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AIM OF THE WORK

Polymer metal semiconductor nanocomposites are already a part

of many important of worldwide businesses: optical, electronic,

electrical engineering, household, automotive (molded parts in cars),

packaging industry, aircraft interiors, appliance components and

security equipments.Nanometer-size inorganic nanoparticles/organic

polymer composites have attracted considerable interest in recent years

due to their size-dependent properties and great potential for many

applications such as nonlinear optics, photo electrochemical cells,

heterogeneous photocatalysis, optical switching, and single electron

transistors. Among many nanocomposite inorganic precursors, CdS

nanoparticle is increasingly being investigated due to its special

properties (2.4 eV band gap energy) CdS is one of the most studied II–

VI semiconductors become of its ease of preparation and potential

application of lighting emitting diodes, solar cell, or other electronic

devices. Also, Silver nanoparticle is investigated due to their specific

electronic, optical, magnetic, catalytic, and antimicrobial properties.

Nanoparticles of Silver have applications in catalysis conductive inks,

thick film pastes and adhesives for various electronic components as

well as have added attraction in photonics and photography. It is now

well established that the polymers are excellent host materials for

nanoparticles of metals and semiconductors. When the nanoparticles are

embedded or encapsulated in polymer, the polymer acts as surface

capping agent. In addition, casting of film becomes easier and the

particle size is controlled well within the desired regime. Poly vinyl-
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alcohol (PVA) which is a water soluble polymer has important

advantages of good mechanical and optical properties, where this

parameter determines the photo induced response in the newly

suggested nanocomposite.

A number of production techniques have been reported for

preparation of metallic colloids using metal salts as starting materials,

such as chemical, photochemical, electrochemical, radiolytic, and

sonochemical reduction. 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, as

compared to conventional chemical and photochemical methods. The

process is simple and clean, the γ-ray irradiation has harmless feature,

controlled reduction of metal ions can be carried out without using

excess reducing agent or producing undesired oxidation products of the

reductant, the method provides metal nanoparticles in fully reduced,

highly pure and highly stable state and no disturbing impurities like

metal oxide are introduced.

The objective of this work is to synthesis and characterize

CdS/PVA, and Ag/PVA nanocomposites using an in situ synthetic

method followed by -irradiation of the as-prepared nanocomposites

films. The use of polymer is a prominent method for the synthesis of

inorganic nanoparticles. The reason is that the polymer matrices provide

for processability, solubility, and control of the growth and morphology

of the nanoparticles. PVA was used as a polymer-capping reagent,

utilizing the interactions of cadmium ions or silver nanoparticles with

hydroxyl groups in the PVA chains. Other properties like the
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transparency over the whole visible spectrum, good adhesion to

hydrophilic surfaces and formation of good oxygen resistant films

makes from PVA a good choice for the inclusion of metal nanoparticles.

CdS and Ag nanoparticles prepared with PVA-assisted show

larger aspect ratios compared with the sample prepared without PVA.

The present process provides a mild and effective route for the

production of CdS/PVA and Ag/PVA nanocomposites which might be

used in the fabrication of novel optical and electronic devices. The

formation of CdS nanoparticles inside the PVA was carried out via the

reaction of CdCl2 dispersed PVA with Na2S2O3 by ionizing radiation (γ-

ray) The structural and optical properties of CdS/PVA nanocomposites

films have been studied, throughout the optical, structural and thermal

properties. Also, Ag-PVA nanocomposites prepared by chemical

reduction method and simple radiolytic procedure using steady state

gamma irradiation, the aim of this study was investigation of the optical

properties of nanocomposites.
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Summary

In this work, we prepared a series of CdS/PVA and

Ag/PVA nanocomposites via facile and novel synthetic steps.

Our synthetic route is simpler; it does not need expensive

oxidizing agents, surfactants, templates and complicated

apparatus.

The present work contains five chapters in addition to the

list of figures, tables, abbreviations and references. The first two

chapters are concerned with the introduction and reviews of

previous studies.

Chapter 3 describes the preparation methodology,

experimental setup and techniques used in the CdS/PVA and

Ag/PVA nanocomposites processing and analysis. CdS and Ag

nanoparticles with different particle sizes were prepared via

chemical method and - irradiation method. Several techniques

were used to detect the structural changes of the

nanocomposites due to interaction between CdS or Ag ions and

PVA. These are: UV-Visible spectrophotometer, Transmission

Electron microscope (TEM), X-ray diffraction (XRD), Fourier

Transform Infrared (FTIR) Spectrophotometer, and

thermogravimetric analysis.

Chapter 4 includes the obtained results and their discussions:

Ultraviolet/Visible spectroscopy (UV/VIS) investigated

that the as-prepared nanocomposites have improved optical

properties. Such incremented optical properties were attributed

to the nanoscale dispersion (nm). The improvement in the
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optical properties is considered to be dependent on, Cd2+:S2-

molar ratio, Ag concentration, PVA content and irradiation

dose. The calculated band gap energies for CdS/PVA

nanocomposites are higher than that of bulk of CdS indicating

the strong quantum confinement. The increases in band gap

energy have been attributed to the crystalline size dependent

properties.

Transmission electron microscope images illustrated that

the nanostructured CdS/PVA films were found to be dispersed

spherical nanoparticales with good structural homogeneity and

polydispersity at either lower concentration of CdCl2 and/or

irradiation dose. Nanorod structure of CdS accompanied with

small agglomeration appeared in the as-prepared

nanocomposites at either higher CdCl2 concentration or

irradiation dose.

The X-ray diffraction patterns of CdS/PVA show that all

the diffraction of the nanocomposites sample, (containing CdCl2

concentration in rang 10-2-10-3 M), can be ascribed to the cubic

phase of CdS. On the other hand, the CdS/PVA nanocomposites

(containing 1 gm of both CdCl2 and Na2S2O3) exhibited a

mixture of diffraction patterns related to the cubic and

hexagonal phase of CdS nanoparticles.

The calculated particle sizes of CdS nanoparticles using

UV/VIS, TEM and XRD data are in good agreement with each

other, consistent and dependent on the theory of examination.



Summary

XX

Particle size measured from TEM was somewhat larger than

that obtained from either UV/VIS or XRD data.

Fourier transform infrared (FTIR) spectra confirmed the

formation of nanocomposites with hydroxyl group of PVA

chains via chemically coordinated linkage to the surface of CdS

and Ag nanoparticles. Also, themogravimetric analysis (TGA)

indicated that the resulting nanocomposites displayed higher

thermal stability compared with pure PVA matrix.
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I. INTRODUCTION

I.1 Nanoscience and Nanotechnology

The world of nanoscience and nanotechnology is on

the nanoscale. The prefix “nano” comes from the Greek nannos,

meaning “dwarf” or “very small.” It refers to a billionth (10-9)

of a unit of measurement such as the meter. The small

dimension is invisible to the naked eye; for comparison, it is

common to indicate that a human hair varies between 50,000

and 100,000 nanometers (nm) in diameter. Objects are

considered part of the nanoworld when one of their dimensions

is between 1 and 100 nm. Object size is important because

enhancements or changes in the properties of matter a

fundamental aspect of nanotechnology generally occur between

1 and 100 nm. These include higher reactivity (due to an

increase in the specific surface of the nano object, and therefore

in its volume/surface area ratio) (aspect ratio), as well as

optical, magnetic, electrical, mechanical, and biological

properties attributable to quantum effects that occur at this scale

but are not present in the same material at a larger scale. One

final point is essential to properly defining the world of

nanotechnology, i.e., human intervention in the manipulation

and control of matter at the nanoscale to create nanostructures

that can be integrated into larger scale structures in the

development of nanotechnology products. These three
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characteristics size, new properties, and control of matter are

included in the lengthy definition of nanotechnology adopted

by the National Science Foundation (NSF) in the United States

and used by the National Nanotechnology Initiative (NNI)

(John Mongillo, 2007).

Nanoscience is the scientific study at the atomic and

molecular scale of molecular structures with at least one

dimension measuring between 1 and 100 nanometers in order to

understand their particular physico-chemical properties and

identify ways to manufacture, manipulate, and control them.

More generally, “nanoscience” can mean research on any

structure of matter that comprises at least one nanometric

dimension, without necessarily being aimed at the manufacture

of objects or materials for a specific purpose. Nanotechnology

is the design and fabrication of structures at the atomic and

molecular scale that have at least one dimension measuring

between 1 and 100 nanometers that possess particular

exploitable physico-chemical properties and that can be

manipulated and controlled. The results of certain studies on the

behavior of ultrafine particles with dimensions at this scale

(e.g., from diesel engine emissions) that are accidentally

released into the air can be used in nanotechnology to better

understand the behavior of Nanoparticles designed and made in

the laboratory. Therefore, the difference between nanoscience

and nanotechnology essentially reflects the conceptual



     IntroductionChapter I

3

distinction between science and technology (John Mongillo,

2007).

The word “nanotechnology” was first introduced in the

late 1970. While many definitions for nanotechnology exist,

most groups use the National Nanotechnology Initiative (NNI)

definition. The NNI calls something “nanotechnology” only if

it involves all of the following:

- Research and technology development at the atomic,

molecular, or macromolecular levels, in the length scale of

approximately 1 to 100 nanometer range.

- Creating and using structures, devices, and systems that have

novel properties functions because of their small and/or

intermediate size.

- Ability to control or manipulate on the atomic scale (Sabin

Boily, et al, 2006).

I.1.1 Nanotechnology, A Future Trillion Dollar

Business

Making products at the nanometer scale is and will

become a big economy for many countries by 2015;

nanotechnology could be a $1 trillion industry. Meanwhile,

according to the National Nanotechnology Initiative (NNI),

scientists will create new ways of making structural materials

that will be used to build products and devices atom by atom

and molecule by molecule. These nanotechnology materials are
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expected to bring about lighter, stronger, smarter, cheaper,

cleaner, and more durable products (John Mongillo, 2007).

I.1.2 Classification of Nanoparticles by Size

There are two types of Nanoparticles:

1. Clusters of 1-10 nm, the particles of an ordered structure

possessing commonly 38-40 and sometimes more, metallic

atoms (e.g. Au55, Pt309, a family of palladium clusters

consisting of 500-2000 atoms).

2. Nanoparticles with diameter 10-50 nm and consisting of 103-

106 atoms.

Figure (1) illustrates the main stages of how an

individual atom transforms into a bulk metal through a cluster,

nanosize and colloidal particles (active metals) according to

moving along the axis of sizes from an individual atom in a

zero valence state (Mo) until it reaches a metallic particle

showing all the properties of a dense metal, the system passes

through a number of intermediate stages, among which the

main stages are considered to be clusterization and formation of

Nanoparticles (Pomogailo A. D. and Kestelman V. N., 2005).
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Figure 1 : The main stages of the transformation of metal
atoms into a bulk metal

I.2 Energy Band Theory

Bulk materials can be divided into three classes:

conductors, semiconductors 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 mixing

between atoms in the crystal lattice. The VB is formed by

overlap of bonding orbitals, whereas the CB is formed by

overlap of antibonding orbitals. The top of the valence band is

comprised of the highest occupied molecular orbital (HOMO).

The bottom of the conduction band consists of the lowest

unoccupied molecular orbital (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 Figure

(2), 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, Eg = zero). In contrast, an insulator has large energy

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

emitting at the band gap energy minus the relaxation energy.

This radiative emission is due to electron hole recombination

(see Figure 2) (Balandin A. and Wang K. L., 2006).
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I.3 Quantum Confinement Behavior

The most striking property of semiconductor

nanocrystals is the massive changes in properties as a function

of the size. Semiconductor nanocrystals, having analogous

Figure 2: Schematic diagrams showing band gaps and

luminescence Properties materials: (a) band

diagram for conductors, semiconductors and

insulators, and (b) semiconductor

photoluminescence: excitation of electron

from VB to CB, formation of carrier

charges, emission of photon.
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interior bonding geometries compared to that of their known

bulk counterparts, exhibit distinct variations in their electrical

and optical properties with size variation (Alivisatos A. P.,

1996). The core reason for these changes lies in the systematic

transformation of the crystal’s density of states as a function of

energy, which varies as a function of the nanoparticle interior;

these are known as quantum size effects. From a density of

states perspective, nanocrystals lie between the discrete atomic

and bulk ‘continuous band’ limit. In any material, there will be

a size below which one observes a fundamental shift in

electronic and optical properties as a function of size. As

shown in Figure 3, the valence bands and the conduction bands

are formed by the overlap of bonding and antibonding atomic

orbitals, respectively. The orbital overlaps are concentrated at

the center of the CB and VB and are sparse at the edges. As

semiconducting nanoparticles get smaller, it is like removing

atoms from a bulk semiconductor. As atoms are gradually

removed from the surface of this bulk semiconductor, orbitals

are also removed from the edges of the VB and CB. Thus, the

energy continuum of VB and CB is destroyed and resolved into

quantized states as in molecular clusters. Two major things

happen as this confinement progresses. First, the band gap

energy becomes wider as the nanoparticle diameter is reduced.

This is because of the removal of the orbitals from the VB and

CB band edges, second, the band edge orbital become
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quantized with discrete energies. This is said to be the

quantization of energy as the material becomes a

semiconducting nanoparticle, and also termed as a quantum dot

(QD). As the band gap energy increases with smaller

nanoparticle sizes and higher excitation energy is required to

excite an electron from VB to CB, the excited electron,

consequently, relaxes to produce at a higher frequency (blue

shift) (Funato M., et al, 2006, Razeghi M., 2009).
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 Figure 3 : Density of states of materials (a) macroscopic

crystal, and  (b) quantum dots (QDs)

The HOMO-LUMO gap is increased in QDs of smaller

size.

I.4 Small Is Different: Shape, Size, and Composition

The physical and chemical properties of a material are

determined by the type of motion allowed for its electrons to
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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 an atom, a molecule or 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. The nuclear confinement is the strongest

type of confinement of the motion of subatomic particles. The

motion of the nucleons within the atomic nucleus is confined to

the femtometer scale. This is followed by electronic

confinement in atoms.

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 small. Such a distance is known as the Bohr

radius and is on the nanometer length scale. The minimum

amount of energy required for the formation of the charge

carriers is known as the band gap energy of the semiconductor.
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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 Columbic attraction

is also called the formation of a 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.

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 than their Bohr radius, their band gap

energy increases. Equally important, the energy of the band gap

absorption (and thus the nanoparticle color) and those of the

emission increase and become sensitive to the size and shape of

the particles. 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
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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, and surfactants).

This type of synthesis is termed the bottom-up method. In the

top-down method, the bulk is “machined” down to the

nanometer length scale by lithographic or laser ablation-

condensation techniques.

Because of the dependence of the semiconductor

nanoparticle properties on the size and shape of the

nanoparticle, as well as the fact that the surface-to-volume

ratio greatly increases, new properties are expected that are

not possessed by either the macroscopic semiconductor

material or the individual entity that makes the

semiconductor.

The potential of using these new properties in new

technological applications has been discussed in many fields

such as “nanoelectronics” photovoltaic, and optoelectronics.

Because electrons and holes have large amplitude at the

surface, they have high probability of being trapped by surface

impurities. This extends their use in the field of oxidation-

reduction chemistry with many expected applications in fields

such as photocatalysis and photo degradation and detoxification

of chemical waste and environmental pollutants (Mustafa

Elsayed, 2004).
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I.5 Top Down Versus Bottom up Manufacturing

Nanoscale manufacturing can occur either from the

“top down” or from the “bottom up.” Top down manufacturing

starts with bulk materials which are then whittled down, until

the features that are left are nanoscale. For instance, crystalline

drugs may be milled until the individual particle sizes are 100

nm, or smaller. At this size, the particles have a much larger

surface area in relation to volume than would more

conventional microscale particles. This allows them to dissolve

much faster which is critical for certain drugs that are not very

soluble in water.

         Bottom-up manufacturing involves creating objects or

materials from individual atoms or molecules and then joining

them together in a specific fashion (Steven A., 2006).

1.6 Quantum Dots of Nanocparticles Semiconductors

As the size of semiconductors is reduced, the band

gap gets wider and wider. In semiconductors, the electrical

transport properties of semiconductor nanoparticles depend

strongly on size as do their optical properties. Quantum dots are

fragments of semiconductors consisting of hundreds to

thousands of atoms having the same unit cell they have in

macroscale materials. Among the interesting properties of

quantum dots is the fact that their electrons are constrained to

stay within the nanoparticles. If an electron in the valence band
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is somehow excited to the conducting band, it leaves an empty

spot called a hole in the valence band. This excited electron

hole pair is called an exciton. When the electron returns to the

valence band, it returns to the hole from which it came. This

means that when there is a collection of nanoparticles of the

same (or very similar) size, the energy emitted after an

excitation event will be exactly (or very nearly so) the same for

all of the particles. At the very worst the energy will have an

extremely narrow distribution. This has marvelous applications

for optics (Luanne tilstra S., et al, 2008).

II–VI group compound semiconductors are attracting

great attention for their important optical and optoelectronic

properties, Great surface-to-volume ratio of nanoparticles

semiconductors makes them possess properties that differ from

the macroscopic semiconductors. Moreover, these properties

depend mainly on their size and shape. The II–VI

semiconductor systems have many applications such as light

emitting diodes and biological sensors. While selenide

semiconductors have considerable interest due to their

important applications as thermoelectric cooling materials, laser

materials, optical filters and sensors, super ionic materials,

optical recording materials, dispersion of Quadratic Nonlinear

Susceptibilities, and solar cells (Badr Y. and Mahmoud  M.

A., 2005).
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CdS is a II-VI semiconductor which absorbs in the

visible region of the electromagnetic spectrum (bulk band gap

energy of 2.4 eV). Because of their characteristic optical

properties, that are size tunable at particle diameters lower or

comparable to the diameter of the bulk exciton (60 Å), CdS

nanoparticles find possible applications as optical switches,

sensors, electro-luminescent devices and biomedical tags. Since

some of these applications can be facilitated by introducing

nanoparticles into polymers, a number of studies on CdS

nanocomposites emerged recently (Radhakrishnan T., et al,

2008).

I.7 Quantum-Confined Cadmium Sulfide (Q-CdS)

Nanostructure materials, especially II-VI semiconductors,

have become a subject of intensive research for their

extraordinary properties compared to their bulk counterparts.

Blue shift of the optical absorption spectrum, size dependent

luminescence, enhanced oscillator strength and nonlinear

optical effect are some examples of the interesting properties

exhibited by these nanoparticles (Tiwari S., 2006, Ahn J. H.,

et al, 2007).

The interest derives from various special properties of

materials in the nanoscale regime, including photo catalytic,

mechanical, electrical and optical properties. Semiconductor

sulfides have already found applications as sensors or laser
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materials, optical filters, solar cells and in many other devices

(Behboudnia M., and Khanbabaee B., 2006, Zhang F., and

Wong S. S., 2009).

I.8 CdS is One of Group II-VI Semiconductors with A

direct Band Gap

CdS has two crystal structures, hexagonal-close packed

and face centered cubic (Weller H. and Angew, 1993, Cullis

A. G., et al, 1989). Most of the nanometer-size colloidal CdS

crystals are the cubic phase, while most macrocrystallites are

the hexagonal phase. Using high resolution electron

microscopy, Coffer and Pinizzotto also showed that CdS

nanocrystals with an average diameter of 5.6 nm are the cubic

phase. (Coffer L., et al, 1992). The bulk band gap energy of

CdS at room temperature is 2.42 eV with a corresponding

absorption edge wavelength of approximately 515 nm (Cullis

A. G., et al, 1989, Yoffe A. D., 1993, Brus L. E., 1990).

Quantum confinement effects for CdS particles start at a

diameter of approximately 6 nm (Brus L. E., 1984). When the

CdS Nanoparticles size becomes less than 4 nm, the absorption

edge is shifted approximately 0.9 eV to shorter wavelengths

(Babu K. S., et al, 2005). The exciton radius for CdS is

approximately 3 nm and the binding energy of the exciton is

only 0.05 eV, compared to 0.053 nm and 13.51 eV,

respectively, (Weller H. and Angew, 1993, Brus E., 1990,
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Tamborra M., et al, 2004). CdS nanocrystals have been

extensively investigated. Various synthetic methods, including

reverse-micelle, (Kim D., et al, 2005) colloidal (Tamborra

M., et al, 2004) and arrested precipitation, (Sooklal K., et al,

1998) have been developed to fabricate monodispersed CdS

nanocrystals. These luminescent CdS nanocrystals have wide

potential applications in optical switches, sensors,

electroluminescent devices, lasers and biomedical tags (Tessler

N., et al, 2002, Han M., et al, 2001).

