmission Electron Microscopy (TEM,Model 

CM10PW6020,Philips  -Germany) as shawn in fig (3.6). 

)  

 

 

 

 

 

Fig.(3.6) Ttransmisstion  

Electron Microscopy (TEM) 
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3.3.3. Optical Analysis  

UV-VIS Spectroscopy 

     Drops of the colloidal solutions (with consideration of the colloidal 

solutions were solicited for 5 min before the deposition.  The optical 

absorbance of laser synthesized colloidal solutions was recorded in the 

wavelength range from 190 to 1100 nm using a UV–Vis (Shimadzu-uv-

1800,made in japan)spectrophotometer .The change of color of colloidal 

solution of NPs indicates that Nano sized colloidal particles have 

produced; therefore this test is necessary to find the absorption of NPs in 

UV–Vis. regions. All spectra were measured at room-temperature in a 

quartz cell with 1 cm optical path. shows the images of prepared 

suspension for pure PbO, doped Cu and Ag respectively.  

 

Figure (3.7) UV-Visible spectroscopy ometer. 
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3.4.XRD Characterization of selected materials 

3.4.1.XRD of (lead oxide) PbO 

 

 

Fig.( 3.8 ) X-ray diffraction pattern for Lead Oxides Chart No(00-038-1477). 
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3.4.2.XRD of cupper(Cu) 

 

 

Fig.( 3.9 ) X-ray diffraction pattern for Copper Chart No(00-004-0836). 
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3.4.3.XRD of Silver (Ag) 

 

 

Fig.( 3.10 ) X-ray diffraction pattern for silver Chart No(00-004-0783). 
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4.1 Introduction 

This chapter includes the results of the structure and optical properties of PbOCu 

and PbOAg thin films fancied with different Cu and Ag concentration. 

4.2. X-ray diffraction of PbO /Cu and PbO/ Ag nanoparticles 

The spark of plasma formation emitted light and cracking noise, the started solution was 

colorless and it changes to yellow within a few minutes, indicates the formation of 

Nano sized particles with some concentration. 

     During the preparation of PbO/Cu and PbO/Ag thin films using PLAL, the laser 

pulse hit the target surface that immersed in liquid, and the plasma plume will appear 

around the surface of the target.  

 X-ray diffraction patterns were used to investigate the structural properties of the 

prepared thin films figure (4.1) show that the prepared films demonstrate as 

polycrystalline tetragonal structure of PbO2 (ASTM data card 00-041-1492). Important 

changes, detected in the X-ray diffraction spectrum, noticeable themselves by 

increasing of peak intensity in crystal.  From fig4.1. The peak positions of the planes 

attributed to PbO2 phases were shifted to lower 2θ values with increasing the amounts 

of Cu content. Compared to pure PbO pattern where the main peaks located at angle 

2θ= 34.2569ᵒ and   23.6737ᵒ, Cu 20% peaks of diffraction were situated at 2θ= 

34.1587ᵒ, Cu 50% addition the diffraction peaks positioned at 2θ=34.3785ᵒ and   

22.5861ᵒ, with Cu 75% peaks of diffraction were located 2θ=34.0688ᵒ and 23.7535ᵒ, 

and for Cu85% diffraction peaks were located at 2θ= 34.1487ᵒ and 21.9077ᵒ.  

Another phases related to Pb(Cu 2O2) nanoparticles (card number 96-153-5316)  

were detected  at 2θ=16.71ᵒ,27.40ᵒ,33.67ᵒ and 43.93ᵒ  with reflected planes of  

(111),(220),(222) and (420 )respectively. It can be noticed from fig.1 that there was a in 

the broaden (full width at half maximum) value with increasing the copper.  

