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Aim of the work
Aim of the work
Nanocomposites are of great interest in recent years because they
are considered to be novel functional materials with a wide range of
potential applications in bio and chemical sensors, electronics, catalysis
and optics. 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. Due to its unique advantages, the irradiationbased strategy, as a wrathful tool, has been extensively used to prepare
nanoscale particles and materials.
In this thesis, we have developed a novel approach to synthesize
Ag/PVA nanocomposite hybrid material which is based on the seeded
growth of Ag nanoparticles within PVA matrix. In this synthetic strategy,
we use gamma-irradiation, to utilize the reorganized seed points, or
nucleation sites, to initiate the growth of Ag nanoparticles directly on the
polymer backbone. Gamma irradiation of Ag/PVA nanocomposite can
reduce metal ions to zero valent metal particles, avoiding the use of
additional reducing agents and the consequent side reactions.
Furthermore, the amount of zero valent nuclei can be controlled by
varying the irradiation dose. Homogeneous formation of AgNPs is
favorable as it results in uniformly dispersed nanoparticles. Through this
process we are assured of successful producing a PVA polymer ﬁlled by
high monodispersed AgNPs. Polyvinyl alcohol (PVA), which is a water
soluble polymer, has important advantages of good mechanical and
acoustic optical properties, where this parameter determines the photo
induced response in the newly suggested composite. So in our
experiment, PVA was used as a polymer-capping reagent, utilizing the
interactions of silver ions with hydroxyl groups in the PVA molecules.

Aim of the work
Ag/polyaniline

nanocomposites

combine

the

electrical

characteristics of silver and the mechanical and processing properties of
polyaniline, the synergetic effects between silver nanoparticles and
polyaniline may result in good electrical and thermal conductivities, and
catalytic properties. In this work, Ag/PANI nanocomposite have been
prepared by using aniline as stabilizer and via the chemical-radiation
method,

Ag/polyaniline

nanocomposites

were

synthesized

with

ammonium persulfate (APS) as oxidizing agents and γ-irradiation as a
reducing agent for a reduction of Ag+ to AgNPs.
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Introduction