However, the synthesis of single well-dispersed or

monodispersed CdS nanocrystals with adjustable sizes and

protected from photo oxidation is a big challenge. In recent

years, polymers that contain special functional groups have

been used as specific stabilizers for the solution synthesis of

CdS nanocrystals and preparation of CdS/polymer

nanocomposite with different properties. Compared to other

bulk materials, these nanocomposites possess unique

characteristics. The polymer can enhance the stability of CdS

nanoparticles, control their size range and improve their surface

structure (Zhang J. G., et al, 2002, Potapova I., et al, 2003).
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I.9. Metal – Polymer Nanocomposites

The nanoscale metal particles such as silver and gold

provide a very exciting research field due to their interesting

optical, electronic, magnetic and catalytic properties. The metal

nanoparticles, therefore, have potential uses in technological

applications.

Silver exhibits the highest electrical and thermal

conductivities among all the metals. Nanoparticles of Silver

have applications in catalysis conductive inks, thick film pastes

and adhesives for various electronic components as well as

have added attraction in photonics and photography. It is now

well established that the polymers are excellent host materials

for nanoparticles of metals and semiconductors. When the

nanoparticles are embedded or encapsulated in polymer, the

polymer acts as surface capping agent. In addition, casting of

film becomes easier and the particle size is controlled well

within the desired regime. For application in opto-electronics

and electronics, the control of particle size and their uniform

distribution within the polymer is the key to technology based

on the nanoparticles in polymers. There are a number of reports

on synthesis of silver nanoparticles in polymers with possibility

of variation in optical properties depending on the optical

activity of polymers itself. PVA has been widely used for

polymer nanocomposites due to its easy processability and high

transmittance. In addition due to its water solubility, the
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nanoparticles of silver can be easily prepared in aqueous

medium thus making the preparation virtually non-toxic.

A large number of reducing agents have been

employed to synthesize silver nanoparticles. Organic solvents

such as ethanol, N,N-dimethyl formamide, ethylene glycol have

been successfully used to reduce silver salts to zero valent

silver besides other reducing agents such as sodium

borohydride, glucose and sodium formaldehyde sulfoxylate.

Silver nanoparticles protected by polymers such as poly

(vinylalcohol) (PVA), poly (vinylpyrolidone) (PVP),

polystyrene (PS) or poly methyl methacrylate (PMMA) have

been extensively reported. However, the synthesis of silver

nanoparticles of desired shape and size with uniform

distribution within the matrix remains highly challenging. This

challenge can be made more meaningful by employing simpler

and easier synthetic routes for its synthesis. (Khanna P. K. et

al, 2005).

I.10 Polymer-Supported Nanocomposites for

Environmental Applications

Environmental nanotechnology is considered to play a

key role in shaping current environmental engineering and

science. Looking at the nanoscale has stimulated the

development and use of novel and cost effective technologies

for catalytic degradation, adsorptive removal and detection of
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contaminants as well as other environmental concerns.

Polymer-based nanocomposites (PNCs), which incorporate

advantages of both nanoparticles and polymers, have received

increasing attention in both academia and industry. They

present outstanding mechanical properties and compatibility

owing to their polymer matrix, the unique physical and

chemical properties caused by the unusually large surface area

to volume ratios and high interfacial reactivity of the

nanofillers. In addition, the composites provide an effective

approach to overcome the bottleneck problems of nanoparticles

in practice such as separation and reuse.

Nanotechnology refers broadly to manipulating matter

at the atomic or molecular scale and using materials and

structures with nanosize dimension, usually ranging from 1 to

100 nm. Due to their nanoscale size, nanoparticles show unique

physical and chemical properties such as large surface area to

volume ratios or high interfacial reactivity. Till now increasing

nanoparticles have been demonstrated to exhibit specific

interaction with contaminants in waters, gases, and even soils,

and such properties give hope for exciting novel and improved

environmental technology .

An effective approach to overcoming the above

technical bottlenecks is to fabricate hybrid nanocomposite by

impregnating or coating the fine particles onto solid particles of

larger size. The widely used host materials for nanocomposite
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fabrication include carbonaceous materials like granular

activated carbon, silica, cellulose, sands, and polymers, and

polymeric hosts are particularly an attractive option partly

because of their controllable pore space and surface chemistry

as well as their excellent mechanical strength for long-term use.

The resultant polymer-based nanocomposite retains

the inherent properties of nanoparticles, while the polymer

support materials provide higher stability, processability and

some interesting improvements caused by the nanoparticles-

polymer matrix interaction. The choice of the polymeric

supports is usually guided by their mechanical and thermal

behavior. Other properties such as hydrophobic/hydrophilic

balance, chemical stability, bio-compatibility, optical and/or

electronic properties and chemical functionalities have to be

considered to select the organic hosts (Xin Zhaoa LU, et al,

2011).

There is a high level of interest in the preparation and

characterization of semiconductor polymer nanocomposites

due to a broad range of potential applications of these materials.

Semiconductor nanoparticles exhibit size dependent physical

properties stemming from quantum confinement effects, which

can be successfully exploited by their incorporation into the

polymer matrix. Using polymers as the matrix for nanoparticles

(not necessarily semiconductor) has several advantages.

Besides well-known polymer properties, such as long-term
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dimensional stability and ease of processing into desired bulk

shapes, which are important from an engineering point of view,

the matrix may also play a role in controlling the nanocrystal

growth. On the other hand, because nanoparticles possess large

surface areas relative to their volumes, they can affect the host

polymer to a large extent, which sometimes leads to the

interesting hybrid properties (Radhakrishnan T., et al, 2008).

Poly vinyl alcohol (PVA) is a water soluble polymer

frequently used as a colloid stabilizer. Other properties like the

transparency over the whole visible spectrum, good adhesion to

hydrophilic surfaces and formation of good oxygen resistant

films makes from PVA a good choice for the inclusion of

semiconductor nanoparticles (Ferrer J. C., et al., 2010).

PVA was used as a polymer-capping reagent, utilizing

the interactions of metal ions with hydroxyl groups in the PVA

molecules (Hongmei Wang, et al, 2007).

Conducting polymers, however, arouse great interest

among researchers because of their curious electronic,

magnetic, and optical properties. The nanocomposite form of

conducting polymers has attracted special attention for their

universal applications in drug delivery systems, plastic

transistors, and in microwave components after coating with

metal, electronic and electro-optical devices. These types of

organic polymers have been shown to be excellent hosts for

trapping nanoparticles of metals and semiconductors, because
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of their ability to act as stabilizers or surface capping agents.

When the nanoparticles are embedded or encapsulated in a

polymer, the polymer terminates the growth of the particles by

controlling the nucleation. In addition, casting of film becomes

easier and the particle size distribution is achieved within the

desired limits. For application in optoelectronics and

electronics, the control of particle size and their uniform

distribution within the polymer is the key to technology based

on the nanoparticles in polymers. In terms of conducting

polymers, polyaniline is one of the most studied electrically

conducting polymers because of its good processability,

environmental stability, and potential in the catalyst field,

biosensors, batteries, and electronic technology. It is

characterized by high chemical and thermal stability within the

conductive form, low production costs, and it can also be easily

doped with inorganic and organic acids (Mohammad Rezaul

karim, et al, 2007).

Sodium poly phosphate (SPP) has been used as colloid

stabilizer as well. Many reports on the synthesis and

characterization of cadmium sulfide nanoparticles, and other II-

VI materials, into these polymeric matrices were found in the

literature. PbS and CdS colloids prepared by ionic reaction in

aqueous PVA solutions and SPP solutions separately, finding

that the optical properties of the colloids strongly depend on the

pH of the solution (Ferrer J. C., et al, 2010).
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I.11 Methods of Preparation of Nanocomposites

Nanometer size semiconductor nanoparticles/organic

polymer composites have attracted considerable interest in

recent years due to their size dependent properties and great

potential for many applications such as nonlinear optics,

photoelectron solar cells, heterogeneous photocatalysis, optical

switching, and single electron transistors. Various approaches

have been employed to prepare nanoparticles/polymer

nanocomposites. Conventionally, polymerization of monomers

and formation of inorganic nanoparticles were performed

separately, and then the polymer and the inorganic

nanoparticles were mechanically mixed to form composites

(Zhen Gping Qlao, et al, 2000). There are different methods

for the preparation of the nanocomposites by chemical

reduction that can be roughly divided into in-situ reactions,

where the particles are generated from the respective precursors

in the presence of the matrix polymer, and ex-situ reactions,

where the nanoparticles are synthesized and then mixed with

the polymer matrix. In situ methods are based on the concept of

using the polymer matrix to partially reduce diffusion of the

particles to control the growth and dispersion of the

nanoparticles formed (Radhakrishnan T., et al, 2008).

The radiation-induced synthesis of inorganic organic

polymer nanocomposites is one of the most promising

strategies because there are some important advantages to the
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use of the irradiation techniques, as compared to conventional

chemical and photochemical methods, the process is simple and

clean, the γ-ray irradiation has harmless feature, controlled

reduction of metal ions can be carried out without using excess

reducing agent or producing undesired oxidation products of

the reductant, the method provides metal nanoparticles in fully

reduced, highly pure and highly stable state and  no disturbing

impurities like metal oxide are introduced (Taihua Li, et al,

2007).

The other method by radiation which tends to

coalesce into oligomers, which themselves progressively grows

into larger clusters and eventually into precipitates, as found in

early radiolytic experiments. However, the coalescence may be

limited, provided polymeric molecule acting as a cluster

stabilizer is added. Functional groups with a high affinity for

the metal ensure the anchoring of the molecule at the cluster

surface while the polymeric chain protects the cluster from

coalescing with the next one and thus inhibits at an early stage

further coalescence through electrostatic repulsion or steric

hindrance. Some of these polymeric systems are, at the same

time, the stabilizer and the reducing agent used to synthesize

the metal clusters. When metal clusters are to be prepared by

irradiation, the stabilizing polymers must be selected for their

inability to reduce the ions directly before irradiation. Poly

(vinyl alcohol) (PVA), sodium dodecyl sulfate (SDS), sodium
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poly (vinyl sulfate) (PVS), poly (acryl amide) (PAM) or poly

(N-methyl acrylamide) (PNMAM), carbowax and poly

(ethyleneimine) (PEI) do not reduce ions and fulfill the

conditions for stabilization. The final size of metal clusters

stabilized by these polymers lies in the nanometric range and

the sol presents the classical surface Plasmon absorption band

of the metal. In contrast, sodium polyacrylate (PA) is a very

strong stabilizer that allows the formation of long lived metal

oligomers. It was concluded that the metal-acrylate interaction

is comparable to a rather strong ligation. Polyphosphate (PP)

was also found to act as a strong stabilizer, yielding small

oligomers at the end of irradiation but these particles undergo

further coalescence of within tens of minutes. Some ligands

(e.g., CN~, EDTA) are able by themselves to stabilize small

sized particles. The coalescence of atoms into clusters may also

be restricted by generating the atoms inside the confined

volumes of micro heterogeneous structures in porous materials

or of micro organized systems. The ionic precursors are

included prior to irradiation. Then the clusters are trapped in the

micro volumes, where they are still accessible to the reactants.

The surface of solid supports adsorbing metal ions is a strong

limit to the diffusion of the nascent atoms formed by irradiation

at room temperature, so that quite small clusters can survive.

The stabilization of radiation induced clusters at the smallest

sizes by a polymer or a support is one way to benefit from the



     IntroductionChapter I

28

specific properties appearing for the lowest nuclearities

(Yonghong, N. I., 2001).

The specificity of the radiation-induced synthesis of

metal clusters is that the redox potential of the reducing agent

is so negative that the free metal ions (and not only the

adsorbed ones) are generally reduced at each encounter. The

isolated atoms thus created coalesce and yield monodisperse

sized clusters. Likewise, as in other chemical reductions, an

excess of metal ions adsorb at the surface of these clusters,

where they may be reduced by radiolytic radicals. The

radiation also penetrates homogeneously even into pores or at

the surface of supports of multiphase systems, where the

clusters are formed in situ. The reduction is efficient at room

temperature, so that supports fragile to heat, such as

polymeric systems that are not suitable for chemical reduction

under heating, may be used in the irradiation process. The

reduction rate is controlled by the selected dose rate, which

offers a wide range of conditions from slow to quasi-

instantaneous atom production (Ferrer J. C., et al., 2010).
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II. Literature Review

The unusual physicochemical and optoelectronic

properties of nanoparticles arise primarily due to confinement of

electrons within particles of dimension smaller than the bulk

electron delocalization length this process is termed as quantum

confinement.

What makes these nanomaterials so different and so

intriguing? Their extremely small feature size is of the same scale

as the critical size for physical phenomena. Surfaces and

interfaces are also important in explaining nanomaterial behavior.

In bulk materials, only a relatively small percentage of atoms will

be at or near a surface or interface (like a crystal grain boundary).

In nanomaterials, the small feature size ensures that many atoms,

perhaps half or more in some cases, will be near interfaces.

Surface properties such as energy levels, electronic structure, and

reactivity can be quite different from interior states, and give rise

to quite different material properties (Mark J. E, et al, 1984,

Wilkes G. L, et al, 2012, Wen J., and Wilkes G. L, 1996).

The synthesis of metal organic polymer and polymer

inorganic nanoparticles have potential use in technological

applications and have attracted much attention recently due to

their interesting properties. These particles not only combine the

advantageous properties of metals and polymers but also exhibit

many new characters that single-phase materials do not have

(Mohammed rezaul karim, et al, 2007).
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Controlling the size and shape of nanocrystalline material

is a key issue in the exploitation of novel properties. Great efforts

have focused on the design of effective methods to synthesize

nanostructure such as nanowires, nanofibers, nanobelts and

nanotubes due to the unique properties of these structures. In

order to improve the uniformity and capability of photonic

catalysis, some polymer-assisted synthesis such as PVA, PAN,

PVP and PAA have been investigated. Previous researches have

indicated that PVP is a good choice as stabilizers on anisotropic

growth of Ag, Au and CdS nanowires, because it can interact with

the metal ions by complex or ion pair formation (Xiaa Q., et al.,

2008).

A number of production techniques have been reported

for preparation of metallic colloids using metal salts as starting

materials, such as chemical, photochemical, electrochemical,

radiolytic, and sonochemical reduction (Taihua Li, el al, 2007).

The method of preparation of nanoparticles in aqueous

medium involves reduction of metal precursor salt by suitable

reducing agent (sodium borohydride, ascorbic acid, etc.), using

UV photons or ionizing radiation. All these synthesis methods

require a stabilizing (capping) agent, for example polymers

having functional groups such as NH2, COOH and OH, that have

high affinity for metal atoms. The use of stabilizer is not desirable

for some applications such as catalysis, where their presence may

have detrimental effect on the performance of catalyst. One
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significant approach to achieve this is to synthesize nanoparticles

in the presence of solid support such as silica, titania and alumina.

Metal nanoclusters have been formed in silica aerogels by adding

colloidal metal particles directly into the sol during gelation. The

advantage of this method is that it does not require capping agent

for stabilizing the metal nanoparticles (Ramnani S. P., et al,

2007).

Two methods can be used to prepare nanocomposite

materials: casting of films from a mixture of preformed

nanoparticles and polymer, or in- situ formation of metal particles

in the polymer to a metal complex. Whatever is the process,

interactions between the polymer and the metal particles or metal

precursor are required to obtain a final dispersion of nanoparticles

with adjusted size, size distribution, and spatial distribution in the

polymer matrix. A chemical reduction based on the use of a

sodium borohydride solution has been also proved to be efficient

to form, from an aqueous metal salt solution (Clemenson S., et

al, 2007).

The radiation-induced synthesis of metal nanoparticles is

one of the most promising strategies because there are some

important advantages to the use of the irradiation techniques, as

compared to conventional chemical and photochemical methods:

the process is simple and clean, the γ-ray irradiation has harmless

feature, controlled reduction of metal ions can be carried out

without using excess reducing agent or producing undesired
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oxidation products of the reductant, the method provides metal

nanoparticles in fully reduced, highly pure and highly stable state

and, no disturbing impurities like metal oxide are introduce

(Taihua Li., et al, 2007).

CdS nanorods were successfully synthesized through CS2

reacting with CdCl2 and ethylenediamine in aqueous solution. A

60 cm3 aqueous solution of final pH 7 containing ethylenediamine

(3 mmol) and cadmium chloride (1 mmol) was heated to 60 °C,

carbon disulfide (3mmol) was rapidly injected into the warm

solution .The mixture was maintained at this temperature under

magnetic stirring for 2–5 h. Finally, the white turbid mixture

became bright yellow. The precipitate was filtered off, washed

with distilled water and absolute alcohol, and then dried in air

before further characterization. The as obtained samples were

characterized by X-ray diffraction (XRD), transmission electron

microscopy (TEM), X-ray photoelectron spectroscopy (XPS), and

ultraviolet–visible (UV–VIS) absorption (Yuan Tao Chen, et al,

2002).

CdSe nanocrystallites of different sizes were prepared in

polyvinyl alcohol (PVA) films. Particle sizes were optimized by

variation in the Cd to Se ions ratio up to 16:1 as well as doping in

PVA. X-ray diffraction shows that the degree of crystallinity of

PVA was found to decrease due to doping with CdSe NPs and

having a cubic unit cell. The UV–Vis absorption spectra for the

CdSe NPs in both solutions and PVA films showed blue shifts
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with increasing the ratio of Cd ion leading to the decrease of the

particle size. A blue shift in most of the FT-IR and FT-Raman

bands of PVA was observed due to the interaction between PVA

and CdSe NPs, which increase by decreasing the particle size.

The conductivity of PVA was found to increase by decreasing the

particle size of CdSe NPs (Badr Y. and Mahmoud M. A, 2005).

Large quantities of CdS nanorods were successfully

synthesized through Cd(CH3COO)2·2H2O reacting with Na2S

·9H2O and ethylenediamine (EDA) in aqueous solution, that 0.54

g Cd(CH3COO)2 2H2O were dissolved in the mixture of 117 mL

distilled water (purged with N2 for about 15 min before use) and

87 mL EDA in a flask. After this, a mount of Na2S 9H2O was

added under stirring and then a milk-white sol was obtained.

Subsequently, a yellow color solution developed gradually when

the reaction proceeded under the constant stirring at 80 °C for 10

h. After the reaction was completed, the CdS nanorods were

obtained through centrifuging and washing with distilled water

and ethanol respectively. Three armed CdS nanorods with a

uniform morphology have been obtained in bulk quantities by a

simple solvothermal method. XRD and TEM results show that the

sample is of hexagonal CdS nanorods structure with a diameter of

10-15 nm and a length of 100 nm. (YanLing, et al, 2008).

The PVP/CdS nanoparticles were prepared by non-

aqueous method where in cadmium nitrate was used as the

cadmium source and hydrogen sulphide as the sulphur source.
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The synthesized nanoparticles were dispersed in poly vinyl

alcohol (PVA) matrix and cast as self standing flexible (PVP–

CdS)/PVA films. The nanocomposites were characterized by

optical absorption spectroscopy, X-ray diffraction (XRD) and

transmission electron microscopy (TEM) studies. XRD and TEM

studies show the formation of cubic CdS particles with average

size 3-5 nm. Thermal studies, carried out to observe the changes

in PVA matrix due to the incorporation of PVP–CdS

nanoparticles show strong interaction between the polymer matrix

and nanoparticles. The photoluminescence emission spectra of the

nanocomposites show two peaks, at 502 and 636 nm

(Manjunatha Pattabi, et al, 2007).

CdS nanowires were solvothermally synthesized from

Cd(NO3)2 and S powder using ethylenediamine as a solvent and

polyethylene glycol (PEG) as a template, that 0.005 mol of

Cd(NO3)2 and S powder was dissolved in NH2CH2CH2NH2

(ethylenediamine), a bidentate ligand. Different molecular

weights and amounts of polyethylene glycol were added. The

mixtures were stirred and put in home made stainless steel

autoclaves. Reactions proceeded at 200 °C for 72 h. The

precipitates were washed with deionized water and ethanol, and

dried at 80°C for 24 h. CdS nanowires were successfully

synthesized by 200 °C solvothermal reactions in ethylenediamine

containing different amounts and molecular weights of PEG. The

product was detected using XRD and selected area electron
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diffraction (SAED). SEM, TEM and high resolution transmission

electron microscopy (HRTEM) revealed the presence of

nanowires composed of atoms in a lattice array. Two main peaks

of Raman spectra were detected at 300 and 601 cm-1, which were,

respectively, specified as the fundamental and overtone modes.