Concentration For a pure (PbO) thin films the peak located at 2θ= 23.6737ᵒ has FWHM 
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0.32000, Cu 75% at 2θ=23.7535ᵒ 2θ=22.5861ᵒ FWHM 1.50000.Forthermore,PbO pure 

nanopartecles at 2θ=34.2569ᵒ FWHM 0.77670, Cu 20% 2θ= 34.1587ᵒ   FWHM 1.32000 

and  Cu 50% 2θ=34.3785ᵒ  FWHM 1.04000. This broaden in the FWHM is mainly 

attributed to the lattice mismatch between the lead oxide and copper metal. Fig.2 

represents  the XRD pattern  of the PbO1-xAgx  thin films.   

 The peaks of  2θ=29.06
ᵒ
, 34.19ᵒ and 48.19ᵒ  are attributed to Ag2PbO2  with 

relative repleation planes of 121,130 and 12-3respectively.  ThePeak positions of PbO2  

shifted to lower 2θ values with increasing the of Ag content. For Ag 15% diffraction 

peak was located at 2θ=34.18ᵒ , Ag 20% 2θ=34.13ᵒand Ag 50% 2θ=34.14ᵒ.  

  On the other hand, fig.2 revealed the broaden decrease with increasing silver 

metal addition. At 2θ=34.18ᵒ  Ag15% FWHM 0.41and at 2θ=34.14ᵒ Ag 2% FWHM 

0.37.These results conformity with Adawiya J. Haider[124]. Which that mean the 

produced crystal composition was affected due to the replacement of the Ag ions 

(1.28Aᵒ diameter) were substituted into the Pb+ (1.23Aᵒ) in the lattice of PbO2 film. 

The broadening of Bragg peak is combined of both instrument and tasted sample 

dependent effects ,i.e, crystal faultiness and distortion for strain induced peak 

broadening .  

 It be illustrated from XRD analysis of prepared film there is increase in the 

peaks intensity (I) at a mainly strongest angle 2θ~34Aᵒ  with decrease Ag concentration 

(I reached maximum for Ag50% and Ag30%)   due to formation scattering factor is 

depending on atomic number (Z) (atomic number of lead higher than that of silver ) 

also, may be assign to diffraction peaks angles PbO2 nanoparticles  phase identified  

with phase Ag 2PbO2 compound nanoparticles in prepared film.  

4.3. Indexing of X-ray diffract pattern 

There are two methods of indexing structure mathematical and analytical. In this 

work the produced predominating structure is tetragonal of PbO film with various 
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concentration of copper and silver. A relative is developed by scrutinizing plane spacing 

equation and equation of Bragg's law, which deiced the Miller indices of some 

particular crystal system for a tetragonal system. 

 Using Match software which depending least square it can be calculated lattice 

constants a and c for all the samples which are listed in table 1.It can be explain this 

parameter are decreased with increase in Cu concentration in PbO1-xCux  film , These 

variations may be owing to smaller of ionic radius for Cu2+ (0.57Aᵒ ) than that of Pb2+ 

(1.23Aᵒ) [9]. Volumes of unit cell for all the samples are also listed in Table 1. 

ascribable by decreasing tendency of lattice constant parameters ‘a’ and ‘c’, the volume 

for the unit cell are similarly decreased with increasing Cu contents, as stated 

previously [115-117]. Furthermore, table   was clarification lattice constants  ‘a’ and ‘c’ 

for all the prepared samples PbO1-xAgx  are increased  with increase in Ag 

concentration, which  attributed to larger  ionic radius of Ag2+  than that of Pb2+. 

Subsequently, volumes of Unit cell of all the samples are also increased with increasing 

Ag contents. [116]  

Table 1 has been obvious behavior of crystallite size, it can be deduced for 

synthesized PbO1-xCux film the crystallite size decrease with increasing Cu doping with 

enhanced crystallinity.  

A similar trend was previously observed [114].It was basically due to the 

replacement of the Cu ions were substituted into the Pb+  in the lattice of PbO2 film.  

Moreover,  crystallite size increase with increasing Ag doping in PbO1-xAgx  film, refer 

to substituted Ag ions larger than that ions Pb+  in the lattice of PbO film.  