Chapter I

Introduction
I. Introduction

The unique properties of nanomaterials and structures on the
nanometer scale have sparked the attention of materials developers. Over
the past decade, nanomaterials; materials with structural features [particle
size or grain size, for example] of at least one dimension in the range 1100 nm, have been the subject of enormous interest. Nanomaterials can
be metals, ceramics, polymeric materials, or composite materials.
Nanomaterials are not simply another step in miniaturization, but a
different arena entirely; the nanoworld lays midway between the scale of
atomic and quantum phenomena, and the scale of bulk materials. At the
nanomaterials level, the laws of atomic physics, rather than behaving as
in traditional bulk materials, do affect some material properties [Lines,
2008].
1.1 Nanotechnology and nanomaterials
Nanotechnology is precisely defined as design, characterization,
production and application of materials, devices and systems at
nanometer scale, by manipulating their shape and dimensions in a
controlled way. These nanoscale products and materials exhibit at least
one novel or superior property due to their nanoscale size.
Nanomaterials, a new branch of materials research, are attracting a
great deal of attention because of their potential applications in areas such
as optoelectronics, catalysis. Single-electron transistors and light emitters,
nonlinear optical devices and photoelectrochemical applications. A
greater understanding of the manipulation of matter at the nanoscale has
led to a number of advances in materials science, ranging from the
development of novel optical and electronic properties and the formation
of high strength materials which, mimic nature to stimuli-responsive
materials applicable to a range of applications. The variety of
nanomaterials is great, and their range of properties and possible
1
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applications appear to be enormous, from extraordinarily tiny electronic
devices, including miniature batteries, to biomedical uses, and as
packaging films, super absorbants, components of armor, and parts of
automobiles [Wang, et al 2009].
1.1.1 Classification of nanomaterials
Nanomaterials can be nano-sized along only one, two or all the
three dimensions, in the form of a film, rod or a dot. There are several
nomenclatures, to ascribe dimensionality to nanomaterials, and confusion
arises due to the fact that some describe the number of dimensions of
confinement (or nano-scale size), which is different from the number of
bulk-like dimensions a nanomaterials seems to posses (Scheme 1). The
density of states of quantum confined nanocrystals has characteristic
shapes for 2D, 1D and 0D nanomaterials, and the differences are due to
the degrees of confinement of the electrons. For 0D nanomaterials, the
excited electrons are completely confined in all the three dimensions and
they behave analogous to atomic/molecular clusters with discreet states
that are well separated in energy. For 1D nanomaterial, the excited
electrons experience no confinement along the length of the material, and
density of states is quasi-discreet with respect to increasing excitation
energy. Finally for 2D nanomaterials, the density of states shows a
quasicontinuous step-like increase with increasing excitation energy
(Scheme 1), [Dorozhkin, 2009]. These changes in the density of states
for excited electrons alters the way excitation energy interacts with the
valence electrons, thus changing the fundamental properties with size as
well as shape in quantum confined nanomaterials.
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Scheme 1: A schematic comparison of the characteristic density of states
for bulk metal with quantum confined nanocrystals of the same
material
1.1.2 Properties of nanomaterials
The transition of particle size from micrometer to nanometer yields
dramatic changes in particle physical properties. Nanomaterials because
of size have significantly different properties as compared to the larger
dimension materials of similar composition. There are mainly two factors
that cause properties of nanomaterials to differ significantly from other
materials: [Caruso, 2004]
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A. Surface Effects
B. Quantum confinement Effects
These two size dependent factors yield nanomaterials with high
surface area, high surface energy, spatial confinement and reduced
imperfections, which do not exist in larger dimension materials
A. Surface Effects
With decrease in particle size, a large proportion of atoms are
found on particle's surface compared to those within the inside core. For
example, particles with a size of 30 nm have 5% surface atoms, 10 nm
have 20% surface atoms and 3 nm have 50% surface atoms.
Nanomaterials with a large percentage of surface atoms have an
extremely large surface area to volume ratio. Since most of the physical
and chemical interactions of materials are governed by material surfaces
and surface properties. Thus, nanomaterials will have more surface
dependent material properties compared to micron size materials of the
same composition. The surface properties of nanoparticles influence
interfacial characteristics and agglomeration behavior [Zhang et al
2006]. Scheme 2, shows the effect of decrease in particle size on the
relative particle surface area. As a single crystal the cube with edge
length of 27 cm has surface area of about and upon decreasing the edge
length of the cube to 1 mm, it will have approximately small cubes with
the total surface area of, and upon a further reduction of cube edge length
to 5 nm leads to approximately small cubes with total surface area of 2
[Hanemann and Szabo, 2010].
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Scheme 2: Schematic representation of an increase in the surface area of
cube with decrease in the particle size

The relative surface area per unit volume is inversely proportional
to the diameter in the case of particles and fibers (see Scheme 3). In the
case of layered materials, relative surface area per unit volume is
inversely

proportional

to

material

thickness.

The

change

in

particle/fibrous diameter and layer thickness from micron size to nano
size will affect the surface area to volume ratio by three orders of
magnitude,

thus

affecting

the

properties

and

performance

of

nanomaterials compared to bulk materials. Therefore particles, fibers with
small diameter and layered materials with small thickness have high
surface area [Thostenson and Chou, 2005]. Due to the presence of a
large fraction of surface atoms in nanomaterials, several interparticle
forces such as Vander Waals forces, electro static forces and magnetic
attraction forces become stronger resulting in high surface energy in
nanomaterials [Hiemenz and Rajagopalan, 1997].
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Reduced material imperfections also affect the material properties.
For example, chemical stability and mechanical strength of certain
nanomaterials are improved compared to large size materials of the same
composition. Thermal annealing of nanomaterials moves certain
nanodimension high energetic impurities and intrinsic material defects to
the surface very easily as compared to the large size materials thus
enabling an increased material perfection.