The distinct PL emission peaks were at 518 nm (Titipun

Thongtem, et al, 2009).

Yoo, et al were synthesized CdS nanocrystals (NCs) via

irradiation of a CdCl2, mercaptopropionic acid (MPA) aqueous

solution with a 10 MeV electron beam without using any

additional sulfur precursors or stabilizers. When the concentration

of the MPA was fixed to 2.5 mM, the morphology and optical

properties of the nanocomposites were changed by varying the

CdCl2 concentration. Cd2+/MPA aqueous solution was prepared

by mixing CdCl2 and MPA in 40 ml of distilled water under

rigorous stirring for 10 h at room temperature. During the entire

experimental procedure, the concentration of the MPA was fixed

at 2.5 mM, and three different concentrations of CdCl2 were used:

0.4 mM (the MPA-rich case), 2 mM and 5 mM (the cadmium-rich

case). Before electron beam irradiation, the Cd2+/MPA solution

showed no distinct optical absorption peaks or photoluminescence

(PL) emission in the measured frequency range between 300 nm

and 800 nm. A volume of 10 ml of each of the Cd2+/MPA

aqueous solutions, which contained different amounts of CdCl2,

was inserted into three different small quartz bottles with no caps
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(thickness of 0.5 mm) for electron beam irradiation. Then, 100

kGy of the 10 MeV electron beam was irradiated onto the Cd2+-

MPA aqueous solutions through the open surface of the solution.

All the optical measurements were carried out with in 48 h of

electron beam irradiation. Based on transmission electron

microscopy (TEM) imaging, a 0.4 mM concentration of CdCl2

(the MPA rich case) created only spherical quantum dots (QDs)

with an average diameter of 6.6 nm. When the concentration of

CdCl2 was increased to 5 mM (the cadmium-rich case), nanorods

with an average diameter of 5.3 nm and an average aspect ratio of

8.2 were formed along with QDs with diameter of 4.9 nm. The

crystalline structures of the NCs were verified to be hexagonal

(Yoo D.S., et al, 2011).

Silver (Ag) nanorods with the average length of 280 nm

and diameters of around 25 nm were synthesized by a simple

reduction process of silver nitrate in the presence of polyvinyl

alcohol (PVA) using N-N'-dimethyl formamide (DMF) as a

solvent and reducing agent. Firstly, 5 ml N-N'-dimethyl

formamide (DMF) was refluxed in a three necked round bottom

flask at 80 °C for 2 h, then 5 ml DMF solution of 0.02 M silver

nitrate and 5 ml DMF solution of 0.05 mmol PVA were

simultaneously injected dropwise. When the first drops of silver

nitrate and PVA/DMF solutions were added, the mixture turned

yellow immediately. Continuing the injection, the solution

became opaque gradually. By finishing the injection, the solution
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turned turbid with a gray color in about 15 min indicating the

appearance of Ag nanoparticles. The reaction was continued at 80
οC for 16 h. After finishing the reaction and removal of the

supernatant, a gray precipitate remained. Scanning electron

microscopy (SEM), transmission electron microscopy (TEM),

powder X-ray diffraction (XRD) and UV-Visible spectrum

measurements were combined to investigate thus obtained Ag

nanorods, and further to elucidate the structure and the growth

mechanism of them (Sadjadi M. A. S., et al, 2008).

The Ag/PVA nanocomposites with different contents of

inorganic phase were prepared by reduction of Ag+ ions in

aqueous PVA solution by gamma irradiation followed by solvent

evaporation. The polymer (1.4 mass %) was completely dissolved

in boiling water. Solutions containing PVA (1.4 mass %),

appropriate concentration of AgNO3 and 2-propanol (0.2 M) were

bubbled with argon in order to remove oxygen. Gamma

irradiation was performed in 60 Co radiation facility at room

temperature up to the integral radiation doses of 0.27, 0.53, 1.08,

2.86, 5.64, 9.32 and 12.04 kGy in order to reduce 0.17, 0.34, 0.67,

1.71, 3.51 and 5.79 mM of Ag+ ions, respectively. Dose rate was

approximately 12 kGy/h. Nanocomposite films with content of

inorganic phase in the concentration range from 0.2 up to 10 mass

% were obtained after solvent evaporation. Optical properties of

the colloidal solutions and the nanocomposite films were

investigated using UV–VIS spectroscopy. Structural
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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. IR spectra indicated that Ag

nanofiller 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., et al, 2007).

Zielinska, et al were studied chemical reduction methods

for preparation of silver nanoparticles exhibiting multicolor in

aqueous solutions. Depending on chemical conditions the

obtained nanoparticles are different regarding size and

morphology. In order to investigate the relationship between size,

stability and color of silver colloids they obtained silver

nanoparticles in aqueous solutions using different reducing

agents. The effect of polyvinyl pyrrolidone (PVP) and polyvinyl

alcohol (PVA) on stabilization of obtained silver colloids was

investigated. Silver nitrate, silver acetate and silver citrate were

obtained, and both were used as silver nanoparticles precursors.

Hydrazine anhydrous, ascorbic acid (99%), sodium borohydride

were used as the reducing agents. Polyvinyl pyrrolidone (PVP)

and polyvinyl alcohol (PVA) were used as stabilizers. For the

preparation of aqueous solutions, deionized water was used. Ag

colloids were prepared by the chemical reduction of Silver nitrate,

silver acetate and silver citrate with hydrazine, sodium
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borohydride or ascorbic acid in the presence of stabilizers such as

PVP or PVA was used as the reference sample to take the blank

spectrum for all measurements. The diameter size of the silver

nanoparticles was confirmed by XRD analysis. The average

crystallite sizes of the doped samples were determined by

analyzing the most intense XRD peaks.

Nanoparticles with different shapes and sizes can be

prepared by controlling the reaction conditions. The color of

metal nanoparticles depends on the shape and size of the

nanoparticles and dielectric constant of the surrounding medium.

The influence of different parameters such as, type of silver

precursor, reducing agent and protecting agent on stability and

optical properties of silver nanoparticles were investigated. It was

found that the silver precursor had an important effect on the

crystallinity of the silver nanoparticles. When silver citrate was

used as precursor of silver particles in aqueous solution, all the

obtained colloids were stable in time in the investigated range.

When silver nitrate or silver acetate was used as precursor of

silver particles in the investigated conditions, silver particles were

aggregated and precipitated from the solution.

 Silver nanoparticles prepared using different reducing

agents had different morphologies and sizes. At the same

concentration of silver in solution smaller silver particles were

obtained using ascorbic acid as reducing agent than for strong

reducing agents such as hydrazine or sodium borohydride. They
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found that the size of silver nanoparticles obtained in aqueous

solutions using PVA as stabilizer did not depend on the

concentration of silver in the range from 250-1000 mg/dm3 Ag.

The particle sizes of the colloids were around 44 nm. Silver

nanoparticles obtained in the aqueous solution using PVP as the

protecting agent increased with the increase of silver amount from

36 nm for 250 mg/dm3 Ag to 82 nm for 1000 mg/dm3 Ag

(Zielińska Anna, et al, 2009).

Silver nanoparticles were synthesized by UV irradiation

of [Ag(NH3)2]
+ aqueous solution using poly (N-vinyl-2-

pyrrolidone) (PVP) as both reducing and stabilizing agents. That,

a transparent [Ag(NH3)2]
+ aqueous solution was formed via

adding 2 wt % NH3·H2O to the Ag2O powder with magnetic

agitating, and the molar ratio of NH3·H2O to Ag2O was 4:1. The

above mixture solution was added into the different

concentrations of PVP aqueous solution. Then the mixture was

irradiated by a 40W high pressure mercury lamp emitting

predominantly in the range of 254–365 nm light for an appointed

time, and the distance between the lamp and the surface of

[Ag(NH3)2]
+ aqueous solution was 10 cm. It was found that the

formation rate of silver nanoparticles from Ag2O was much

quicker than that from AgNO3, and the absorption intensity

increased with PVP concentration as well as irradiation time. The

maximum absorption wavelength (λmax) was blue shift with

increasing PVP content until 8 times concentration of
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[Ag(NH3)2]
+ (wt %). The transmission electron microscopy

(TEM) showed the resultant particles were 4-6 nm in size, mono

disperse and uniform particle size distribution. X-ray diffraction

(XRD) demonstrated that the colloidal nanoparticles were the

pure silver. In addition, the silver nanoparticles prepared by the

method were stable in aqueous solution over a period of 6 months

at room temperature (25◦C) (Guang Nian X. u, et al, 2008).

Ag nanoparticles supported within polyvinyl alcohol

(PVA)/polyvinylpyrrolidone (PVP) films have been

successfully synthesized using novel in-situ method. PVA and

PVP acted as stabilizer and reductant, respectively. The

successful incorporation of silver 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 film 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 (Wael H. Eisa, et al,

2012)

Badr and Mahmoud were studied the effect of polyvinyl

alcohol (PVA) matrix as well as Zn:Se ion ratio on the particle

size of ZnSe NPs, and also to monitor the variation of size

through the absorption and photoluminescence measurements.

The ZnSe NPs was characterized through the X-ray diffraction
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(XRD) measurements to confirm its crystallinity and purity. The

structure of polymer will be studied by FT-IR and electrical

property measurements. Zinic chloride (ZnCl2) 50 mM with

different volumes (1, 4, 8, 12, and 16 mL) were added to 2.2 g

PVA (13,000 g/mol) and the volume of each solution was

completed to 50mL by bidistilled water. Each solution was left

for 24 h at room temperature to swell, and then the solutions were

warmed up to 60 °C and stirred for 4 h until viscous transparent

solutions were obtained. One milliliter of sodium hydrogen

selenide (NaHSe) (50 mM) was dropped to each solution with

gentle stirring to obtain red transparent solutions. Each solution

was casted on flat glass plate dishes. After the solvent

evaporation, a thin film containing PVA-capped ZnSe

nanoparticles was obtained.

The films were washed with deionized water to remove

other soluble salts before measurements. ZnSe nanoparticles with

different sizes were prepared by mixing 0.01 g cetyltrimethyl

ammoniumbromide (CTAB) with ZnCl2 (50 mM) (1, 4, 8, 12, and

16 mL), and then the volumes were completed to 50mL by

distilled water. The resulting colorless solutions were then reacted

with 1mL of NaHSe (50 mM) solution under N2 atmosphere,

producing a red solution of ZnSe nanoparticles after stirring for

10 min at room temperature. Synthesis of ZnSe NPs in polymeric

matrices (PVA) proved to be a useful promising technique for

limiting particle size and enhancing stability of quantum dots. The
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size was reduced here by increasing the ratio between Zn and Se

ions up to 16:1. A remarkable decrease in the size was observed

from the absorption and photoluminescence measurements. The

XRD pattern shows that the largest size prepared here is 14 nm.

The crystallinity of PVA was decreased due to doping with ZnSe

NPs as described from the electrical properties and FTIR

measurements (Badr Y., and Mahmoud M. A., 2006).

Zinc oxide (ZnO) and lead sulphide (PbS) nanoparticles

separately synthesized by a precipitation method were combined

by an ex-situ route to prepare ZnO-PbS nanocomposites with

different molar ratios of ZnO and PbS. The structure and

morphology of the ZnO, PbS and ZnO–PbS samples were

analyzed with X-ray diffraction (XRD) and high resolution

transmission electron microscopy (HRTEM). ZnO nanoparticles

were prepared by mixing ethanol solutions of Zn(CH3COO)2 and

NaOH with vigorous stirring in an ice bath. The unwanted

CH3COO- and Na+ ions were removed from the transparent

solution by repeated washing in a mixture of ethanol and

heptanes, centrifuging and redispersion in ethanol. Similarly, PbS

nanoparticles were prepared from the ethanol solutions of

Pb(CH3COO)2 and Na2S. The ethanol suspensions of ZnO and

PbS nanoparticles were stored for 24 h at room temperature and

later mixed with vigorous stirring for 10 h at room temperature to

prepare ZnO-PbS nanocomposites with different molar ratios of

ZnO to PbS. The ZnO-PbS nanocomposites were precipitated by
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centrifuging and then dried in an oven kept at 90°C for 2h. Zn-

PbS nanopowders with ZnO to PbS molar ratios of 1:5, 1:1 and

5:1 were prepared. The structure, morphology and optical

properties of ZnO, PbS and ZnO-PbS nanoparticles were

investigated. The XRD patterns and the HRTEM data showed that

hexagonal and cubic phases of ZnO and PbS with average particle

sizes of ~5 and ~6 nm, respectively were crystallized. Spherical

nanoparticles can be inferred from the HRTEM images of ZnO,

PbS and ZnO-PbS. In addition, the HRTEM data suggest that the

mixing of ZnO and PbS was not at the particle level but rather

ZnO and PbS formed clusters of like material. The optical

absorption data demonstrated the band gap widening of ZnO and

PbS nanoparticles probably due to quantum confinement effects.

(Ntwaeaborwa O. M.  ,et al, 2009).

Lead sulfide (PbS) nanocrystallites have been

successfully synthesized in situ by electron beam irradiating poly

(vinyl alcohol) (PVA), thioactamide (C2H5NS), isopropyl alcohol

(IPA) aqueous solution that contains lead acetate (Pb(CH3COO)2

3H2O) with the absorbed dose of 350 kGy at room temperature.

X-ray diffraction (XRD), transmission electron micrograph

(TEM), atomic force microscope, UV-VIS absorpation spectrum

and photoluminescence (PL) spectrum were used to characterize

the obtained product (Minghong Wu, et al, 2008).

Nanoparticles of lead sulfide (PbS) have been grown

within the pores of polyvinyl alcohol (PVA) matrix on glass
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substrates by chemical bath deposition and below room

temperature (30 °C). Lead acetate and thiourea, dissolved in an

alkaline medium, were taken as the sources of lead and sulfur. X-

ray diffraction and selected area electron diffraction studies

confirmed the cubic nanocrystalline PbS phase formation.

Transmission electron micrograph of the films revealed the

particle size lying in the range 10-20 nm. X-ray photoelectron

spectroscopic studies confirmed the presence of lead and sulfur in

the films, and their atomic ratios were found to be dependent on

the deposition temperature. UV–VIS spectrophotometric

measurement showed a direct allowed band gap lying in the range

2.40-2.81 eV, which is much higher than the bulk value (0.41

eV). The band gap decreases with the increase of deposition

temperature. The dielectric constant of the PVA-capped

nanocrystalline PbS was in the range 155-265 at higher

frequencies, which is much higher compared to only PVA and

bulk PbS (Jana S and et al, 2008).

CuS nanorods with an average diameter of 100 nm were

successfully prepared at ambient conditions via a novel template-

free route in a simple system containing CuSO4, Na2S2O3,

thioglycerol and H2O. Thioglycerol was found to dramatically

catalyze the hydrolysis of Na2S2O3 and the formation of CuS

nanorods (Yang Y. J and xiang J. W, 2005).

Copper metal nanoparticles have been formed by

irradiation with 253.7 nm light from a low pressure Hg-arc lamp
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in the presence of a protective agent poly (N-vinylpyrrolidone).

The role of a photo-sensitizer, benzophenone (BP), in the

formation of Cu metal particles was studied. The nanoparticles

have been characterized by their absorption maxima and

transmission electron micrographs. The average particle size for

Cu was 15 nm. It appears that the presence of BP is essential for

the photochemical preparation of copper nanoparticles. Laser

spectroscopic studies have revealed that BP ketyl radical does not

participate in the formation of Cu metal nanoparticles (Sudhir

Kapoor and Tulsi Mukherjee, 2003).

Au/polyacrylamide (Au/PAM) nanocomposites were

successfully prepared in situ by γ (gamma)-irradiation in an

ethanol system. The products were characterized by some means

including X-ray powder diffraction (XRD), transmission electron

microscopy (TEM), IR and UV–VIS spectra. Based on two-

aspects, ethanol was used as the solvent. Firstly, it is a very good

solvent like water. A lot of inorganic salts and organic monomers

can dissolve in it. Secondly, ethanol is also a polar substance.

Thus, solventional electron can be easily produced in it during γ-

irradiation, which is an important media in the system and plays a

crucial role in the synthesis of composites (Yonghong, et al,

2002).

This work will be focusing on the preparation of

CdS/PVA and Ag/PVA nanocomposites using in-situ chemical

method and gamma irradiation processing and investigate the
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influence of CdCl2, Na2S2O3, AgNO3, PVA concentration, and

irradiation dose on the optical and structural properties of

nanocomposites. An effort is made to show that the radiation-

induced synthesis of CdS/PVA and Ag/PVA nanocomposites is a

simple method with very homogenous distribution of size and

structure.



Materials and 
Experimental 

Techniques 
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III. Materials and Experimental Techniques

III.1 Materials

(a) Cadmium chloride, (CdCl2. 2.5 H2O), M. wt = 250 gm

specification assay 95 % from Sisco research laboratory,

PVT.LTD, India.

(b) Sodium Thiosulphate (Na2S2O3) M. wt = 248.18 gm

from El- Goumhouria Co. Egypt.

(c) Silver Nitrate (AgNO3) M. wt = 169.87 gm, Nice

chemicals PVT.LTD, India.

(d) Sodium Borohydride (NaBH4), M. wt = 37.83 gm, Bath

street, Market Harborough, U.K.

(e) Poly Vinyl Alcohol (PVA) (C2H4O)n, degree of

Polymerization ≈1700 -1800, M. wt = 35,000 gm/mol was

obtained from laboratory Rasayan, Cario, Egypt, it was in

the form of powder, partially hydrolyzed (98-99 %) and was

used without further purification.

III. 2 Methods
III.2.1 Preparation of Pure Poly Vinyl Alcohol (PVA)

Film

PVA was used a basic polymeric material in this work. PVA

films were prepared by a casting technique. PVA solution

was prepared by dissolving 10 gm PVA in 100 ml of

distilled water. The PVA solution was then warmed up to 60

°C and thoroughly stirred by using a magnetic stirrer for 4
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hours until the polymer become completely soluble. The

solution was cast onto a glass plate. Homogenous film was

obtained after drying at room temperature for 48 h.

III.2.2 Preparation of (CdS + PVA) Nanocomposites

All the precursors and reactants were used as

received without any further purification. Firstly, different

concentration solution of CdCl2 M was added to the above

PVA solution, the mixture was stirred for 2 h at 60 °C to

chelate cadmium ions into PVA matrix. Secondly, 10-2 M of

sodium thiosulphite solution was added to the PVA capped

Cd+2 solution, the resulting solution was continuously stirred

for 4 h. CdS nanoparticles were formed at this stage, and the

solution turned yellow. Finally, the solution was cast onto a

glass plate. Homogenous film was obtained after drying at

room temperature for 48 h. The whole formation process of

CdS/PVA nanocomposite films was schematically shown in

figure (4).
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Figure 4 : scheme of the CdS/PVA nanocomposites film

formation process.

III.2.3 Preparation of (Ag + PVA) Nanocomposites by

Chemical Method

Silver nanoparticles were prepared by using reducing

agent (NaBH4). A bout 10 ml NaBH4 was added to ice cold

70 ml PVA 5 wt % solution consists of 20 ml AgNO3. The

Ag NPs prepared by the above method were continuously

stirred until it was warmed to the room temperature. Then,

the solution was cast onto a glass plate to obtain a thin film

of Ag/PVA nanoparticles.
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III.2.4 Preparation of (Ag + PVA) composites

AgNO3 solution (different weights of AgNO3

dissolved in 10 ml distilled water) was added to the  above

PVA solution, with continuous stirring for 2 h at 60 °C to

chelate silver ions with PVA matrix. Then the solution stain

to cool at room temperature finally, the solution was cast

onto a glass plate. Homogenous film was obtained after

drying at room temperature for 48 h.

III.3 Irradiation Process

The CdS/PVA and Ag/PVA nanocomposite films

were irradiated with irradiation dose of 10, 25, 50, 75, 100,

125, 150, and 200 kGy, using Co-60 γ-cell-220 sources

(manufactured by the Atomic Energy Authority of India

with 3.48422 kGy/hr dose rate) at the National Center for

Radiation Research and Technology, NCRRT, Egyptian

Atomic Energy Authority (EAEA) , Nasr City, Cairo.