The Riveted method is a well-known technique for deducing structural details from 

powder diffraction information [116].  

This method was established based on least-squares fit step-scan data of 

an examined diffraction pattern and a simulated X-ray-diffraction (XRD) pattern. In this 

study, the crystalline structure of the PbO/Cu and PbOAg tetragonal was scrutinized in 



Chapter four ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  Results and Discussions  

55 
 

detail by the refinement Rietveld profile process in reflex module(Fig. 3and 4). Patterns 

of XRD for these synthesized samples have refined employing the space group -p 4n 

2n. The refinements of Rietveld method allowable the determination of the parameters 

of lattice and crystal structural. The profile parametric  for the function of  pseudo-

Voight were utilized to define the shape of the diffraction peaks and the refinement of 

structur was carried out by contemplating the PbO structural assumption. In the  -p 4n 

2n  space group of tetragonal structure. 

Profile of peaks was defined with the function of (Thompson-Cox-Hasting) for 

our samples . Fig4.3  and Fig4.4 are give a relationship of the experimental and 

calculated patterns of XRD for the samples Cu6 and Ag6.  

The superior agreement between the calculated and observed  profites was 

measured by adjusting the of conventional factors. Two sets of index were calculated in 

FullProf, conferring to the meaning of N integer. The first set N was the whole number 

for points which used in the process of refinement .In second set merely individuals 

points where are Bragg donations are taken into account.         


2

 lesser than 2 was reflected a fine analysis, so we have made a very good analysis for 

synthesis samples. Several R factors Reliability factors  are tabulated in Table4.2. The 

values of R factors like Rp were found to be high. Similarly,  high values of  R factors 

for materials of nanocrystalline have been detected by the other authors [117,118]. This 

might be due to the high noise to-signal ratio of XRD for nanocrystalline materials. 
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 Nevertheless, It is noted a low value of (goodness of fit)  χ2 which condemn the 

goodness of analysis refinement. Diffraction data pattern for nanocrystalline materials, 

diffuse scattering is governing than in individuals for crystalline materials bulk, and it 

was owing to the large ratio of volume atoms to surface. Diffuse scattering come to be 

substantial at the nanoscale whereas scattering of Bragg gets reduced which leads to 

weakening in crystallinity and high R factors. 
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te size 

(nm) 

Volume 

      

Lattice constants 

      

Con % sample 

c a 
27.7390

6 

105.128 8.64300 3.48760 100 PbO 
13.0670

6 

   187.952 

 

11.5878

0 

 

4.02738 

 

15 C1 
11.3096

1 

157.350 

 

10.6892

0 

 

3.83678 

 

20 C2 
10.7054

0 

153.707 10.5574

1 

3.81565 30 C3 
7.30976 144.372 10.0112

1 

3.79751 50 C4 
14.8639

0 

 

159.500 

 

11.1616

0 

 

3.78023 

 

75 C5 
12.8825

4 

157.684 11.1172

0 

3.76614 85 C6 
20.2131

5 

348.785 10.2501

1 

5.83331 

 

15 A1 
16.5170

4 

355.387 10.2173

0 

5.89770 20 A2 
19.6997

1 

374.993 

 

10.0857

0 

 

6.09760 

 

30 A3 
57.8761

5 

414.787 11.1031

0 

6.11211 50 A4 
12.0439

7 

391.348 11.3731

0 

5.86600 75 A5 
20.1660

5 

390.063 

 

11.9012

1 

 

5.72496 

 

85 A6 

Space 

group 

Phase GoF-

index 

Rexp Rwp RP Con 

% 

Sample 

-p 4n 2n Tetragon

al 

1.1 1..1 02.2 1..1 5. Cu 

-p 4n 2n Tetragon

al 

1.0 1... 02.2 11.1 5. Ag 

Table 4.1 structural parameters for the synthesized 

thin films PbOCu and PbOAg at different Cu and Ag 

concentration. 

