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I 

ABSTRACT 

 Polymeric materials are of interest in scientific and technological 

research, because they can be tailored to meet specific requirement for a 

verity of applications, this is mainly due to their light weight, good 

mechanical strength, and optical properties.From which, Poly Vinyl 

Alcohol (PVA) is one of the most important polymeric materials, because it 

has many applications in industry and is of relatively low cost in 

manufacture. 

 It is well documented that electrical and optical properties of 

polymers can be improved to a desired limit through suitable doping. In 

this concern, and since Ag
+
 is a fast conducting ion in a number of  

crystalline and amorphous materials, its incorporation within a polymeric 

system may be expected to enhance its electrical and optical properties. 

 In the present study the PVA/Ag nanocomposite with different 

contents of inorganic phase of (2, 3, 4, 5, 6, 7, and 8) wt% were prepared 

by reduction of Ag
+
 ions in PVA solution using gamma irradiation with 

different dose of (15, 25, 50, 75, 100) kGy. The Ag particle size was found 

to be around 14.0 nm based on the UV-Vis spectroscopy and Dynamic 

Light Scattering (DLS) measurements. Also, the structural studies of the 

synthesized PVA/Ag nanocomposites have been carried out through FTIR, 

and XRD studies. Further, the dependence of the optical and electrical 

properties of PVA on the concentration of the embedded nano-Ag was 

reported. As well, the effects of γ- irradiation have been studied applying 

UV-Vis spectroscopy and electrical characteristics measurements, 

respectively. 



                                                                                                   Abstract 

 

II 

 The changes in the optical band gap value and room temperature dc 

conduction behaviour of undoped and Ag doped PVA films have been 

studied. The value of optical band gap has been found to be reduced from 

(4.6 eV) for un-doped PVA up to (3.0 eV) on doping (4 wt%) nano-Ag in 

PVA. This decrease in optical band gap and observed increase in 

conduction can be correlated to the formation of the charge transfer 

complexes within the polymer network on dispersing nano-Ag in it. 

 In addition, γ- irradiation of PVA/Ag samples leads to the formation 

of Ag nanoparticles, and chain scission and cross-linking in the polymer 

and consequently improved optical and electrical properties. 
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1 

Aim of the work 

 

 The prepration of nanosized inorganic components with organic   

polymers results nanocomposites with good physical properties and 

chemical properties such as conductivity and optoelectronic properties. In 

addition, it is an economically available and versatile way to produce new 

materials and to overcome deficiency in some material characteristics. 

Polymer nanocomposite technologies have achieved an important position 

in the field of research and development of polymer science and in 

radiation processing of polymer. In addition, polymer composites show 

great promise in numerous applications.  

 In this regard, this work has been directed towards preparation of 

silver nanoparticles embedded in polymer matrix which is already used for 

much application such as optoelectronic devices .Poly (vinyl alcohol), PVA 

is chosen because of its good mechanical properties, hydrophilicity. 

Attention has been paid to evaluate a new synthesis method of silver 

nanoparticles in a solid-state host matrix and to investigate the influence of 

synthesis parameters and matrix characteristic on the distribution, shape, 

and size of silver nanoparticles. 
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CHAPTER ONE 

Theoretical Aspect and literature Review 

1. Introduction 

 The nanoscale metal particles such as silver and gold provide a very 

exciting research field because of their interesting optical, electronic, 

thermal and magnetic properties. The metal nanoparticles, therefore, have 

potential uses in technological applications.  

 Silver exhibits the highest electrical and thermal conductivities 

among all the metals (P.K. Khanna, et al., 2005).  A metal nanoparticles/ 

organic polymer composites have attracted considerable interest in recent 

years because of advantages properties of metals and polymers built into 

them. 

 Polyvinyl alcohol (PVA) is an important water-soluble polymer, and 

is extensively used in industries due to its excellent chemical and physical 

properties, non-toxicity, good chemical resistance, good films formation 

and biodegradability. The polymer (PVA) acts as surface capping agent 

when the nanoparticles (Ag) are embedded in the polymer matrix (Wang et 

al., 1999). 

 The interest in nano-coating is on account of combination of the 

properties of two or more materials involved with the emphasis on the fact 

that one of the materials (shells) will determine the surface properties of the 

particles where the core completely encapsulated by the shell. Although the 

core do not contribute to surface property it will be responsible for optical, 

electrical and other properties of the composites.  
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 A number of production techniques have been reported for 

preparation of metallic colloids using metal salts as starting materials, such 

as chemical, photochemical, electrochemical and radiolytic reduction (M. 

Gutierrez and A. Henglein, 1993, and Y. Zhu et al., 1993).  Of these 

techniques, the radiation-induced synthesis is one of the most promising 

strategies because there are some important advantages to the use of the 

irradiation techniques (M. Mostafavia, et al., 1993) compared to 

conventional chemical methods. The process is simple and clean, the γ- 

irradiation has harmless feature, controlled reduction of metal ions can be 

carried out without using of excess reducing agent or producing undesired 

oxidation products. This method provides metal nanoparticles in fully 

reduced, highly pure and highly stable state.  

 The nanoscale materials are receiving attention as they offer highly 

promising novel options for a wide range of applications such as bio and 

chemical sensors (R. Elghanian, et al., 1997), nanoscale electronics (T. 

Sato, et al., 1997, and H. Li, et al., 1999) and optics. 

 Due to their nano-sized dimensions, metal nanoparticles can show 

optical, magnetic and electronic properties that bulk solid do not usually 

exhibit, which may find important applications in material technologies 

like microelectronics, catalytic systems and nanobiosensors. 

1.1. Theoretical Aspects and Literatures Review 

1.1.1. Nanomaterials 

 The unique properties of nanomaterials and structures on the 

nanometer scale have sparked the attention of materials developers. Over 

the past decade, nanomaterials with structural features (particle size or 

grain size, for example) of at least one dimension in the range 1- 100 nm, 
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have been the subject of enormous interest (Z. Surowiak, 2001, M.G. 

Lines, 2008). Nanomaterials can be metals, ceramics, polymeric materials, 

or composite materials. Nanomaterials are not simply another step in 

miniaturization, but a different are entirely; the nano-world lies midway 

between the scales of an atomic and quantum phenomena, and the scale of 

bulk materials. At the nano-material level, the laws of atomic physics, 

rather than be having as in traditional bulk materials, do affect some 

material properties (V.M. Harik and M.D. Salas, 2003). Nanomaterials, a 

new branch of materials research, are attracting a great deal of attention 

because of their potential applications in areas such as optoelectronics (L. 

Liu, et al., 2009), catalysis (T. Mishra, 2008), single-electron transistors 

and light emitters (C.W. Lee, et al., 2008), nonlinear optical devices (V. 

Singh and P. Chauhan, 2009) and photo electrochemical applications (G. 

Wang, et al., 2009). A greater understanding of the manipulation of matter 

at the nanoscale has led to a number of advances in materials science, 

ranging from the development of novel optical and electronic properties  

and the formation of high strength materials which, mimic nature to 

stimuli-responsive materials applicable to a range of applications. The 

variety of nanomaterials is great, and their range of properties and possible 

applications appear to be enormous, from extraordinarily tiny electronic 

devices, including miniature batteries, to biomedical uses, and as packaging 

films, super absorbents, components of aromatic, and parts of automobiles. 

1.1.2. Energy Band Theory 

 Bulk materials can be divided into three classes: conductors, semi-

conductors and insulators. This classification is based on the energy 

separation of energy bands. These bands are called the valence band (VB) 

and conduction band (CB). The VB and CB are formed from atomic orbital 
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mixing between atoms in the crystal lattice. The VB is formed by overlap 

of bonding orbitals, whereas the CB is formed by overlap of anti-bonding 

orbitals. The top of the valence band is comprised of the highest occupied 

molecular orbitals (HOMO). The bottom of the conduction band consists of 

the lowest unoccupied molecular orbitals (LUMO), which remain empty at 

zero Kelvin. The energy separation between the VB and CB is known as 

the band gap energy (Eg). As can be seen in Fig. (1.1), a conductor is 

characterized by the top of the VB being at an equal energy to the bottom 

of the CB (i.e. no band gap energy). In contrast, an insulator has large 

energy separation between the VB and CB, or a wide band gap. This wide 

band gap in insulators provides no possibility of electron excitation to the 

conduction band. Thus an insulator has extremely low electrical 

conductivity. Semiconductors have a small but significant band gap. When 

a photon that is of higher energy than the band gap energy is absorbed by a 

valence electron, the electron jumps from the valence band to the 

conduction band leaving behind a hole in the VB. After electronic 

relaxation, the excited electron in the CB returns to the VB. When the CB 

electron returns to the VB, a photon is emitted at the band gap energy 

minus the relaxation energy. This radiative emission is due to electron-hole 

recombination (Fig. 1.1b) (A. Balandin and K.L. Wang, 2006, B.G. 

Steetman and S. K. Banerjee, 2006). 
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Figure (1.1): Schematic diagrams showing band gaps and luminescence 

properties of Materials [a] Band diagram for conductors, 

semiconductors and insulators [b] Semiconductor 

photoluminescence: excitation of electron from VB to CB, 

formation of carrier charges, emission of photon. 
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1.1.3. Properties of Nanomaterials 

 As time has progressed, a framework of understanding has 

developed about the unique properties of nanoscale materials. Many 

materials that are well-understood at macroscopic length scales have been 

shown to exhibit drastically different properties when the dimensions 

considered are reduced into the 1-100 nm range. One of the first indications 

of this behavior was found in particles of Au (B.G. Steetman and S.K. 

Banerjee, 2006) and Ag (C.W. Mays, et al., 1968, C.R. Berry, 1952) with 

diameters of approximately 10 nm. Through the use of electron diffraction 

experiments in the transmission electron microscope (TEM), the lattice 

parameter of these materials was discovered to be slightly smaller than that 

of bulk Au and Ag.  

 The corresponding size of this deviation was found to be a linear 

function of the size of the particles (B.G. Steetman and S.K. Banerjee, 

2006, J.S. Vermaak and D. Kuhlmann-Wilsdorf, 1968). A similar relation 

was found with the temperature at which these particles melt (Temp.). Such 

particles exhibited a Temp that were substantially lower than the same bulk 

material (P. Buffat and J.P. Borel, 1976, A.N. Goldstein, 1992). Following 

these discoveries a number of properties have been found to be affected by 

such a decrease in dimensions. Many of these altered properties can be 

considered to be advantageous since they are industrially useful (M.C. 

Roco, 2001, M.C. Roco, 2002). For example, nanocrystalline materials can 

exhibit a much greater hardness and resistance to deformation due to the 

large proportions of grain boundaries in such materials (J. Schiøtz and 

K.W. Jacobsen, 2003, J.R. Weertman et al., 1999). Such a microstructure 

restricts deformation to that of grain boundary motion, since the grains 

themselves do not greatly deform. This relationship, mathematically 
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proportional to the grain size, is referred to as a Hall- Petch relationship (A. 

Lasalmonie and J.L. Strudel, 1986, N. J. Petch, 1953).  

 However, for grain sizes below approximately 15 nm, this behavior 

reverses and the materials will become more compliant, leading to an 

inverse Hall-Petch relationship (M. Zhao, et al., 2003, V. Yamakov, et al., 

2003). This can provide a mechanism for designing films or coatings of 

nanostructure materials consisting of a specific constituent size with 

specified set of mechanical properties (S. Veprek, 1997, V. Yamakov, et 

al., 2003, S. Veprek and S. Reiprich, 1995). 

 Similar deviations from the expected behavior of bulk materials have 

been documented for many other properties. These include the electronic, 

optical, photoelectric, magnetic, structural, catalytic, and chemical 

properties. As with the case of the observed lattice parameter, the 

magnitudes of many of these effects are strongly dependent on the particle 

size considered (S. Veprek, 2000). Generally, the inherent size dependent 

of nanomaterials properties is the result of the following two primary 

mechanisms. 

1.1.4. Free Energy Variation  

 Since nanocrystals are typically made up of tens to thousands of 

atoms, geometric considerations promote a very high surface-to-volume 

ratio, compared to the bulk version of the same nanocrystal. The number of 

surface atoms is a large proportion of the total number of atoms. Since for 

any material the surface atoms contribute proportionately to the total free 

energy, compared to their bulk counterparts, nanocrystals exhibit 

significantly differentiated thermodynamic properties. Nanocrystals thus 

have the ability to have their free-energy manipulated in a controlled 

manner, correlated with particle size (M. Razeghi, 2009).  
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 At the surface of a nanoparticle, substantial reconstructions in the 

atomic positions occur, and it is nearly inevitable that there exist energy 

levels (surface states) within the energetically forbidden gap of the bulk 

solid arising from the surface non-stoichiometry, unsaturated bonds, etc 

(A.l.L. Efros and M. Rosen, 2000, J. Zhang, et al., 2002) . These surface 

states act as traps for electrons or holes and manifest themselves as a 

degradation of the electrical and optical properties of the material. In some 

cases the surface states can also be involved in irradiative transition. The 

relatively large surface to volume ratio in semiconductor nanoparticles 

results in strong influence of the surface states on their optical properties 

and with decreasing particle size, the fraction of the surface molecules 

aggregates increases (R. Buczko, et al., 2000).  

 This leads to imperfect surface which can act as traps for photo-

generated electrons and holes decreases the photo-stability and quantum 

yields of semiconducting nanoparticles. Surface atoms have fewer bonds in 

comparison to the atoms in the bulk because of the loss in nearest 

neighbors. They tend to find new equilibrium positions to balance the 

forces, resulting in surface reconstruction and defects (A.M. Fox, 2001). 

However, these surface defects can be removed by capping of nanoparticle 

surfaces with organic molecules or inorganic materials in a process called 

passivation. Although, the electronic absorption properties are not affected 

by organic or inorganic surface capping, fluorescence emission efficiencies 

are greatly affected (G. Schmidt, et al., 1999).  

 Passivation is the chemical process by which the surface atoms are 

bonded to another material of a much larger band gap, in such a way as to 

eliminate all the energy levels inside the forbidden band gap. This can be 

achieved in several ways which include nanocrystals suspended as colloidal 
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particles in liquid, nanocrystals formed in a matrix such as glass or 

polymer, nanocrystals in cages such as zeolites (F. Caruso, 2004) and 

individual nanocrystals coated with a passivating layer such as methacrylic 

acid (E. W. Kreutz, 2006). 

1.1.5. Quantum Confinement 

 The physical and chemical properties of a material are determined by 

the type of motion allowed for its electrons to execute. The latter is 

determined by the space in which the electrons are confined. Unbound 

(unconfined) electrons have motion that is not quantized and can thus 

absorb any amount of energy given to them and use it simply to move more 

rapidly. Once bound in a material, their motion becomes highly confined 

and quantization sets in.  

 The allowed types of motion in atomic or molecular orbitals are 

found to have well-defined energies that are separated from one another. 

The smaller the space in which the bound motion takes place, (i.e., the 

stronger the confinement) the larger the energy separation between the 

allowed energies of the different types of motion becomes (L.E. Brus, 

1983). In a bulk semiconductor, excitation involves the formation of an 

electron and hole [the charge carriers], which are separated by distances 

that encompass a number of molecules or ions making the material. This, 

along with the high dielectric constant of the material, makes their binding 

energy relatively length scale (J.Z. Zhang, 1997).  

 The minimum amount of energy required for the formation of the 

charge carriers is known as the band gap energy of the semiconductor. It is 

the energy difference between the top of the valence band and the bottom 

of the conduction band. The formation of a separated electron and hole 

bound by weak Coulombic attraction is also called the formation of a 
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Wannier-type exciton, which is transported through the semiconductor. 

Bulk crystal until it is trapped, annihilated if it collides with another exciton 

(as in the case of high-intensity laser excitation), or relaxed by radiative 

recombination of the electron and hole (L.E. Brus, 1984).  

 What happens if we reduce the physical size of the semiconductor 

material so it becomes comparable to or smaller than the Bohr radius? This 

would decrease the space in which the charge carriers (the excitons) move 

and thus confine their motion. Like the motion of an electron in a box, as 

the size of the box decreases, its kinetic energy, as well as its excitation 

energy increases. Similarly, when the size of the semiconductor particles 

becomes smaller to their Bohr radius, their band gap energy increases. 

Equally important, the energy of the band gap absorption (and thus the 

nanoparticle color) and that of the emission increases and become sensitive 

to the size and shape of the particles (J Z. Zhang, 1997).  

 Thus, the optical and other physical and chemical (e.g. oxidation – 

reduction) properties of   semiconductor nanoparticles become sensitive to 

the size and shape of the particles. The size or shape control can be 

accomplished by adjusting the space in which the nanoparticles grow (e.g., 

in templates). In colloidal solution synthesis, controlling the size or shape is 

done by adjusting the ratio of the concentration of the chemicals making 

the nanoparticle to that of the selected capping material (e.g., polymers, 

micelles, surfactants, or dendrimers) (P. Kamat et al., 1987, Y. Gogotsi, 

2006). 

1.2. Production Methods 

 There are two methods involved in nanomaterial synthesis and 

fabrication of nanostructures; top-down and bottom up approach. 
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1.2.1. Top-down approach 

 The principle behind the top-down approach is to take a bulk piece 

of the material and then modify it into the wanted nanostructure. Cutting, 

grinding and etching are typical fabrication techniques, which have been 

developed to work on the nano scale. The sizes of the nanostructures which 

can be produced with top-down techniques are between 10 to 100 nm. 

Biggest problem with top down approach is the imperfection of the surface 

structure.  

 It is estimated that conventional top-down technique such can cause 

significant crystallographic damage to the processed patterns and additional 

defects may be introduced even during the etching defects. Such 

imperfections would have a significant impact on physical properties and 

surface chemistry of nanostructures and nanomaterials, since the surface 

over volume ratio in nanostructures and nanomaterials is very large. The 

surface imperfections would result in a reduced conductivity due to 

inelastic surface scattering, which in turn would lead to the generation of 

excessive heat and thus impose extra challenges to the device design and 

fabrication. Despite the limitations in the process the method is widely used 

for its simplicity and relative ease (C.C. Koch Rev, 2003).  

 However the problem with top-down approach is that the particles it 

produces have fairly broad size distribution, and varied particle shape. In 

addition, they may contain a significant amount of impurities from the 

milling medium and the defects therein. Such prepared nanoparticles are 

commonly used in the preparation of the nanocomposites and nano-grained 

bulk materials, which require much lower sintering temperatures.  

 In nanocomposites and nano-grained bulk materials, defects may be 

annealed during sintering; size distribution, particle shape, and a small 
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amount of impurities are relatively insensitive for their applications. 

Repeated thermal cycling may also break a bulk material into small 

 Pieces, if the material has a very small thermal conductivity but a 

large volume change as a function of temperature. A big volume change 

associated with phase transition can be effectively utilized in this approach. 