Scheme 3: Surface areas to volume ratio equations for common
nanomaterials
B. Quantum confinement Effects
Spatial confinement effect on the material is more pronounced in
nanomaterials due to their nanometer size, which results in stronger
quantum effects. The physical and chemical properties of a material are
determined by the type of motion allowed for its electrons to execute. The
latter is determined by the space in which the electrons are confined.
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Unbound (unconfined) electrons have motion that is not quantized and
can thus absorb any amount of energy given to them and use it simply to
move more rapidly. Once bound in a material, their motion becomes
highly confined and quantization sets in. The allowed types of motion in
atomic or molecular orbitals are found to have well-defined energies that
are separated from one another. The smaller the space in which the bound
motion takes place, (i.e., the stronger the confinement) the larger the
energy separation between the allowed energies of the different types of
motion becomes [Brus, 1983].
In bulk materials, excitation involves the formation of an electron
and hole [the charge carriers], which are separated by distances that
encompass a number of molecules or ions making the material. This,
along with the high dielectric constant of the material, makes their
binding energy relatively length scale [Zhang, 1997]. The minimum
amount of energy required for the formation of the charge carriers is
known as the band gap energy of the semiconductor. It is the energy
difference between the top of the valence band and the bottom of the
conduction band. The formation of a separated electron and hole bound
by weak Coulombic attraction is also called the formation of a Wanniertype 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 [Brus, 1984].
What happens if we reduce the physical size of the 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 particles becomes
7
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comparable to its Bohr radius, the band gap energy will increase. Equally
important, the energy of the band gap absorption (and thus the
nanoparticle color) and that of the emission increases and become
sensitive to the size and shape of the particles [Zhang, 1997]. Thus, the
optical and other physical and chemical (e.g. oxidation- reduction)
properties of semiconductor nanoparticles become sensitive to the size
and shape of the particles. The size or shape control can be accomplished
by adjusting the space in which the nanoparticles grow (e.g., in
templates). In colloidal solution synthesis, controlling the size or shape is
done by adjusting the ratio of the concentration of the chemicals making
the nanoparticle to that of the selected capping material (e.g., polymers,
micelles, surfactants, or dendrimers) [Gogotsi, 2006].
1.2 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 orbitals (HOMO). The bottom of the
conduction band consists of the lowest unoccupied molecular orbitals
(LUMO), which remain empty at zero Kelvin. The energy separation
between the VB and CB is known as the band gap energy (Eg). As can be
seen in Scheme 4, a conductor is characterized by the top of the VB being
at an equal energy to the bottom of the CB (i.e. no band gap energy). In
contrast, an insulator has large energy separation between the VB and
CB, or a wide band gap. This wide band gap in insulators provides no
possibility of electron excitation to the conduction band. Thus an
8
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insulator has extremely low electrical conductivity. Semiconductors have
a small but significant band gap. When a photon that is of higher energy
than the band gap energy is absorbed by a valence electron, the electron
jumps from the valence band to the conduction band leaving behind a
hole in the VB. After electronic relaxation, the excited electron in the CB
returns to the VB. When the CB electron returns to the VB, a photon is
emitting at the band gap energy minus the relaxation energy. This
radiative emission is due to electron-hole recombination (see Scheme 4b)
[Steetman and Banerjee, 2006; Balandin and Wang, 2006].

Scheme 4: Schematic diagrams showing band gaps and luminescence
properties of materials [a] Band diagram for conductors,
semiconductors

and

insulators

[b]

Semiconductor

photoluminescence: excitation of electron from VB to CB,
formation of carrier charges, emission of photon.

9

Chapter I

Introduction

1.3 Polymers as a capping agent
1.3.1 Non conducting polymers
Poly (vinyl alcohol), poly (vinyl pyrrolidone)

poly (vinyl pyrrolidone)
Poly (vinyl alcohol)

Scheme 5: Molecular structure of non conducting polymers

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.
PVA is a well-known biologically friendly polymer and has been
developed for biomedical applications such as artificial pancreas
synthetic

vitreous

body,

wound

dressing,

artificial

skin,

and

cardiovascular device because of easy preparation, excellent chemical
resistance, and physical properties [Chhatri, et al 2011]. But it has poor
stability in water because of its highly hydrophilic character. Therefore,
to