Table 4.2 Reliability factors for 

PbOCu and PbOAg thin films 

obtained  form Rietveld method 
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crystallite size 

(nm) 

TEM 

crystallite 

size(nm)  

SEM 

Sample 

-- 40.7844 

 

PbO 

-- 39.9627 C1 

10.1221 36.4186 C6 

-- 40.5421 A1 

1.1102 37.2877 A6 

Table 4.3 Crystallite size of thin 

films PbOCu and PbOAg of SEM and 

TEM techniques. 
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Fig.4.3 Riveted method for pattern of 85% Cu doped PbO thin films XRD. 
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Fig.4.4 Riveted method for pattern of 85% Ag doped PbO thin films XRD  
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4-4.Morpholgy of Pbo/CU and PbO/Ag nanoparticles Composites  

4-4-1.Scanning electron microscopy (SEM) 

 SEM Images were employed to define and characterize the influence of the 

synthesis parameters like, laser pulses number, laser energy, and nature of liquid 

medium on the morphology of synthesized nanoparticles and their size  distribution. 

Fig4.7 displays the SEM images of deposited samples. The morphology of the samples 

is homogeneous, with a mesh-like structure of with nanoparticles with spherical shapes. 

Pure PbO, PbO1-xCux and   PbO1-xAgx thin films prepared with various concentrations 

(15-85wt %), using (PLAL) are designated with dynamical development mechanisms of 

diffusion or amalgamation processes [115]. Construction of sphere -like (Cu and Ag)-

doped PbO nanoparticles may be attributed to two processes describing the 

nanoparticles growing [113].  

First the ions from plasma plume may control the nanoparticles growth .Second 

the growth of nanoparticles via PLAL is set through the energy of surface for the 

compose crystals with different orientations which could be resulted in favored 

formation of nano sphere. Furthermore, temperature and pressure are used may to 

induce the 2D anisotropic growth in addition to, the high nucleation of temperature.  

Size and particle distribution of the deposited films were examined and 

quantified by visual basic software using several SEM images. Fig4.6 show the 

histogram figures of area distribution of pure PbO, PbO1-xCux  and   PbO1-xAgx  thin 

films prepared various concentrations (15-85wt% ), It is cleare from fig 6 that the 

average particle size of  Ag NPs is around 37-40 nm, and for  Cu NPs is 36-39nm. 

Nanoparticles which produced from gaseous phase what is the instance in nanoparticles 

synthesis procedures by PLAL. 
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It put on at whatever time particle growth be subject on atoms which diffusion and drift 

to a growing for nanoparticles. Final dispersal is determined with the obtainable time of 

growing for nanoparticles. In our study  during PLAL the targets were stirring in order 

to evade drilling and probable effects of heating. Generally,  the crater effects the size 

of particle (volume resembles to number of employed laser pulses).   

 The dependence of the particle size of particle on  thenumber of laser pulses 

could be ascribed to heating the target due to increasing the during PLAL. Therefore the 

threshold energy of the  ablation decreases along with  the ablation rate and thus ablated 

species density in phase of gaseous. 

. As for the dependency of volumes for craters and intensity of photo absorption 

on number of functional laser pulses such deduction might not be appear because of 

volumes and photo absorption will  increase exponentially with the pulses number 

rather than linearly. More-likely situation was that on laser ablation the craters will be 

larger and deeper. Thuse,the  ablated material enclosed by its walls and do not have 

much area to disperse around.  

Once laser pulse strike onto  a target, a dynamic plasma plume containing atoms,  

ions and molecules is formed and developed. Formation of particles can be designated 

with mechanism of dynamic formation [112-116]. From the plume of plasma which 

contains rapid growth (formation initial stage) of clusters in laser of plasma plume 

which that are nuclei for additional slow growth (formation of intermediate stage) 

owing to diffusion of particles in the neighborhood of the clusters. Additional 

coagulation and coalescence, if growing is not influenced by the surfactants, takes place 

(formation late stage) conducting to the probable the agglomerations and precipitations. 