Although very fine particles can be produced, this process is difficult to 

design and control so as to produce desired particle size and shape. It is 

also limited to materials with very poor thermal conductivity but a large 

volume change. Lithography is another method to produce small particles 

(T J. Merkel, et al., 2010, J.H. Fendler, 2001). 

1.2.2. Bottom-up approach 

 Bottom-up approach is to build material from bottom: atom by atom, 

molecule by molecule, or cluster by cluster. Bottom up approach is used in 

the fabrication and processing of nanostructures and nano-materials on a 

very large scale, and has been in laboratory use and in industry. Examples 

are the use of sodium and nitrate in industry (K. Rossi, et al., 2007).  

 Bottom-up approach offers a better chance to obtain nanostructures 

with less defects, more homogenous chemical composition, and better short 

and long range ordering (G. Cao and Y .Wang, 2002 ). This is because the 

bottom up approach is driven mainly by the reduction of Gibbs free energy, 

such that nanostructures and nano-materials produced are close to 

thermodynamic equilibrium. On the contrary, top down approach most 

likely introduces internal stress, in addition to surface defects and 

contaminations.  Bottom-up approaches are far more popular in synthesis 

of nanoparticles and are synthesized by homogenous nucleation from liquid 

or vapor or by heterogeneous nucleation on substances (A. Leela1 and M. 

Vivekanandan, 2008).  
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 Nanoparticles or quantum dots can also be prepared by phase 

segregation through annealing appropriately designed solid materials at 

elevated temperatures. Nanoparticles can also be synthesized by confining 

chemical reactions, nucleation and growth processes in a small space such 

as micelles. Various synthesis methods or technique can be grouped into 

two categories: thermodynamic equilibrium approach and kinetic approach. 

In the thermodynamic approach, synthesis process consists of:  

(1) Generation of supersaturation.  

(2) Nucleation. 

(3) Subsequent growth.  

 In the kinetic approach, formation of nanoparticles is achieved by 

either limiting the amount of precursors available for the growth such as 

used in molecular beam epitaxy, or confining the process in a limited space 

such as aerosol synthesis or micelle synthesis (G. Cao and Y. Wang, 2002).  

 For the fabrication of nanoparticles, a small size is not the only 

requirement. For any practical application, the processing condition need to 

be controlled in such a way that resulting nanoparticles have the following 

characteristics:  

(1) Identical size of all the particles (uniform size distribution). 

(2) Identical shape or morphology. 

(3) Identical chemical composition and crystal structure that are desired 

among different particles and within individual particles, such as core 

and surface composition must be same.  

(4) Individually dispersed or nondispersed, i.e. no agglomeration. If 

agglomeration does occur. 
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 Nanoparticles should be readily redispersible. For the formation of 

nanoparticles by homogenous nucleation, a super saturation of growth 

species need to be created. An obvious suggestion would be to lower the 

temperature of an equilibrium mixture, such as saturated saturation would 

lead to super saturation. One method is to generate a super saturation 

through in situ chemical reactions is by providing it an appropriate 

chemical cover. 

1.3. Nanoparticles 

 Nanoparticles or nanocrystals made of metals, semiconductors, or 

oxides are of particular interest for their mechanical, electrical, magnetic, 

optical, chemical and other properties. Nanoparticles have been used as 

quantum dots and as chemical catalysts (K. Zhang, et al., 2009) 

1.3.1 Silver nanoparticles  

 Silver (Ag) is the noble metal containing in the IB group of transition 

element with the atomic number 47 and the atomic mass 109. Ag is 

naturally found in the form of pure metal and alloy with gold (Au) and 

other metals such as copper (Cu), lead (Pb and zinc (Zn), therefore, the 

pure Ag can be produced as the byproduct of the metal) refining process of 

their alloy. The characteristics of Ag are ductile, soft, and luster. 

 Moreover, Ag provides the high physical properties for instance the 

highest electrical conductivity and the highest thermal conductivity of all 

metals. Ag can be used in many fields of application which are the 

currency coin, jewelry, decorative mirrors silverware, dentistry, cable line, 

and optic. Not only  the bulk silver can obtain many advantages but  also  

the small Ag particles, namely Ag nanoparticles  also provide a  wide range 

http://en.wikipedia.org/wiki/Nanocrystal
http://en.wikipedia.org/wiki/Quantum_dot
http://en.wikipedia.org/wiki/Catalyst
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of applications Ag nanoparticles are the metallic silver in the form of  

colloid with the diameter less than 100 nm.  

 Considering the difference of the bulk Ag and Ag nanoparticles, it 

can be observed that the physical properties of nanoparticles are still 

similar to the bulk whereas the portion of the number of atoms with the 

nanoparticles size is much higher. It results in a change of the physical 

properties. The position of Ag nanoparticles acts as the bridging in the gap 

between bulk and atomic forms. Hence, the researches in this field have 

been developed to produce the possible smallest Ag nanoparticles without 

the aggregation effect to improve the physical properties when such 

particles are applied to the electrical and optical applications. Ag 

nanoparticles have been studied not only in the electrical and optical fields 

but also in the medical field especially the microbial inhibition and catalyst. 

Ag nanoparticles are currently being utilized in several technological fields 

and are gaining popularity as a form of counter measure against several 

illnesses that cannot be treated through conventional means. Ag 

nanoparticles have several characteristics that make it currently among the 

most widely used nanoparticles in science.   

 One highly useful characteristic is its antimicrobial property. Ag is 

transformed into nano-particle, this anti-microbial property is intensified, 

making it useful in effectively eliminating fungus, bacteria (G. Carotenuto, 

et al., 2009). 

1.4. Polymer 

 One of the indicators of the progress of human civilization is the type 

of materials that are accessible to society. Just as the Metal (Bronze and 

Iron) Age marked the beginning of a new chapter of human civilization at 

the end of the Stone Age, the advent of polymers in the last century has 
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heralded a new era. Conventional materials such as iron, steel, wood, glass 

or ceramics are today being either supplemented or replaced by polymeric 

materials (Vadapalli Chandrasekhar, 2005) 

1.4.1. What are polymers? 

 This word stems from Greek: Poly = many, mers = particles. So this 

term describes a molecule composed of many identical parts, called mers. 

The large molecule is therefore termed: macromolecule. What is left for us, 

is the practical definition of the term "many". The minimum considers 

hundreds of mers. However, there are no significant mechanical properties 

below about 30 mers, while the useful average reaches 200-2,000 mers. If 

one wants to speak about molecular weight (which is usually done in 

chemistry) a broad range between 5,000 up to 2x10
6
 may be representative, 

while in some cases it may reach 10
7
 (Arie Ram, 1997). 

 Polymers are ideal materials for many industrial and high technology 

applications (electronic, electrical, optical, and biological) because they 

have desirable properties such as durability, corrosion resistance, 

transparency, electrical conductivity and thermal stability (Vadapalli 

Chandrasekhar, 2005) 

1.4.2. Description of Polymer Chains 

 The materials usually classified as polymeric are composed of long-

chain molecules, with a repetition of structural units called monomers 

along the chain. The polymeric chain is usually built by sequential addition 

of monomers joined end to end, or sometimes in more complicated ways, 

by covalent bonds to form a chain molecule. If there is only one type of 

chemical unit the corresponding polymer is a homo polymer; if there is 

more than one type it is a copolymer. 
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 The simplest polymers are chain-like molecules of the type 

—A—A—A—A—A—A—A—A—A—A—A—A—A— 

 Where A is a small group of covalently bonded atoms and the groups 

are covalently linked. This chain is called the backbone. The simplest 

useful polymer is polyethylene 

— CH₂ — CH₂ — CH₂ — CH₂ — CH₂ — CH₂ — CH₂ — 

or      – ﴾–CH₂–﴿  

1.4.3. Polyvinyl alcohol  

 Polyvinyl alcohol was first prepared by Hermann and Haehnel in 

1924 by hydrolyzing polyvinyl acetate in ethanol with potassium 

hydroxide. Polyvinyl alcohol is produced commercially from polyvinyl 

acetate, usually by a continuous process. The acetate groups are hydrolyzed 

by ester interchange with methanol in the presence of anhydrous sodium 

methylate or aqueous sodium hydroxide. The physical characteristics and 

its specific functional uses depend on the degree of polymerization and the 

degree of hydrolysis. Polyvinyl alcohol is classified into two classes 

namely: partially hydrolyzed and fully hydrolyzed. Partially hydrolyzed 

PVA is used in the foods. Polyvinyl alcohol is an odorless and tasteless, 

translucent, white or cream colored granular powder. It is used as a 

moisture barrier film for food supplement tablets and for foods that contain 

inclusions or dry food with inclusions that need to be protected from 

moisture uptake. Polyvinyl alcohol is not known to occur as a natural 

product. 
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1.4.4. Chemical characterization  

1.4.4.1. Composition 

 The structure of polyvinyl is given blow (Fig. 1.2):  

 

 

 

 

 

 

Figure (1.2): Structural formula for PVA: (A) partially hydrolyzed; (B) 

fully hydrolyzed. 

1.4.4.2. Analytical methods  

 No quantitative method is available for the determination of PVA 

although, various methods have been described for the detection of PVA.  

Filter paper treated with potassium iodide and iodine solutions has been 

suggested for measuring Polyvinyl alcohol concentration in wastewater in a 

concentration range of 1000-20,000 mg/l. the color of polymers, including 

Polyvinyl alcohol, and their derivatives in various solvents have been used 

to identify them. The green complex formed by reaction of polyvinyl 

alcohol with boric acid has been used to detect small amounts in polyvinyl 

chloride resins (E. Chiellini et al., 1999) 
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1.5. Polymer Nanocomposite  

 Polymer nano-composites are materials in which nano-scopic 

inorganic particles are dispersed in an organic polymer matrix in order to 

dramatically improve the performance properties of the polymer. Due to 

nanometer length scale which minimizes scattering of light, nano-

composites are usually transparent. Polymer nano-composites represent a 

new alternative to conventionally filled polymers. Because of their 

nanometer sizes, filler dispersion nano-composites exhibit markedly 

improved properties when compared to the pure polymers or their 

traditional composites. These include increased modulus and strength, 

outstanding barrier properties, improved solvent and heat resistance and 

decreased flammability (K. Zhang, et al., 2009).   

 Because of surface effects and the dramatic changes in properties 

occurring when critical lengths governing some physical phenomenon 

(Magnetic, structural, etc.) become comparable with size, nano-sized 

metals have unique properties (e.g., Plasmon absorption, near-IR 

photoluminescence, superparamagnetism, Coulomb staircase, etc.). The 

embedding of nanoscopic metal structures into polymeric matrices 

represents the simplest way to take advantage of some of these novel 

physical characteristics. Polymer-embedded nanostructures are potentially 

useful for a number of technological applications, especially as advanced 

functional materials (e.g., high-energy radiation shielding materials, 

microwave absorbers, optical limiters, polarizer's, sensors, hydrogen 

storage systems, etc.) (G. Carotenuto, et al., 2003).  

 In addition to the intrinsic nanoscopic material properties and the 

possibility to make transparent metal–polymer combinations, these 

materials are interesting also because the presence of a very large filler–
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matrix interface area can significantly affect the polymer characteristics 

(e.g., glass transition temperature, crystallinity, free volume content, etc.), 

allowing a technologically exploitable mechanical and physical properties 

(e.g., fire resistance, low gas diffusivity, etc.) (C. Nicolae, et al., 2010). 

 The control of nanoparticle morphology becomes a very important 

aspect, since morphology profoundly influences the material performance. 

As a long term goal the development of synthesis schemes able to control 

particle size, shapes, and composition independently from  one another is 

very important, in order to allow tuning of nanocomposite  properties.  

 Generally, Polymer/metal nanocomposites can be obtained by two 

different approaches, namely, ex-situ and in situ techniques. In the ex situ 

approach, polymerization of monomers and formation of metal 

nanoparticles were separately performed, and then they were mechanically 

mixed to form nanocomposites. In the in situ methods, metal nanoparticles 

are generated inside a polymer matrix by decomposition (e.g., thermolysis, 

photolysis, radiolysis, etc.) or by chemical reduction of a metallic precursor 

dissolved into the polymer. A commonly employed in situ method is the 

dispersion process, in which the solutions of the metal precursor and the 

protective polymer are combined, and the reduction is subsequently 

performed in solution (J. Yeum, et al., 2005).  

 Many of the synthetic techniques based upon these approaches lead 

to a large size distribution of particles, uneven particle dispersion, 

passivation of the particle surfaces by surfactants or oxide coatings, and 

difficulty in controlling the homogeneity of the polymer nanoparticles 

blend (O. Eksik, et al., 2010). 
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 The fabrication of well-defined nanoparticle assemblies is still a 

significant challenge towards the actual application of nanostructured 

systems for real applications (K.M. Coakley and M.D. McGehee, 2004). 

1.6. Radiation 

 Radiation is energy that comes from a source and travels through 

some material or through space. Light, heat and sound are types of 

radiation. As shown in Fig. (1.3) radiation is classified into two main 

categories: 

● Non-ionizing radiation (cannot ionize matter). 

● Ionizing radiation (can ionize matter either directly or indirectly): 

- Directly ionizing radiation (charged particles): electrons, protons and 

heavy ions. 

- Indirectly ionizing radiation (neutral particles): photons   (X-rays and 

γ-rays), neutrons. 

 

 

 

 

 

 

 

 

Fig (1.3): The classification of radiation. 
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 Directly ionizing radiation deposits energy in the medium through 

direct Coulomb interactions between the directly ionizing charged particle 

and orbital electrons of atoms in the medium. 

 Indirectly ionizing radiation (photons or neutrons) deposits energy in 

the medium through a two step process. First, charged particle is released 

in the medium (photons release electrons or positrons, neutrons release 

protons or heavier ions). Second, the released charged particles deposit 

energy to the medium through direct Coulomb interactions with orbital 

electrons of the atoms in the medium. (E.B. Podgorsak, 2005). 

1.7. Gamma-Ray Interactions with Matter 

 It is most important to understand the manner in which radiation 

interacts with matter and transfers its energy. Energy from radiation is 

transferred to matter in two ways: Ionization and Excitation. Ionization is 

the process of removal of an electron from an atom leaving the atom with a 

net positive charge. In excitation, the energy of incoming radiation raises 

an outer electron to a higher energy state from which it returns very rapidly 

(10
-8

s) to its original state emitting a photon of light in the process. 

 Gamma-radiation is a type of electromagnetic wave that interacts 

with matter via the Photoelectric Effect, Compton Scattering and Pair 

Production described below  

1.7.1. Photoelectric effect  

 Photoelectric effect (Fig. 1.4) is an absorption process where a low 

energy γ ray photon may interact with a bound atomic electron. Some of 

the γ -ray energy is used to overcome the electron binding energy, and most 

of the remainder is transferred to the freed electron as kinetic energy. The 
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energy of the photoelectron released by the interaction is the difference 

between the γ -ray energy  and the electron binding energy : 

  = –          (1.1) 

                       

 

 

 

 

Fig (1.4): photoelectric Effect. 

1.7.2. Compton Scattering 

 Compton scattering is the process whereby a γ ray interacts with a 

free or weakly bound electron and transfers part of its energy to the 

electron in an inelastic collision process and generally occurs for high-

energy photons (>0.1 MeV) such collision is called Compton scattering or 

Compton Effect as in Fig. (1.5). The wavelength of the scattered photon is 

called Compton wavelength.  

 

 

 

 

 

 

Fig (1.5): The Compton Effect. 
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 The energy of the ejected or Compton electron can be determined by 

knowledge of the energies of the incoming and scattered photons. 

= – E’          (1.2) 

 Where  = energy of scattered electron,  = energy of incident γ 

ray, E’ = energy of scattered γ ray. 

1.7.3. Pair Production 

 A γ ray with energy of at least 1.022 MeV can create an electron-

positron pair when it is under the influence of the strong electromagnetic 

field in the vicinity of a nucleus (Fig. 1.6). This interaction has a threshold 

of 1.022 MeV because that is the minimum energy required to create the 

electron and positron. If the γ ray energy exceeds 1.022 MeV, the excess 

energy is shared between the electron and positron as kinetic energy. 

 

 

 

 

 

 

 

Fig (1.6): Pair Production 

 The electron and positron from pair production are rapidly slowed 

down in the absorber. After losing its kinetic energy, the positron combines 

with an electron in an annihilation process, which releases two γ rays with 

energies of 0.511 MeV (G.F. Knoll, 1979). 
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1.8. Interaction of Radiation with Polymeric Materials  

 Polymeric substances respond to radiation in several ways, they can 

be gradually destroyed by UV radiation from sunshine when exposed for 

extended periods of time outdoors - more or less changing their properties. 

On the other hand, man-made UV radiation is actually used to produce 

polymers from monomers (low molecular weight building blocks for 

polymers) or from oligomers (essentially very low molecular weight 

polymers). Almost always in these reactions, a liquid is converted into a 

solid almost instantaneously. Ionizing radiation such as γ-rays is even more 

versatile; it is capable of converting monomeric and oligomeric liquids into 

solids, but also can produce major changes in properties of solid polymers. 

(Jiri George Drobny, 2003). 

1.8.1. Cross-Linking and Chain Scission 

 The most important reactions occurring during radiolysis of 

polymers are those that lead to permanent changes in their molecular 

weight. The reactions leading to either increases or decreases in molecular 

weight are referred to as cross-linking and chain scission, respectively. In 

general cross-linking and scission processes can occur simultaneously in 

any irradiated material; however, it is often observed that one tends to 

dominate over the other, and thus polymers can be broadly placed into the 

categories cross-linking or degrading. 

 Some processes could be observed in irradiated polymer molecules, 

such as: 

 Evolution of gas: When polymers are exposed to high energy 

radiation, the reactions induced will lead to the formation of low   

molecular weight gaseous molecules. For example, when polyethylene 
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–﴾–CH₂–﴿ is irradiated, the scission of the C-H bond leads to the 

formation of thermally activated hydrogen atoms which are able to 

escape and form molecular hydrogen gas. 

 Formation of Unsaturated Groups: When polymers are exposed to 

high energy radiation, chain scission leads to the formation of active 

atoms which lead to the evolution of gas and the formation of 

unsaturated groups. For example, the formation of main-chain un-

saturation in irradiated polyethylene is proportional to the yield of 

hydrogen gas. 

 Color Centers: Most polymers change colors during irradiation. This 

change depends on the structure of the polymer, the irradiation 

temperature, the type of radiation and also varies for irradiations 

performed in vacuum and in air.  The discoloration is attributed to the 

formation of conjugated double bonds in some polymers and also to 

trapped free radicals, electrons, and ion (DAVID J.T. HILL, et al., 

2005). 

1.9. Theoretical Aspects 

1.9.1. UV-VIS Spectroscopy    

 The UV-visible range is a tiny part of the total electromagnetic 

spectrum, and is generally taken to be from wavelengths of 190 nm at the 

high energy UV end to about 750 nm at the red end of the spectrum. The 

range is not an arbitrary assignation; rather the energies of this particular 

radiation are sufficiently high to promote various electron transitions within 

a molecule.   