The as-prepared CdS/PVA nanocomposite films were

coded according to the CdCl2 concentration and irradiation

dose as shown in Table 1.
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Table (1) Description and Codes of the as-prepared

CdS/PVA Nanocomposite Films

Dose,
 kGy

Sample descriptionCode

0Pure PVA0
0PVA 10 wt % + (5x10-2 ) M CdCl2 + 10-2 M

Na2S2O3

1

10PVA 10 wt % + (5x10-2 ) M CdCl2 + 10-2 M
Na2S2O3

2

25PVA 10 wt % + (5x10-2 ) M CdCl2 + 10-2 M
Na2S2O3

3

50PVA 10 wt % + (5x10-2 ) M CdCl2 + 10-2 M
Na2S2O3

4

75PVA 10 wt % + (5x10-2 ) M CdCl2 + 10-2 M
Na2S2O3

5

100PVA 10 wt % + (5x10-2 ) M CdCl2 + 10-2 M
Na2S2O3

6

125PVA 10 wt % + (5x10-2 ) M CdCl2 + 10-2 M
Na2S2O3

7

150PVA 10 wt % + (5x10-2 ) M CdCl2 + 10-2 M
Na2S2O3

8

200PVA 10 wt % + (5x10-2 ) M CdCl2 + 10-2 M
Na2S2O3

9

0PVA 10 wt % +10-2 M CdCl2 + 10-2 M
Na2S2O3

10

10PVA 10 wt % +10-2 M CdCl2 + 10-2 M
Na2S2O3

11

25PVA 10 wt % +10-2 M CdCl2 + 10-2 M
Na2S2O3

12

50PVA 10 wt % +10-2 M CdCl2 + 10-2 M
Na2S2O3

13

75PVA 10 wt % +10-2 M CdCl2 + 10-2 M
Na2S2O3

14
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100PVA 10 wt % +10-2 M CdCl2 + 10-2 M
Na2S2O3

15

125PVA 10 wt % +10-2 M CdCl2 + 10-2 M
Na2S2O3

16

150PVA 10 wt % +10-2 M CdCl2 + 10-2 M
Na2S2O3

17

200PVA 10 wt % +10-2 M CdCl2 + 10-2 M
Na2S2O3

18

0PVA 10 wt % + (5x10-3) M CdCl2 + 10-2 M
Na2S2O3

19

10PVA 10 wt % + (5x10-3) M CdCl2 + 10-2 M
Na2S2O3

20

25PVA 10 wt % + (5x10-3) M CdCl2 + 10-2 M
Na2S2O3

21

50PVA 10 wt % + (5x10-3) M CdCl2 + 10-2 M
Na2S2O3

22

75PVA 10 wt % + (5x10-3) M CdCl2 + 10-2 M
Na2S2O3

23

100PVA 10 wt % + (5x10-3) M CdCl2 + 10-2 M
Na2S2O3

24

125PVA 10 wt % + (5x10-3) M CdCl2 + 10-2 M
Na2S2O3

25

150PVA 10 wt % + (5x10-3) M CdCl2 + 10-2 M
Na2S2O3

26

200PVA 10 wt % + (5x10-3) M CdCl2 + 10-2 M
Na2S2O3

27

0PVA 10 wt % + (7x10-3) M CdCl2 + 10-2 M
Na2S2O3

28

10PVA 10 wt % + (7x10-3) M CdCl2 + 10-2 M
Na2S2O3

29

25PVA 10 wt % + (7x10-3) M CdCl2 + 10-2 M
Na2S2O3

30

50PVA 10 wt % + (7x10-3) M CdCl2 + 10-2 M
Na2S2O3

31
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75PVA 10 wt % + (7x10-3) M CdCl2 + 10-2 M
Na2S2O3

32

100PVA 10 wt % + (7x10-3) M CdCl2 + 10-2 M
Na2S2O3

33

125PVA 10 wt % + (7x10-3) M CdCl2 + 10-2 M
Na2S2O3

34

150PVA 10 wt % + (7x10-3) M CdCl2 + 10-2 M
Na2S2O3

35

200PVA 10 wt % + (7x10-3) M CdCl2 + 10-2 M
Na2S2O3

36

III.4 Characterization Techniques

The main emphasis of this thesis is the formation

and characterization of the as-prepared nanocompopsites by

a host of techniques such as Ultraviolet/Visible (UV-VIS)

spectrophotometry, Fourier transfer infrared (FTIR)

spectroscopy, transmission electron microscopy (TEM), X-

ray Diffraction, and thermogravimetric analysis, (TGA)

III.4.1 Ultraviolet/Visible Spectroscopy, (UV/VIS)

UV2 double beam Unicam Ultraviolet/Visible

(UV/VIS) spectrophotometer made in England was used for

scanning the absorption spectra in the range from 190 nm to

1000 nm wavelengths and measuring the optical density at

λmax for unirradiated and irradiated samples.
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III.4.2 Transmission Electron Microscope, (TEM)

Measurements

Transmission electron microscopy (TEM)

observation was performed with JEOL JSM – 100 CX,

Shimadzu Co. electron microscope operated at an

acceleration voltage of 80 KV. The sample for TEM

analysis were prepared by deposition of a single drop of the

nanocomposite dispersion on a 300 mech copper grid with a

carbon film over a filter paper which absorbed excess

solution. The copper grid was allowed to dry at room

temperature.

III.4.3 The X-ray Diffraction, (XRD) Measurements

Crystal structure, interlayer spacing and crystal

size of CdS/PVA nanocomposite films were determined by

X-ray diffractometer (a Shimadzu XRD 600) X-ray

diffraction patterns (XRD) between 2θ of 2° to 70° were

obtained at a scan rate of 2° / min on the diffractometer with

CuK radiation source a generator voltage of 40 kV, and a

generator current of 40 mA and a wavelength of 0.1546 nm

at room temperature. All the diffraction patterns were

examined at room temperature and under constant operation

conditions. The interlayer distance or d-spacing of the

investigated samples was derived from the peak position
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(d001- reflection) in the XRD patterns, according to the

Bragg's equation :

nλ = 2d sin θ (1)

where,

n= 1, 2, 3…(n = 1), λ = 0.1546 nm

d= interlayer distance (nm), and θ = the angle of diffraction

(°).

III.4.4 Fourier Transform Infrared (FTIR)

Spectroscopy

FTIR spectra were recorded on Jasco instrument

(model, 100, Japan) fourier transform infrared spectroscopy

in the wavenumber range 400-4000 cm-1 at a resolution of 4

cm-1. High signal-to-noise ratio spectra were obtained by

collection of one hundred scans for each sample and the

resultant digitized spectra were stored for further data

processing.

III.4.5 Thermogravimetric Analysis, (TGA)

The themogravimetric analysis of CdS/PVA

nanocomposite films was carried out using a TGA machine

(TGA 50, Shimadzu, Japan) from ambient temperature up to

600 °C under nitrogen atmosphere at a heating rate of 10

°C/min. The primary TGA thermograms of the investigated
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samples were used to determine the thermal stability and the

activation energy of the main degradation step.



 

Results and Discussio 
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IV.A CdS/PVA Nanocomposites

IV.A.1 Ultraviolet-visible (UV/VIS) Absorption

Spectroscopic Studies of CdS/PVA

Nanocomposites

CdS is an important II–VI semiconductor compound,

possessing excellent optical properties. A tremendous

amount of effort has been devoted to the synthesis and

optical property study of CdS related nanocomposites and

quantum dots (QDs). QDs have many advantages in optical

applications due to their delta function like sharp density of

electronic states and relaxed optical selection rules which

allows for detection of normally incident lights. Band gab

energy, and high optical absorption have made CdS

especially attractive for the preparation and applications in

the areas of optoelectronic, photovoltaic, catalysis, biological

sensing catalysis, and thin film solar cells. (Thambidurai

M., et al, 2011).

The primary interest in CdS QDs stems from their

small particle size and the impact this has on the bulk

properties of the material from which they are formed. As

the size of a colloidal body approach that of the molecules or

atoms forming it, then its physical and chemical properties

are no longer those of the "bulk" material and are instead

called "molecular". Under these conditions, the body's

properties are strongly influenced by the high proportion of
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atoms or molecules at its surface. For simple amorphous

materials, one might expect a continuous "bulk" to molecular

transition occurs as the colloidal entity decreases in size. For

semiconductor, it is generally supposed that there is a

specific mechanism underlying the transition with particle

size where the band gab energy changes as a result of the

dimensional restriction (quantum confinement) of an exciton

(a hole electron pair) by the particle. The band gab energy

for CdS is 2.42 eV or 515 nm and so variation in this

property can be monitored using UV/VIS spectroscopy

(Stebbing S. R., et al, 2009). Optical properties of materials

are very sensitive to transition from bulk materials to low

dimension systems. The II–VI semiconductor nanoparticles

are well known to exhibit a strong change of their optical

absorption when their size is reduced to a few nanometers.

This is consequence of the quantum confinement of

electrons and holes, which are basically a blue shift of

absorption threshold and the appearance of discrete energy

levels associated to the progressive transition from the bulk

state down to a molecular behavior. In addition, the band gap

energy of a quantum confined semiconductor is greater than

that of the parent bulk material from which it is derived.

UV/VIS spectroscopy was used to monitor and to account

for the performance of PVA before and after the
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incorporation of CdS and the physico-chemical change in its

optical properties of CdS/PVA nanocomposites.

IV.A.1.1. Ultraviolet/ Visible Absorption Spectra of

Irradiated Pure PVA Films

The UV/VIS spectrum of irradiated pure PVA films

was shown in Figure 5. The absorption band at ~ 280 nm is

assigned to -* transition which came from unsaturated

bonds and the sharp absorption edge around 245 nm

indicates the semicrystalline nature of PVA matrix.
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Figure 5 : UV/VIS spectra of unirradiated and irradiated pure
PVA films
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IV.A.1.2 Optical Properties of Irradiated CdS/PVA

Nanocomposite Films

The influence of irradiation on the formation and

growth of CdS nanoparticles in the as-prepared CdS/PVA

nanocomposites was followed by UV/VIS absorption

spectroscopy. Figures 6-12 show the optical absorption

spectra of unirradiated and irradiated CdS/PVA

nanocomposite films as a function of the absorbed

irradiation doses varying from 10-200 kGy. The absorption

spectra of irradiated CdS/PVA nanocomposite films display

an absorption excitonic band around the wavelength range

350-390 nm, which was considerably blue shift relative to

the absorption peak of the bulk CdS particles (515 nm)

(Hongmei Wang, et al, 2007). All the obtained absorption

peaks can be assigned to the quantum confinement effect

suggesting the formation of nanometer-size CdS

nanoparticles in the as-prepared CdS/PVA nanocomposites.

In other words, the obtained UV/VIS absorption spectra of

the as-prepared samples exhibited a blue shift lie in the size

quantization regime by approximately 100-150 nm due to

irradiation with various irradiation doses (10-200 kGy). The

unirradiated CdS/PVA sample shows very slightly noticable

shoulder in the wavelength range of 300-400. In general, it

was noted that the observed blue shift in the absorption

spectra of CdS/PVA nanocomposites due to either the
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incorporation of CdS into PVA matrix and/or irradiation

with various irradiation doses. This indicates that the

presence of PVA in the CdS/PVA composites begins to act

as capping or stabilizing agent for the preparation and

growth of CdS nanocomposites.

Also, Figures 6-12 show the variation in both

wavelength and optical absorption intensity of CdS/PVA

nanocomposite films as a function of irradiation dose. At a

given molar ratio of Cd2+: S2-/PVA nanocomposites, as the

irradiation dose increases, a red shift is exhibited and the

observed excitonic absorption peaks are become less

broadened and its position and shape (broadening or

sharpness) are dependent of irradiation dose. The

progressive red shift of the absorption onset with increasing

irradiation dose is clearly seen which indicates that the CdS

nanoparticles gradually grown larger in PVA matrix. The

difference in wavelength (nm) between the position of the

onset and the position of the shoulders characterize the size

polydispersity. The presented Figures 6-12 reveal that the

size polydispersity of the CdS nanoparticles in the CdS/PVA

nanocomposites increases with increasing of the irradiation

dose. Also, it seems that the observed polydispersity in the

as-prepared CdS/PVA nanocomposites is a direct result of

the homogenous mixing of CdCl2 and Na2S2O3 components

in PVA matrix and even the production of S2- ions upon γ-
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ray irradiation (Yonghong, N. I., 2001). In addition, the

observed increment in the optical absorption intensity is due

to the increase in the content of CdS nanoparticles in the as-

prepared CdS/PVA nanocomposites which gradually

increases with increasing irradiation dose as displayed in

Figures 6-12. In conclusion, as the irradiation dose is

increases, a gradual red shift in the absorption onset

accompaining with the sharpness of the absorption peak, this

indicates formation of larger particles with narrower size

distribution due to increasing irradiation dose. The relatively

sharp absorption excitonic peak indicates the narrow size

distribution (uniformity) of the CdS nanoparticles in PVA

matrix and this lead to more quantum confinement effect. On

the other hand, the broadening of the absorption peak

indicates the increase of the distribution CdS nanoparticles

(i.e. wide size distribution) (Nirmala Jothi N. S., et al,

2011).
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Figure 6 : UV/VIS spectra of CdS/PVA nanocomposite films,
(PVA 10 wt %, 10-2 M CdCl2, and 10-2 M
Na2S2O3)
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Figure 7 :  UV/VIS spectra of CdS/PVA nanocomposite films,
(PVA10 wt %, 2x10-2 M CdCl2, and 10-2 M
Na2S2O3)
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Figure 8 : UV/VIS spectra of CdS/PVA nanocomposite
films, (PVA 10 wt % , 5x10-2 M CdCl2, and 10-2

M Na2S2O3)
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Figure 9 : UV/VIS spectra of CdS/PVA nanocomposite
films, (PVA 10 wt %, 7x10-2 M CdCl2, and 10-2

M Na2S2O3)
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Figure 10 : UV/VIS spectra of CdS/PVA nanocomposites
films, (PVA 10 wt %, 2x10-3 M CdCl2, and
10-2 M Na2S2O3)
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Figure 11 : UV/VIS spectra of CdS/PVA nanocomposite
films, (PVA 10 wt % , 5x10-3 M CdCl2, and 10-2

M Na2S2O3)
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Figure 12 : UV/VIS spectra of CdS/PVA nanocomposite
films, (PVA 10 wt %, 7x10-3 M CdCl2, and 10-2

M Na2S2O3)

IV.A.1.3. Effect of Cd2+ Ion Concentration on the Optical

Properties of CdS/PVA Nanocomposites

UV/VIS absorption spectra for various CdS/PVA

nanocomposite films (containing various molar ratio of Cd2+:

S2- species), at various irradiation doses, are presentenced in

Figures 13-21. Independently of CdCl2 concentration, all the

absorption spectra have an absorption peak in the range 350-

390 nm, exhibiting a blue shift compared to the bulk CdS

particles. However, the position, shape, and sharpness of the

absorption edge are not the same and changes due to the

increase of the CdCl2 concentration. It can be seen that there

is a blue shift in the absorption peak due to the decrease in
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the precursor concentration (i.e. concentration of either

CdCl2 or Na2S2O3). Also, one can notice that either optical

absorption intensity or peak sharpness is a direct

proportional of CdCl2 concentration. The effect of precursor

concentration (CdCl2 or Na2S2O3) on the formation of CdS

nanoparticles in the as-prepared CdS/PVA nanocomposite

was taken into consideration, with increasing the molar ratio

of Cd2+:S2-, greater fraction of radiation-induced Cd2+

species reacts with the S2- ions and generation of larger

amount of CdS nanoparticles is expected. The growth of

CdS nanoparticles in various CdS/PVA nanocomposites

(containing different CdCl2 concentration 10-2→7x10-3 M)

due to irradiation can be discussed as follow:

At a given molar ratio of Cd2+ ions, as the irradiation

dose is increased, more and more S2- species are generated,

which could subsequently react with Cd2+ ions leading to the

formation of larger number of CdS species. These CdS

nanoparticles formed could add on exciting CdS clusters

thereby causing the growth of CdS nanoparticles or

alternatively, they could assemble together and create

additional nucleation centers where growth will proceed

(Aparna Datta, et al, 2007). In other words, with increasing

irradiation dose, generation of S2- species increase leading to

steady increase in particle size as well as CdS nanoparticle

concentration which subsequently leading to increase the
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optical absorption intensity (Srabanti Ghosh, et al, 2010).

Under identical condition and same irradiation dose, the

shape, position of the absorption peak as well as the

observed red shift were found to increase gradually with

increasing CdCl2 concentration (i.e. increasing CdS

nanoparticle content).
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Figure 13 : UV/VIS spectra of unirradiated CdS/PVA
nanocomposite films containing various CdCl2

concentrations (PVA 10 wt %, and 10-2 M
Na2S2O3)
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Figure 14 : UV/VIS spectra of 10 kGy irradiated
CdS/PVA nanocomposite films containing
various CdCl2 concentration (PVA 10 wt
%, and 10-2 M Na2S2O3)
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Figure 15 : UV/VIS spectra of 25 kGy irradiated
CdS/PVA nanocomposite films containing
various CdCl2 concentrations (PVA wt %,
and 10-2 M Na2S2O3)
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Figure 17 : UV/VIS spectra of 75 kGy irradiated  CdS/PVA
nanoparticle films containing various CdCl2

concentrations (PVA 10 wt %, and 10-2 M
Na2S2O3)
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Figure 16 : UV/VIS spectra of 50 kGy irradiated CdS/PVA
nanocomposite films containing various
CdCl2 concentration (PVA 10 wt %, and
10-2 M Na2S2O3)
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Figure 18 : UV/VIS spectra of 100 kGy irradiated CdS/PVA
nanocomposite films containing various CdCl2

concentrations. (PVA 10 wt %, and 10-2 M
Na2S2O3)

Figure 19 : UV/VIS spectra of 125 kGy irradiated CdS/PVA
nanocomposite films containing various CdCl2

concentrations (PVA 10 wt %, and 10-2 M
Na2S2O3)
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Figure 20 : UV /VIS spectra of 150 kGy irradiated
CdS/PVA nanocomposite films containing
various CdCl2 concentrations (PVA 10 wt %,
and 10-2 M Na2S2O3)
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Figure 21 : UV/VIS spectra of 200 kGy irradiated CdS/PVA
nanocomposite films containing various CdCl2

concentrations (PVA 10 wt %, and 10-2 M
Na2S2O3)
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IV.A.1.4. Effect of PVA Content on the Optical

Properties of CdS/PVA Nanocomposites

In order to investigate the effectiveness of PVA

working as a stabilizing, and/or capping agent for preparing

CdS nanoparticles in CdS/PVA nanocomposites, three

different contents of PVA were tested. It is broadly known

that semiconductor made from II–VI elements exhibit a very

pronounced change in their optical absorption when their

sizes were reduced below a certain diameter. Hence, in this

study, CdS/PVA nanocomposites with different PVA

contents were extensively characterized based on the

UV/VIS spectroscopy results. Figures 22-24 show the

change in either optical absorption intensity or wavelength

due to irradiation of CdS/PVA nanocomposite films as a

result of variation of PVA content (2, 5 and 10 wt %). It can

be seen that CdS/PVA nanocomposites (contaning 2, 5 and

10 wt % PVA) exhibited a blue shift with increasing

irradiation dose. The level of  radiation induced blue shift is

about 40-60 nm depending on the variation of PVA content,

it is found to be a sharp absorption band in between 380-420

nm with an absorption edge at about 400 nm. Thus huge blue

shifts in the above mentioned range with respect to PVA

content are considered due to excellent quantum

confinement effect. The observation of the sharp absorption
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peak indicates the presence of a narrow size distribution

width of the CdS quantum dots.

In general, it can be observed in Figures 22-24 that, at

lower PVA content, there are significant and gradual change

in both wavelength (blue shift) and optical absorption as a

function of irradiation dose. Also, at higher PVA content, a

broad shoulders in the absorption spectra is observed, which

is indicative of little size distribution of CdS nanoparticles.