If the growth of particles from phase of gaseous was spatially limited, this increases the 

probability for the surrounding particles diffusion to the neighborhood of embryologic 
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particles, which lead to formation of larger nanoparticles at  final stage of the growth. In 

other words, the length of diffusion for gaseous particles (Pb, O, Cu and atoms and 

ions) to the embryologic particle was smaller. It is expected that larger nano particles 

were created in deeper craters owing to higher density of gaseous material ablated in 

spatially limited volume included in nanoparticles growth (higher possibility for growth 

of larger nanoparticles). 

The elemental of composition for the nanoparticles was performed by energy 

dispersive X-ray spectroscopy (EDS).  It was well-known which that ablation of laser in 

such range of high pulse energy permit for ablation stoichiometric, the stoichiometry for 

bulk was mirrored into stoichiometry for ablated of  plasma for  plume (more 

nanoparticle growing takes place). 

 It can be noted from the EDX spectrum in fig 4.6 , signals for lead, copper, silver 

and oxygen are appeared with different percentages which listed in table 4.3  shown in 

the inset of fig4.5. It show that there is a elevating of the percentage of the oxygen in 

the prepared  samples of deposited films. This might occur for the reason that more 

oxidization of (Pb, Cu and Ag) as the plasma ion containing excitation energy within  

laser energy. Another reason can be catching of more atoms oxygen interior increasing 

of the grain boundary. In other word, there are  assigning to chemisorbed of oxygen 

ions, which matching the results of the study . 
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Fig.4.5 Statistical area distribution of synthesized nanoparticales from SEM 
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Fig.4.6   EDX spectrums for pure (a)PbO, 

(b)PbO/Ag and (c)PbO/Cu.   
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 Fig4.7 SEM images for prepared PbO , PbO/Cu and PbO/Ag thin films. 
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4-4-2. Transmission electron microscopy (TEM) 

 Fig.10 shows the micrographs of TEM images of the doped suspensions Nano 

colloidal of PbONPs, doped with a fixed Cu/Ag concentrations (x=85%) obtained by 

PLAL in DI water. The particle  size distribution as shown in fig.4.8 and 4.9 for Ag and 

Cu doping respectively. From these images, the average particles size for Ag NPs is 

around 1.112nm, and for Cu NPS is10.1221nm as listed in table3.  

Spherical and small amount of non-uniform shapes of nanoparticles, with 

homogeneous structure and no agglomeration were detected which may attributed to the 

ultrasonic process before the analysis.   Thermal evaporation is the ablation mechanism 

related to pulsed laser ablation of prepared target in liquids using a nanosecond pulsed 

laser. During PLAL pulse laser ablated in medium liquid, the both laser beam 

wavelength and liquid medium influence the kinetics of nucleation and growth of 

nanoparticles leading to the formation of nanoparticles with different morphologies, 

size, and structure. For a given target material and laser parameters, particle were 

generated depends on the index refractive of the liquid surrounding at given laser 

wavelength. Lesser reflectivity for laser at the interface of solid - liquid enhances the 

ablation rate, while absorption of laser by the liquid diminishes the ablation rate. Also, 

the growth procedures might be influenced by the liquid medium such as physical 

properties and at that point nanoparticles with dissimilar morphologies, size, and 

structure can be resulted. It is stated that greatly polar molecules lean towards to form 

layers of electrical double on the surface nanoparticles, stopping their growth, 

aggregation and then precipitation. Ablation time and can affect the productivity of 

nanoparticles and the continuous ablation of nanoparticles in the colloids can end with 

laser fragmentation to finer nanoparticles or melting of the nanoparticles to bigger ones 

depending on the energy and ablation wavelength [109-101]. In general, fabrication of 

nanoparticles depends on laser parameters, target material, and the nature of the liquid. 
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Polarity, viscosity, and refractive index of the liquid at the ablation laser 

wavelength are important in determining the final size and size distribution.  