 All radiation is quantized; that is to say it can only exist as discrete 

amounts of energy (quanta, photons in the case of light). This gives rise to 
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the concept that the energy possessed by an electron is also quantized, and 

thus we talk about the energy levels of the electron. The electron is able to 

change its energy level by gaining or losing energy, but only in amounts 

exactly corresponding to the difference between the two levels. So the 

promotion of the electron  from the ground state (lowest possible energy) at 

energy E1 to energy E2 can only occur if the molecule absorbs a photon 

which has an energy = (E2 – E1). This electron at a higher energy is said to 

be excited and to be in an excited state. Excited states only last for very 

short periods of time (1 to 10 nanoseconds), because the higher energy state 

is energetically unstable, and the extra energy is lost through relaxation 

processes such as emission of light or heat. The absorption of Uv-vis 

radiation corresponds to the excitation of outer electrons. There are three 

types of electronic transition, which can be considered;    

(1) Transitions involving π, σ, and n electrons. 

(2) Transitions involving charge-transfer electrons. 

(3) Transitions involving d and f electrons. 

 

 

 

 

 

 

 

 

Figure (1.7): Schematic shows the possible electronic transitions. 
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 The possible electronic transitions of π, σ, and n electrons can be 

classified as:   

1. σ→σ* Transitions 

 An electron in a bonding σ orbital is excited to the corresponding 

anti-bonding orbital. The energy required is large. For example, methane 

(which has only C-H bonds, and can only undergo σ→σ* transitions) 

shows an absorbance maximum at 125 nm. Absorption maxima due to 

σ→σ* transitions are not seen in typical UV-visible spectra (200-700 nm).  

2.  n→σ* Transitions  

 Saturated compounds containing atoms with lone pairs (non-bonding 

electrons) are capable of n→σ* transitions. These transitions usually need 

less energy than σ→σ * transitions. They can be initiated by light whose 

wavelength is in the range 150-250 nm. The number of organic functional 

groups with n→σ* peaks in the UV region is small.   

3.  n→π* and π→ π* Transitions   

 Most absorption spectroscopy of organic compounds is based on 

transitions of n or π electrons to the π* excited state. This is because the 

absorption peaks for these transitions fall in an experimentally convenient 

region of the spectrum (200-700 nm). These transitions need an unsaturated 

group in the molecule to provide the π electrons.   

 Molar absorbtivities from n→π* transitions are relatively low, and 

range from 10 to 100 L mol
-1

 cm
-1

. π→π* transitions normally give molar 

absorbtivities between 1000 and 10,000 L mol
-1

 cm
-1

. The solvent in which 

the absorbing species is dissolved also has an effect on the   spectrum of the 

species. Peaks resulting from n→π* transitions are shifted to shorter 

wavelengths (blue shift) with increasing solvent polarity. This arises from 
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increased salvation of the lone pair, which lowers the energy of the n 

orbital. Often (but not always), the reverse (i.e. red shift) is seen for π→π* 

transitions. This is caused by attractive polarization forces between the 

solvent and the absorber, which lower the energy levels of both the excited 

and unexcited states. This effect is greater for the excited state, and so the 

energy difference between the excited and unexcited states is slightly 

reduced - resulting in a small red shift. This effect also influences n→π* 

transitions but is overshadowed by the blue shift resulting from salvation of 

lone pairs. Many inorganic species show charge-transfer absorption and are 

called charge-transfer complexes. 

 To calculate the particle size from UV-vis spectrum by using 

(FWHM), from the FWHM (ΔE1/2) of SPR band, the diameter (d) of silver 

nanoparticles has been estimated by assuming free particles behaviour of 

conduction electron using relation the (Chahal et al., 2012)  (Chahal, et 

al., 1995):   

D=2hνf/ΔE1/2       (1.3) 

 Where, Vf (1.39*1e6 m/s) Fermi velocity of electron in bulk silver, 

and h is the plank's constant. 

 To calculate the optical band gap, the absorption coefficient from 

UV-Vis spectra is determined using the formula (Bhat, et al., 2005). 

α = A/d      (1.4) 

where, A is the absorbance, and d is the film thickness. 

 To determine the nature and the width of the optical band gap α, 

(αhν)
2 

and (αhν)
1/2 

were plotted as function of hν (photon energy). The 

position of the absorption edge was determined by extrapolating the linear 

part of the α vs. hν curves to zero absorption value. It observed that the 
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absorption coefficient less than 10
4
cm

-1 
indicate indirect electronic 

transition from the following equation: 

Ahν =A(hν-Eg)
m
      (1.5) 

Where, A is constant 

 The plots of (αhν)
1/2

 vs hν for the experimental data near the 

absorption edge give a linear fit over wide range of hν. This linearity 

suggests the presence of indirect allowed transitions in the studied films. 

1.9.2. Structural Analysis (Fourier Transform Infrared 

(FTIR) Spectroscopy) 

 Infrared (IR) spectroscopy is one of the most common spectroscopic 

techniques used by organic and inorganic chemists. Simply, it is the 

absorption measurement of different IR frequencies by a sample positioned 

in the path of an IR beam. The main goal of IR spectroscopic analysis is to 

determine the chemical functional groups in the sample. Different 

functional groups absorb characteristic frequencies of IR radiation. Using 

various sampling accessories, IR spectrometers can accept a wide range of 

sample types such as gases, liquids, and solids. Thus, IR spectroscopy is an 

important and popular tool for structural elucidation and compound 

identification. Infrared radiation spans a section of the electromagnetic   

spectrum having wave numbers from roughly 13,000 to 10 cm
–1

, or 

wavelengths from 0.78 to 1000 µm. It is bound by the red end of the visible 

region at high frequencies and the microwave region at low frequencies. IR 

absorption positions are generally presented as either wave numbers (ν) or 

wavelengths (λ). Wave number defines the number of waves per unit 

length. Thus, wave numbers are directly proportional to frequency, as well 

as the energy of the IR absorption. The wave number unit (cm
–1

) is more 
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commonly used in modern IR instruments that are linear in the cm
–1

 scale. 

In the contrast, wavelengths are inversely proportional to frequencies and 

their associated energy. Wave numbers and wavelengths can be 

interconvert using the following equation:   

ν (in cm
-1

) = [1/λ ( in µm)] * 10     (1.6) 

 Infra-Red (IR) absorption information is generally presented in the 

form of a spectrum with wavelength or wave number as the x-axis and 

absorption intensity or percent transmittance as the y-axis. Transmittance, 

T, is the ratio of radiant power transmitted by the sample (I) to the radiant 

power incident on the sample (I0). Absorbance (A) is the logarithm to the 

base 10 of the reciprocal of the transmittance (T).   

A = log10 (1/T) = -log10T = – log10 (I/I0)    (1.7) 

 The transmittance spectra provide better contrast between intensities 

of strong and weak bands because transmittance ranges from 0 to 100% T 

whereas absorbance ranges from infinity to zero. The analyst should be 

aware that the same sample would give quite different profiles for the IR 

spectrum, which is linear in wavenumber, and the IR plot, which is linear 

in wavelength. It will appear as if some IR bands have been contracted or 

expanded. The IR region is commonly divided into three smaller areas: 

near IR, mid IR, and far IR.   

 The principles of IR can be explained by classical as well as 

quantum theories. The classical model considers a simple ball and spring 

model wherein diatomic molecule with two masses m1 and m2 are 

connected by a spring. According to Hooke's law when spring is displaced,   

F = –k x     (1.8) 
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 Where F = opposing restoring force; k = force constant; x = 

displacement from equilibrium position. This is simple harmonic equation 

wherein the relation gives the frequency of vibration:  

Evib=      (1.9) 

 Where, µ is the reduced mass 

  
yx

yx

mm

mm


       (1.10) 

 Using simple laws of mechanics, a system of masses joined by 

springs has a number of fundamental modes of vibration each of which has 

a particular natural frequency. Consider an oscillator such as the electric 

vector of electromagnetic radiation coupled to a system of masses such as a 

polyatomic molecule. By scanning through a range of frequencies some 

may be 'tuned' to the various fundamental modes of vibration by virtue of a 

change in dipole moment associated with that vibration.  

 So, a series of absorption take place for a polyatomic molecule as we 

scan through a range of frequencies, radiation is absorbed each time we 

'tune-in' or 'come into resonance' with the natural frequency of a 

fundamental mode which is capable of dipolar interaction.  At temperatures 

above absolute zero, all the atoms in molecules are in continuous vibration 

with respect to each other. When the frequency of a specific vibration is 

equal to the frequency of the IR radiation directed on the molecule, the 

molecule absorbs the radiation. Each atom has three degrees of freedom, 

corresponding to motions along any of the three Cartesian coordinate axes 

(x, y, z). A polyatomic molecule of n atoms has 3n total degrees of 

freedom.  
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 However, 3 degrees of freedom are required to describe translation, 

the motion of the entire molecule through space. Additionally, 3 degrees of 

freedom correspond to rotation of the entire molecule. Therefore, the 

remaining 3n–6 degrees of freedom are true, fundamental vibrations for 

nonlinear molecules. Linear molecules possess 3n–5 fundamental 

vibrational modes because only 2 degrees of freedom are sufficient to 

describe rotation. Among the 3n–6 or 3n–5 fundamental vibrations (also 

known as normal modes of vibration), those that produce a net change in 

the dipole moment may result in an IR activity and those that give 

polarizability changes may give rise to Raman activity. 

 Naturally, some vibrations can be both IR- and Raman-active. The 

total number of observed absorption bands is generally different from the 

total number of fundamental vibrations. It is reduced because some modes 

are not IR active and a single frequency can cause more than one mode of 

motion to occur. Conversely, additional bands are  generated by the 

appearance of overtones (integral multiples of the fundamental absorption 

frequencies), combinations of fundamental frequencies, differences of 

fundamental frequencies, coupling interactions of two fundamental 

absorption frequencies, and coupling interactions between fundamental 

vibrations and overtones or combination bands (Fermi resonance). The 

intensities of overtone, combination, and difference bands are less than 

those of the fundamental bands. The combination and blending of all the 

factors thus create unique IR spectrum for each compound. Not all possible 

vibrations within a molecule will result in an absorption band in the 

infrared region. To be infrared active the vibration must result in a change 

of dipole moment during the vibration. This means that for homonuclear 

diatomic molecules such as Hydrogen (H2). 
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 Nitrogen (N2) and Oxygen (O2) no infrared absorption is observed, 

as these molecules have zero dipole moment and stretching of the bonds 

will not produce one. For heteronuclear diatomic molecules such Carbon 

Monoxide (CO) and Hydrogen Chloride (HCl), which do possess a 

permanent dipole moment, infrared activity occurs because stretching of 

this bond leads to a change in dipole moment (since Dipole Moment = 

Charge х Distance). It is important to remember that it is not necessary for 

a compound to have a permanent dipole moment to be infrared active. In 

the case of Carbon Dioxide (CO2) the molecule is linear and centre 

symmetric and therefore does not have a permanent dipole moment. This 

means that the symmetric stretch will not be infrared active. However in 

the case of the asymmetric stretch a dipolemoment will be periodically 

produced and destroyed resulting in a changing dipolemoment and 

therefore infrared activity. 

1.9.3. Structural Analysis (X-ray Diffraction (XRD))   

 In 1913, Sir W.H. Bragg and his  son Sir W.L. Bragg gave the 

famous Bragg's Law 2d sin θ=nλ to explain why the cleavage faces of 

crystals appear to reflect X-ray beams at certain angles of incidence (θ). 

The variable (d) is the distance between atomic layers in a crystal, and the 

variable (λ) is the wavelength of the incident X-ray beam, (n) is an integer. 

This observation is an example of X-ray wave interference commonly 

known as X-ray diffraction (XRD), and was direct evidence for the 

periodic atomic structure of crystals postulated for several centuries. 

Although Bragg's law was used to explain the interference pattern of X-

rays scattered by crystals, diffraction has been developed to study the 

structure of all states of matter with any beam, e.g., ions, electrons, 
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neutrons, and protons, with a wavelength similar to the distance between 

the atomic or molecular structures of interest.   

 A crystal may be defined as a collection of atoms arranged in a 

pattern that is periodic in 3D. Crystals are necessarily solids, but not all 

solids are crystalline. In a perfect single crystal all atoms in the crystal are 

related either through translational symmetry or point symmetry.  

 Polycrystalline materials are made up of a great number of tiny 

single crystals. In powder diffraction method we can get the information 

from peak positions, crystal system, space group symmetry, translational 

symmetry, unit cell dimension, qualitative phase identification, from peak 

intensities unit cell contents, point  symmetry and from peak shapes and 

widths crystalline size, non-uniform  microstrain, extended defects. 

Deviations from ideal crystallinity, such as finite crystallite size and strain 

lead to broadening of the diffraction lines. By analyzing this broadening it 

is possible to extract information about the microstructure of a material. A 

perfect crystal would extend in all directions to infinity, so we can say that 

no crystal is perfect due to its finite size. This deviation from perfect 

crystallinity leads to a broadening of the diffraction peaks. However above 

a certain size (~ 0.1-1µm) this type of broadening is negligible.   

 In the present study, the sherrer diffraction formula was used to 

estimate the crystalline domain size (D) (Li et al., 2009): 

D = k  / ß cos       (1.11) 

Where: 

k is the so-called shape factor which usually takes a value of about 0.9, 

β full width at half maximum of the peak corresponding to plane (200), 

and 

 is the angle obtained from 2 value corresponding to maximum intensity 

peak in XRD pattern.          
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1.9.4. Electrical properties (DC Measurements) 

 The measurements of DC conductivity in this work were performed 

using a locally designed circuit shown in Fig. (1.8). 

 

 

 

 

 

Fig (1.8): A circuit used to determine the DC conductivity 

 With this circuit one can measure a wide range of resistance by 

varying the value of applied voltage, where σDC can be obtained from the 

following equation: 

σ=Id/VA      (1.12) 

 Where, I is the current passing through the sample of thickness d, V 

is the applied voltage and A is area of the electrode. 

 The activation energy (Ea) was calculated by using Arhenus equation 

(Ravinder Singh, et al. 2008). 

σ= σ0     (1.13) 

Where: 

 σ0 : Constant.   

 Ea.c: Activation energy. 

 T: Absolute temperature. 

 KB: Boltzman constant.  
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 To understand the actual transport mechanism operating in these 

films the current- voltage characteristics were studied. The data could be 

fitted to the relation, 

I α exp(eβV
1/2

/KB Td
1/2

)     (1.14) 

Where: 

 I: Current, 

 V: Applied voltage. 

 KB: Boltzmann constant. 

 e: Electronic charge.  

 d: Sample thickness. 

 b: Constant characteristic of the conduction process.  

 The linear behaviour of log I vs. V
1/2 

plots points to a conduction 

mechanism in which the charge carriers are released by thermal activation 

over a potential barrier. The physical nature of such a potential barrier can 

be interpreted in two ways. There can be a transition of electrons over the 

barrier between the cathode and the dielectric taking the classic image force 

into consideration (Schottky emission). Alternatively, charge carriers can 

be released from the traps into the dielectric (Poole–Frenkel effect). To 

know the actual conduction mechanism, the experimental value of β (βexp) 

was calculated for different film temperatures from the slopes of logI vs. 

V
1/2 

plots. The theoretical value of b was deducted from the relation, 

βRS=(e/ 4π0)
1/2

……………for schottky emission   (1.15) 

and 

βPF=2βRS……………………for poole-frenkel emission  (1.16) 
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 Where,  is the dielectric constant (taken as 3.5 for PVA) (Simmons. 

J G, et al, 1970) 

1.10. Literature Review 

 Polymer/silver nanocomposites, combining the advantages of the 

metal particles and the process-ability of the polymers, opened a new 

gateway in developing new nanocomposite systems with improved 

performances. 

 The electrical properties investigation for poly Vinyl Alcohol (PVA) 

doped with Alizarin orang Azo dye films was carried out for films prepared 

by cast method. Conduction processes were analyzed through measuring 

(Current - Voltage) and (Conductivity - temperature) relationships in the 

voltage and temperature ranges (1-250) V and (293-333) K respectively. 

The resistance of the doped films is found to have a negative thermal 

coefficient. The activation energy at temperature (293-333) K was about 

(0.74) eV is found from the ohmic region of the dark (current - voltage) 

characteristic. The conductivity at temperature (Rusel D. Salem, 2012). 

 Using γ-irradiation-induced reduction in the field of a Co
60

 γ-ray 

source, colloidal silver and gold nanoparticles were prepared from their 

corresponding metal salts in aqueous solution and compared with those by 

chemical reduction. The radiation-based method provided silver 

nanoparticles with higher concentration and narrower size distribution than 

those obtained by chemical reduction method while there was no 

significant difference between the two strategies for the preparation of gold 

nanoparticles. Irradiation of 1.0×10
−3

 M AgNO3 solution resulted in nearly 

100 times more highly concentrated silver colloids than those by citrate 

reduction. Furthermore, the radiation method could lead to more highly 
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concentrated silver colloids by simply increasing the concentration of 

AgNO3 solution up to 2.0×10
−2

 M. The two metal nanoparticles prepared 

by the two different methods were characterized by UV–vis 

spectrophotometery and transmission electron microscopy (TEM), and 

compared regarding to their respective attainable concentrations and size 

distribution (Taihua Li, et at., 2007). 

 Polyvinyl alcohol (PVA)/Ag hybrid nanocomposites have been 

prepared from polymeric films of PVA and silver nitrate (AgNO3). The 

silver nanoparticles were generated in PVA matrix by the reduction of 

silver ions with gamma-irradiation. UV–visible spectra showed a single 

peak at 422 nm, arising from the surface Plasmon absorption of silver 

nanoparticles. The shifting of surface Plasmon resonance peak after 

Irradiation reveals that the gamma irradiation can be used as a size 

controlling agent for the preparation of silver nanoparticles embedded in 

PVA films. This result was in good agreement with the result obtained from 

TEM images. The TEM images showed the narrow size distribution of the 

obtained Ag nanoparticles with average particle size of 30 nm, which 

decreased to 17 nm with increasing irradiation dose. The X-ray diffraction 

analysis revealed that silver metal was present in face centered cubic (fcc) 

crystal structure. These results clearly indicate that monodispersed silver 

nanoparticles are embedded homogenously in PVA matrix (Yusheng Liu, 

et al., 2009). 

 Hybrids of nano-Ag and PVA films prepared via sol–gel method 

have been characterized through XRD, TEM, UV–vis spectroscopy and I-V 

measurements. The change in optical band gap value and room temperature 

dc conduction behaviour of undoped and nano-Ag doped PVA films have 

been studied. The value of optical band gap has been found to be reduced 



CHAPTER ONE                                                Theoretical Aspects and literature Review 

 

41 

from 4.92 eV (for undoped PVA) to 3.93 eV on doping 1.32% (by wt.) 

nano-Ag in PVA. This decrease in optical band gap and observed increase 

in conduction can be correlated to the formation of the charge transfer 

complexes within the polymer network on dispersing nano-Ag in it. 