In addition, a sharp shoulder in the absorption spectra is

obtained with decreasing PVA content and this leading to an

increase in size distribution (narrow size distribution) of CdS

nanoparticles in CdS/PVA nanocomposties. That aspect can

be attributed to the formation of CdS nanoparticles shifting

the relative position of the absorption onset. Moreover, one

can noticed that the observed blue shift increases with

increasing PVA content thus, one can deduce that the

obtained CdS quantum dots in CdS/PVA nanocomposites

were well tuned by variation of either PVA content or

irradiation dose. Also, at a given irradiation dose, as the

PVA content is increased, a gradual blue shift in the

absorption onset, peak position and peak shape is observed .
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Figure 22 : UV/VIS spectra of CdS/PVA nanocomposite
films, (PVA 2 wt %, 10-2 M CdCl2, and 10-2 M
Na2S2O3)
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Figure 23 : UV / VIS spectra of CdS/PVA nanocomposite
films, (PVA 5 wt %, 10-2 M CdCl2, and 10-2 M
Na2S2O3)
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Figure 24 : UV/VIS spectra of CdS/PVA nanocomposite
films, (PVA 10 wt %, 10-2 M CdCl2, and 10-2

M Na2S2O3)

IV.A.1.5. Estimation of the Optical Band Gap Energy of

CdS/PVA Nanocomposites

As is known, the UV/VIS absorption spectroscopy is

an efficient technique to monitor the optical properties of

quantum-sized nanoparticles. The study of fundamental

absorption edge in the UV region for crystalline and

amorphous materials is a useful method for the investigation

of optical transitions and electronic band structure in

nanomaterials. Ultraviolet/visible spectroscopy corresponds

to electronic excitation between the energy levels that

correspond to the molecular orbitals of the system. The
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lowest energy transition, (optical band gap), is that between

the highest occupied molecular orbital (HOMO) in the

excited state and the lowest unoccupied molecular orbital

(LUMO) in the ground state. The absorption of the

electromagnetic radiation excites an electron to the LUMO

and creates an excited state. It is well established that, this

HOMO-LUMO band gap is dependent on particle size

according to the confinement effect; thus particle size and

polydispersity may be ascertained indirectly from the UV-

visible absorption spectra. The lower limit of the HOMO-

LUMO energy separation is necessarily defined as the bulk

material's band gap. Then, the fundamental absorption,

which corresponds to the electron excitation from the

valance band to the conduction band, can be used to

determine the nature and value of the optical band gap. In

this study, the optical band gab energy was estimated from

the absorption coefficient data as a function of wavelength

using the Tauc relation as shown in the following equation

(Winter J. O. et al, 2005, Ethayaraja M., et al, 2007).

α hν = B (h ν -Eg)n (2)

Where α is the absorption coefficient, hν is the photon

energy, B is an energy independent constant (the band tailing

parameter), Eg is the optical band gap energy of the

nanoparticles, n is a number that features the transition

process, which takes values of 1/2, 1, 2, or 3/2 depending on
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the nature of the electronic transitions responsible for the

absorption, (n =1/2 for direct band gap and 2 for indirect

band gab transitions). The absorption coefficient (α), at the

corresponding wavelengths, is calculated using the Beer-

Lambert's relation (Sahay P. P., et al, 2007).

l
A303.2

 (3)

where l is the path length of the quartz cuvette and A is the

absorbance. The band gap energy of a semiconductor is by

definition, the energy necessary to create an electron (e-) and

hole (h+), that their coulomb attraction is negligible.

It is well known that CdS is a direct band gap

semiconductor, therefore, one can estimate the direct band

gab energy (Eg, eV) from the plot of (α hν)2 versus (hν) and

extrapolating the straight portion of the graph to (hν) axis,

i.e., at α = 0 as shown in Figures 25-29. This method has

been widely accepted as the most accurate way of estimating

average particle size from the UV/VIS spectroscopy spectra.

Based on this method, it was possible to characterize the

formation, stability, average size and activation energy of

CdS nanoparticles in CdS/PVA nanocomposites.

Furthermore, the optical band gap energies of CdS/PVA

nanocomposites were estimated in order to determine if there

was a "size quantization effect" in the as-prepared CdS/PVA
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nanocomposites. The calculated band gab energies of the

CdS/PVA nanocomposites as a function of irradiation dose

are presented in Table (2). One can see that the obtained

values are higher than that of bulk CdS (2.4 eV) indicating

the strong quantum confinement. It can be seen that all the

as-prepared CdS/PVA nanocomposites showed a blue shift

due to an increase in their band gap energies (2.4 eV for bulk

CdS to the range 2.5-3.5 eV for different CdS/PVA

nanocomposites). Thus, the blue shift corresponds to the

change of wavelength for the absorption excitanic peak has

proven that the CdS quantum dots were successfully

synthesized. This blue shift was caused by strong quantum

confinement effect, due to the decrease in particle size

leading to enhancement in band gap energy by about 1.1 eV.

Also, the increments in band gap energies have been

attributed to the size-dependent properties of the energy

band gap. Therefore, the synthesized CdS nanostractures

have a good potential in UV filters and special optical

devices (Dalvand P., et al, 2011).

It can be noticed that with increasing irradiation dose

and/or CdCl2 concentration, the band gap energy of the

CdS/PVA nanocomposites decreases which result in a red

shift in the absorption spectra. On the other hand, decreasing

CdCl2 concentration to the 10-3 M range increases the band

gap energy, as compared with those samples in the 10-2 M
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range (see Table 2). In other words, the band gap energy of

the CdS/PVA nanocomposites formed at either higher

irradiation dose or CdCl2 concentration is lesser than those at

either lower irradiation dose or CdCl2 concentration. In

conclusion, the obtained data shows a correlation between

the estimated band gap energies with either irradiation dose

or Cd2+: S2- molar ratio. As a consequence, through UV/VIS

spectra data, the "absorbance onset" on the curve will be

directly related to the altered band gap energy caused by the

quantum confinement effect. Quantum confinement effect

results in an increase in energy band gap between valence

and conduction band, (The LUMO–HOMO concept of band

gap engineering), that allows us to tune optical behavior of

the QDs and making the tiny particles versatile for entire

range of the visible light (Khanna, P. K., and Narendra

Singh, 2007).
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Figure 25 : Plot of (αhν)2 versus hν  for the as-prepared

unirradiated CdS/PVA nanocomposite film, (PVA

2 wt %, 10-2 M CdCl2, and 10-2 M Na2S2O3)
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Figure 26: Plot of (αhν)2 versus hν  for the as-prepared 75
kGy irradiated CdS/PVA nanocomposite film,
(PVA 10 wt %, 10-2 M CdCl2, and 10-2 M
Na2S2O3).
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Figure 28 : Plot of (αhν)2 versus hν  for the as-prepared of 150
kGy CdS/PVA  nanocomposite film, (PVA 10
wt % , 7x10-3 M CdCl2, and 10-2 M Na2S2O3)
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Figure 27 : Plot of (αhν)2 versus hν  for the as-prepared of 50
kGy CdS/PVA nanocomposite Film, (PVA 10 wt
%, 10-2 M CdCl2, and 10-2 M Na2S2O3)
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Figure 29 : Plot of (αhν)2 versus hν  for the as-prepared of 50
kGy CdS/PVA nanocomposite film, (PVA 10 wt
%, 5x10-2 M CdCl2, and 10-2 M Na2S2O3).

IV.A.1.6. Calculation of Average Particle Size for

CdS/PVA Nanocomposites

The absorption of light by a semiconductor crystal

results in the removal of an electron from the top of the

valence band and the placement of the same electron at the

bottom of the conduction band. Using the techniques of

quantum field theory, one may replace this interacting many

body quantum problem by a two body problem consisting of

an electron in the conduction band and hole (absence of an

electron) in the valence band. The electron and the hole

interact with the lattice, as well as with each other. The onset

of absorption of light by semiconductor materials is
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accompanied by the creation of a bound electron-hole pair

called exciton. To a good approximation, the wave functions

of the electron and hole are plane waves with masses me and

mh, respectively, in units of the free electron mass (mo). The

effect of the interaction of the electron and hole with the

periodic potential of the lattice is such that me
* and mh

* are

usually less than me. In the other words, the effect of the

periodic potential on the electron is subsumed in their

effective masses. This is the effective mass model (EMM) or

(effective mass approximation EMA) (Rama Krishna M.

V., and Friesner R. A., 1991). A number of theoretical

models have been proposed in the literature, aiming to give a

quantitative agreement of the predicted dependence of

energy band gap on the nanoparticle size with the

experimental data for a wide variety of semiconductor (with

bulk band gap values within a wide range, (CdS, CdSe,

ZnSe, ZnS, ZnO, PbS, and TiO2). The most used theoretical

model analysis of the experimental data for the band gap

energy dependence is the Brus model (Somaye Baset, et al,

2011).

The trend of band gap energy changes can be

translated in nanoparticle size change through effective mass

approximation (EMA) method using the following equation

(eq.4). The estimated size from this model can be regarded
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as the "optical size" and took it as a measure of the

nanoparticle size as d, nm. as follows (Brus equation)

2

1

**
22 111

2



















 

ghe Emm
d  (4)

Where,

d is the dimater of nanoparticle, (nm),

E g is the difference between nano and bulk band gap

edges, (eV),

me
* is the effective mass of the electron (0.19 me in CdS

1.7308x10-31 Kg)

mh
* is the effective mass of the hole (0.8 me in CdS 

7.28x10-31 Kg)

  is Planck’s constant (h/2 = 6.58x10-16 eV.s)

me  is the free electron mass (9.1x10-31 Kg)

The estimated band gab energy was used for the

calculation of CdS nanoparticles size in terms of the well-

known modified Brus equation. Table (2) shows the

calculated particle sizes of CdS/PVA nanocomposite films.

It can be seem that the CdS nanoparticles are in a narrower

size range 7-29 nm depending on increasing either

irradiation dose and/or Cd2+ concentration. At a given CdCl2

concentration, increasing irradiation dose increases either

the particle size and/or the size distribution of CdS in the

quantum size regime. Also, it can be seen that decreasing
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Cd2+ ion concentration decrease the particle size of the as-

prepared CdS/PVA nanocomposites, and this is attributed to

the strong quantum confinement effect.

It should also be observed that larger particle size

noticed at higher irradiation dose (red shift), show much

crystal growth and narrower size distribution. The increase

in the size of CdS particle with increasing irradiation dose

can be attributed to the process of agglomeration during

irradiation (Manjuntha Pattabi, et al, 2007). It is well

known that CdS nanoparticles have unique size-dependent

chemical and physical properties. As the size of the CdS

nanoparticles decreases to the nanoscle, the band gap energy

of the semiconductor increases, causing a blue shift in the

UV/VIS absorption spectra (515 nm for bulk to 350 nm for

CdS nanoparticles).
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Table (2) The estimated of band gap energy and particle size

of CdS/PVA nanoparticle films at different

irradiation dose and concentrations.

Particle
size, nm

Energy gab,
eV

NoParticle
size, nm

Energy
gab, eV

No

7.503.50199.503.091
8.303.302012.802.782

12.802.792114.802.713
14.702.702218.402.604
15.902.662318.942.595
17.402.622420.882.566
18.902.592523.552.537
20.102.572626.042.518
23.502.532729.002.499
7.003.64289.003.1710
7.803.402912.602.8011

12.502.813013.302.7612
14.202.723115.002.6913
14.702.703217.002.6314
16.292.653318.402.6015
18.402.603422.502.5416
19.502.583523.502.5317
20.882.563624.002.5018
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IV.A.2. Transmission Electron Microscope (TEM) of

CdS/PVA Nanocomposites

It is often challenging to measure the sizes of small

particles from transmission electron microscope images.

Similar particles can have different intensities as a result of

diffraction constant, which the carbon support has a

thickness that changes locally, and variable contrast affect

the mean intensity values of the particles. In order to obtain

information about the external shape, dimension and

distribution of the as-prepared CdS nanoparticles embedded

in PVA matrix, a drop of the CdS nanoparticles suspension

which contains the polymer networks with CdS

nanoparticles, grown on the carbon grids was analyzed by

transmission electron microscope. UV/VIS absorption

spectroscopy has been widely utilized for estimating

semiconductor nanoparticle sizes, as it is a straight forward

technique of monitoring the nanocrystal nucleation and

growth in colloidal medium. Nevertheless, in this section, a

more in depth and complementary evaluation of the quantum

dots characterization was carried out using TEM.

Figures (30-36) represent the transmission electron

microscope (TEM) images of unirradiated and irradiated

CdS/PVA nanocomposites containing different CdS

contents. It is found that at lower Cd2+ ion concentration (i.e.

lower CdS content), a number of well dispersed uniform size
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spherical nanoparticles can be clearly seen in the TEM

picture with fairly even size distribution and have an external

spherical shape. Also, the above mentioned TEM image

show some loosely distributed CdS nanoparticles within the

polymer matrix.

TEM image (30-31) illustrate that the average sizes of

the well dispersed spherical CdS nanoparticles are in the

range 5-20 nm, for unirradiated and 75 kGy irradiated

CdS/PVA nanocomposites. Figure (32) shows the TEM of

125 kGy irradiated CdS/PVA nanocomposites. It is clearly

seen that as irradiation dose increases up to 125 kGy, a

mixture of spherical nanoparticles fairly distributed with

uniform nanorod structure. In the other words, figure (32)

shows that CdS crystallites display highly dispersed rod-like

morphology with good structure homogeneity with slightly

nanoparticle formation. The nanostructures are around 20-30

in diameter 50-70 nm in length, and with aspect ratio of

about 5:2.

The histograms of the observed CdS nanoparticles

show narrow distribution of particle size. This indicated that

the PVA polymer network could effectively prevent the

particle size from growing and further aggregation (Jinman

Huang, et al, 1996).
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Figure 30 : TEM image of CdS nanoparticles of unirradiated

CdS/PVA nanocomposite film (PVA 10 wt %,

7x10-3 M CdCl2, and 10-2 M Na2S2O3)
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Figure 31 : TEM image of CdS nanoparticles of 75 kGy

CdS/PVA nanocomposite film (PVA 10 wt %,

7x10-3 M CdCl2, and 10-2 M Na2S2O3)
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When the Cd2+ molar ratio was increased in the range

5x 10-3-10-2 M CdCl2 concentrations, (see Figure 33-36), a

higher density CdS nanoparticles were easily seen and tiny

clusters in spherical shapes were connected together in some

areas rich in CdS. With increasing Cd2+ ion concentration

(i.e. increasing CdS content), the sample produced network

consisting of CdS clusters separately distribution within the

entire polymer matrix. In addition, the size of the observed

CdS nanoparticles increases with increasing Cd2+ ion

concentration, and further more yields a particle

polydispersity. (see Figures 33-36) Also, it can notice that

Figure 32 : TEM image of CdS nanoparticles of 125 kGy

PVA/CdS nanocomposite film (PVA 10 wt %,

7x10-3 M CdCl2, 10-2 M Na2S2O3)
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the particle sizes increases to the range 40-70 nm with

increasing Cd2+ ion concentration. When the amount of Cd2+

ion concentration was more increased to highly enough

concentration, the agglomeration of CdS nanoparticles

appeared. Moreover, one can easily notice that a higher

amount of non dispersed nanorods with no nanoparticle

formation were appeared.

Also, the obtained TEM images with higher Cd2+ ion

concentration CdS/PVA nanocomposites indicate the

formation of CdS nanorods with larger aspect ratios

compared with those of lower Cd2+ ion concentration

nanocomposites. The length and diameter of the obtained

CdS in CdS/PVA nanocomposites (containing higher CdS

content) were confined within 200-300 and 30-50 nm,

respectively. The ratio between the length and diameter

(aspect ratio) is as high as 6:1. Based on the obtained results,

it can be speculated that PVA plays an important role in

growth of spherical nanoparticles and growth of one

dimension, (1D) growth of CdS nanorods. (Hongmei Wang,

et al, 2008) PVA may influence the Ostwald ripening

kinetics by forming a coordinate bonding between the

hydroxyl group and the metal ions that control the rate of

particle growth reducing the Vander wall's forces that play a

vital role in agglomeration. So, PVA capped CdS

nanoparticles can be considered as particles with narrow size
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distribution due to surface passivation of the particles

(Prinsa Verma, et al, 2010).

The formation of CdS nanorods indicates that the

nucleation and growth of CdS were well controlled and can

be explained as follows: PVA and Cd2+ ions can form the

relatively stable ligand complex of Cd2+-PVA which had

been confirmed by FTIR spectroscopy in the next section.

Thus, there is only one direction for S2- to coordination

facilely to the above complex. That is to say, CdS growth

may faster along this direction which is (001) direction in the

hexagonal phase (Yuan Tao Chen, et al, 2002). PVA has

strong interaction with the side face of CdS nanorods than

that with the ends of the c-axis direction. Therefore, PVA

can inhibit the growth of the side faces by capping them

heavily, in comparison, the faces less capped by PVA

remained to be highly active to the continuous addition. As a

result, the orientation growth along c-axis was advantaged.

When the PVA content is small, the PVA molecules

separately absorb to the CdS particles, which is not enough

for forming a continuous layer to completely passivity the

side faces of nanorods, resulting in loose control over the

growth of CdS nanoparticles in the lateral directions. Too

much PVA content is not favorable for the growth of

particles. It may be due to that PVA might wrap the entire

surface of CdS crystal which can inhibit the growth of all the
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direction (Hongmei Wang, et al, 2008). The size, shape and

morphology of the as-prepared CdS in CdS/PVA

nanocomposites were sensitive to the reaction parameters

(Cd2+ ion concentration, PVA content and irradiation doses).

It was believed that the reactants concentration, PVA content

and irradiation dose played a key role in determining the

shape and size distribution of CdS nanocrystals.
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Figure 33 : TEM image of CdS nanoparticles of unirradiated

CdS/PVA  nanocomposite  film (PVA 10 wt %,

5x10-3 M CdCl2, and 10-2 M Na2S2O3)
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Figure 35: TEM image of CdS nanoparticles of unirradiated

CdS/PVA nanocomposite film (PVA 10 wt %,

7x10-2 M CdCl2, and 10-2 M Na2S2O3)

Figure34 : TEM image of CdS nanoparticles of 75 kGy

CdS/PVA nanocomposite    film (PVA 10 wt %,

5x10-3 M CdCl2, and 10-2 M Na2S2O3)
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In conclusion, at lower Cd2+ ion concentration, well

dispersed CdS nanoparticles with narrow size distribution

were observed indicating the formation of CdS quantum

dots. At higher Cd2+ ion concentration, CdS nanorods with

larger aspect ratio were formed in accordance with

increasing irradiation dose. The size of nanoparticles, size

distribution, uniform dispersity, and aspect ratio increases

with increasing either irradiation dose and/or Cd2+ ion

concentration. The size of the as-prepared CdS nanoparticles

are larger and coincide with these calculated by either the

Figure 36: TEM image of CdS nanoparticles of 125 kGy

CdS/PVA nanocomposite film (PVA 10 wt %,

7x10-2 M CdCl2, 10-2 M Na2S2O3).
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modified Brus equation in UV/VIS section or sherrer's

equation in XRD one. TEM results have proven that CdS

quantum dots were properly stabilized by PVA capping

polymer within the quantum confinement size range and

they were also consistent with the value estimated by

UV/VIS spectroscopy in the previous section. TEM analysis

allows one to visualize particles at nanosize regime with

high degree of accuracy, it offers better understanding about

growth aspects, and helps to analyze the actual size of the

nanoparticles, shape, and growth pattern.
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IV.A.3. X-Ray Diffraction Analysis

X-ray diffraction (XRD) is the most common bulk

analysis technique used to identify the crystalline phase

percent, recognition of amorphous materials in partially

crystalline mixtures, identification of single phase material

chemical compounds, inorganic-organic composites and

determination of crystal structure of identified material.

XRD analysis has been routinely used for crystalline phase

identification based on diffraction peak position and pattern,

and the measurement of mean crystalline size and lattice

parameters. XRD can also supply information about

deformation of a crystalline sample. Deformation (also

referred to as strain) of a crystal lattice 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 distance 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 expected inter atomic

distance (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
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separated since their angular dependence is different

(Wonterghem J. V., et al, 2002).

IV.A.3.1 X-Ray Diffraction Analysis of Pure PVA

Sample

Figure 37 shows the X-ray diffraction (XRD) pattern

of pure PVA film. The spectrum shows three peaks at 2θ =

11.5, 14 ° and 19.5° which corresponded the crystalline

phase of PVA, moreover, the diffraction peak at 19.5°

followed by a nearby shoulder (hallow) representing the

non-crystalline partition of the PVA. The prominent broad

peak at 2θ = 19.5° corresponds to the 110 reflection, a plane

which contains the extended planner zigzag chain direction

of the crystallites (Elashmawi I. S., et al, 2009). PVA is

expected to be non crystalline but surprisingly it shows

distinct crystalline. The high crystalline of PVA is due to the

fact that hydroxyl groups are of sufficiently small size to

allow the chains to adopt a planar zigzag conformation.