The decrease in size at higher ablation time can be due to the effect of continuous 

irradiation of particles in the colloidal solution at high laser energy fluency].But there 

was an increase in average size with increase in fluency for all the three liquid media. 

Increase in energy fluency could result in increase in average size of nanoparticles as 

reported in many cases [108-110,115]. 
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Fig.4.9 A histogram of particle size 

distribution of 85%Cu doped PbO. 

Fig.4.8 A histogram of particle size 

distribution of 85%Ag doped PbO. 
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Fig.4.10  TEM images for prepared 

nanoparticles for PbO/85%Cu and 

PbO/85%Ag. 
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4.5.The Optical properties  

Fig.11 and 12 show the optical absorption spectrum, of PbO/Cu and PbO/Ag NPs 

colloidal with different Cu and Ag doping concentration. An average absorption is vary 

from (0.054-0.96   ) in the UV-VIS region, that increased as the Cu and Ag content 

increase. The absorption spectrum reveals low absorbance in the visible and near 

infrared regions for AgPbO and CuPbO samples. However, absorbance in the 

ultraviolet region is significantly high and the sample exhibits an obviously enhanced 

optical absorption around (220-230) nm. This significant increase could be attributed to 

the Plasmon resonance absorbance of the Ag and Cu nanoparticles, since the noble 

metals nanoparticles can be photo excited due to their Plasmon resonance. On other 

word;.   all spectra of silver and copper are seemingly made out of a superposition of 

the original PbO conduction band peaks and a broad peak due to a plasmon band from 

silver and copper atoms or a cluster of atoms located on the surface of PbO Nano 

crystals. The Plasmon band formation resulting from fluid like Plasmon oscillations. 

The results are in good agreement with K S Khashan [120].  

This high absorbance in the UV region makes this material important in 

photovoltaic technology. 

 On the other hand, the absorption spectrum demonstrates a broad and red-shifted 

surface Plasmon resonance (SPR) absorption peak for samples. In the range of  240nm 

for AgPbO and 239nm for CuPbO   to 235nm for pure PbO. The appearance of shoulder 

at arownd 204nm for PbO and around 230nm for AgPbO and 210nm for CuPbO are 

generally associated with the presence of either oblate spheroid particles or closely 

aggregated spherical colloids particles that optically behave as oblate spheroids. 

According to Mie theory[120-122 ],Thus, the absorption of the nanoparticles is not only 

simply determined by the nature of the metal itself but also affected by the surrounding 
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dielectric properties. Generally, the SPR absorption of a pure PbO colloid change as the 

metal (Ag and Cu) is introduced. The surrounding dielectric properties of PbO thin 

films change, leading to the observed changes in the SPR frequency of Ag. The tail is 

may be due to both the scattering of a range of particle sizes and to Urpach effect due to 

intergrain depletion regions[6]. The extinction coefficient (k) was illustrated in Fig.3 

and fig 4 as a function of  the  wavelength for PbO/Cu and PbO/Ag  nanoparticles 

colloidal with different doping concentration i.e. (x=15, 20, 30 ,50, 75 and 85% wt%) 

produced in aqueous solution of DI water respectively. 

  The extinction coefficient has a red-shift increased in the visible and near infrared 

regions, while decreased at low wavelength of absorption edge. The extinction 

coefficient is correlated to the absorption coefficient , when the absorption increased , 

the, extinction coefficient increased, and it is also increased with Cu and Ag additive. 

This may be attributed to the extended states (i.e localized states) within both the 

forbidden energy gap and  the conduction band, where the absorption of  the photons 

with long wavelength is increased . At high energies, the absorption is high. This means 

a high possibility for electron transitions. When the energy of the  incident photon is 

sufficient to move the electron from the valence band to the conduction band.  