Current-voltage behaviour suggests that Poole–Frenkel mechanism is 

primarily responsible for the observed conduction for both undoped and 

nano-Ag doped PVA films (Suman Mahendia, et al., 2012). 

 The electrical conductivity, current-voltage (I-V) characteristics and 

optical absorption of pure and AgNO3-doped polyvinyl alcohol (PVA) 

films have been studied under different conditions. The electrical 

conductivity increased with increasing dopant concentration up to 0.5 wt.% 

of the dopant and then showed a decrease beyond this concentration. The 

increase in conductivity for dopant concentration up to 0.5 wt.% is 

attributed to formation of charge transfer complexes while the decrease for 

concentrations above 0.5 wt.% may be due to segregation. The variation of 

electrical conductivity with temperature showed two regions of activation 

with activation energies 0.8 and 0.3 eV for undoped films and 1.3 and 0.3 

eV for doped films. (I–V) characteristics indicated that Schottky emission 

is the dominant charge transport mechanism in both undoped and AgNO3-

doped films. Optical absorption studies in the wavelength range 190–600 

nm showed additional peaks in the wavelength region 391–417 nm for 

differently doped films, in addition to the peak at 273 nm for undoped 

PVA. The optical energy gaps and band edge values shifted to lower 

energies on doping up to a dopant concentration of 0.5 wt.% but showed an 

increasing tendency for further increase in dopant concentration (C. Uma 

Devi, et al., 2002). 
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 Poly (vinyl alcohol)–silver (PVA–Ag) nanocomposite films were 

prepared by the soft chemical route. Effect of concentration of embedded 

Ag nanoparticles on conductivity and dielectric relaxation behaviour of 

these nanocomposite films has been studied. An increase in dc conductivity 

from 1.38×10
−11

 to 9.17×10
−11

 S/cm and decrease in frequency dependent 

dielectric constant (from 1.74 to 1.07 at 75 kHz) are observed with the 

increase in concentration of Ag nanoparticles in PVA from 0 to 1.32wt%. 

The values of ac conductivity and polarization relaxation time, deduced 

from dielectric data, also corroborate towards the enhanced conducting 

behaviour of PVA matrix with increase in the concentration of embedded 

Ag nanoparticles (Suman Mahendia, et al., 2010). 

 One cast technique to fabricate 20-40 wt %AgNO3-doped polyvinyl 

alcohol (PVA) composite films of which electrical resistance sharply 

dropped (4–5 orders) in a certain temperature range was reported. The 

phase, structure thermal, and electrical resistivity properties of films at 

different heat treatment temperatures were studied by X-ray diffraction 

(XRD), scanning electrical microscopy (SEM) and differential scanning 

calorimetry (DSC). The results showed that all the AgNO3 (20–40 wt %) 

doped PVA films presented an exothermic peak at 182C. And the 

temperature of exothermic peak kept constant for various contents of 

AgNO3. Mean while, the phase composition of the films was greatly 

affected by the heat treatment temperature. Ag particles were generated 

during the heat treatment process, and the content of Ag particles increased 

with increasing the temperature. The resistivity of PVA/AgNO3 films 

decreased with increasing the temperature. And a sharp decrease appeared 

at 155–165C due to the generation and contact of a mass of Ag particles at 

this temperature. The thermal-electrical results suggested the applicability 
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of these materials in temperature sensor, for example, critical temperature 

resistor thermistor (Sen Liang, et al., 2010).  

 Polyvinyl alcohol–silver (PVA/Ag) nanocomposites were prepared 

through in situ reduction of silver nitrate (AgNO3) within PVA hydrogel 

under continuous stirring at 60C. The observed characteristic surface 

Plasmon resonance band at around 425 nm in the recorded UV-Visible 

absorption spectrum confirmed the formation of Ag nanoparticles 

embedded in a dielectric matrix. It was found that pure PVA exhibited 

indirect optical energy gap (Eg) of 4.92 eV, which reduced to 4.57 eV after 

embedding Ag nano-particles, suggesting the formation of charge transport 

complexes (CTCs) between the localized highest occupied molecular 

orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energy 

bands of PVA. On exposure to gamma (c) radiations at a dose of 50 kGy, 

the value of Eg was reduced further and found to be 3.72 eV.  

 The decrease in optical energy gap and the observed increase in 

refractive index (n) of PVA/Ag nanocomposites before and after gamma 

irradiation in comparison with pure PVA suggest the possibility of their use 

in optical device applications. The induced structural changes in PVA after 

the formation of embedded Ag nanoparticles and subsequently through 

gamma irradiation, were revealed through X-ray diffraction (XRD) and 

Fourier transform infra-red (FTIR) spectroscopy, corroborating the 

observed changes in their optical behavior (Rishi Pal Chahal, et al., 2012).  

 Silver/polyvinyl alcohol (Ag-PVA) nanocomposite films have been 

prepared via in situ generation of silver nanoparticles (Ag NPs) by the 

respective metallic salts and dispersion of preformed Ag NPs (ex situ 

synthesis) inside polyvinyl alcohol (PVA) and its effect of sensing towards 

a model protein (bovine serum albumin BSA) was investigated. The 
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influence of Ag NPs, irrespective of their reduction methodology on the 

optical and the thermal properties of the PVA, had been investigated using 

UV-Vis spectrophotometer and differential scanning calorimetry. The 

absorption peak around 400 nm indicates the surface Plasmon resonance 

response of Ag NPs. The interaction of the dispersed and preformed Ag 

NPs with the PVA chains is confirmed by the corresponding vibration 

signatures of the PVA through Fourier transform infrared spectroscopy 

(FTIR). The changes in the glass transition and melting temperatures (Tg 

and Tm) of the pure PVA upon the presence of Ag NPs are reported using 

differential scanning calorimeter (DSC). The sizes of the synthesized Ag 

NPs are found to be in the range of 200±10 nm for in situ reduction of 

silver nitrate (AgNO3) and 100±10 nm for the external addition of 

preformed Ag NPs by sodium borohydride (NaBH4) reduction using 

scanning electron microscopy (SEM) (A. Nimrodh Ananth, et al., 2011).  

 The Ag-PVA nancocomposites with different contents of inorganic 

phase were prepared by reduction of Ag
+
 ions in aqueous PVA solution by 

gamma irradiation followed by solvent evaporation. Optical properties of 

the colloidal solutions and the nanocomposite films were investigated using 

UV–vis spectroscopy. Structural characterization of the Ag nanoparticles 

was performed by TEM and XRD. Interaction of the Ag nanoparticles with 

polymer matrix and the heat resistance of the nanocomposites were 

followed by IR spectroscopy and DSC analysis. IR spectra indicated that 

Ag nano-filler interact with PVA chain over OH groups. The changes of 

heat resistance upon the increase of the content of inorganic phase are 

correlated to the adsorption of polymer chains on the surface of Ag 

nanoparticles (Aleksandra N. Krkljes, et al., 2007). 
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 Silver/poly(vinyl alcohol) nano-composites are prepared via in situ 

reduction of silver salt by employing two different reducing agents, 

namely, hydrazine hydrate and sodium formaldehyde sulfoxylate (SFS). 

Reduction of silver salt in aqueous PVA with SFS is done for the first every 

time. The solutions and the films are characterized by using UV–vis, 

photoluminescence (PL), FTIR spectroscopy, XRD, SEM, TEM and 

thermal analysis. XRD patterns are consistent with that for cubic silver. 

SEM of the nanocomposite films shows uniform particles distribution 

within the films. The particle size is found to be less than 10 nm based on 

TEM. TGA showed that the composite has higher degradation temperature 

than the PVA alone (P.K. Khanna, et al., 2005).  

 The property of nano-powder was reviewed with emphasis on its 

Coulomb blockade effects. Ag-colloid of different concentration with 

different particle size was prepared. Ag/PVA composite colloid was 

obtained by mixing Ag-colloid with PVA solution. TEM showed that Ag 

particles (B/100 nm) were uniformly dispersed in PVA. The resistivity at 

room and low temperatures and breakdown field strength of samples were 

investigated. The results show that dielectric properties of composite 

change while Ag content or distributing state changes. The composite with 

20/30 nm Ag particles has a higher resistivity and breakdown field than its 

matrix. In a word, Coulomb blockade effects of metal powders could 

improve resistivity and breakdown field of its matrix (Qunqiang Feng, et 

al., 2003). 

 Silver nanoparticles supported within polyvinyl alcohol 

(PVA)/polyvinyl pyrrolidone (PVP) films have been successfully 

synthesized using novel in situ method. PVA and PVP acted as stabilizer 

and polyol reductant, respectively. The successful incorporation of silver 
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nanoparticles in PVA/PVP matrix was confirmed by UV–Vis spectroscopy, 

X-ray diffraction (XRD), transmission electron microscope (TEM) and 

Fourier transform infrared (FTIR) spectroscopy. It was found that 

PVA/PVP-stabilized silver nanocomposite films revealed the presence of 

well-dispersed and spherical silver nanoparticles with an average diameter 

of 30 nm, while the particle sizes were reduced as the PVP percentage 

increased. A possible formation mechanism of Ag nanoparticles is also 

proposed in this article (Wael H. Eisa,  et al., 2012). 

 In this paper, a systematic spectroscopic analysis on silver polyvinyl 

alcohol (Ag/PVA) nanocomposite thin films is reported. Ag/PVA 

nanocomposite thin films fabricated by thermal annealing process are 

shown to exhibit a strong localized surface Plasmon resonance (LSPR) at 

wavelength around 400 nm. The effects of different fabricating parameters 

on the absorbance and spectral position of LSPR are also investigated. The 

particle sizes calculated from Mie light scattering theory are found to agree 

with the values obtained from SEM characterization (RAJIB SAIKIA, et 

al., 2011). 

 Polyvinyl alcohol films, with various AgNO3 filler mass fractions    

(# 5%), were prepared. The structural and morphological variations, due to 

filling and UV-irradiation, were investigated using the following 

techniques; differential scanning calorimetry (DSC), UV/VIS optical 

absorption spectroscopy, X-ray diffraction and scanning electron 

microscopy (SEM). Two different crystalline phases (one is due to the 

PVA matrix and the other is attributed to the PVA–Ag
+
 chelates) were 

detected besides the PVA amorphous phase, for the non-irradiated and the 

UV-irradiated (for 4 and 6 h) films. The PVA–Ag
+
 chelates disappeared at 

2 h UV-irradiation. It is implied that the structural morphology changes 
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vastly due to the changes in filling level and/or UV-irradiation time. The 

observed morphological patterns were discussed. The DSC implied the 

presence of two different phases, with two different melting points, one 

phase was the pure PVA and the other was assumed to be a PVA–Ag
+
 

complex phase. An exothermic peak, due to crystal destruction, was found 

to be more sharp and higher with increasing FL. The optical absorption 

spectra of the un-irradiated films indicated the existence of the isolated and 

conjugated carbonyl groups which are normally found in PVA. Moreover, 

these films were characterized by a broad and strong peak at 433 nm which 

was assigned to PVA–Ag
+
 chelate. The 2 h UV-irradiation resulted in: (a) 

the disappearance of the peaks at 433 nm, i.e., the destruction of the PVA–

Ag
+
 chelate, and (b) the presence of strong peaks at 280 nm, indicating an 

increased concentration of –CO(CH5CH)2– carbonyl groups. The 4 and 6 h 

IT lead to the reappearance of the peak at 433 nm (more strong and sharp) 

and a clear shoulder at 280 nm. The X-ray analysis confirmed the presence 

of two different crystalline phases, which agrees with the DSC and optical 

absorption findings. The SEM micrography explored the structural 

morphology of the investigated films at various states (H.M. Zidan, 1999).  

 For  the  wider  interested  applications  of  polymer  hybridized  

metal nanoparticles composites, poly vinyl-alcohol/silver nanoparticles  

composites in a form of a film was prepared by in situ irradiation doping 

technique up to 50 kGy. The effect of radiation upon the composites 

resulted in reducing the silver ions into black metallic silver, so the general 

film color changed from white to golden-yellow then black color at          

50 kGy.  The UV-Vis spectroscopy revealed an absorbance band peaking at 

425 nm which was increased exponentially with dose increment. The study 

of UV-spectrogram revealed that the maximum absorbance Amax 
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increased following the particles radius.  Scanning  electron  Microscopy  

(SEM) revealed shiny nanoparticles of silver cored in Polyvinyl-alcohol  

PVA with homogeneous distribution and having an average size of 30 nm 

as well as the XRD spectrum that shows cubic center face of silver 

nanoparticles in the film and a crystalline peak for PVA reduced by 

radiation to amorphous phase (Omer M., et al., 2011).  

 The molecular dynamics of PVA/Ag nanocomposites were studied 

by dielectric spectroscopy (DS) in the 20300°C temperature range. 

Improper water elimination leads to misinterpretation of thermal 

relaxations in PVA composites in agreement with the previous report for 

pristine PVA. The evaporation of water and its plasticizing effect are more 

evident in pure PVA confirming the existence of strong interaction between 

OH groups of PVA chains and Ag nP. Dry  films show a single nonlinear 

VFT dependence (from 45°C until  melting) associated  to  the  α relaxation  

and therefore to the glass transition phenomenon and from dielectric 

measurements, the Tg of composites vary from 88°C for pristine PVA to  

125°C for PVA/AgnP (5 wt%). Below 45°C, dry films exhibit a single 

Arrhenius behavior showing a 3D hopping conductivity as explained based 

on the variable range hopping model. PVA/AgnP composites have higher 

conductivity compared to pristine PVA and it increases as AgnP weight 

percent increases. Finally, DMA measurements support the statement that a 

secondary relaxation was erroneously assigned as the glass transition of 

PVA and composites in previous reports (J Elicheguerra, et al., 2005).  

 A modification of the polyol process has enabled the direct synthesis 

of nm-sized Ag particles with narrow size distribution and controlled 

average dimension embedded in a polymeric matrix. Dispersion of 

colloidal silver was obtained by reduction of silver nitrate in ethylene-
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glycol in the presence of a polymeric protective agent (i.e., poly (N-vinyl 

pyrrolidone)) and ultrasounds. The final particle size was controlled by 

removing the colloid from the reactive mixture by addition of acetone.  

 The very strong Plasmon resonance peak at 410 nm and a feature at 

350 nm in the UV-visible spectra are a clear consequence of the nano-size 

of dilute Ag particles. The proposed process offers the possibility to 

effectively use these synthesized materials for the production of colour 

filters for advanced optical devices (G. Carotenuto, et al., 2000). 

 Polyvinyl alcohol (PVA) nanofibers containing Ag nanoparticles 

were prepared by electro-spinning PVA/silver nitrate (AgNO3) aqueous 

solutions, followed by short heat treatment, and their antimicrobial activity 

was investigated for wound dressing applications. Since PVA is a water 

soluble and biocompatible polymer, it is one of the best materials for the 

preparation of wound dressing nanofibers. After heat treatment at 155
o
C for 

3 min, the PVA/AgNO3 nanofibers became insoluble, while the Ag ions 

therein were reduced so as to produce a large number of Ag nanoparticles 

situated preferentially on their surface. The residual Ag ions were reduced 

by subsequent UV irradiation for 3h. The average diameter of the Ag 

nanoparticles after the heat treatment was 5.9 nm and this value increased 

slightly to 6.3 nm after UV irradiation. It was found that most of the Ag 

ions were reduced by the simple heat treatment. The PVA nanofibers 

containing Ag nanoparticles showed very strong antimicrobial activity 

(Junhwa Shin, et al., 2008). 

 Silver nanoparticles (NPs) were photo-generated in situ in cross-

linked poly (ester-co-styrene) resins (self-standing films and monoliths) by 

irradiating the samples with UV light. Addition of the silver salt solution 

did not interfere in the resin curing process and silver reduction was not 
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detected during sample cross-linking. The samples were characterized by 

absorption spectroscopy and transmission electron microscopy. The 

initially broad and asymmetric surface Plasmon resonance band was 

narrowed and blue-shifted as the exposure time to UV light was increased. 

Samples illuminated up to 120 min have an average particle size near 9.0 

nm; a decrease to 5.0 nm was observed for longer exposure times up to 790 

min. The asymmetric surface Plasmon resonance band was due to particle 

aggregation; higher irradiation times led to a uniform particle distribution 

within the polymer matrix (Antonio M.B., et al., 2007).  
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CHAPTER TWO 

Materials and Experimental Apparatus 

2.1. Materials  

2.1.1. Polyvinyl alcohol (PVA)  

 Polyvinyl alcohol with an average molecular weight of 35.000 g/mol 

was obtained from Laboratory Rasayan, Cairo, Egypt. It was in the form of 

powder, partially hydrolyzed and used without further purification, which 

used as host materials. 

2.1.2. Silver Nitrate (AgNO3)  

 Silver nitrate, AgNO3 (M.wt. =169.87 g/mol), was obtained from 

Merck Co., and used as received. 

2.2. Sample preparation  

2.2.1. Preparation of the PVA/Ag Nanocomposites  

 For this purpose 3.0 g weight of PVA is dissolved in 100ml of 

deionized water with stirring at 90
o
C. The freshly prepared AgNO3 solution 

(0.1M) was added drop wise in aqueous PVA with continous stirring for 

about 2.0 hours to insure the homogeneity of the solution. To stabilize the 

PVA/AgNo3 against photo reduction the ph-value of the solution was 

adjusted to 4.0 with an aqueous solution of HNO3. The solution was casted 

to glass Petri-dishes and left to dry at room temperature then the resulted 

films were peeled off. 

 A set of test polymeric samples were gamma-irradiated, up to 15, 25, 

50, 75, and 100 kGy in order to reduce the Ag
+
 ions. The content of 

inorganic phase Ag in the nanocomposite films were assured to be 2.0, 3.0, 
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4.0, 5.0, 6.0, 7.0 and 8.0 wt%, by using X-Ray Fluorescence analysis 

spectrophotometery Tech. (XRF).  

 The dependence of the intensity of AgLα characteristic X-Ray line on 

Ag concentration, in wt %, for PVA/Ag nanocomposites is shown in Fig's. 

(2.1 Through 2.5). It is clearly shown that a linear dependence was 

obtained, where correlation values of 0.9667, 0.9304, 0.975, 0.9423, and 

0.9162 were reported. 

 

 

 

 

 

 

 

 

 

 

 

Figure (2.1): Dependence of intensity of AgLα characteristic X-Ray line 

on Ag concentration for PVA/Ag nanocomposites samples, 

gamma-irradiated at 15 kGy. 
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Figure (2.2): Dependence of intensity of AgLα characteristic X-Ray line 

on Ag concentration for PVA/Ag nanocomposites, gamma-

irradiated at 25 kGy.  