Also, this is due to the similar radius of hydroxyl and

hydrogen units. The high packing efficiency of the planar

zigzag conformation in crystalline aggregation, coupled with

the strong intermolecular interaction between PVA chains

has been widely regarded as a reason for the crystalline

nature of PVA (Seoudi R, et al, 2012).
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Figure 37 : XRD pattern of unirradiated pure PVA

IV.A.3.2 X- Ray Diffraction Analysis of CdS/PVA

Nanocomposite Films

Figures 38-40 show the obtained XRD patterns of

different CdS/PVA nanocomposite films. Three diffraction

peaks were found with 2θ values of 26.5°, 43.5° and 51.9°

are assigned to the (111), (220) and (311) of the inner cubic

crystal structure of CdS nanoparticles. The obtained values

are in a close agreement with the previously reported data in

the literature (a = 5.8 A°, JCPDS, card No., 80-0019).

(Burcu Girginera, et al, 2009, Andrea Pucci, et al, 2008).

The XRD patterns of the CdS nanoparticles in CdS/PVA

nanocomposites are identical and exhibit broad peaks
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centered at above mentioned 2θ values, which could be

indexed to scattering form of cubic CdS. Also, the prominent

peaks of the XRD pattern (111), (220), and (311) reflection

planes for CdS/PVA nanocomposites confirm that the as-

prepared nanocomposites have crystalline structures. It has

been observed that there are typical peaks belonging to CdS

nanoparticles and the peak broadening suggested the

formation of CdS nanocrystals. The obtained XRD pattern

represented in Figure 38 illustrates that there are sharp peaks

with higher intensities correlated to CdS/PVA

nanocomposites of 2 wt % PVA. On the other hand,

broadened peaks with lower intensities were observed for

nanocomposites of higher PVA content (10 wt %), see

Figure 39. Moreover, CdS/PVA nanocomposites with higher

Cd2+ ions concentration (i.e. higher CdS content) exhibits

sharp peaks with higher intensities and in the same time, the

peak related to PVA crystalline structure are weakened. (see

Figure 40). Our XRD investigation regarding the as-prepared

nanocomposites containing higher content of CdS (Figure

40) show that the CdS nanoparticles embedded into PVA

matrix could possesses either the cubic or the hexagonal

structures and in many cases, the phases can not be resolved

due to the similarity of the cubic and hexagonal peaks. The

hexagonal phase of CdS has two peaks at 28.5° and 48°

(referring to (001) and (103) planes) and cubic phase has
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three main peaks at 26.5°, 43.5° and 51.9° (referring to (11),

(220) and (311) planes (Jamali Sh., et al, 2007). The

observed diffraction peak in hexagonal CdS is strong and

narrow, which may be ascribed to the preferential growth a

long the (101) plane of CdS crystallites.

In general, one can deduce that the relative intensity

of the characteristic XRD peak for CdS/PVA

nanocomposites increases with the prolonging of either

irradiation dose or Cd2+ ion concentration which indicate the

crystals are grown along PVA matrix. On the other hand, the

relative intensity of these peaks decreases with increasing

PVA content. Also, it can be seen that the diffraction peaks

of the investigated samples were narrower and stronger,

which indicated that the crystalline property of samples were

largely improved. In addition, the observed broadened peaks

are indicating that crystal size of the CdS nanoparticles are

in nanosize range. Also, the higher intensity of the peaks

indicates that the CdS nanoparticles embedded in PVA

matrix are of high crystalline structure.

By comparing, the XRD of PVA capped CdS to pure

PVA, the intensity of the PVA crystalline diffraction peaks

was weaken decreased. The decrease of the PVA crystalline

diffraction peak was attributed to the incorporation and

interaction between CdS nanoparticles and PVA matrix. It is

well known that the crystalline nature of PVA results from
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the strong intermolecular interaction between PVA chains

through the intermolecular hydrogen bonding. The

complexation of PVA chains with CdS nanoparticles lead to

a decrease in the intermolecular interaction between the

PVA chain and thus the degree of crystallinity and the

complexation of PVA with CdS nanoparticles would confine

the growth of CdS nanoparticles (Hongmei Wang, 2007,

Elashmawi I. S., et al, 2009, Seoudi R., et al, 2008).

The cubic structure of the as-prepared CdS/PVA

nanocomposite films was attributed to the method by which

they were prepared that is to say the rapid nucleation and

growth in PVA matrix as a result of lowering Cd2+ ion

concentration, lowering PVA content and irradiation dose.

The cubic structure of CdS nanoparticles may result from its

closer similarity to a roughly spherical nucleus, expected at

the initial instant of nucleation, than the hexagonal structure.

The data presented in Figures 38-39 indicated that the CdS is

a pure cubic phase with no evidence for the incorporation of

the hexagonal phase. Also, one can notice that no diffraction

from impurities could be detected indicating the high purity

of the synthesized CdS/PVA samples. On the other hands,

CdS/PVA nanocomposites containing higher concentration

of CdS nanoparticles show that the as-prepared CdS

nanoparticles could possesses either the cubic or the

hexagonal structures, (Figure 40).
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A more precise examination of the obtained

diffraction patterns for different CdS/PVA nanocomposite

films lead to the following conclusions.

First, the as-prepared CdS/PVA nanocomposites are

crystalline as seen by broad XRD features at three prominent

lattice planes of these material rather than amorphous which

would yield only a very broad single nearest neighbor peak

near the (111) plane.

Second, the XRD pattern show that the diffraction

peaks become weaker and broad as a result of increasing

either PVA content or irradiation dose and due to decreasing

Cd2+ ions concentration.

Third, the XRD peaks of CdS/PVA nanocomposites

containing higher amount of Cd2+ salt exhibit a mixture of

cubic and hexagonal CdS structures. This may be discussed

on the basis of growth of CdS nanoparticles in PVA during

processing and irradiation. The presence of peaks at a bout

28.5° and 48° which are associated only with hexagonal

phase of (101) and (201) planes, indicate the presence of

hexagonal phase of CdS in CdS/PVA nanocomposites.

Fourth, no characteristic peaks were observed for the

other impurities such as CdCl2 or Na2S2O3 which may reflect

the purity extent of the prepared CdS in CdS/PVA

nanocomposites.
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Figure 38 : XRD pattern of CdS/PVA nanocomposite films

(PVA 2 wt %, 10-2 M CdCl2, and 10-2 M

Na2S2O3) (1) 0 kGy, (2) 50 kGy, (3)100 kGy, (4)

150 kGy and (5) 200 kGy
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Figure 39 : XRD pattern of CdS/PVA nanocomposite

films (PVA 10 wt %, 10-2 M CdCl2,  and

10-2 M Na2S2O3) (1) 0 kGy, (2) 50 kGy,

(3)100 kGy, (4) 150 kGy and (5) 200 kGy.
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IV.A.3.3 Estimation of Particle Size of CdS/PVA

Nanocomposite Films

It is well known that the resulting diffraction pattern

of a crystal is a fundamental physical property of the

material. Analysis of the position and shape of the

diffraction peaks lead to a knowledge of the inter planner

spacing (d), lattice constant (a) and the overage particle size

(D), of the CdS nanoparticle the d spacing is usually
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Figure 40: XRD pattern of CdS/PVA nanocomposite films (PVA

10 wt %, 4x10-2 CdCl2, and 4x10-2 Na2S2O3) (1) 0

kGy, (2) 50 kGy, (3)100 kGy, (4) 150 kGy and (5)

200 kGy.
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calculated using Bragg's equation(sectionIII.4.3) (Thongtem

T., et al, 2009).

The lattice constant (a) can be calculated from any

line in an indexed cubic pattern by making use of the cubic

formula for the interplanner spacing,

a = d (h2 + k2 + l2) 1/2 (5)

Where h, k and l are miller indices and each equal to

1 for cubic structure. According to scherrer equation,

(Reenamole Georgekutty, et al, 2008) the average

crystalline size was calculated from the full width half

maximum (FWHM) of the line broadening of the most

intense peak for the cubic (111) reflection at a bout 2θ =

26.5°

D =



BCos

K
(6)

where, D is the mean particle size, k is the so-called

shape or geometry factor which usually takes a value of a

bout 0.9 for CdS nanoparticle, B is the full width at half

maximum (FWHM) of diffraction peak corresponding to

plane (111), and θ is the diffraction angle (Rajeev Prabhu

R. and Abdul Khadar M., 2008, Vineet Singha, et al,

2010, Maleki, M., et al, 2007, Yanmao Dong, et al, 2008).

The calculated values of the lattice constant (a) and

the particle size (D) were represented in Table (3). All

parameters were calculated on the basis of change in the
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diffraction peak correspond to (111) planes of CdS. There

that is a gradual shift of the diffraction peak correspond to

(111) plane from 2θ of 26.75° to 26.29° due to increasing

CdS concentration, which correspond to expansion in d

spacing from 3.33 to 3.52 A° and in lattice constant from

5.76 to 6.09 A°. The lattice expansion is expected to the

lower surface to volume ratio due to increasing irradiation

dose and Cd2+ salt concentration. The obtained results

indicate that the Cd2+: S2- molar ratio and irradiation dose are

determining factors in controlling the particle size.

The particle size measured from XRD data is

somewhat smaller than the value obtained from TEM

micrograph (section IV.A.2). The disagreement of particle

size measurement by the two methods is quite common in

other materials. The difference between the crystal size

which calculated from XRD and particle size from TEM

may be due to the change of aggregation of the crystal and

smaller particles such that, the data of XRD were reflected

the size of the crystal while the data of TEM was obtained

from the aggregation of the particle. Also, this difference

may be due to the high surface energy of the nanometer

sized crystals. These facts suggest that the high viscosity of

polymer matrix would prevent the particles from aggregation

(Seoudi R., et al, 2008).
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The characterization of nanocrystal structure by XRD

technique is based on the periodic arrangement of the atoms

in the crystals. A key disadvantage of XRD is that it is

limited to crystalline materials (since amorphous materials

do not diffract). A particle will not be a simple crystal; it will

either be composed of several crystals, or of crystals with

different domains, i.e., smaller than the actual particle size,

or of a crystalline domain embedded in an amorphous

domain. Therefore, only crystalline materials can be

characterized by this method. It must be underlined, that the

size determined by diffraction methods corresponds to the

magnitude of the so-called coherent crystal regions, that is,

to regions where the periodic arrangement of the atoms is

perfect and contiguous.

On the other hand, TEM images have the advantage

that one actually sees the particles. However, the possibility

that the large grains seen in TEM image might be composed

of smaller crystallite is also not ruled out. Because of the

resolution of the microscope, it is sometimes difficult to

differentiate between single particles and small

agglomerates. Furthermore, to obtain a particle size

distributions with TEM micrographs the particles have been

measured with a ruler, so this is also a source of error for the

result obtained by TEM.
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What is very important to know is that particle size

and crystallite size have not the same meaning. Particles

could compose (and most often they do) from several or

many small crystallites. Crystallite size is a fundamental

property of material. Important properties of nanometerials

are dependant from the size of the crystals, but not the size

of particles. The size determined by diffraction can in

general not simply be compared to the sizes determined by

other methods (Moeckle. P., 2000, Khanna P. K., et al,

2004). However, all other methods for size determination

also provide only rough estimates, such as the often used

size determination from UV/VIS absorption data via an

effective mass approximation model (Lippons P. E., and

Lannoo M., 1989, Chory C., et al, 2003). Although there is

a mismatch between the values of the grain size calculated

from XRD and TEM, the trends of the results obtained from

two techniques were in good agreement with each other. It

should be pointed out that each method examines some what

different aspects of the particle size. So, it is not surprising

that reported grain size of CdS nanoparticles in CdS/PVA

nanocoposites very widely between measurement methods.



Chapter IV Results & Discussion

115

Table (3) The XRD parameters of CdS/PVA nanocomposite

films

Particle
size, nm

A (A°)d
(A°)

2θ°Dose
kGy

Sample

2.05.763.3326.750PVA 2% + 10-2 CdCl2 +
10-2 M Na2S2O3

2.55.803.3526.7050PVA 2% + 10-2 CdCl2 +
10-2 M Na2S2O3

3.25.833.3726.600PVA 2%+ 4x10-2 M
CdCl2 + 4x10-2 M
Na2S2O3

4.05.883.4026.5750PVA 2%+ 4x10-2 M
CdCl2 +4x10-2 M
Na2S2O3

4.045.953.4426.53100PVA 2%+ 4x10-2 M
CdCl2 + 4x10-2 M
Na2S2O3

5.396.043.4926.50150PVA 2%+ 4x10-2 M
CdCl2 + 4x10-2 M
Na2S2O3

5.566.093.5226.29200PVA 2%+ 4x10-2 M
CdCl2 + 4x10-2 M
Na2S2O3
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IV.A.4. Fourier Transform Infrared (FTIR)

Investigation of CdS/PVA Nanocomposites

Fourier Transform Infrared Spectroscopy (FTIR) is a

powerful tool for identifying types of chemical bonds in a

molecule by producing an infrared absorption spectrum that

is like a molecular "fingerprint". Also, FTIR spectroscopy is

one of the most powerful techniques to investigate a multi

component system, such as polymer composite, because it

provides information for both composition and 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. In addition, FTIR spectroscopy is found to be a

complementary tool which provides the detection of key

functional groups in the polymer and is sensitive to subtle

changes in structure system and thus FTIR was used to

examine how the incorporation of CdS particles influences

the chemical properties of the polymer. PVA is a polymer

with a carbon chain backbone with hydroxyl groups attached

with methane carbons. These OH groups can be a source of

hydrogen bonding and hence assist in the formation of

polymer blends. PVA is widely used as a crosslinkable

polymer in radiation chemical synthesis of

inorganic/polymer composites (Seoudi R., et al, 2008).
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The FTIR spectrum of pure PVA films is shown in

Figure 41. The O-H stretching band in the IR spectrum is by

far the most characteristic feature of PVA. PVA sample gave

very broad and strong absorption band centered at about

3300 cm-1. This band assigned to the stretching vibration of

hydroxyl group with strong hydrogen bonding, arising from

PVA and of water molecules. The O-H stretching band in the

infrared spectrum is by far the most characteristic feature of

alcohols. Two strong absorption peaks at about 2930 and

2850 cm-1 are the characteristic bands of asymmetric and

symmetric C-H stretching, respectively. The band at 1730

cm-1 was attributed to the formation of carbonyl (C=O),

functional groups due to the residual acetate groups

remaining after the manufacture of PVA from hydrolysis of

poly (vinyl acetate) or oxidation during manufacture and

processing. Two strong bonds observed at 1440 and 850cm-1

have been attributed to bending and stretching modes of CH2

groups, respectively. The band at 1090 cm-1 and sharp band

at 920 cm-1 have be attributed to the stretching mode of C-O

and C-C groups, respectively. The bands appeared at 2930,

and 1320 cm-1 are assigned to the C-H stretching vibration of

PVA. The two bands observed at 1710, 1650 cm-1 have been

assigned to C=C stretching mode (Linga Raju Ch, et al,

2007). Also, the intensity of the sharp band at 1125 cm-1 was

clearly visible, which is assigned for C-O-C stretching
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vibration. The intensity of this band was a measure of the

degree of crystallinity of PVA (Seoudi R., et al, 2008).

Figure 41 : FTIR spectra of  pure PVA film.

The change of FTIR of PVA due to the changes in

structures of the polymeric systems can be used to examine

how the incorporation of CdS particles influences the

chemical properties of the PVA matrix. Also, to confirm and

investigate the interaction between CdS nanoparticles and

PVA matrix, the FTIR spectra of CdS/PVA films were

investigated. The FTIR spectra of PVA capped CdS recorded

at room temperature and based on the effect of either Cd2+

ions concentration and irradiation dose were shown in

Figures 42-44. In general, the spectra of CdS/PVA

nanocomposite films exhibit the same feature of PVA but the

intensity of the peaks was changed. The spectra exhibit
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bands characteristics of stretching and bending vibrations of

O-H, C-H, C=C and C-O groups. Two characteristic

absorption bands at about 3300 and 1090 cm-1 were

observed. The absorption band 3300 cm-1 in all spectra was

attributed to the O-H stretching vibration band. The

absorption band at 1090 cm-1 was attributed to the carbonyl

C-O stretching band of acetyl groups present in the PVA

backbone. Notably, compared with pure PVA, the absorption

band at 3300 cm-1 become wide and the intensities of the

absorption bands at 3300 and 1090 cm-1 were weaken for

CdS capped PVA matrix (CdS/PVA nanocomposites)

(Hongmei Wang, et al, 2007, Elashmawi, I. S., et al,

2009). Also, a broadening behavior for the two peaks at

1090 and 3300 cm-1 is observed and the extent of broadening

increases with increase either Cd2+ ions concentration (i.e.

CdS concentration) or irradiation dose. This is also strongly

supports the idea that coordination reaction can form

between OH of PVA and CdS nanoparticles. CdS/PVA

nanocomposites showed two stretching bands, asymmetric

and symmetric around 2925 and 2850 cm-1 are associated

with C-H stretching. One can observe that the sharpness of

the bands characterizing C-H asymmetric and symmetric

stretching vibration increase with decreasing Cd2+ ions

concentration.
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The absorption band at 1730 cm-1 is generally

ascribed to C=O stretching. This also provides the evidence

that PVA used in this study still has some acetyl groups. The

crystallization sensitive band at about 1120-1125 cm-1 was

reduced as the concentration of CdS increased, i.e. the sharp

absorption peak at about 1120 cm-1 become weaker and

broader until it become a small shoulder reflecting the

negative effect of CdS on the crystallinity of the PVA

matrix. Very weak absorption band at 1550 cm-1 is assigned

for C-C stretching vibration. The characteristic band at about

1650 cm-1 was shifted to a lower frequency range. The

intensity of these peaks decreases with decreasing Cd2+

concentration and also disappear at lower irradiation doses

that there should occur a strong hydrogen bonding

interaction throughout PVA matrix beside coordination

interaction between OH of PVA and CdS/PVA

nanocomposites. Also, the intensity of the absorption band at

about 1120 cm-1 (measure of degree of crystallinity of PVA)

decreases with PVA capped CdS nanoparticles and the

extent of intensity decreases gradually increases with

increasing CdS content and irradiation dose.

 Here, one can observe that FTIR give good evidence

of the existence of such coordination bonds. The

characteristic absorbance peak of C-O-C asymmetric

stretching vibration was shifted from 1120 cm-1 to 1140 cm-1
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after coordination with Cd2+ ions indicating that the bond

had been formed (Yinfeng Liu, et al, 2002). In addition, a

shift towards higher wavenumber is observed with

increasing Cd2+ ions concentration. The two noticeable peaks

emerged at about 720 and 650 cm-1 has been assigned to CdS

stretching bonds. It was noticed that there is some extent of

sharpness and relative increase in intensity for the two peaks.

(Kotata M, F., et al, 2009, Aneeqa Sabah, et al, 2010). The

two strong absorption bands at 1415 and 1440 cm-1 has been

assigned to C-S stretching vibration mode, while the peaks

show relatively shifts to lower wavenumber for PVA/CdS

nanocomposites due to introduction of Cd in C=S– Cd

structure (Meng Chen,  et al, 2000).

In general, the intensity of some IR bands

corresponds to stretching and bending vibration of PVA

decreases when capping with CdS nanoparticles. This clearly

supported the suggestion that the introduction of CdS into

PVA matrix decreased the degree of crystallinity of PVA

(Seoudi R., et al, 2008, Hongmei Wang, et al, 2007). Cd2+

ions, like many other transition metal ions, may react easily

with organic ligands to form a coordination bond. The

oxygen atoms of OH groups in PVA matrix are good ligands

due to their lone pair electrons (Yinfeng Liu, et al, 2002).