Fig.14 and 15  show the refractive index (n) for  PbOCu and PbOAg thin films 

prepared with different doping concentration (x=15, 20, 30 ,50, 75 and 85%wt%) 

produced in aqueous solution of DI water respectively as a function of wavelength. 

The value of the refractive index is increased with decreased photon energy. This 

indicates that the electromagnetic radiation passing through the material is slow in the 

low photon energy. 

Refractive means bending a beam of light when it enters a material medium. The 

physical reason for this is that the velocity of light is varied inside the material. The 
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refractive index is a  parameter directly correlated to the  density of material. i.e., Less 

dense of a particular material will have a more open structure and thus a lower (n) value 

than their denser counterparts. It is obvious from this figure that the refractive index of 

the synthesized colloidal samples are influenced by increasing the doping percentage , 

that related to increase the density of structure, Which is a result of increasing the 

number of atomic refractions due to the increase of the linear polarizability. This is in a 

goo agreement with Lorentz- Lorentz formula [119].  

To understand the optical and electrical properties of the thin films manufactured 

by PLAL method, it is very necessary to study and estimate the average value of the 

energy gap. This value depends on the films structure and arrangement and the 

distribution of atoms in the crystal lattice. 

To determine the value of the band gap Eg , the graph of (αhν)1/n vs. hν has been 

plotted for different preparation colloidal samples .The optical band gap value 

represents the point of intersection between the straight line and the axis of the photon 

energy. Eg band gap of the material and the exponent n depends on the type of the 

optical transition. For the crystalline semiconductor it is possible for n to be 1/2, 3/2, 2 

or 3 depending on whether the transitions are direct allowed, direct forbidden, indirect 

allowed or indirect forbidden respectively. The energy gap depends on the conditions 

and the nature of the thin film structure and the method of the preparation that affect the 

crystal structure. The variation in the characteristics of the thin film structure is the 

reason for these variations in the energy gap.  

At high energies with high absorption coefficient values (α >10
4
cm

-1
) at high 

energies we expected direct electronic transitions take place, and the energy and 

momentum preserve of the electron and photon. At low energies with low values of 

absorption coefficient is low (α<10
4
cm

-1
) at low energies we expected in this case 



Chapter four ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  Results and Discussions  

74 
 

indirect electronic transition[15].The coefficient absorption for the prepared samples 

nanoparticles is less than (α<10
4
cm

-1
) which indicate indirect electron transitions. The 

band gap values of the prepared samples are calculated from Tauc plot and listed in 

Table 1.Lamberts formula was used to estimate  the absorption coefficients(α) of the 

deposited films [120].             

           

Table 3 displays the variation of Eg values with Cu and Ag concentration. It is clear 

from Table 3 that Eg increases with increasing doping concentration. The red-shift of 

the obtained band-gaps is likely ascribed to the size and shape of nanoparticles, defects 

in energy levels, impurities and structural defects. Moreover, UV–Vis spectroscopy 

showed that doped PbO films exhibit band gap narrowing in both the nano and micro 

states with respect to the pure PbO films. These results were in good agreement with 

Chava and Kang and Tang et al.The band gap Eg shifts observed with doping, are due 

to concentration of majority carriers and changes in nanocrystal electronic structure. 

With regards to the semiconductor metal transition theory, the Eg reduces when the 

impurity is higher than the Mott critical density [118]. Hence, doping leads to an 

obvious narrowing of the band gap. As the doped elements enter the PbO crystal 

lattices, the localized band edge states form at the doped sites, with a reduction of Eg 

.[117 ]. 
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Fig.4.11.   Absorption Spectrum of  PbOCu Nanoparticles with Different Cu Doped 

Produced in Aqueous Solution of DI Water 
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Fig.4.12.   Absorption spectra of  PbOAg Nanoparticles with Different Ag Doped 

Produced in Aqueous Solution of DI Water 
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Doped in Aqueous Solution of DIW  
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Fig.4.15. Refractive Index(n)  of  PbOAg Nanoparticles  Colloidal with Different Ag Doped 

Produced in Aqueous Solution of DI Water 
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Table 4 Allowed direct energy gap Eg(ev) for prepared thin films. 