  

 

 

 

 

 

 

 

 

Figure (2-3): Dependence of intensity of AgLα characteristic X-Ray line 

on Ag concentration for PVA/Ag nanocomposites, gamma-

irradiated at 50 kGy.   
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Figure (2-4): Dependence of intensity of AgLα characteristic X-Ray line 

on Ag concentration for PVA/Ag nanocomposites, gamma-

irradiated at 75 kGy.   

 

 

 

 

 

 

 

 

 

Figure (2.5): Dependence of intensity of AgLα characteristic X-Ray line 

on Ag concentration for PVA/Ag nanocomposites, gamma-

irradiated at 100 kGy. 
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2.3. Experimental Apparatus and Techniques  

2.3.1. Irradiation Processes 

 Gamma-Irradiation was carried out using the Gamma cell 220 Excel 

Co
60

 irradiation facility (manufactured by MDS Nordion, Canada), of the 

National Center for Radiation Research and Technology. 

 The absorbed irradiation dose rate of the γ−cell was measured using 

National Physical Laboratory (NPL) alanine reference dosimeter. The 

irradiation dose rate was found to be in the range 8.6–8.65 kGy/h along the 

time of the experiment. A set of test polymeric samples were subjected to 

different irradiation dose levels of 15, 25, 50, 75, and 100 kGy. 

2.4. Characterization Techniques   

 Materials containing nanometer sized crystallites or phases 

frequently show interesting and useful new properties in comparison to 

bulk properties of similar materials. Technologies for fabrication processes 

of a phase materials are currently developed in various fields of biological, 

chemical and physical sciences.  The evolution of nano-materials towards 

new applications requires knowledge on effects of processing routes and on 

aspects of long-term stability. Analyzing and understanding of structural 

and chemical changes on these extremely small scales are therefore crucial 

for further success. The current most challenging tasks are property 

characterization and characterizations are carried out using a variety of 

spectroscopy techniques.  

 The main emphasis of this thesis is the synthesis and characterization 

of PVA/Ag nanocomposites, applying X-ray fluorescence, DLS particle 

size analyzer UV-visible spectroscopy,  X-ray Diffraction (XRD), Fourier 
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transform infrared (FTIR). Also, the dc- electrical characteristics and 

conduction mechanism were studied in details. 

2.4.1. Spectroscopic characterization 

2.4.1.1. UV-Visible Spectroscopy Study  

 Uv-visible spectrophotometer Model V-650 UV/VIS/NIR was used 

to measure the absorption spectra (Fig. 2.6). The instrument is specified by 

its resolution value of 0.1 nm and wavelength accuracy ± 0.30 nm (at a 

spectral bandwidth of 0.5 nm) in the UV/VIS region. Single mono-

chromatic, UV/VIS region 1200 lines/mm plane grating, NIR region 300 

lines/nm plane grating, Czerny-Turner mount, double beam type.  

 

 

 

 

 

 

 

 

Figure (2.6): The JASCO V-560 UV-Vis spectrometer. 

2.4.1.2. Fourier Transform Infrared (FTIR) Spectroscopy 

 Fourier transform infrared spectra (FTIR) of Ag/PVA nano-

composites were collected using Jasco instrument ( Model 6100, Japan) in 

the absorbance mode at a resolution of 4.0 cm
-1

 (Fig. 2.7). 
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Figure (2.7): The JASCO FT/IR – 6100 FTIR spectrometer 

2.4.1.3. Structural Analysis : X-ray Diffraction (XRD)  

 The XRD pattern and crystalline structure of the prepared samples 

were determined from X-ray Diffractometer (Shimadzu XRD 6000) 

equipped with Cu Kα as radiation source (λ = 1.54Å.); Fig. 2.8. 

 

 

 

 

 

 

 

 

 

 

Figure (2.8): X-ray Diffractometer (Shimadzu XRD 6000) 
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2.4.2. DC- Electrical Pproperties  

 During the course of the thesis, the measurements of DC 

conductivity of the prepared samples was studied. In this concern, the 

circuit shown in Figure (2.9) was applied, where the resistance of the 

different samples was determined from the measured Voltage (V) and 

current (I), using the digital electrometers of type keithley 6517A, USA; 

shown in Fig. (2.10).  

 

 

 

 

 

 

 

Figure (2.9): The circuit used for the determination of the DC 

conductivity. 

 

 

  

 

 

 

Figure (2.10): Digital electrometer of type keithley 6517A. 
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2.4.3. Dynamic Light Scattering Analyzer, DLS 

Particle size analyzer:  

 A laser diffraction method with a multiple scattering technique has 

been used to determine the particle size distribution of the samples. It was 

based on Mie-scattering theory. A simplified schematic diagram of the 

DLS module is shown below (Fig. 2.11). Light from a laser is focused into 

a glass tube containing a dilute suspension of particles. The temperature of 

this scattering cell is held constant. Each of the particles illuminated by the 

incident laser beam scatters light in all directions. The intensity of light 

scattered by a single, isolated particle depends on its molecular weight and 

overall size and shape, and also on the difference in refractive indices of 

the particle and the surrounding solvent. The incident light wave can be 

thought of as consisting of a very rapidly oscillating electric field, of 

amplitude Eo (frequency approx. 1015Hz). 

 

 

 

 

 

 

 

 

 

Figure (2.11): Simplified schematic diagram of the DLS module  
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CHAPTER THREE 

Results and Discussion 

3.1. Introduction 

 In recent years, studies on organic-inorganic materials have attracted 

much attention in view of their potential to combine the feature of organic 

materials with those of inorganic materials. In particular, polyvinyl alcohol 

(PVA)/silver nanocomposites are particularly promising materials.  

 Polyvinyl alcohol is a potential material having a very high dielectric 

strength, good charge storage capacity and dopant dependent electrical and 

optical properties. Since Ag
+
 is a fast conducting ion in a number of 

crystalline and amorphous materials, its incorporation within a polymeric 

system may be expected to enhance its electrical and optical performance. 

In the present study the induced structural changes in PVA after the 

formation of embedded Ag nanoparticles and subsequently through 

Gamma irradiation were revealed through x-ray diffraction (XRD) and 

Fourier transform infra-red (FTIR) spectroscopy, with the observed 

changes in their optical behaviour. Also the study focused on the electrical 

conductivity behaviour of PVA/Ag nanocomposites films at room 

temperature with varying the concentration of the doped silver 

nanoparticles as well as with the applied Gamma-irradiation doses. 

3.2. Particle Size Determination and Distribution 

3.2.1 Dynamic light scattering (Dls) Analyzer 

 Figures (3.1 through 3.3) show the distribution of the particle size of 

the Ag nanoparticles samples. In this concern, and as an example, samples 

of 2.0 wt% Ag nanoparticles, gamma-irradiated at 15 kGy, samples of 2.0 
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wt% Ag nanoparticles, gamma-irradiated at 100 kGy, and samples of 5.0 

wt% Ag nanoparticles, gamma-irradiated at 15 kGy were shown. 

Analyzing the graphical representation of average particle size distribution 

of Ag nanoparticles, it was found that they were in a range of 0-20 nm.  

 The highest fraction of Ag NP present in the solution was of 10 nm.  

From the plot, it was evident that the solution was consist of nanoparticles 

having various sizes in the same order which are in agreement with the 

result obtained by UV spectroscopy. 

 

 

 

 

 

 

 

 

 

Figure (3.1): Particle size distribution of 2.0 wt% Ag nanoparticles, 

gamma- irradiated at 15 kGy.  
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Figure (3.2): Particle size distribution of 2.0 wt% Ag nanoparticles, 

gamma-irradiated at 100 kGy.  

 

 

 

 

 

 

 

 

 

 

Figure (3.3): Particle size distribution of 5.0 wt% Ag nanoparticles, 

gamma-irradiated at 15 kGy.   
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3.3. UV-visible Absorption Spectroscopic Studies  

 The absorption spectra in ultraviolet and visible regions (UV-Vis) 

arise from electronic transitions in the molecules. The electronic absorption 

spectra of the investigated samples have been recorded in the region from 

190 to 1000 nm for un-irradiated and γ−ray irradiated PVA samples. 

Fig.(3.4) shows UV-visible absorption spectra of pure un-irradiated PVA. 

From which, it is clear that a nearly zero absorption in the wavelength 

range 300nm–1000nm followed by a continuous increase in the absorption 

in the wavelength range 200nm–300nm with the appearance of absorption 

shoulder at 280nm.  It is well known that PVA films are transparent and 

contains only single bonds; therefore it would be expected to absorb 

radiation only in the far UV region (120–200nm). The physical properties 

of PVA are dependent on its preparation technique from the hydrolysis, or 

partial hydrolysis, of poly vinyl acetate Fig. (3.5)  (C.C. De Merlis and 

D.R. Schoneker, 2003). Thus the absorption band at 280 nm may be 

assigned to * transition. This transition is related to the carbonyl 

groups (C═O) associated with ethylene unsaturation (C=C) of the type-

(CH=CH)2CO-. The existence of carbonyl functionalities is probably due to 

residual acetate groups remaining after the manufacture of PVA from 

hydrolysis of polyvinyl acetate or oxidation during manufacturing and 

processing (F.K.A.M. Abd El-Kader, S.F. Abdel Hamied, 2002 and R. 

Jayasekara et al., 2004). 
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Figure (3.4): UV-visible absorption spectrum of un-irradiated pure PVA. 

 

Figure (3.5): Structural formula for PVA, (A) Partially hydrolyzed, and 

(B) fully hydrolyzed. 

 Figure (3.6) shows the absorption spectra of un-irradiated and 

gamma-irradiated PVA samples with dose values ranges from 15.0 kGy up 

to 100 kGy. It is clear that γ−ray irradiation of pure PVA has significant 

influence on the intensity of UV absorption band at 280 nm with no 

observable shift in the position of the band. 



  CHAPTER THREE                                                 Results and Discussion  

 

65 

Wavelength, (nm).

200 400 600 800

A
b

so
rb

a
n

ce
, 

(a
.u

).

0

1

2

3

4

5

(a)

(b)

(c)

(e)

(f)

(d)

(a) 0.0kGy
(b) 15kGy
(C) 25kGy
(e)  50kGy

(F)  75 kGy
(d)  100kGy

 

Figure (3.6): UV-visible absorption spectra of γ−ray irradiated PVA films. 

3.3.1. Effect of AgNO3 Addition on the UV-vis Spectrum of PVA        

Matrix  

 The interaction between AgNO3 and PVA was further traced by the 

UV-visible absorption method. Fig. (3.7) shows the UV-visible absorption 

spectra of PVA films doped with different AgNO3 concentrations, gamma-

irradiated at 15 kGy. From which, it is clearly shown that, for the lowest 

AgNO3 concentration (2.0 wt %), the spectrum profile is mainly similar to 

that of pure PVA. With increasing the concentration of the AgNO3, very 

weak and broad absorption shoulder is appeared at 410 nm. The absorbance 

of this band is gradually increases in intensity with increasing the 

concentration of AgNO3. In addition, the absorption band gets narrower 

and shifts continuously to longer wavelengths, i.e., the absorption band 

shift to 429 nm for the highest content of AgNO3 (%wt). Nanosized-nobel 
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metals are well-known for their surface Plasmon resonance (SPR) 

properties, which originate from collective oscillations of the conduction 

electrons confined to metallic nanoparticles.  

 Excitation of the localized surface Plasmon's causes strong light 

scattering, by an electric field at a wavelength where resonance occurs; this 

phenomenon results in appearance of strong surface Plasmon absorbance 

(SPR) bands. The optical absorption spectrum of metal nanoparticles is 

dominated by the SPR which exhibits a shift towards the red end or blue 

end depending upon the particle size, shape, state of aggregation and the 

surrounding dielectric medium    (A. Ravindran et al., 2010).  

 For silver nanoparticles, λmax values were reported in the visible 

range 400–500 nm (N. Mohri et al., 1995). In this study the Plasmon band 

of the Ag nanoparticles was noted at 413–429 nm. Hence, the appearance 

of this very weak band may be related to the formation of small quantity of 

reduced silver nanoparticles. The spontaneous formation of silver 

nanoparticles can be attributed to the direct redo between PVA and Ag
+
 

because there is no other reducing agent in the system. Moreover, the 

increased intensity as well as the red shift of the SPR band may be 

attributed to considerable increase in the amount of reduced silver and 

growth of silver nanoparticles. 

   To test the homogeneity of the PVA/Ag films, the UV-visible absorption 

spectrum of each sample was measured at different points of the same film. 

It was found that, the absorption spectrum of the PVA/Ag nanocomposite 

maintain its profile without a significant change in the peak position, 

spectral shape or the intensity, indicating that the silver nanoparticles are 

homogenously distributed overall. 
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 In particular, silver nitrate is soluble in PVA to such an extent that a 

complete dissolution is observed as the first step of the reaction. In the next 

step, the OH• groups of  PVA molecule anchor the Ag+ ion at the cluster 

surface which efficiently reduces the precursor metal ions Ag
+
 to Ag 

nanoparticles, while the polymeric chain protects the cluster from fusion 

with the next silver molecule. The final size of silver clusters stabilized by 

the polymer is of few tens of nanometers and the sole presents the very 

weak and broad classical surface absorption band At 429nm which means 

that PVA is weak reducing agent for silver salt.  
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Figure (3.7): UV-visible absorption spectra of PVA films doped with 

different AgNO3 concentrations, gamma-irradiated at 15 

kGy.   
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Figure (3.8): UV-visible absorption spectra of PVA films doped with 

different AgNO3 concentrations, gamma-irradiated at 25 

kGy.  
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Figure (3.9):  UV-visible absorption spectra of PVA films doped with 

different AgNO3 concentrations, gamma-irradiated at 50 

kGy.  
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Figure (3.10): UV-visible absorption spectra of PVA films doped with 

different AgNO3 concentrations, gamma-irradiated at 75 

kGy.  



  CHAPTER THREE                                                 Results and Discussion  

 

70 

wavelength (nm)

400 600 800 1000

a
b

so
rb

a
n

ce
 (

a
rb

it
ry

 u
n

it
)

0

1

2

3

4

5
2wt%Ag

3wt%Ag

4wt%Ag

5wt%Ag

6wt%Ag

7wt%Ag

8wt%Ag

(2wt)

(3wt)

(4wt)

(5wt)

(6wt)

(7wt)

(8wt)

 

Figure (3.11): UV-visible absorption spectra of PVA films doped with 

different AgNO3 concentrations, gamma-irradiated at 100 

kGy.  
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Figure (3.12): Dependence of particle size of Ag nanoparticles in PVA 

matrix on Ag concentration, for samples irradiated with 

gamma-ray at 50 kGy.  
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 It is shown from Fig.(3.12) that the particle size increases, as a 

function of the Ag concentration up to 6.0 wt%. But, for higher Ag 

concentrations (7.0 and 8.0) wt %, the particle size was shown to be 

decreased, slightly. However, an additional increase of AgNo3 dopant 

concentration leads to segregation of the dopant in the host matrix. these 

molecular aggregates impede  the Ag nanoparticles resulting in a decrease 

in their sizes.   

3.3.2. Effect of Gamma-Irradiation on the UV-visible Spectrum 

of PVA/AgNO3. 

 When PVA/AgNO3 films are subjected to γ-irradiation, the optical 

properties are the net result of the electronic transition of the two materials. 

Figures (3.13 through 3.19) show UV-visible absorption spectra of PVA 

filled with (2wt% Ag) of AgNO3 irradiated with different gamma ray doses 

of 15, 25, 50, 75, and 100 kGy. 

 The polymeric films of 2wt% AgNO3 did not show the surface 

Plasmon peak for all the γ-irradiation doses, i.e., no Ag nanoparticles were 

reduced and/or the surface Plasmon peak is very weak and too broad to be 

detected Fig. (3.13). 

 Increasing the AgNO3 content, one can see that a strong increase in 

the absorbance in the ultraviolet and visible regions, i.e., in the spectral 

range 200-600 nm the absorption coefficient of the samples was increased 

with the increasing of the γ- irradiation dose (Fig's. 3.13 through 3.19). The 

dramatic enhancement in absorption are found to be in agreement with the 

color change of PVA samples, which varies from transparent for the 

pristine film to yellowish brown for the nanocomposite sample irradiated 

with the highest irradiation dose (100 kGy). The UV-Visible spectrum of 

unirradiated PVA/Ag nanocomposite shows weak and broad absorption 
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band in the visible region at 422 nm. This band is assigned as Plasmon 

resonance band of the small quantity of silver nanoparticles and is 

responsible for the striking colors of the different samples (A.M. Whelan et 

al., 2004).  

 As the irradiation dose increased (from 0.0 kGy up to 100 kGy), the 

Plasmon band is shifted to the lower energy side of the spectrum indicating 

quantum size effect, i.e., formation of smaller particles (S. Weihong et al., 

2009). The particle size is probably related to the amount of the stabilizing 

polymer’s chains. With increasing irradiation dose, the individual 

macromolecules of PVA are assumed to be cross-linked with each other, 

giving rise to a three dimensional network. The cross-linking of polymer 

molecules results in a significant increase in molecular mass. This in turn 

will increase the amount of polymer chains surrounding the nanoparticle 

(L. Liu et al., 2009, I.V. Ravindrachary et al., 2009, P.K. Pujari, 2010).  

 The more polymer chains there are, the more they inhibit the 

aggregation and/or the growth of the silver nanoparticles (Y. Liu et al., 

2009). Furthermore, the Plasmon peak gets narrower and sharper and also 

increases in the intensity with increasing irradiation dose from 0.0 kGy to 

75 kGy then the band intensity decreases markedly as the irradiation dose 

reaches 100 kGy.  

 The symmetric and narrow absorption peak implies the narrow size 

distribution of the silver nanoparticles at higher irradiation doses obtained 

by this method (G. Suyal, 2003) as further confirmed by the XRD analysis. 

On the other hand, the increased intensity of the Plasmon peak is related to 

the increase of the fraction of Ag nanoparticles as the irradiation dose 

increases. The decrease in the intensity of this band at the higher irradiation 

dose (100 kGy) may be understood as follow: at higher irradiation doses,   
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γ-rays induce chain scissions in the polymer matrix. The polymer chains 

acquire mobility on the experimental time scale. As the polymer chains 

relax, stresses are released. This causes Ag nanoparticles to move again, 

allowing crystals to aggregate and/or agglomerate which in turn reduces the 

absorption band intensity. 

 A possible reaction mechanism can be suggested based on the 

present experimental observations and the previous work in literature. 

Silver nitrate and PVA were chosen as starting materials due to their 

molecular structure and charge polarity, both the metal salt and polymer 

exhibit high water solubility. AgNO3 is soluble in PVA to such an extent 

that a complete dissolution is observed as the first step of the reaction. This 

property allows the administration of uniform concentrations of the 

precursors within the polymer matrix.    