FTIR investigation illustrate that the formation of

CdS/PVA nanocomposites leads to the disappearance and/or



Chapter IV Results & Discussion

122

weakening of some characteristic peaks followed by the

appearance of change in peak position, peak shape and peak

intensity due to incorporation of various content of CdS

nanoparticles and irradiation with progressive radiation

doses. One can notice that upon coordination of Cd2+ ions to

PVA matrix, the absorption bands of PVA shifted to lower

wavenumber and the intensities of the characteristic

absorption band for CdS/PVA nanocomposite films decrease

with increasing CdS content, which reveals the strong

bonding of Cd2+ ions with OH groups in PVA. On the other

hand, the broadening behavior for some characteristic bands

especial at 3300, 2950, 2825, 1440 and 1120 cm-1 increases

as a result of increasing CdS content in CdS/PVA

composites. These results suggest that the OH groups can be

especially active sites for the coordination of Cd2+ ions to

form complexes, which can further interacted with S2- ions

and formed critical size nuclei for the growth of CdS

nanoparticles (Shihua Tang and Youqun Li, 2011).
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Figure 42 : FTIR spectra of CdS/PVA nanocomposite films(PVA
10 wt %, 10-2 M CdCl2, and 10-2 M Na2S2O3) (1) 0
kGy, (2) 25 kGy, (3) 75 kGy, (4) 125 kGy, (5) 200
kGy



Chapter IV Results & Discussion

124

Figure 43: FTIR spectra of CdS/PVA nanocomposite films
(PVA 10 wt %, 5x10-2 M CdCl2, and 10-2 M
Na2S2O3) (1) 0 kG, (2) 25 kGy, (3) 75 kGy, (4)
125 kGy, (5) 200 kGy

Figure 44 : FTIR spectra of CdS/PVA nanocomposite films
(PVA 10 wt %, 5x10-3 M CdCl2, and 10-2 M
Na2S2O3) (1) 0 kGy, (2) 25 kGy, (3) 75 kGy, (4)
125 kGy, (5) 200 kGy
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Table (4) listed the frequencies of the absorption bands

together with their functional group assignments

of CdS/PVA nanocomposites.

Wavenumber, cm-1 Assignment of functional groups

655 CdS stretching

720 CdS stretching

850 CH2 stretching

920 S-H bending ,C-C stretching

1080 C-O stretching

1092 Hydroxyl C-O stretching , measure of

PVA crystal

1130 Measure of PVA crystallinity

1320 C-H wagging

1415 C-S stretching

1440 C=S, CH2 bending

1550,1650 C=C stretching

1703 C=O stretching

1733 C=C, OH bending

2850 CH2 ,C-H symmetric vibration

2930 CH2 , C-H asymmetric vibration

3270 O-H stretching

1092 , 3368 Coordination between Cd2+ and PVA

matrix
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The effect of PVA content on the structural properties

of CdS/PVA nanocomposites was investigated using FTIR

analysis as shown in Figures 45-46. The spectra indicated

that the hydroxyl groups of PVA were coordinating with the

Cd2+ ions. Moreover, PVA capped CdS nanoparticle films

show narrower and stronger intensity absorption bands at

1092, 2850, 2930 and 3300 cm-1. Also, the absorption bands

at the above mentioned wavenumbers accordingly become

wider and their absorption intensities become weaker due to

the coordination of CdS with PVA matrix (Hongmei Wang,

et al, 2007). There are four characteristic absorption bands at

a bout 1130, 1650, 2920 and 3300 cm-1 which being to be

more and more prominent with higher sharpness as a result

of decreasing PVA content in the as-prepared CdS/PVA

nanocomposites. The sharpness of these peaks decreases

(i.e., broadening behavior) with increasing irradiation dose.

The intensities of the two characteristic bands at 1120 and

1650 cm-1 which assigned C-H in plane (degree of

crystallinity) and C=C stretching vibration (degree of

unsaturation) decreases with increasing PVA content and

irradiation dose.
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Figure 45: FTIR spectra of CdS/PVA nanocomposite films
(PVA 2 wt %, 10-2 M CdCl2, and 10-2 M Na2S2O3)
(1) 50 kGy, (2) 100 kGy, (3) 150 kGy, (4) 200
kGy

Figure 46: FTIR spectra of CdS/PVA nanocomposite films
(PVA 5 wt %, 10-2 M CdCl2, and 10-2 M Na2S2O3)
(1) 0 kGy, (2) 25 kGy, (3) 75 kGy, (4) 125 kGy,
(5) 200 kGy
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IV.A.5. Thermogravimetric Analysis (TGA) of CdS/PVA

Nanocomposites

Thermogravimetric analysis (TGA) is a thermal

analysis technique which measures the amount and rate of

change in the weight of material as a function of temperature

in a controlled atmosphere. TGA measurements are used

primarily to determine the composition of materials and to

predict their thermal stability up to elevated temperatures.

The derivation of kinetic parameters in the TGA

investigation by exploiting thermogravimetric (TG) data is

useful in the determination of rate constants, and activation

energies (Ea, KJ mol-1) and reaction orders (n). Since, the

temperature play an important role in the decomposition

degradation of PVA beside the formation of nanostructured

polymeric materials, temperature induced phase change are

important for the utility of these nanocomposites for various

applications, In order to investigate the changes in thermal

stability of pure PVA and irradiated CdS/PVA

nanocomposite films with different Cd2+ ion concentrations,

thermogravimetric measurements were performed.

TGA curves of pure PVA sample are presented in

Figure 47-48. It is obvious that pure PVA sample proceeds

in three main weight loss stages between 45-190 °C, 200-

400 °C and 400-500 °C. In other words, the TGA curve of

pure PVA indicates three degradation reaction stages which
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is reflected as three peak in the derivative of weight loss

(DTG) curve (figure 48). A small weight (2-5 wt %) is

observed at lower temperature start at about 40-45 °C, and

extend to about 100-150 °C, which correspond to the

evaporation of water molecules (physical absorbed water).

The second weight loss stage is between 200-400 °C, which

is predominated by the degradation of the large chain of

molecules of PVA (side chains). The main weight loss is

observed in the second stage and then followed by a further

smaller weight loss in the third stage range of 440 to 660 °C,

which is attributed to the decomposition of the main chain of

PVA. It is noticed that more than 80 wt% of PVA are

decomposed within the second and third stages (Miao Feng,

et al, 2009).
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Figure 47 : Thermogravimetric analysis thermogram of  pure

PVA
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Figure 48: Plot of the rate of degradation (dw/dt) as a function

of temperature for pure PVA film
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Figures (49-52) show the thermogravimetic analysis

of unirradiated and irradiated CdS/PVA nanocomposites.

Four main degradation weight loss stages are observed in the

TGA thermograms of CdS/PVA composites. The TGA

thermograms of CdS/PVA nanocomposites indicate the

continuous weight loss taking place in the sample; though

the weight loss is observed at different temperatures, A clear

examination of the TGA thermograms reveals the four

decomposition steps in the weight loss of the sample. The

first stage is seen between 45-195 °C and this is followed by

the second major stage between 200-550 °C. The third stage

of weight loss is seen around 560-660 °C and the fourth

stage is between 690 and 850 °C. Here, the three stages

corresponding to PVA matrix incorporated with CdS

nanoparticles (CdS/PVA nanocomposites) are of different

thermal parameter compared to pure PVA. In addition, the

appearance of the fourth stage in CdS/PVA thermograms can

be attributed to the incorporation of CdS nanoparticles into

PVA matrix, throughout coordination reaction between CdS

nanoparticles and side chains containing OH groups. Also, it

can be seen that residual masses (weight remaining at 95-100

wt %) correspond well with concentration of the CdS

nanoparticles, which means that CdS nanoparticles slightly

changed after the thermal degradation as a result of variation

of CdS content and irradiation dose.
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Figure 49: Thermogravimetric analysis thermogram of

unirradiated CdS/PVA (PVA 10 wt %, 7x10-3

M CdCl2, and 10-2 M Na2S2O3) nanocomposite

film
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Figure 50 : Plot of the rate of degradation (dw/dt) as a
function of temperature for unirradated CdS/PVA
(PVA 10 wt %, 7x10-3 M CdCl2, and 10-2 M
Na2S2O3) nanocomposite film
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Figure 51 : Thermogravimetric analysis thermogram of 125

kGy CdS/PVA (PVA 10 wt %, 7x10-3 M

CdCl2, and 10-2 M Na2S2O3) nanocomposite

film
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Figure 52: Plot of the rate of degradation (dw/dt) as a
function of temperature of 125kGy CdS/PVA
(PVA 10 wt %, 7x10-3 M CdCl2, and 10-2 M
Na2S2O3) nanocomposite film.
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The thermal parameters of the four degradation stages

of CdS/PVA nanocomposites obtained from TGA curves are

presented in Table (5). One can conclude that thermal

stability of PVA in CdS/PVA composites is higher than pure

PVA. Also, the obtained data revealed more obviously that

the thermal stability of PVA in the composites increases with

increasing either irradiation dose and/or CdS nanoparticles

content. Also, it was possible to predict the temperature of

the degradation for pure PVA, unirradiated and irradiated

CdS/PVA nanocomposites, providing an estimation of the

weight loss % for the degradation reaction as presented in

Figures and Table (5) It can be observed for instance, that

for pure PVA to achieve certain weight loss % (T at 50 wt%)

of degradation it is necessary for it to exposed at lower

temperature than that of unirradiated and irradiated

CdS/PVA nanocomposites. Also, this temperature increases

with increasing of irradiation and CdS content. In general, it

can be seen (Table 5) that the unirradiated samples displayed

lower thermal stability than that irradiated ones. Also, the

temperature of decomposition at any percentage weight loss

was found to increase with increasing irradiation dose and

Cd2+ ion concentration up to 2x10-3 M CdCl2, it can be seen

that the incorporation of the CdS nanoparticles into PVA

matrix improves the thermal stability of the CdS/PVA

nanocomposites. Thermal decomposition of polymer usually
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starts with scission of weak bonds, followed by chain-

transfer reactions of the formed free radicals, which proceed

until the whole material is affected. In addition, improved

thermal stability of CdS/PVA nanocomposites can be

assigned to partially altered molecular mobility of the

polymer chains due to either their adsorption on the surface

of CdS nanoparticles (coordination of CdS nanoparticles

throughout PVA chains) and/or radiation-induced

crosslinking of PVA matrix (Sreekumari Nair, et al, 2007)

Also, incorporated CdS nanoparticles have significant barrier

effect to slow down product volatilization and thermal

transport during decomposition of the polymer, which assists

composites with high thermal stability. Simultaneously,

adsorption of polymer chains onto the surface of CdS

nanoparticles and/or coordination between CdS

nanoparticles and PVA chains result in restriction of

segmental mobility of polymer chains and serves to suppress

redistribution and chain transfer reactions (Marazzato C., et

al, 2007, Yuan X., et al, 2008). These statements can also be

used as explanation for lowering thermal stability of some

CdS/PVA nanocomposites containing higher concentration

of Cd2+ ion concentration (i.e. higher CdS content). It can be

believe that agglomeration of CdS nanoparticles into PVA

matrix occurred due to their relatively high concentration of

CdS and/or high radiation-induced crosslinking of PVA
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matrix. Agglomeration was followed by reduction of free

CdS surface, on which adsorption of the polymer chains can

occur. Polymer adsorption on the surface of CdS

nanoparticles is a crucial step for explanation of changed

thermal stability of CdS/PVA composites (Kuljanin J., et

al, 2002, Kuljanin J., et al, 2003).

The increases in thermal stability of CdS/PVA

nanocomposites correspond to the increase in CdCl2

concentration up to 2x10-3 M where 10-2 M CdCl2

concentration exhibits a decrease in the level of thermal

stability. This can be clearly shown from the residual mass in

TGA thermogravimetry. It could be explained on the basis

that the interactions between PVA with CdS (at higher

concentration of CdCl2) led to decrease of the intermolecular

interaction between the PVA chains and the crystalline

degree, thus thermal stability of PVA filled with higher CdS

nanoparticles was depressed (Hongmei Wang, et al, 2007).
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IV.A.5.1 Kinetic Thermal Analysis of Pure PVA and

CdS/PVA Nanocomposites

Temperature changes can stimulate a variety of

chemical and physical processes in polymer systems.

Important examples of these processes include thermal

degradation, crosslinking, crystallization, glass transition,

etc. In many polymer pyrolysis, the TGA curve follows a

relatively simple sigmoidal path. Thus the sample weight

decreases slowly as reaction begins, and then decreases

rapidly over a comparatively narrow temperature range, and

finally levels off as the reactant become spent. The shape of

the curve depends primarily upon the kinetic parameters

involved, i.e., upon reaction order (n), frequency factor (A),

and activation energy (Ea). The values of these parameters

can be of major importance in the elucidation of mechanisms

involved in polymer degradation, and in the estimation of

thermal stability. Several methods have been reported to

determine the activation energy kinetic parameter based on

the measurements of the rate of conversion and on the

heating rate. In the present work, method based on the rate of

conversion proposed by Horowize & Metzger equation (7)

was used (Horowize H. H., and Metzger G., 1963).
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Where,
ow is the initial weight, mg

tw is the remaining weight, mg

sT is the temperature at maximum weight loss

(dw/dt) in Kelvin

 is equal  sTT   in Kelvin
T is the current temperature in Kelvin

aE is the activation energy in Kcal/mol
R is the gas constant (1.9872 cal. K-1.mol-1)

Figure (53-57) shows the plot of ln (ln (wo/wt)) versus

(T-Ts) for CdS/PVA nanocomposites with an excellent

approximation to a straight line. The obtained slope values

from the presented figure were used to calculate the

activation energy. From the slope, the activation energy (Ea

kcal/mol) is calculated and the calculated values are

presented in Table (5)
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Figure 54: Plot of ln{ln(wo/wt)}versus (T-TS, °K) for
unirradiated CdS/PVA (PVA 10 wt %, 7x10-3

M CdCl2, and 10-2 M Na2S2O3)
nanocomposite film.
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Figure 53 : Plot of ln {ln (wo/wt)} versus (T-TS, °K) for pure

PVA film
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Figure 55: Plot of ln{ln(wo/wt)}versus (T-TS, °K) for 125
kGy CdS/PVA (PVA 10 wt %, 7x10-3 M CdCl2,
and 10-2 M Na2S2O3) nanocomposite film.
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Figure 56: Plot of ln{ln(wo/wt)}versus (T-TS, °K) for 75
kGy CdS/PVA (PVA 10 wt %, 2x10-3 M
CdCl2, and 10-2 M Na2S2O3) nanocomposite
film.
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Table 5 summarizes the activation energies in

Kcal/mol for CdS/PVA nanocomposites. The data presented

in Table (5) indicate that the rate of the main degradation

reaction and its activation energy depends on either content

of CdS nanoparticles and/or irradiation dose. This effect was

expected considerably temperatures of the maximum

degradation rate (Ts), and variation of the activating energies

with respect to either CdS content and/or irradiation dose. It

can be noticed that the activation energies of CdS/PVA

nanocomposites increases with increasing irradiation dose,

the dependence of activation energy for degradation of

PVA/CdS nanocomposites on the CdS content was limited at

higher concentration of CdCl2 up to 2x10-3 M.
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Figure 57 : Plot of ln{ln(wo/wt)}versus (T-TS, °K) for 125
kGy CdS/PVA (PVA 10 wt %, 2x10-3 M CdCl2,
and 10-2 M Na2S2O3) nanocomposite film
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Table (5) Thermal parameter of CdS/PVA nanocomposites

sample

No T1

(°C)
Ts

(°C)
T2

(°C)
T3

(°C)
T50%

(°C)
Ea(Kcal/mol)

0 120 307 433 ….. 319 6.6

28 126 373 600 741 416 8.30
34 137 413 622 765 447 12.8
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IV.A.6 The Growth Mechanism of CdS Nanoparticles in

PVA Matrix

A possible reaction mechanism can be suggested

based on the present experimental observations and the

previous work in literature (Jamali Sh., et al, 2007,

Srabanti Ghosh, et al, 2010, Herman Mansur S., et al,

2010). Conventionally, CdS can be prepared by a

precipitation method that often gives rise to the formation of

cubic CdS with considerable crystalline. Cadmium chloride

(CdCl2) and sodium thiosulphate (Na2S2O3) were chosen as

starting materials due to their molecular structure and charge

polarity, both the metal salt and sulfide precursor exhibit

high water solubility. As the metal salt precursor process is

performed in aqueous environment, this property allows the

administration of uniform concentrations of the precursors to

the reaction medium. Cadmium chloride CdCl2 dissociates

into Cd2+ and Cl− ions in aqueous solution. Similarly, sodium

thiosulphate Na2S2O3 dissociate into their respective cations

and anions according to the following reactions:

CdCl2 ↔ Cd2+ + 2Cl− (8)

Na2S2O3 ↔ 2Na+ + S2O3
– (9)

2S2O3
–↔ S2- + 3O2 (10)

Sodium being more reactive than cadmium readily forms

soluble sodium chloride.

Cd2+ +S2– → CdS (11)
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Na+ + Cl- → NaCl (12)

The formation of CdS particles in either aqueous

solution or in PVA matrix involves two steps: (a) seed

formation by reaction between both free Cd2+ and Cd2+

capped PVA and S2- ions and (b) growth of the seeds.

Particles of CdS nucleate due to the reaction between Cd2+

and S2-, which subsequently grow either by consuming more

ions from the solution or by Ostwald ripening mechanism.

i.e., larger particles grow on account of dissolution of

smaller ones. As a result, the particle size increases

continuously during growth. This is a spontaneous process

that occurs because larger crystals are more energetically

favored than smaller crystals. While the formation of many

small crystals is kinetically favored, (i.e. they nucleate more

easily) large crystals are thermodynamically favored. Thus,

from a standpoint of kinetics, it is easier to nucleate many

small crystals. However, small crystals have a larger surface

area to volume ratio than large crystals. Molecules on the

surface are energetically less stable than the ones already

well ordered and packed in the interior. Large crystals, with

their greater volume to surface area ratio, represent a lower

energy states. Thus, many small crystals will attain a lower

energy state if transformed into large crystals and this is

what we see in Ostwald ripening (Petrov D. V., et al, 2002).
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The overall reaction of CdS/PVA nanocomposite

preparation was schematically shown in Figure (58). Firstly,

for the hydrophilic system the cadmium (Cd2+) ions were

suitably distributed in the PVA polymer matrix and they

reacted with hydroxyl (OH) groups. Secondly, the formation

of CdS took place in-situ when S2- ions were released from

Na2S2O3 upon heating, stirring process and then reacted with

the distributed and coordinated Cd2+ ions in PVA matrix.

The rate and extent of CdS nanoparticles formation are

dependent on either the rate of generation of S2- ions from

Na2S2O3. Also, the extent of CdS nanoparticles formation is

dependent on CdCl2 concentration, PVA content and

irradiation dose (Jamali Sh., et al, 2007).
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Figure 58 : schematic illustration of the formation process of

CdS nanoparticle  within PVA matrix

In order to stabilize the formed CdS nanoparticles in

the aqueous solution, a relatively high concentration of PVA

capping agent has been utilized. Apparently, the most likely

mechanism acting on the system is the reduction of the

surface energy by the interaction with the hydroxyl groups

from PVA chains, as schematically represented in Figure 58

In other words, it could be considered that the CdS quantum

dots were effectively stabilized by PVA capping effect, as

the diffusion of ions (Cd2+ or S2-) was significantly restricted

by the PVA surface layer limiting further particle growth.

For instance, electrostatic forces, hydrophilic and
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hydrophobic interaction, hydrogen bonding (OH of PVA),

steric hindrance among polymer chains will influence the

overall behavior of the colloid system. As shown in Figure

58, the PVA matrix has OH coordination groups.

Cadmium/PVA complex system shows the oxygen in OH

group makes coordinate bond with Cd2+ ions. Depending on

functionality, a large number of OH groups were uniformly

located on the surface of PVA polymer. Therefore, Cd2+ ions

can be easily adsorbed and/or coordinated on the surface of

PVA. The coordinated Cd2+ ions further reacted with S2- ions

to form CdS nanoparticles. Once, CdS is formed on the

surface, it can act as a nucleating site for the further adhesion

of CdS formed in the bulk solution. Herein, PVA plays an

important role in the formation of CdS nanoclusters

(Herman Mansur S., et al, 2010, Marazzato C., et al,

2007). The capping mechanism of PVA in the CdS crystal

growth process which the sufficient PVA (higher content of

PVA) may form a continuous layer to wrap the entire surface

of CdS crystals and accelerates the growth of all the

direction. It is well known that absorption of gamma photons

generates strong reductive species (free radicals) which in

turn can initiate many redox reactions to generate free

radical and ions which are not possible in normal condition

route. Therefore, the unreacted CdCl2 and Na2S2O3

components can take into consideration through the



Chapter IV Results & Discussion

148

radiation-induced generation of both Cd2+ and S2- ions. This

facilitate the generation of both S2- and Cd2+ ions, which in

turn, results in the formation of CdS nanoparticles in the

PVA matrix. In other words, an additional radiation-induced

reaction and nucleation takes place leading to the formation

and growth of CdS nanoparticles in PVA matrix (Marazzato

C., et al, 2007).
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IV.B Ag/PVA Nanocomposites

IV.B.1. Ultraviolet-visible (UV/VIS) Absorption

Spectroscopic Studies of Ag/PVA

Nanocomposites.