 

 

 

 

Sample Allowed energy gap(ev) 

100%PbO  

3.21 

PbO/ Cu 15%  

3.11 

PbO/ Cu 20%  

3.43 

PbO/ Cu 30%  

3.32 

PbO/ Cu 50%  

3.27 

PbO/ Cu 75%  

2.91 

PbO/ Cu 85%  

3.40 

PbO/ Ag15%  

2.55 

PbO/ Ag20%  

2.63 

PbO/ Ag30%  

3.00 

PbO/ Ag50%  

3.12 

PbO/ Ag75%  

3.31 

PbO/ Ag85% 4.00 
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Fig.4.16.shows the allowed transition of the direct energy gap of the of 100% pbO  

 

 

Fig.4.17.shows the allowed transition of the direct energy gap of the of 15% Cu  
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Fig.4.18.shows the allowed transition of the direct energy gap of the of 20% Cu  

 

 

Fig.4.19.shows the allowed transition of the direct energy gap of the of 30% Cu  
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Fig.4.20.shows the allowed transition of the direct energy gap of the of 50% Cu  

 

 

Fig.4.21.shows the allowed transition of the direct energy gap of the of 75% Cu  
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Fig.4.22.shows the allowed transition of the direct energy gap of the of 85% Cu  

 

Fig.4.23.shows the allowed transition of the direct energy gap of the of 15% Ag  
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Fig.4.24.shows the allowed transition of the direct energy gap of the of 20% Ag  

 

 

 

Fig.4.25.shows the allowed transition of the direct energy gap of the of 30% Ag  
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Fig.4.26.shows the allowed transition of the direct energy gap of the of 50% Ag  

 

 

Fig.4.27.shows the allowed transition of the direct energy gap of the of 75% Ag  
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Fig.4.28.shows the allowed transition of the direct energy gap of the of 85% Ag  
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 -الخلاصه:

 الميزر تذرية تقنية PbO / Ag و PbO / Cu من يتكون متجانس غرواني تحضير تم
 مختمف بتركيز Pb: Ag و Pb: Cu مخاليط تحضير خلال من ،( PLAL) النبضية

)(  أبعاد ذات كحبيبات الناتجة المساحيق عمى الضغط تم٪(.  52wt و 52،02،02،22،42)
 3 النبضة ومدة( 5231) الموجي الطول ذي ND-YAG النبضي الميزر. أهدافًا استخدمت

 / PbO عن الناتجة المساحيق وتعرضت. 122J بالطاقة مرتبطة نبضة 022 حالة في نترات
Cu و PbO / Ag لتقنيات XRD و UV-vis استخدام تم والبصرية الهيكمية من كل دراسةل 

 زيادة عمى العثور تم. المعدة المساحيق ومورفولوجيا وشكل حجم لدراسة SEM و TEM تقنيات
 صدى بسبب نانومتر( 002-002) الموجي الطول في القيم أقصى واتخاذ الامتصاصية
Plasmon الأحمر التحول إلى تميل الامتصاصية قمم عمى العثور تم. الغروية كل من السطح 

 الانقراض معامل عرض زاد ، ذلك إلى بالإضافة. الحمراء تحت الأشعة منطقة من بالقرب
 من الطاقة فجوة تعاني. أيضًا Ag و Cu من لكل المنشطات تركيز زيادة مع المحسنة والقيمة
 و PbO مع النحاس من بالوزن٪ 42 مقابل( فولت 00.65) إلى ووصمت الانخفاضات بعض

(0.30ev )02 مقابلwt ٪Ag مع PbO 
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