 Silver nitrate (AgNO3) dissociates into Ag
+
 ions and NO3

-
 ions in 

aqueous solution of PVA according to the following reaction: 

AgNO3  Ag
+
+ NO3

-
    (3.1) 

 The addition of the HNO3 to the mixture (solution of AgNO3 and 

PVA) shift the above equilibrium to the left side i.e. it prevents the 

dissociation of the silver nitrate. Therefore, the role of the nitric acid is to 

prevent the photo-reduction of the silver nitrate which in turn causes the 

formation of a highly homogeneous film of PVA/AgNO3 after removal of 

solvent. 

 Upon exposure to the gamma irradiation, the hydrated electrons e
-
aq 

can reduce Ag 
+
 to Ag

0
 and silver clusters are then formed (Reaction (3.1)). 

0AgeAg aq  
    (3.2) 
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 The growth of silver nanoparticle by reduction of Ag 
+
 to Ag

0
 is 

stepwise (M. Mostafavi et al., 2002, T. Linnert et al., 1990, P.K. Sudeep 

and P.V. Kamat, 2005). Silver atom primarily reduced by hydrated 

electron is rapidly complexed with a silver ion to form dimmer cluster, and 

the dimmer then combines with another dimmer cluster to be tetramer 

cluster (E. Janata, 2003, E. Janata et al., 1994). The atoms formed 

dimerize when encountering or associate with excess Ag
+
 ions by a cascade 

of coalescence processes, these species progressively coalesce into larger 

clusters (reactions (3.2) to-(3.5)). 

          
0AgeAg aq  

            

 
 2

00 AgAgAg          (3.3) 

 




  1nn AgAgAg       (3.4) 

 11 



  naqn AgeAg      (3.5) 

 The fast reactions (3.3) and (3.4) of ion association with atoms or 

clusters play an important role in the cluster growth mechanism. The 

competition between the reduction of free silver ions and absorbed ones is 

controlled by the rate of reducing radical formation therefore, the cluster 

formation by direct reduction followed by coalescence is predominant at 

high irradiation dose rate and the final cluster size is smaller. 

 In order to obtain non-agglomerated metal particles with a well 

defined shape, a controlled average size and a narrow size distribution: 

nucleation and growth must be two completely separated steps (J.T.G. 

Overbeek, 1982). Spontaneous nucleation occurs when the concentration of 

the metal generated by the reduction reaches a critical super-saturation 
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level. If the nucleation rate is high enough, then the sudden nucleation 

lowers almost immediately the concentration below this critical super-

saturation level. If the rate of formation of the metal is not too high this 

nucleation step is followed by the growth of the particles from the original 

nuclei without formation of new nuclei as long as the metal is slowly 

generated provided that coalescence is prevented. On the contrary, if the 

particle growth occurs by coalescence of primary particles, secondary 

particles with irregular shape and large size distribution would be expected.  

 With these ideas in mind, in the next step, PVA/AgNO3 film is 

exposed to γ-irradiation which breaks the bonds of PVA and forms radicals 

that reduces the silver ions into silver atoms (M.K. Temgire and S.S. Joshi, 

2004, W. Wu et al., 2005, Y. Nho and S. Moon, 2005). At this stage the 

silver atoms serve as pre-organized seed points, or nucleation sites, to 

initiate the growth of silver nanoparticles directly on the PVA backbone 

with increasing irradiation dose. The silver atoms aggregate at very close 

range to form the primary nanoparticles (M. Mostafavi et al., 2002, E. 

Janata et al., 1994).  

 The narrow size distributions of the particles at different reaction 

states (as can be seen from the UV-visible spectra) indicate that nucleation 

is clearly separated from growth because multiple nucleation events would 

result in the appearance of new, smaller nanoparticles and therefore a 

broadened size distribution. During this process, PVA act as physical 

barrier to inhibit further aggregation of silver nanoparticles to form larger 

particles and/or aggregates to stabilize the dispersed silver nanoparticles 

within polymer matrix. The results presented here in demonstrate the first 

example of the seeded growth of Ag nanoparticles within a polymer matrix. 

Finally, Figure (3.20) shows the dependence of particle size of Ag 
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nanoparticles in PVA on gamma-irradiation dose for PVA/Ag samples with 

6.0 wt% Ag. 

  

wavelength (nm)

200 400 600 800 1000

a
b

so
rb

a
n

ce
 (

a
rb

it
ry

 u
n

it
)

0.0

0.5

1.0

1.5

2.0

(a) 15 kGy
((b) 25 kGy
(C) 50 kGy
(f)  75 kGy
(e) 100 kGy

(a)

(b)
(c)

(e)

(f)

 

 

Figure (3.13): UV-Visible absorption spectra of gamma-irradiated 

PVA/Ag samples with 2.0 wt % Ag. 
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Figure (3.14): UV-Visible absorption spectra of gamma-irradiated 

PVA/Ag samples with 3.0 wt % Ag.  
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Figure (3.15): UV-Visible absorption spectra of gamma-irradiated 

PVA/Ag samples with 4.0 wt % Ag. 
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Figure (3.16): UV-Visible absorption spectra of gamma-irradiated 

PVA/Ag samples with 5.0 wt % Ag. 

wavelength (nm)

200 400 600 800 1000

a
b

so
rb

a
n

ce
 (

a
rb

it
ry

 u
n

it
)

0.0

0.5

1.0

1.5

2.0
(a)   15 kGy
(b)    25 kGy
(C)    50 kGy
(e)     75 kGy
(f)     100 kGy

(e)

(f)

(c)
(b)

(a)

 

Figure (3.17): UV-Visible absorption spectra of gamma-irradiated 

PVA/Ag samples with 0.60 wt % Ag. 
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Figure (3.18): UV-Visible absorption spectra of gamma-irradiated 

PVA/Ag samples with 0.70 wt % Ag. 
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Figure (3.19): UV-Visible absorption spectra of gamma-irradiated 

PVA/Ag samples with 0.80 wt % Ag. 
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Table (3.1): Dependence of particle size of Ag nanoparticles in PVA on 

gamma-irradiation dose for PVA/Ag samples and different 

concentrations. 

Particle size, nm 

Dose, kGy  15 25 50 75 100 

2.0 wt% 14 13.344 13.187 11.351 14 

3.0 wt% 19.2747 14.6722 13.344 14 14.6722 

4.0 wt% 19.2747 16.902 14.6722 14.6722 15.6859 

5.0 wt% 21.2323 16.902 16.902 15.6859 16.902 

6.0 wt% 16.9024 14.6722 14.3420 15.6859 17.5243 

7.0 wt% 16.902 12.4901 16.902 16.902 17.52 

8.0 wt% 16.1147 12.4901 13.344 16.902 15.6859 
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Figure (3.20): Dependence of particle size of Ag nanoparticles in PVA 

on gamma-irradiation dose for PVA/Ag samples with 6.0 

wt% Ag. 
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3.3.3. Calculations of the Optical Band Gap of PVA/Ag   

Nanocomposite 

 The optical band gap has been estimated from absorption coefficient 

data as a function of wavelength by using Tauc Relation (Winter et al., 

2005: and Ethayaraja et al., 2007):  

αhν = B( hν  - EO)
n
     (3.6) 

Where: 

 α: Absorption coefficient. 

 hν: Photon energy, B is the band tailing parameter. 

 EO: Optical band gap of the nanoparticles. 

 n: 1/2 for direct band gap and n = 2 for indirect band gap. 

 The absorption coefficient (α), at the corresponding wavelengths, 

was calculated using the Beer-Lambert's relation (Sahay et al., 2007): 

 

 Where, L is the path length, and A is the absorbance.  

 It is well known that Ag had a direct band gap semiconductor. The 

direct band gap value is estimated from the plots of (αhν)
2
  versus hν.  The 

energy gap was calculated from the extrapolating of the straight portion in 

Fig (3.21) to hν axis of pure PVA, and Fig. (3.22), to hν axis, i.e., at α = 0 

at 4 wt% of 50 kGy, as an example. The calculated value of the band gap is 

listed in Table (3.2). From this table it can be observed that the values of 

the band gap in case of PVA/ Ag nanocomposite are higher than the Ag 

bulk .This is may be due to the strong quantum confinement in the 

nanocomposites. 
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Figure (3.21): Relation between (hv)
1/2

 vs hv of pure PVA. 

 

Figure (3.22): Relation between (hv)
1/2

vs hv for PVA/Ag of 4% wt Ag 

at 50 kGy.   
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Table (3.2): The optical parameters of PVA/Ag nanocomposites prepared 

with different concentration and gamma-irradiation doses. 

Energy gap  (eV) 

Dose, kGy 0 15 25 50 75 100 

Pure PVA 4.6 -- -- -- -- -- 

2wt%Ag  3.8 4 4 3.6 3.4 

3wt%Ag  3.7 3.8 3.8 3.55 3.4 

4wt%Ag  3.6 3.4 3.7 3.5 3.3 

5wt%Ag  3.4 3.4 3.6 3.4 3.2 

6wt%Ag  3.2 3.3 3.5 3.3 3.15 

7wt%Ag  3.2 3.1 3.35 3.2 3 

8wt%Ag  3 3.1 3.3 3.7 2.6 

 

3.4. X-ray Diffraction Analysis (XRD) 

 X-ray powder diffraction (XRD) is the most common bulk analysis 

technique used to identify the crystalline phase present and crystal particle 

sizes. XRD analysis has been routinely used for crystalline phase 

identification based on diffraction peak position and pattern, and the 

measurement of mean crystalline sizes and lattice parameters. XRD can 

also supply information about deformation of a crystalline sample. 

Deformation (also referred to as strain) of a crystal lattice which will result 

in a change in the inter-atomic distances.  

 The effect on a diffraction pattern depends on whether the 

deformation occurs on a local (microscopic) or on a global (macroscopic) 

scale. Microscopic deformation, i.e., local variation of the inter-atomic 

distances in a sample, is referred to as micro-strain. In this case, XRD 

analysis of an entire sample will display a range of deviations from the 
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expected inter-atomic distances (d). This leads to peak broadening. The 

width of a diffraction peak is also influenced by the crystallite size: a large 

crystallite size causes sharp reflections, whereas a small size leads to broad 

reflections. Although size and strain both result in peak broadening, their 

effects can be separated since their angular dependence is different        

(J.V. Wonterghem et al, 1986). 

3.4.1. X-ray Diffraction Pattern of Unirradiated Pure PVA  

 Figure (3.23) shows the X-ray diffraction pattern of the un-irradiated 

pure PVA. The XRD of pure PVA exhibit strong and broad diffraction 

peak located at 2 = 19.66
o
 with a shoulder at 2 = 22.76

o
. The diffraction 

peak at 2

contains the extended planar zigzag chain direction of the crystallites. The 

shoulder peak at 2 = 22.76
o
 is related to the reflection from the plane 

(200) (Y. Badr and M. Mahmoud, 2006, K.E. Strawhecker and E. 

Manias, 2000). 

 PVA is usually prepared by hydrolysis of poly (vinyl acetate), PVAc, 

where the acetate side groups are progressively replaced by hydroxyls, 

(R.M. Hodge et al., 1996). Like PVAc, PVA was expected to be non-

crystalline but surprisingly it shows distinct crystallinity. The structure of 

crystalline PVA has been determined by other workers (R. Mooney, 1941, 

C. Bunn, 1948).  

 Bunn proposed that the high crystallizability of PVA compared with 

that of the parent PVAc is due to the fact that the hydroxyl groups are of 

sufficiently small size to allow the chains to adopt a planar zigzag 

conformation. Also, due to the similar radius of the hydroxyl and hydrogen 

units, Bunn explained that stereo regularity has little effect on the 
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crystallize-ability of PVA and its subsequent X-ray diffraction pattern. The 

high packing efficiency of the planar zigzag conformation in crystalline 

aggregations, coupled with the strong intermolecular interaction between 

PVA chains has been widely regarded as a reason for the crystalline nature 

of PVA. The intensity of the diffraction and also the size of the crystals in 

PVA are determined by the number of PVA chains packing together. The 

accepted unit cell for PVA is monoclinic with a= 7.81, b=2.5, c=5.51 Å and 

β=91.42
o
. One unit cell comprises two monomer units of vinyl alcohol 

(CH2CHOH), as shown in Fig. (3.24).  
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Figure (3-23): The X-ray diffraction pattern of unirradiated pure PVA. 
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Figure (3-24): Unit cell of PVA (Monoclinic). 

3.4.2. X-ray Diffraction Patterns of γ-Irradiated Pure PVA  

 The induced changes in the PVA crystallinity due to γ-irradiation 

were investigated by X-ray diffraction. Fig. (3.25) shows X-ray 

diffractograms for control and γ-irradiated PVA at various doses up to a 

total dose of 100 kGy. XRD patterns show that the intensity of the peak at 

2 = 19.66
o
 decreases gradually from control to irradiated samples and 

shifts to the lower angle side. Additionally, it was noted that the intensity of 

the diffraction peak at 2 = 22.76
o
 increases gradually with the increase 

of -dose. This result may reflect the fact that the polymer matrix suffer 

from some kind of structural rearrangement due to irradiation treatments.  

 It is well known that, the molecular chains of PVA are held together 

through the H-bonding (shown by dashed lines in Fig. (3.23) On account of 
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irradiation by -rays these bonds break and the molecular chains are rather 

free to rotate. The rotation probably occurs in the direction making the 

direction (200) richer in the number of atoms. Thus the increase in the 

intensity of the diffraction peak at 2 = 22.76
o
 can be Understood.  

 

Figure (3.25): The X-ray diffraction pattern of γ-irradiated PVA 

3.4.3 Effect of AgNO3 Addition on the XRD- Spectrum of PVA 

Matrix  

 The XRD studies are extended to study PVA/AgNO3 in order to 

investigate the influence of the AgNO3 concentration upon the crystalline 

structure of the polymeric films. There was a noticeable change in the 

intensity of XRD peaks of the doped samples in addition to the appearance 

of additional peaks. 

(a) 15 kGy 

(b) 25 kGy 

(c) 50 kGy 

(d) 75kGy 

(e) 100kGy 
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 The X-ray diffraction patterns for PVA doped with different 

concentrations of AgNO3at constant γ-irradiation doses are given in Fig's. 

(3.26 through 3.30). The diffraction peak, (2 = 19.66), shifts to lower 

angles and become to somewhat weaker and broader (i.e. the intensity of 

the diffraction peak decreases) as the content of the AgNO3 increased. This 

behavior can be correlated to the interactions between PVA with AgNO3 

which led to the decrease of the intermolecular interaction between the 

PVA chains and thus the crystalline degree.  

 The peaks for 2θ values at 37.8, 43.96, 64.34 and 77.48
o
 pertaining 

to Ag nanoparticles which indicates the reduction of the Ag salt in the 

polymer matrix. The discernible peaks can be indexed to the plans (111), 

(200), (220) and (311) respectively corresponds to face centre cubic 

structure of silver.  

 A more precise examination and intercomparisons of diffraction 

patterns obtained for different PVA/Ag samples lead to four conclusions. 

First, the as-prepared Ag nanoparticles are crystalline as seen by broad 

XRD features at four prominent lattice planes of these materials rather than 

amorphous which would yield only a very broad single nearest neighbor 

peak near the (111) line.  

 Second, the XRD peaks of cubic Ag were broad in accordance with 

their small grain size and low degree of crystallinity. These nanocrystals 

have lesser lattice planes compared to bulk, which contributes to the 

broadening of the peaks in the diffraction pattern. This broadening of the 

peak could also arise due to the micro-straining of the crystal structure 

arising from defects like dislocation, etc. These defects are believed to be 

associated with the synthesized nanocrystals as they grow spontaneously 

during the reaction. As a result, the chemical legends get negligible time to 
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diffuse to an energetically favorable site. It could also arise due to lack of 

sufficient energy needed by an atom to move to a proper site in forming the 

crystallite (H.C. Warad et al., 2005).  

 Third, no characteristic peaks were observed for the other impurities, 

such as AgNO3 which may reflect the purity extent of the reduced Ag 

nanoparticles and/or the complete dissolution of the AgNO3 within 

polymeric matrix.  

 Fourth, the XRD patterns demonstrate that the Ag nanoparticles are 

generated from all the AgNO3 concentrations in the tested range from 

2%wt Ag to 8%wtAg. The UV-visible absorption spectrum of the PVA 

film doped with 2%wt Ag did not show the characteristic surface Plasmon 

peak Fig. (3.7). There is no contradiction between the two techniques. It is 

well known that the UV-visible spectroscopy is insensitive for very low 

concentrations. Hence, one can say that, the Ag nanoparticles are generated 

from the concentration of 2%wt Ag  in very small quantity and the surface 

Plasmon peak is too week and/or too broad to be detected using our 

spectrophotometer.   

 Our results indicate that the reaction between PVA and Ag  allow the 

formation of a network of interconnected chains producing a ribbon-like 

structure linked by hydrogen bonded water molecules. One possible 

explanation for this effect is that we noticed that the reaction occurs very 

slowly upon contact of both reagents and after the de-hydration by slow 

evaporation of solvent, the typical crystalline structure of PVA is retain.  
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Figure (3.26): XRD patterns of PVA/Ag nano-composites with different 

AgNO3 concentrations, gamma-irradiated at 15 kGy. 
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Figure (3.27): XRD patterns of PVA/Ag nano-composites with different 

AgNO3 concentrations, gamma-irradiated at 25 kGy. 
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Figure (3.28): XRD patterns of PVA/Ag nano-composites with different 

AgNO3 concentration, gamma-irradiated at 50 kGy. 
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Figure (3.29): XRD patterns of PVA/Ag nano-composites with different 

AgNO3 concentration, gamma-irradiated at 75 kGy. 
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Figure (3.30): XRD patterns of PVA/Ag nano-composites with different 

AgNO3 concentration, gamma-irradiated at 100 kGy.  

3.4.4 Effect of Gamma-Irradiation on the XRD Spectrum of 

PVA/AgNO3 

 Figures (3.31 through 3.37) display the XRD patterns of PVA 

samples doped with 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 %wt of AgNO3, 

irradiated with different γ-ray dose levels of  15, 25, 50, 75, and 100 kGy.   

 However, as the irradiation dose increases from 0.0 to 100 kGy the 

intensity of the Ag lines decreases and broadens gradually in accordance 

with their small grain sizes. These nanocrystals have lesser lattice planes 

compared to bulk, which contributes to the broadening of the peaks in the 

diffraction pattern.   

 Once again, XRD patterns shows that the intensity of the peak at 

2=19.66
o
 decreases gradually from control to irradiated samples and shifts 

to the lower angle side. Additionally, it was noted that the intensity of the 

diffraction peak at 2 = 22.76
o
 increases gradually with the increase of      

-dose. These observations are in good agreement with those observed for 

the irradiated pure PVA samples (see Fig 3.25). 
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Figure (3.31): XRD patterns of PVA/Ag nanocomposites doped with 2.0 

AgNO3 in wt%., plotted at different gamma-dose levels. 
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Figure (3.32): XRD patterns of  PVA/Ag nanocomposites of 3.0 AgNO3 

in wt%., plotted at different gamma-dose levels. 
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Figure (3.33): XRD patterns of PVA/Ag nanocomposites of 4.0 AgNO3 

in wt%., plotted at different gamma-dose levels. 
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Figure (3.34): XRD patterns of  PVA/Ag nanocomposites doped with 5.0 

AgNO3 in wt%., plotted at different gamma-dose levels. 
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Figure (3.35): XRD patterns of PVA/Ag nanocomposites doped with 6.0 

AgNO3 in wt%., plotted at different gamma-dose levels. 
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Figure (3.36): XRD patterns of PVA/Ag nanocomposites doped with 7.0 

AgNO3 in wt%., plotted at different gamma-dose levels. 
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Figure (3.37): XRD patterns of PVA/Ag nanocomposites doped with 8.0 

AgNO3 in wt%., plotted at different gamma-dose level. 