Ag/PVA nanocomposites are particularly promising

materials. PVA allows a wide range of potential applications

in optical, pharmaceutical, medical, and membrane fields,

silver nanoparticles represent interesting functional fillers

because of their specific optical, electronic, magnetic,

catalytic, and antimicrobial properties (Clemenson S., et al,

2007).

The primary interest in Ag nanoparticles stems from

their small particle size and the impact this has on the bulk

properties of the material from which they are formed. As

the size of a colloidal body approach that of the molecules or

atoms forming it, then its physical and chemical properties

are no longer those of the "bulk" material and are instead

called "molecular". Under these conditions, the body's

properties are strongly influenced by the high proportion of

atoms or molecules at its surface (Stebbing S. R., et al,

2009).

When AgNO3 precursor is embedded into PVA

matrix, the optical properties are the net result of electronic

transition of the two materials. One can see that a strong

increase in the absorbance in the visible regions. The
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influence of irradiation on the formation and growth of Ag

ion nanoparticles in the as-prepared Ag/PVA

nanocomposites was followed by UV/VIS absorption

spectroscopy. Figures 59-60 show the optical absorption

spectra of irradiated Ag/PVA nanocomposite films as a

function of the absorbed irradiation doses varying from 25-

100 kGy. The absorption spectra of irradiated Ag/PVA

nanocomposite films display an absorption excitonic band

around the range 422-430 nm, which was considerably blue

shift.

Wavelength, nm

400 600 800 1000

Ab
so

rb
an

ce
, a

rb
ita

ry
 u

ni
ts

0.0

0.5

1.0

1.5

2.0

(1)

(2)

(4)

(3)

1- 25 kGy
2- 50 kGy
3- 75 kGy
4- 100 kGy

Figure 59 : UV/VIS spectra of Ag/PVA nanocomposite

films, (PVA 5   wt % , and 10-3 M AgNO3)
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Also, Figures 59-60 show the variation in both

wavelength and optical absorption intensity of Ag/PVA

nanocomposite films as a function of irradiation dose. At a

given molar ratio of AgNO3, as the irradiation dose

increases, a blue shift is exhibited and the observed excitonic

absorption peaks are become less broadened and its position

and shape (broadening or sharpness) are dependent of

irradiation dose. The progressive blue shift of the absorption

peak with increasing irradiation dose is clearly seen which
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Figure 60 : UV/VIS spectra of Ag/PVA nanocomposite films,

(PVA 5   wt % , and 10-2 M AgNO3)
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indicates that the Ag nanoparticles gradually grown lower

(Karthikeyan B., 2005). In consequence, the particle size of

Ag gradually decreases. On the other hand, the absorption

peak gets narrower and sharper and the intensity increases

with increasing irradiation dose from 25 kGy to 75 kGy and

then after the intensity and wavelength decreases as the

irradiation dose reaches 100 kGy. The decrease in the

intensity at higher dose (100 kGy) may be understood as

follow: higher irradiation dose induce chain scissions in the

polymer matrix. The polymer chains acquired mobility on

the experimental times 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 and

increase wavelength (red shift) (Ravindran A ., et al, 2010).

In addition, the observed increment in the optical

absorption intensity is due to the decrease in the content of

silver nanoparticles in the as-prepared Ag/PVA

nanocomposites which gradually decrease with increasing

irradiation dose as displayed in Figures 59-60. The relatively

sharp absorption excitonic peak indicates the narrow size

distribution (uniformity) of the silver nanoparticles and this

lead to more quantum confinement effect. On the other hand,

the sharpness of the absorption peak indicates the decrease
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of the distribution silver nanoparticles (i.e. narrow size

distribution) (Nirmala Jothi N. S., et al, 2011). In

conclusion, as the irradiation dose is increases, a gradual

bule shift in the absorption peak, this indicates formation of

smaller particles with narrow size distribution as the

irradiation dose increase.

Figure 61 shows UV/VIS absorption spectra for 100

kGy irradiated Ag/PVA nanocomposite films containing

various concentration of AgNO3. Independently of AgNO3

concentration, all the absorption spectra have an absorption

peak in the range 422-427 nm, exhibiting a bule shift.

However, the position, shape, and sharpness of the

absorption edge are not the same and changes due to the

increase of the AgNO3 concentration. It can be seen that

there is a red shift in the absorption peak due to the increase

in the AgNO3 concentration (Chen D. H. and Wu S. H.,

2006). Also, the particle size would become larger with the

increase of ion concentration. Also, one can notice that the

lowest molar AgNO3 concentration (10-3 M), the spectra

profile is mainly blue shift than the 10-2 molar concentration

of AgNO3. In conclusion, the increment of AgNO3

concentration increases a mount Ag nanoparticles and also

increases the shift of absorption towards longer wavelength

(red shift).
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Figure 61 : UV / VIS spectra of 100 kGy irradiated Ag/PVA

(PVA 5 wt %), nanocomposite films containing

various AgNO3 concentrations

Figure 62 shows the UV-VIS spectra of sliver

nanoparticles prepared via chemical reduction method. The

chemically synthesized silver nanoparticles showed

absorption band at 403 nm. This absorption band was rather

broadened and blue shifted as compared with the irradiated

sample. Finally, the above results indicate that the gamma-

irradiation method has more opportunities to synthesize

silver nanoparticles than chemical reduction with narrow

size distribution but chemical method has the advantage for
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preparing silver nanoparticles from lower concentrated

precursor with small particle size and higher intensity

(Khanna P. K., et al. 2005).

Wavelength, nm

400 600 800 1000

A
bs

or
ba

nc
e,

 a
rb

ita
ry

 u
ni

ts

0.0

0.5

1.0

1.5

2.0

(1)

(2)

1- 100 kGy
2- Chemical Method

Figure 62: UV / VIS spectra of Ag/PVA (PVA 5 wt %, and

10-2 M AgNO3), nanocomposite films.
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IV.B.2. Fourier Transform Infrared (FTIR)

Spectroscopy Investigation of Ag/PVA

Nanocomposites

Fourier Transform Infrared Spectroscopy (FTIR) is a

powerful tool for identifying types of chemical bonds in

molecules by producing an infrared absorption spectrum that

is like a molecular "fingerprint". Also, FTIR spectroscopy is

one of the most powerful techniques to investigate a multi

component system, such as polymer composite, because it

provides information for both composition and polymer

interactions which induces structural changes in the

inorganic component and/or polymeric one. These spectral

changes provide a fundamental understanding of inorganic-

polymer interaction mechanisms. In addition, FTIR

spectroscopy is found to be a complementary tool which

provides the detection of key functional groups in the

polymer and is sensitive to subtle changes in structure

system and thus FTIR was used to examine how the

incorporation of Ag particles influences the chemical

properties of the polymer.

PVA is a polymer with a carbon chain backbone with

hydroxyl groups attached with methane carbons. These OH

groups can be a source of hydrogen bonding and hence assist

in the formation of polymer blends. PVA is widely used as a
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crosslinkable polymer in radiation chemical synthesis of

inorganic/polymer composites (Seoudi R., et al, 2008).

The FTIR spectrum of pure PVA films is shown in

Figure 41. The O-H stretching band in the IR spectrum is by

far the most characteristic feature of PVA. PVA sample gave

very broad and strong absorption band centered at about

3300 cm-1, as the stretching vibration of hydroxyl group with

strong hydrogen bonding, arising from PVA and of water

molecules. Two strong absorption peaks at about 2930 and

2850 cm-1 are the characteristic bands of asymmetric and

symmetric C-H stretching, respectively. The band at 1730

cm-1 was attributed to the formation of carbonyl (C=O),

functional groups due to the residual acetate groups

remaining after the manufacture of PVA from hydrolysis of

poly (vinyl acetate) or oxidation during manufacture and

processing. Two strong bonds observed at 1440 and 850cm-1

have been attributed to bending and stretching modes of CH2

groups, respectively. The band at 1090 cm-1 and sharp band

at 920 cm-1 have be attributed to the stretching mode of C-O

and C-C groups, respectively. The bands appeared at 2930,

and 1320 cm-1 are assigned to the C-H stretching vibration of

PVA. The two bands observed at 1710-1650 cm-1 have been

assigned to C=C stretching mode (Linga Raju Ch, et al,

2007). Also, the intensity of the sharp band at 1125 cm-1 was

clearly visible, which is assigned for C-O-C stretching



Chapter IV Results & Discussion

158

vibration. The intensity of this band was a measure of the

degree of crystallinity of PVA (Seoudi R., et al, 2008).

To confirm and investigate the interaction between

Ag nanoparticles and PVA matrix, the FTIR spectra of

Ag/PVA nanocomposite films were investigated. The FTIR

spectra of PVA capped Ag ions recorded at room

temperature and based on the effect of irradiation dose were

shown in Figure 63-64. The spectra exhibit bands

characteristics of stretching and bending vibrations of O-H,

C-H, C=C and C-O groups. Two characteristic absorption

bands at about 3300 and 1090 cm-1 were observed. The

absorption band 3300 cm-1 in all spectra was attributed to the

O-H stretching vibration band.

 The absorption band at 1090 cm-1 was attributed to

the carbonyl C-O stretching band of acetyl groups present in

the PVA backbone. Notably, compared with pure PVA, the

absorption band at 3300 cm-1 become wide and the

intensities of the absorption bands at 3300 and 1090 cm-1

were weaken for Ag capped PVA matrix (Hongmei Wang,

et al, 2007, Elashmawi I. S., et al, 2009). This is also

strongly supports the idea that coordination reaction can

form between OH of PVA and Ag nanoparticles. The FTIR

spectrum of Ag/PVA nanocomposite films showed that there

is a chemical bonding between PVA and silver. In the FTIR

spectrum of pure PVA the band at 1375 cm−1 is due to the
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coupling of O-H vibrations at 1420 cm−1 with the C-H

wagging vibrations. The FTIR spectrum of Ag/PVA

nanocomposite show an increase in the transmittance of the

band at 1375 cm−1, in comparison with band at 1420 cm−1,

which indicates the decoupling between O-H and C-H

vibrations due to bonding interaction between O-H and

silver nanoparticles. The bands at 615 cm−1 and 850 cm−1

indicate the out of plane vibrations of O-H and C-H in PVA.

( Khanna P. K., et al, 2005).
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Figure 63 : FTIR of irradiated Ag/PVA nanocomposite film

(PVA 5 wt % and 10-2 M Ag NO3)
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Figure 64: FTIR of Ag/PVA nanocomposite film (PVA 5 wt

%, 10-2 M AgNO3 and 10-2 M NaBH4)
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IV.B.3 Reaction mechanism of Silver Nanoparticles in

PVA Matrix

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 the polymer

exhibit high water solubility. AgNO3 is soluble in PVA to

such an extent that a complete dissolution is observed as the

 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
- (13)

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 (Overbeek J. T. G., 1982).

Spontaneous nucleation occurs when the concentration of the

metal generated by the reduction reaches a critical

supersaturation level. If the nucleation rate is high enough,

then the sudden nucleation lowers almost immediately the

concentration below this critical supersaturation level. If the

rate of formation of the metal is not too high this nucleation
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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 bounds of PVA and forms radicals that reduces the silver

ions into silver atoms. At this stage the silver atoms serve as

reorganized 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. 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 and to stabilize the

dispersed silver nanoparticles within polymer matrix (Wael

H. Eisa et al, 2011)
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Conclusions

The main conclusions of the present work can be

summarized as follows:

CdS/PVA and Ag/PVA nanocomposites were prepared

successfully using simple chemical method and -irradiation

method. Our synthetic route did not need complicated

apparatus or expensive surfactants.

UV/VIS absorption spectroscopy shows the optical

absorption spectra of unirradiated and irradiated CdS/PVA

nanocomposite films with absorbed irradiation doses varying

from 10-200 kGy. The absorption spectra of irradiated

CdS/PVA nanocomposite films display an absorption

excitonic band around the range 350-390 nm, which was

considerably blue shift relatives to the absorption peak of the

bulk CdS (515 nm). Also, all the obtained absorption peaks

can be assigned to the quantum confinement effect suggesting

the formation of nanometer-size CdS nanoparticles in the as-

prepared CdS/PVA composites. In conclusion, as the

irradiation dose is increases, a gradual red shift in the

absorption onset accompanying with the broadening of the

absorption peak, this indicates formation of larger particles

(wider size distribution) with increasing irradiation dose.

Independently of CdCl2 concentration, all the

absorption spectra have an absorption peak in the range 350-

390 nm, exhibiting a blue shift compared to the bulk CdS
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particles. However, the position, shape, and sharpness of the

absorption edge are not the same and changes due to the

increase of the CdCl2 concentration. It can be seen that there is

a blue shift in the absorption peak due to the decrease in the

precursor concentration (i.e. concentration of either CdCl2 or

Na2S2O3). Also, one can notice that either optical absorption

intensity or peak sharpness is a direct proportional of CdCl2

concentration. The effect of precursor concentration (CdCl2 or

Na2S2O3) on the formation of CdS nanoparticles in the as-

prepared nanocomposite was taken into consideration with

increasing the molar ratio of Cd2+:S2- greater fraction of

radiation-induced Cd2+ species reacts with the S2- ions and

generation of larger amount of CdS nanoparticles is expected.

CdS/PVA nanocomposites with different PVA contents

were extensively characterized based on the UV/VIS

spectroscopy. The change in either optical absorption intensity

or wavelength due to irradiation of CdS/PVA nanocomposite

films as a result of variation of PVA content (2, 5 and 10 wt

%) It can be seen that CdS/PVA nanocomposites exhibited a

blue shift with increasing irradiation dose. The level of

radiation induced blue shift is about 40-60 nm depending on

the variation of PVA content, it is found to be a sharp

absorption band in between 380-420 nm with an absorption

edge at about 400 nm. Thus huge blue shifts in the above

mentioned range with respect to PVA content are considered

due to excellent quantum confinement effect. The observation
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of the sharp absorption peak indicates the presence of a

narrow size distribution width of the CdS quantum dots.

The calculated band gap energies are higher than that of

bulk value of CdS indicating the strong quantum confinement.

The band gap energies gradually increase from 2.5 eV to 3.9

eV. These changes have been attributed to the crystallite size-

dependent properties of the energy band gap. With increasing

irradiation dose from 0 kGy to 200 kGy, the particle size

increased from 7 nm to 29 nm as a consequence of the size

quantization effect.

UV/VIS absorption spectroscopy show the optical

absorption spectra of irradiated Ag/PVA nanocomposite films

as a function of the absorbed irradiation doses varying from

25-100 kGy. The absorption spectra of irradiated Ag/PVA

nanocomposite films display an absorption excitonic band

around the range 422-430 nm, which was considerably blue

shift. The progressive blue shift of the absorption peak with

increasing irradiation dose is clearly seen which indicates that

the Ag ions nanoparticles gradually grown lower.

Independently of AgNO3 concentration, all the

absorption spectra have an absorption peak in the range 422-

427 nm, exhibiting a bule shift. However, the position, shape,

and sharpness of the absorption edge are not the same and

changes due to the increase of the AgNO3 concentration. It can

be seen that there is a red shift in the absorption peak due to

the increase in the precursor concentration (i.e. concentration
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of AgNO3). Also, the particle size would become larger with

the increase of ion concentration

the UV-VIS spectra of sliver nanoparticles prepared

with chemical reduction. The chemically synthesized silver

nanoparticles showed absorption band at 403 nm. This

absorption band was rather broad and bule shifted as

compared with the irradiated sample.

Transmission electron microscope images illustrated

that the nanostructured CdS/PVA films were found to be

dispersed spherical nanoparticales with good structural

homogeneity and polydispersity at either lower concentration

of CdCl2 and/or irradiation dose. Nanorod structure of CdS

accompanied with small agglomeration appeared in the as-

prepared nanocomposites at higher CdCl2 concentration and

higher irradiation dose. Also, at lower Cd2+ ion concentration,

well dispersed CdS nanoparticles with narrow size distribution

were observed indicating the formation of CdS quantum dots.

At higher Cd2+ ion concentration, CdS nanorods with larger

aspect ratio were formed in accordance with increasing

irradiation dose. The size of nanoparticles, size distribution,

uniform dispersity, and aspect ratio increases with increasing

either irradiation dose and/or Cd2+ ion concentration. The size

of the as-prepared CdS nanoparticles are smaller and coincide

with these calculated by either the modified Brus equation in

UV/VIS section or scherrer's equation in XRD part.
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TEM results have proven that CdS quantum dots were

properly stabilized by PVA capping polymer within the

quantum confinement size range and they were also consistent

with the value estimated by UV/VIS spectroscopy in the

previous section. TEM analysis allows one to visualize

particles at nanosize regime with high degree of accuracy, it

offers better understanding about growth aspects, and helps to

analyze the actual size of the nanoparticles, shape, and growth

pattern.

The X-ray diffraction (XRD) patterns of the different

CdS nanoparticles indicate that the precipitated CdS have the

cubic crystal structure. The XRD peaks of cubic CdS were

broad in accordance with their small grain size and low degree

of crystallinity No characteristic peaks were observed for the

other impurities, such as CdCl2 or Na2S2O3 which may reflect

the purity extent of prepared CdS naoparticles.

A more precise examination of the obtained diffraction

patterns for different CdS/PVA nanocomposite films lead to

the following conclusions.

First, the as-prepared CdS/PVA nanocomposites are

crystalline as seen by broad XRD features at three prominent

lattice planes of these material rather than amorphous which

would yield only a very broad single nearest neighbor peak

near the (111) plane.

Second, the XRD pattern show that the diffraction

peaks become weaker and broad as a result of increasing either
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PVA content or irradiation dose and due to decreasing Cd2+

ions concentration.

Third, the XRD peaks of CdS/PVA nanocomposites

containing higher amount of Cd2+ salt exhibit a mixture of

cubic and hexagonal CdS structures. This may be discussed on

the basis of growth of CdS nanoparticles in PVA during

processing and irradiation. The presence of peaks at a bout

28.5° and 48° which are associated only with hexagonal phase

of (101) and (201) planes, indicate the incorporation of

hexagonal phase of CdS in CdS/PVA nanocomposites.

Fourth, no characteristic peaks were observed for the

other impurities such as CdCl2 or Na2S2O3 which may reflect

the purity extent of the prepared CdS in CdS/PVA

nanocomposites.

FTIR investigation illustrate that the formation of

CdS/PVA nanocomposites leads to the disappearance and/or

weakening of some characteristic peaks followed by the

appearance of change in peak position, peak shape and peak

intensity due to incorporation of various content of CdS

nanoparticles and irradiation with progressive radiation doses.

One can notice that upon coordination of Cd2+ ions to PVA

matrix, the absorption bands of PVA shifted to lower

wavenumber and the intensities of the characteristic

absorption band for CdS/PVA nanocomposite films decrease

with increasing CdS content, which reveals the strong bonding

of Cd2+ ions with OH groups in PVA. On the other hand, the
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broadening behavior for some characteristic bands especial at

3300, 2950, 2825, 1440 and 1120 cm-1 increases as a result of

increasing CdS content in CdS/PVA composites. These results

suggest that the OH groups can be especially active sites for

the coordination of Cd2+ ions to form complexes, which can

further interacted with S2- ions and formed critical size nuclei

for the growth of CdS nanoparticles.

FTIR spectrum of Ag/PVA nanocomposite films

showed that there is a chemical bonding between PVA and

silver. In the FTIR spectrum of pure PVA the band at 1375

cm−1 is due to the coupling of O-H vibrations at 1420 cm−1

with the C-H wagging vibrations. The FTIR spectrum of

Ag/PVA nanocomposite show an increase in the transmittance

of the band at 1375 cm−1, in comparison with band at 1420

cm−1, which indicates the decoupling between O-H and C-H

vibrations due to bonding interaction between O- H and silver

nanoparticles.

Themogravimetric analysis (TGA) indicated that the

resulting nanocomposites displayed higher thermal stability

compared with pure PVA matrix. The increases in thermal

stability of CdS/PVA nanocomposites correspond to the

increase in CdCl2 concentration up to 2x10-3 M where 10-2 M

CdCl2 concentrations exhibit a decrease in the level of thermal

stability. It could be explained on the basis that the

interactions between PVA with CdS (at higher concentration

of CdCl2) led to decrease of the intermolecular interaction
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between the PVA chains and the crystalline degree, thus

thermal stability of PVA filled with higher CdS nanoparticles

was depressed.
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