3.4.5. Determination of Particle Size Using Scherrer Formula 

 It is well known that the resulting diffraction pattern of a crystal is a 

fundamental physical property of the substance. Analysis of the positions 

and the shape of the diffraction peaks lead immediately to a knowledge 

about the average particle size (D) of the Ag nanoparticle. According to 

Scherrer, it is possible to determine the average grain size of spherical 

crystallites by measuring the full wave at half maximum, FWHM, of the 

diffraction peaks. The particle size ‘D’ is calculated based on the regular 

broadening of XRD peaks as a function of decreasing crystallite size. This 

broadening is a fundamental property of XRD described by well-

established Scherer theory (R. Georgekutty and M.K. Seery, 2008): 

 coskD       (3.7) 
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Where: 

β: Full width at half maximum of the peak corresponding to plane (200). 

k: So-called shape factor which usually takes a value of about 0.9. 

: Angle  value corresponding to maximum intensity 

peak in XRD pattern. 

 The calculated values of crystalline particle size (D) were listed in 

Table (3.3). On careful analysis to the position and the shape of the 

reflection peak (200), there is a gradual shift of this peak to higher angles 

with increased molar concentration of AgNO3, increasing irradiation dose. 

The d-spacing contraction is expected to occur because of the high surface-

to-volume ratio equivalent to applying external pressure to crystallites 

confined in a small volume (K.K. Nanda et al., 1998).  

 From Table (3.3) it can be seen that, the AgNO3 concentration and   

γ-irradiation dose are determining factors in controlling the particle size. 

When an excess of AgNO3 is used in the synthesis, the average nanocrystal 

diameter is significantly increased. In addition, the main PVA peak        

(2θ= 19
o
) is sensitive to the content level of AgNO3 in such way that this 

peak become weaker and broader with increasing the concentration of 

AgNO3 and is shifted to the lower angle side i.e. the PVA crystallinity was 

reduced and d-spacing of PVA planes was increased.   

 We thought here, the way by which AgNO3 can affect the 

crystallization of PVA is by forming weak bonds with the polymer leading 

to what is referred to as quasi-crosslinking effect. This causes breaking of 

the polymer chains and formation of some clusters with Ag nanoparticles. 

This may be verified by the increasing value of d spacing as a function of 

increasing AgNO3. The weak crosslinking between the filler surface and 
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the polymer led to forming of smaller crystallites which in turn act to 

prevent ordering locally.  When the γ-irradiation dose is increased from 0.0 

kGy to 75 kGy the particle size decreases then it increases at 100 kGy dose. 

This can be understood as follow: the inter planar spacing of the PVA 

planes were found to gradually decrease with increasing of irradiation dose 

up to 75 kGy. This is due to the increasing of the radiation-induced 

crosslinking in the polymer network upon the irradiation process which 

implies a presence of strain on the Ag crystals as a result of the formation 

of three dimensional network of chains and hence smaller nanocrystals 

were formed. At higher irradiation dose (100 kGy) the polymer chains 

suffered from oxidative degradation reaction, the d-spacing increased and 

the confinements upon Ag nanocrystals were lowered so the growth is 

available.  

 The combined effect of γ-irradiation dose results in increasing the 

particle size. These results are in good agreement with those obtained from 

UV-visible absorption spectra.   
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Table (3.3): The crystallite size calculated from XRD analysis of 

irradiated PVA/Ag nanocomposite doped with different 

concentrations and γ- irradiated at different dose. 

Gamma-dose, kGy AgNO3 Conc., (WT% Particle Size, nm 

 

 

 

15 

        2.0 37.78856 

3.0 45.76593 

4.0 51.91683 

5.0 52.5126 

6.0 54.86599 

7.0 58.16213 

8.0 18.51158 

 

 

 

 

25 

2.0 32.22953 

3.0 43.67795 

4.0 46.15054 

5.0 47.5317 

6.0 48.44936 

7.0 49.2536 

8.0 54.9063 

 

 

 

50 

2.0 49.6 

3.0 50.2 

4.0 51.0 

5.0 49.1 

6.0 42.2 

7.0 47.6 

8.0 54.6 

 

 

 

75 

2.0 31.57693 

3.0 38.92997 

4.0 45.96111 

5.0 49.43369 

6.0 53.03801 

7.0 61.36787 

8.0 71.62904 

 

 

 

100 

 

 

 

2.0 40.65185 

3.0 45.3428 

4.0 47.29827 

5.0 48.1068 

6.0 50.99608 

7.0 53.34649 

8.0 70.21674 

. 
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3.5. Fourier Transformer Infrared (FTIR) Spectroscopic 

Analysis  

 Fourier transformer infrared spectroscopy (FTIR) is one of the most 

powerful techniques to investigate a multicomponent system, such as 

polymer composite, because it provides information for both composition 

and metal-polymer interactions which induces structural changes in the 

inorganic component and/or polymeric one. These spectral changes 

combined with other analytical tools may provide a fundamental 

understanding of inorganic-polymer interaction mechanisms. 

3.5.1. FTIR Spectroscopic Analysis of Unirradiated Pure PVA  

 The IR spectrum for unirradiated pure PVA is shown in Fig (3-38) 

and the frequencies of the absorption bands together with their structural 

assignments are listed in Table (3-4). The O-H stretching band in the 

infrared spectrum is by far the most characteristic feature of alcohols and 

phenols. PVA sample gave very broad and strong band centered at 3330 

cm
−1

 as the stretching vibration of hydroxyl group with strong hydrogen 

bonding as intra- and/or intertype. (Z.I. Ali et al., 2009). Two strong peaks 

at 2939 and 2866 cm
−1

 are the characteristic bands of asymmetric and 

symmetric aliphatic C–H stretching respectively.  

 We notice that two medium bands in the unsaturation region (1732–

1500 cm
-1

). The stretching vibrational band of C=O can be seen at 1614 

cm
-1

 whereas the characteristic infrared peak of C=C appeared at 1533cm
-1

.                                        

 The C=O bands were attributed to the carbonyl functional groups 

due to the residual acetate groups remaining after the manufacture of PVA 

from hydrolysis of polyvinyl acetate and/or oxidation during 

manufactureing and processing while the C=C may be a result of 
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crosslinking results from heating the polymer through sample preparation, 

(N. Mohri et al., 1995). The values of C=O and/or C=C indicate that PVA 

have the same resonating structure from alkene↔alkane and C=O↔C–O
–
 

and/or presence of hydrogen bond with oxygen of C═O group, (K. Abd El-

Kader, 2003).  

 Two absorption peaks were observed at 1430 and 1341 cm
-1

. The 

absorption band at 1430 cm
-1

 is assigned as CH2 bending vibration while 

the deformation vibration of C–CH3 is associated with the absorption band 

at 1341 cm
-1

.  The absorption shoulder at 1238cm
-1

 is arising from CH2 

wagging. 

 The absorption band at 1069 cm
-1

 arises from the C–O stretching 

vibration while the band at 833 cm
-1

 results from C–C stretching vibration. 

CH2 rocking was found at 907 and 730 cm
-1

 and OH wagging was found at 

582 cm
-1

 (Z. Ali et al., 2007). 

Table (3.4): The obtained IR absorption bands and their assignment of the 

unirradiated pure PVA as compared with literatures. 

 Band position , cm
-1 

Assignment 

Present  work REF(1)   REF(2)     

3330 3500-3200 3360 OH stretching 

2939 2920 2990 CH2 assymetric stretching 

2866 - 2840 C–H symmetric stretching 

1732 1720 1763 C=O  stretching 

1614 - 1650 C=O  stretching 

1533 - 1560 Conjugated C=C stretching 

1430 1430 1436 CH2 bending vibration 

1341 1380 1348 C–H symmetric stretching 

1238 - 1211 CH2 wagging 

1069 1140-1000 1031 C–O stretching vibrations 

907  942 CH2 rocking 

833 850 879 C–C stretching 

730  786 OH wagging 

582  566 C–O bending vibrations 
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Figure (3.38): The FTIR spectrum of unirradiated pure PVA. 

3.5.2. FTIR Spectroscopic Analysis of γ-irradiated Pure PVA  

 FTIR is the most convenient technique for estimation of the chemical 

and physical changes that occur in the polymeric materials due to 

irradiation. The degree and extent of oxidation reaction can be easily 

determined spectroscopically throughout the following up of IR band due 

to C=O and O-H groups. Also, the degree of radiation induced cross-

linking and/or degradation can be estimated by evaluation of the decrease 

in the IR intensity of the C=C group (H.M. Abou Zeid et al., 2000).  

 The behavior of PVA under different doses of γ-irradiation (15, 25, 

50, 75 and 100 kGy) can be followed by FTIR spectra, as shown in Fig. 

(3.39). Four remarkable changes were noticed here. The first is the feature 

in the -OH stretching vibration region. The 3330 cm
-l
 peak in the 

unirradiated PVA become weaker as the irradiation dose increases and 

shifted to a lower wavenumber side. Secondly, the intensity of two strong 

bands at 2939 and 2866 cm
−1

 in unirradiated PVA reduces markedly as the 
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irradiation dose increases. Thirdly, the absorbance of stretching vibrational 

bands of C=O and C=C appeared at 1614 and 1533cm
-1

 were found to be 

positively changed as the irradiation dose was increased and are shifted to 

the higher side of the spectrum. Finally, the intensity of the absorption band 

at 1069 cm
-1

 was found to increase with increasing irradiation dose. 

 

Figure (3.39): The FTIR spectrum of pure PVA, gamma-irradiated at 

different dose levels.  

 From FTIR analysis, it can be deduced that the decreasing intensity 

of the hydrogen-bonded -OH region may be attributed to the breaking of 

hydrogen bonds as a result of irradiation treatment which results in 

dehydration of the polymer matrix. 

(1)15 KGY      

(2)25 KGY    

(3)50 KGY     

(4)75 KGY     

(5)100KGY    
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3.5.3. Effect of AgNO3 Addition on the FTIR Spectrum of PVA 

Matrix. 

 Infra-Red (IR) spectroscopic analysis was used to illustrate the 

composition and nature of bond formation into PVA/Ag nanocomposites. 

FTIR spectra of the PVA/Ag nanocomposites doped with different 

concentration of AgNO3 were shown in Fig's. (3.40 through 3.44). 

 Three structural features were induced due to interaction between 

Ag
+
 ions and PVA chains. First, the –OH stretching band located at 3330 

cm
-1

 was shifted to 3308 cm
-1

 and become to somewhat broader and 

weaker. It is well known that, when the metallic clusters and nanoparticles 

are capped by the PVA chains, two kinds of bonds may contribute to the 

Ag-PVA complication, namely, Ag–C and Ag–O bonds. The rigid structure 

of the C–C bond in monomer unit impedes the formation of Ag–C bonds. 

Hence, the binding of silver clusters by PVA is likely achieved through the 

Ag–O bond. The spectral shift together with reduced intensity of the –OH 

stretching vibration upon incorporation of the Ag nano-filler indicates to 

interaction between Ag nanoparticles and the OH groups originating from 

the PVA chains.  

 Second, the IR absorption band at 1614cm
-1

 grew at the expense of 

the absorption band at 1533 cm
-1

 which was found to decay markedly with 

increasing AgNO3 content. The increased intensity of the –C=O at 1614 

cm
-1

 can be correlated to the prominent oxidative degradation reaction 

accompanying the reduction of Ag nanoparticles. The disappearance of 

1533 cm
−1

 absorption peak can be attributed to some sort of –C=C– 

structure deformation and/or chain scissions of the polymer as a result of 

interaction with AgNO3. Finally, the crystallization sensitive band at 

1135cm
-1

 was reduced as the AgNO3 content was increased reflecting the 

negative effect of the AgNO3 on the crystallinity of the PVA matrix. This 

result is in good agreement with the results obtained from XRD results. 
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Figure (3.40): FTIR spectra of the PVA/Ag nanocomposites doped with 

different concentration of AgNO3, gamma-irradiated at 15 

kGy. 
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Figure (3.41): FTIR spectra of the PVA/Ag nanocomposites doped with 

different concentration of AgNO3, gamma-irradiated at 25 

kGy. 
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Figure (3.42): FTIR spectra of the PVA/Ag nanocomposites doped with 

different concentration of AgNO3, gamma-irradiated at 50 

kGy. 
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Figure (3.43): FTIR spectra of the PVA/Ag nanocomposites doped with 

different concentration of AgNO3, gamma-irradiated at 75 

kGy. 
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Figure (3.44): FTIR spectra of the PVA/Ag nanocomposites doped with 

different concentration of AgNO3, gamma-irradiated at 

100 kGy. 

3.5.4. Effect of Gamma-Irradiation on the FTIR Spectrum of 

PVA/AgNO3 

 Figures (3.45 through 3.51) show the FTIR spectra of PVA doped 

with 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, and 8.0 wt% AgNO3,  irradiated with 

different gamma-irradiation doses (15, 25, 50, 75, and 100) kGy. As an 

effect of gamma irradiation, the intensity of bands at 2939 cm
-1

,1732 cm
-1

 

and 833 cm
-1

 has been observed to decrease further along with the 

disappearance of bands in the wavenumber region of 1250-1500 cm
-1

, with 

increasing gamma dose. This indicates that gamma irradiation subsequently 

causes the structural rearrangements in PVA chains on embedding of Ag 

nanoparticles. These structural modifications in host PVA matrix after 

embedding Ag nanoparticles and further, with exposure to gamma 

radiations, are in conformity with the observed changes in optical 



  CHAPTER THREE                                                 Results and Discussion  

 

108 

behaviour. The C=O stretching vibration intensity at 1614 cm
-1

 was 

increased as the irradiation dose increased. The loading of polymeric 

samples with AgNO3 beside gamma-irradiation plays an important role for 

structural changes related to the enhancement in the degree of oxidation 

reaction. In this respect, it was found that the IR absorption bands 

associated with the oxidative degradation reaction increases whereas ones 

associated with crosslinking reaction totally decays. 
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Figure (3.45): FTIR spectra of PVA doped with 2 wt % AgNO3, gamma-

irradiated with different dose levels. 
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Figure (3.46): FTIR spectra of PVA doped with 3 wt % AgNO3, gamma- 

irradiated with different dose levels. 
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Figure (3.47): FTIR spectra of PVA doped with 4 wt % AgNO3, gamma-

irradiated with different dose levels. 
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Figure (3.48): FTIR spectra of PVA doped with 5 wt % AgNO3, gamma-

irradiated with different dose levels. 
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Figure (3.49): FTIR spectra of PVA doped with 6 wt % AgNO3, gamma-

irradiated with different dose levels. 
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Figure (3.50): FTIR spectra of PVA doped with 7 wt % AgNO3, gamma-

irradiated with different dose levels. 
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Figure (3.51): FTIR spectra of PVA doped with 8 wt % AgNO3, gamma-

irradiated with different dose levels. 

 



  CHAPTER THREE                                                 Results and Discussion  

 

112 

 In the present study, the XRD studies confirmed the presence of Ag 

in the PVA matrix and FTIR analysis indicated the formation of chemical 

bonding conjugation between the Ag nanoparticles and PVA chains. 

Gamma irradiation subsequently cause the structural rearrangement in PVA 

chains on embedding of Ag nanoparticles .which are in conformity with the 

observed changes in XRD patterns and optical behavior. 

3.6. Electrical properties 

 Electrical properties of materials have long been of practical 

importance and theoretical interest. It is well known that electric properties 

measurements are powerful tools to characterize inorganic semiconductor 

doped on polymer nanocomposites which give information about electronic 

properties and help to show the relations between structure and electrical 

properties of nanocomposites. It would be interesting to study the electrical 

properties of polymer nanocomposite and the effect on the electrical 

properties of mixing polymer PVA with sliver nanoparticles. 

 Polyvinyl alcohol (PVA) is a good insulating material with low 

conductivity and low dielectric loss, and hence of importance to the 

microelectronics industry, its electrical conductivity and charge storage 

capability can be markedly influenced by doping with Ag. The electrical 

and optical properties of polymers can be suitably modified by the addition 

of dopant depending on their reactivity with the host matrix. Since Ag
+
 is a 

fast conducting ion in a number of crystalline and amorphous materials, its 

incorporation within a polymeric system may be expected to enhance its 

electrical performance. 
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3.6.1. Current−Voltage Characteristics of PVA/Ag Nano-

composite 

 The dc-electrical characteristic curves of the different nanocomposite 

samples were investigated, at room temperature, as shown in Figures (3.52 

through 3.56). In this concern, a variable dc-power supply was used, while 

Keithley 6517A Digital Electrometers, were used for current (in nano-

amperes) and voltage (in volts) measurements. The applied dc-voltage 

range was chosen to be from o up to 200 Volts, in steps of 20 Volts. From 

which, the dc-conductivity can be calculated from the well known 

relationship:  

σ =(I*L)/(V*A)     (3.8) 

Where: 

 I: Current. 

 V: Voltage. 

 L: Sample thickness. 

 A: The cross-sectional area of the electrode. 
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3.6.2. Effects of Ag Concentration on the dc-electrical 

conductivity at constant gamma irradiation 

 

 

Figure (3.52): The (I−V) characteristic curves of PVA/Ag nanocomposite 

prepared with different AgNo3 concentrations, gamma-

irradiated at 15 kGy. 
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Figure (3.53): The (I−V) characteristic curves of PVA/Ag nanocomposite 

prepared with different AgNo3 concentrations, gamma-

irradiated at 25 kGy. 
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Figure (3.54): The (I−V) characteristic curves of PVA/Ag nanocomposite 

prepared with different AgNo3 concentrations, gamma-

irradiated at 50 kGy. 

 

Figure (3.55): The (I−V) characteristic curves of PVA/Ag nanocomposite 

prepared with different AgNo3 concentrations, gamma-

irradiated at 75 kGy. 
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Figure (3.56): The (I−V) characteristic curves of PVA/Ag nanocomposite 

prepared with different AgNo3 concentrations, gamma-

irradiated at 100 kGy. 

3.6.3. Effect of Ag concentration on the dc-electrical conductivity 

 The effect of AgNo3 doping with different concentrations of 2.0, 

3.0,4.0, 5.0, 6.0, 7.0, and 8.0 wt% on the electrical conductivity of PVA 

films is shown in Fig. (3.57). The room-temperature electrical conductivity 

showed a strong dependence on the concentration of the dopant (AgNo3), 

with a  maximum dependence  value,  for the sample doped with a 

concentration of 7 wt% of Ag. The conductivity of doped samples was 

shown to be always greater than that of the undoped samples (Table 3.5). 

The observed effect of AgNo3 doping on the electrical conductivity and 

conduction behaviour of PVA films may be explained on the basis of 

charge transfer complex formation involving PVA molecules and the 

dopant Ag. 
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Figure (3.57): Dependence of the dc-conductivity (σdc) of PVA/Ag 

nanocomposites on concentration (wt%) of Ag nanoparticles. 

Table (3.5): Dependence of dc conductivity of PVA/Ag nanocomposites 

samples γ- irradiated at 25 kGy on Ag concentration in wt%. 

Concentration, wt% Conductivity σdc, s.cm
-1

 

0 1.0924E-10 

2.0 1.9125E-9 

3.0 2.8700E-9 

4.0 2.9700E-9 

5.0 3.6500E-9 

6.0 4.4200E-9 

7.0 5.2600E-9 

8.0 4.8738E-9 
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 The formation of charge transfer complexes was also confirmed by the 

UV-visible  absorption studies made on AgNo3 doped PVA films. It is seen 

that the doping of AgNo3 in PVA introduces a new absorption peak at 429 

nm in addition to the shoulder peak at 280 nm which is characteristic of 

undoped PVA (shown in Fig. 3.1). The increase in electrical conductivity 

for lower dopant concentration (2 wt%) may be explained on the basis of 

formation of charge transfer complexes which facilitates the delocalization 

of conduction electrons giving rise to higher conductivity. At higher 

concentration (8 wt%)of the dopant however, the mobility of charge 

carriers decreases, mostly due to the segregation of dopant molecules 

(Devi, et al., 2002 and Suman Mahendia, et al., 2010). 

3.6.4. Effect of γ-Irradiation on the Electrical Conductivity 

 The gamma-irradiation dependence of the dc-electrical conductivity 

of the different prepared nano-composite films was studied in details. In 

this concern, the sample doped with (8 wt %) Ag nanoparticles, was chosen 

as an example. 
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Figure (3.58): Dependence of dc-electrical conductivity on gamma-

irradiation dose, for sample doped at 8.0 wt %. 

 Figure (3-58) shows the variation in dc electrical conductivity of the 

samples doped with (8 wt%)Ag nanoparticles and γ-irradiation at (15, 25, 

50, 75, 100) kGy, from this figure it is clear that the conductivity of PVA is 

decreased as the dose increased to 50 kGy. For higher dose levels, up to 

100 kGy, the conductivity re-increase, again, up to around 6.5E-9 s.cm
-1

. 

 The obtained trend, may be due to cross-linking at the polymer 

chain. The inter-particle distance decreases as more Ag is incorporated and 

as the γ-dose increased, leading to decrease in the electrical conductivity of 

the PVA/Ag nanocomposites. However as the γ-irradiation dose increased 

again up to 50 kGy, the conductivity increased. At higher γ-irradiation dose 

levels, the Ag particle size increases again, which indicates chain scission 

in the (polymer) host matrix leading to increase in the conductivity. It was 

reported (Gangopadhyay and Amitabha, 2000 and Del Castillo-Castro et 



  CHAPTER THREE                                                 Results and Discussion  

 

121 

al., 2007) that the nanoparticles themselves could act as conductive 

junctions between the polymer chains that resulted in an increase of the 

electrical conductance of the composites. 

3.6.5. Dc-conduction mechanism in PVA films doped with Ag 

 Figures (3.59 and 3.60) present the obtained results, plotted in log-

log scales, i.e., log (I) vs. log (V), for un-doped PVA and Ag doped with 

PVA nanocomposite films at different concentrations of Ag. The chosen 

samples were that irradiated with gamma dose of 25 kGy. It is clear that log 

(I) varies linearly with log (V), confirming the relation I α V
m
, where m 

varying from m = 1, i.e., the ohmic conduction, and m = 2, for the space 

charge conduction. That is, for the first condition (m = 1) obeys Ohm’s law 

(I α V) with slope ~ 1 whose terminal is usually called the trapping voltage 

(Vt).   

 The region in the (I−V) characteristics, which appears at low 

voltages, indicates that the current is controlled by generated carriers. The 

ohmic behavior can be understood on the basis of the reasonable 

assumption that at low voltages there is no injection of carriers from the 

electrode contact, and the initial current is governed by the intrinsic free-

carrier motion, i.e., at the normal ranges of temperatures and pressures, the 

dominant charge carriers in a semiconductor are generated mainly by 

thermal excitation of the carriers. The Ag semiconductor nanoparticles 

have a small energy band gap; hence, a small amount of energy is sufficient 

to excite electrons from full valence band to an upper empty conduction 

band. 
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Figure (3.59): Log10 (I) vs. log10 (V) plots for undoped PVA films. 

 

 

Figure (3.60): Log10 (I) vs. log10 (V) plots for different nano-Ag doped 

PVA films. 
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 In the second condition, at m=2, at higher voltages, the current 

increases rapidly with applied voltage and the slope ~ 2, i.e., the conduction 

becomes non ohmic. The results shown in Fig.(3.57) need to be carefully 

analyzed, to identify the predominant conduction mechanism, since 

different types of conduction mechanisms can give rise to non- linear 

characteristics. The deviation of (I−V) characteristics from ohm's law can 

be explained considering various DC electronic conduction mechanisms by 

which electrons are transported under the influence of an applied field.  

Tunneling, Schottky emission, Poole-Frankel emission, and Space Charge 

Limited Conduction (SCLC) are possible mechanisms for such a case. 

Generally, one mechanism will dominate the observed current but more 

than one conduction mechanisms may possibly operate at one particular 

voltage (Seoudi et al., 2012). 

 It is well known that tunneling current originates only in very thin 

films. So, tunneling mechanism is excluded in the present case as the 

thickness is pretty high (1 mm).  

 To understand the actual conduction mechanism through the 

PVA/Ag nanocomposites, Poole–Frenkel or Richardson-Schottky 

mechanisms may be used to investigate the experimentally measured 

dependence of current on voltage in the high field region. The Poole–

Frankel effect is associated with the excitation of carriers out of traps and 

the current is described by (Geddes et al., 1990): 

I α exp(eβv
1/2

/kTd
1/2

)    (3.9) 

Where: 

 βPF: Poole–Frenkel coefficient. 

 V: applied voltage. 

 k: Boltzmann's constant. 

 T: absolute temperature. 

 d: Sample thickness.  
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 Theoretical value of βPF is given by (Randu et al., 1996): 

βpf = (e
3

/ π 0 )
1/2

     (3.10) 

Where: 

 e : Electronic charge. 

 ε: Dielectric constant of PVA. 

 εo: Free space permittivity. 

 On the other hand, the Schottky effect corresponds to the injection of 

carriers from the electrodes over the potential barrier formed at the 

semiconductor–metal interface, and the relationship between the pool 

frenkle coefficient and the Schottky coefficient described by (Gould and 

Shafai, 2000): 

βRS = 1/2 βpf     (3.11) 

 To decide whether the carriers are generated from the interior of the 

sample (i.e. are of Poole-Frenkel type) or injected from the metal electrode 

(i.e. are of Schottky type); in both cases a plot of log (I) vs.V
1/2

 

characteristics are expected to be linear in nature.  

 Figure (3.61) shows typical plots of log (I) versus V
1/2

 for different 

samples with different concentrations of AgNo3 in wt%. The almost linear 

relation of log (I) vs. V
1/2

 suggests the electronic type conduction 

mechanism. The charge carriers are released by thermal activation over a 

potential barrier. To differentiate between these two mechanisms, the 

experimental values of βexp for different Ag concentrations were 

determined from the slope of these plots and compared with theoretical 

values. 
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Figure (3.61): Relation between log (I) and V
1/2 

for PVA/Ag 

nanocomposites with different concentration of AgNo3 

(wt%), gamma-irradiated at 25 kGy.  
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Figure (3.62): Histogram showing the theoretical and experimental values 

of β for different PVA films 
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Table (3.6): Theoretical and experimental values of β for undoped PVA 

and doped PVA with different concentration of Ag in (wt%) , 

Gamma irradiated at 25 KGY.  

Sample 
Expriemental 

βexp(*10
-5

ev) 

Theoretical β 

ΒRs(*10
-5

ev) 

Theoretical β 

Βpf(*10
-5

ev) 

Undoped PVA 2.39  

 

 

2.02934 

 

 

 

 

4.05868 

2Wt% Ag 2.35204 

3Wt% Ag 2.7573 

4Wt% Ag 2.7877 

5Wt% Ag 2.7973 

6Wt% Ag 2.66842 

7Wt% Ag 2.58156 

8Wt% Ag 2.43814 

 

 Current-voltage characteristics for Ag doped PVA films show a 

linear behaviour with a slight deviation from linearity at higher voltages, 

which may be due to accumulation of space charge at the electrodes. The 

slopes of the linear regions of  log(I) vs. V
1/2

  gives information regarding 

the nature of the conduction mechanism operating in these films. 

Evaluation of the value of βexp from these slopes suggests that schottky 

emission is the dominant charge transport mechanism in films. Some 

results pointed out the Schottky emission (Nagraj et al., 2002 and Devi et 

al., 2002) as the dominant conduction mechanism in undoped and Ag 

doped PVA films `and some others attributed towards the Pool-Frenkle 

mechanism (Kulanthaisami wt al., 1995). This discrepancy may be 

attributed to the difference in method of doping and film formation.  
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 It is well known that both optical and electrical properties of PVA 

are strongly influenced by the dopant nature, the sample preparation 

method and environment.  
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CONCLUSION 

 

 Gamma radiation is an effective reducing agent for Ag
+
 within the PVA 

matrix to Ag nanoparticles having controlled particle size. 

 The results indicated that AgNO3 can effectively embedded in PVA 

matrix and enhance the optical and electrical properties. In addition     

γ- irradiation is an effective technique for preparing inorganic/organic 

nanocomposites. 

 The XRD studies confirmed the presence of Ag in the PVA matrix. In 

addition FTIR analysis indicated the formation of chemical 

bonding/conjugation between the Ag nanoparticles and PVA chains. 

 It has been observed that the concentration of sliver nanoparticles has 

greatly influenced the optical and electrical properties of PVA matrix. 

 The obtained results corroborate towards the enhanced conducting 

behaviour of PVA matrix with increase in the concentration of 

embedded Ag nanoparticles. 

 Various optical and electrical parameter of PVA/Ag nanocomposites 

are controlled with the Ag concentration and γ-Irradiation dose which 

can be used for specific requirements in the optical coating ,filters, 

switches …….etc. 

 Throughout the present study schottky emission is identified as the 

dominant conduction mechanism for dc conduction for both undoped 

and Ag doped PVA films. 
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 الملخص العربى

اهتمتتتل االةتتتراس  ملاةتتتس مل  تتترل متتتبام مرتتتلبس متتتن اا تتتبا(مل قاا تتتبا   (ل(تتت  اا  تتتب   بم تتتر              
بملاةتتتس ااتتتتر (لال اافضتتتس االرلبمتل(تتتس امتتتر اصتتتر متتتن  تتتباه  ل(تتتمة لظتتتلا و برمهتتتر اامرتتت لة ما تتت  اا تتتبا(مل 

 تتت   AgNO3تل (تتت ال م تلفتتتس متتتن علتتت  ااتل (تتتو باا تتتباه اصتتتجة او تتتم  لت( تتتس وةتتتت ما   اامةتتتت م س
    (لب  لاى  .555, 75, 55, 55, 55من اشبس اا رمر اا ر تس ق اات ض(ل علم اةت ما   لعرل

 تتتجاع تب(تتت(ن ااتتتتر (لال اامةتتتت م س علتتت  او تتتم  لت( تتتس اةتتتت ما   لعتتترل متتتن اشتتتبس اا رمتتتر اام تلفتتتس علتتتم 
    اات ض(ل.       %WT,   8, 7, 6, 5, 4, 3, 5اةت ما  تل (   ر ل من اافضس ق

اا(تتس ااتبرتت(  اا صل تت  ام تتم  اام ضتتلة ت تتل ظتتلب  اا تتباه اا صل (تت  ب   تتجاع اهتمتتل االةتتراس  ملاةتتس
 م تلفس من تل (  اافضس اب ااتبل(ض ا لعرل من اشبس  رمر اام تلفس.

    (ل : بتلقة  االةراس اا   م س  رب  ل (ة(س،  روضر س اا  اا مرس، ب(م ن ا( ر  االةراس  (مر

  الفصل االول :

(شتتتم  اافرتت  اوب  علتت  مقممتتس متتب  ة عتتن اامتتبام االرلبمتل(تتس،  متتن  (تت  ااتبل(تت                      
 صر بطل  ت ض(لهر ب بارصر ااف( (ر (س اام تلفس، مع ااتل (  عل    ( رل اافضتس االرلبمتل(تس بتط (قرتصتر 

تفرعتتت  اشتتتبس اا رمتتتر متتتع اامتتتبام اا با(مل(تتتس   اةتتتتبلاض ب تتتجاع  اامل تتتو قاا با(مل/اافضس . رإضتتتر    اتتت
اتقل(تترل اات ل(ل(تتس ر (ةتتتبلض اوةتتن االظل(تتس بلظل(تترل اباات (تتلال اامةتتت م س  تت   بارتتصر  روشتتبرع  متت

 اامةت ممس    ااملاةس  روضر س اا  اةتبلاض او  ر  اامل ب(س ااةر قس    هجا اام ر 
  الفصل الثانى :

( تتتتبى اافرتتت  اا تتترل  علتتت  اا تتت د اامبملتتت  متتتن ااملاةتتتس،  (تتت  تتتت   ماتتتس اةتتتتبلاض                    
اع برت  تفرت(ل    االرلبمتل(تس بطتل  اات ضت(ل ب تج(PVA/Agاامبام اامةت ممس  ت  ت ضت(ل اإ تم  

ا ر س ااطل  بلظل(رل  (رن اا باه ااف( (ر (س باا صل (تس الب(لترل اام تلفت . ب ت  هتجا اارتمم، تت  ااتبرمت  
 غش(س ااب(لرل اات  ت  اعمامهر عل  ه( س م مبعت(ن،  مر(ل  :مع ا

   ضتتبل تلتتع اام مبعتتس و ت تترلال ملاةتتس تتتر (ل  ضتتر س تل (تت ال م تلفتت  متتن  (تت المجموعةةا الولةةى :
AgNo3)                          ات  اا تبا(مل   PVA) و  8، ب7، 6، 5، 4، 3، 5 تل (ت ال  بجاتع علتم 

WT% علم  لعترل ششتبس  رمتر اتل (و باا باه ااف( (ر (س األ م  اات  تت  ت ضت(لهرجاع عل     من  ا
 (لتتب لاى.  ب تتم تتت  ااتر تتم متتن لةتتو تل (تت  اافضتتس  تت  اإ تتم  اام تلفتتس عتتن  555ب 75، 55، 55، 55

  (  ت   (رن شمة اا ط ااط(ف  اامم(  الفض   XRFبم(ض(س (ل(  ااطل(  اةت ما  تقل(س اإشبس ااة
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الب(لترل اام تلفتس، بااتت  ب تم الصتر تم ت  عم تس  ط(تس جال مبرمت    مااتس  ت   تل (ت  اافضتس Ag Lα)  ق 
 %،اومل ااجى (ب ن  ممى ل رح عمل(س اات ض(ل  مل س عرا(س.  99تلا ط     مبم 

 ضتتبل اام مبعتتس اا رل(تتس الب(لتترل و ت تترلال ملاةتتس تتتر (ل اةتتت ما   لعتترل م تلفتت   المجموعةةا الثان ةة  :
 (لتتب  تتلاى بجاتتع ا ر تتس ااب(لتترل،  تت  علتتم تل (تت   ر تتل متتن  555 75، 55، 55، 55ا رمتتر متتن ششتتبس ا

AgNo3 .ال با(مل 
 الفصل الثالث :

اهت  اافر  اا را   رةتبلاض االتر ج اامةت لر  بملر شتصر     ضتبد اإ  تر  اامل ب(تس بجاتع  
 عل  اال ب ااترا  :

 س  رمر عل  ااتل (و باا باه األغش(س اام تلفسعلض لتر ج تر (ل تل (  اافض  ب لعرل اشب أوال:

      (PVA/Ag)    متتتتتتن اإشتتتتتتبس اامل (تتتتتتس ب تتتتتتب   تقل(تتتتتتس اات ل(تتتتتت   رةتتتتتتت ما   تتتتتت بجاتتتتتتع  رةتتتتتتت ما
ب ةترو   ت   ةت(مرل اافضت    (PVA/Ag)تت  ااتر تم متن ت تبن اامل تو   ،  (ت  UV-visقاا لفة ( 

 رل اشبس اا رمر اام تلف .بطر س ااف بة ااضب (  علم تل ( ال م تلف  الفض   ب لع
  (  ت  ااتبل  عل  ااقم  اامم( ة     (XRD) ت  علض لتر ج اةت ما  تقل(س  (بم اإشبس ااة(ل(   ثان ا:
  باافضس المل و، امتماما اا   ةترو   ت   ةت(مرل اافضتس علتم ظتلب   (PVAا م من اا با(مل      

 .بجااع  إةت ما  مبرماس ش(لل اات ض(ل اام تلف 
بجاتع  صتم    FTIRق اافر  علض التر ج اةت ما  تقل(س اات ل(   رإشبس ت ل اا متلاد تضمن لثا:ثا

اع ملاةتتس تتتر (ل اإشتتبرع عل(صتتر متتن  (تت  عتترل اابظ(ف(تت  الب(لتترل اام ضتتلة  تتجااتبتتل  علتت  اام مب 
   .عمل(س ااتشر ع  شب ت ة(ل االبا ط

صل (  ا ر س اوغشت(س  (تم ااملاةتس،  (ت  اشتتم  اشتم  اافر  عل  ةلم لتر ج  (رةرل اا باه اا   رابعا:
اا صتتم  ب ةتترو ااتبرتت(ل(  اا صل (تت  بملاةتتس عم تصتتر متتع تل (تت  اافضتت   -علتت  مل ل(تترل قاات(تترل

 ب لعرل اشبس  رمر اامةت مم     اات ض(ل، بربو اا  ملاةس شا(س ااتبر(  اا صل  . 
 ه  اا را      عمل(س  Schottky emission) بملصر ا مل االتر ج ان شا(س ال بر   شبت   ق 
 ااتبر(  اا صل  .            

 ملصر   بضصر  ت  ملر شس  ر س االتر ج اامةت لر  من  ر س اات رلو بملاةس عم س     خامسا واخ را:
 اا بض بجاع    ضبد اإ  ر  اامل ب( ، ممر شظصل اتفر   (م    االتر ج.         
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