overcome

this

problem

PVA

should

be

insolubilized

by

copolymerization, grafting, cross-linking, and blending [Sanl, et al
2007]. These processes may reduce the hydrophilic character of PVA.
Because of this reason these processes should be carried out in the
presence of hydrophilic polymers. Since the early thirties, several
investigations recognized the PVA propensity to microbial attack. Single
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species symbiotic and commensal bacterial mixed cultures able to
degrade PVA were identified [Chiellini, et al 2003].
1.3.2 Conducting polymers
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 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 with in 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 [Karim, el al 2007].
Conducting polymers (also referred to as synthetic metals or
intrinsically conducting polymers) are polymers containing an extended
π–conjugated system, made up of overlap of singly occupied p-orbital in
the backbone of the polymer chain. Although conducting polymers
possess a relatively large number of delocalized π–electrons, a fairly large
11
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energy gap (band gap) exists between the valence band and the
conducting band (greater than 1 eV), thus these polymers are considered
to be semiconducting, at best. These polymers must be doped (usually
meaning altering the number of π–electrons) in order to render the
polymers truly conducting. Doping the polymers creates new states
(donor or acceptor states), which exist within the band gap, and are
energetically accessible to the π–electrons, resulting in significant
increases in conductivity. In fact, the conductivity of doped polymers
may be up to 10 orders of magnitude greater than that of the neutral
polymers. As the conducting polymers may be doped to varying degrees,
there is an element of control in the doping level, hence the conductivity.
This ability to tailor the polymer’s electrical properties exemplifies the
versatility of conducting polymers. There are a number of methods
known to effect doping of conjugated polymers including chemical,
electrochemical, photo-doping, charge-injection doping, and non redox
doping. The most common method of doping is known as oxidative
doping, and is accomplished by removing π–electrons from the
conjugated π–system via either chemical or electrochemical oxidation.
This method is known as p-doping and results in a positively charged
backbone with counter-ions in close proximity, held by Coulombic
interactions. Another doping method, known as n-doping, injects
electrons into the π-system, thereby increasing the number of π-electrons,
and producing a negatively charged polymer. This type of doping,
however, results in an unstable doped polymer. Generally, the oxidative
doping process occurs concurrently with the polymerization, thus doped
polymers are most often synthesized in one step, from the monomer
starting material [Karim, el al 2007].
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Scheme 6: Chemical structures of common conductive polymers
(A) Polyacetylene, the .1rst documented conducting polymer.
(B) Polypyrrole most commonly explored conducting polymers for
biomedical applications, polythiophene, poly (3, 4 ethylenedioxy
thiophene), and polyaniline.
1.4 Properties of polymer nanocomposites
The novel properties of nanocomposites and the extent of property
enhancement of host matrix material not only depend on properties of
individual parent components but also depend on [Sun, et al 2009]:
 . Degree of mixing of two phases
 Type of adhesion at the matrix interface
 Volume fraction of nanoparticle inclusions
 Nanoparticle characteristics
 Nature of the interphase developed at the matrix interface
 Size and shape of nanofiller inclusions and
 Morphology of the system
To achieve new or enhanced properties of nanocomposites, the
nanoparticles should be properly dispersed and distributed in the matrix
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material, otherwise the high surface area of nanoparticles is compromised
and they will tend to form clusters/agglomerates. These aggregates will
further act as defects and limits the property enhancement, therefore to
attain maximum enhancement of properties, nanoparticles should be
homogenously and individually dispersed in the matrix. Scheme 7,
illustrates different types of distribution of nanoparticles in the host
matrix material, (a) good distribution but poor dispersion, (b) poor
distribution and poor dispersion, (c) poor distribution but good
dispersion, and (d) good distribution and good dispersion [Ciprari, et al
2006].

Scheme 7: Distribution and dispersion of nanoparticles in the matrix

14

Chapter I

Introduction

The next important factor affecting the nanocomposite property
enhancement is the nature of interphase developed at the matrix filler
interface. In addition to displaying a variety of properties, the common
feature of polymer matrix nanocomposites is the existence of phase
borders between host matrix material and nanofiller surface, and the
formation of interphase layer between the components. The composition,
properties and structure of the interphase vary across the interphase
region and are different from both filler and matrix.
Most of the interphase properties depend on the bound surface and
therefore the nanocomposite properties can be tailored by optimizing the
interfacial bond between the nanofiller and polymer matrix. The
interfacial interaction between two interconnecting phases depends on the
ratio of free surface energy of filler and matrix. Particles with nanosize
have a high surface area and provide high surface energy therefore the
total surface area of a nanoparticle determines the extent of interphase
phenomena contribution to the properties of polymer nanocomposites
[Ciprari, et al 2006].
1.5 Polyaniline (PANI)
Polyaniline (PANI) is well-known as an environmentally stable
and highly tunable conducting polymer, which can be produced as bulk
powder, cast films, or fibers. This, in conjunction with the feasibility of
low-cost, large-scale production, makes it an ideal candidate for
numerous potential applications. The term polyaniline corresponds to a
class of polymers having up to 1000 repeat units (also called mers) and
was first reported in 1862 Much of the structural characterization of
polyaniline has taken place in the last 20 years or so, and is fairly well
established, although the large number of papers published in the last five
years would indicate that polyaniline is still under much scrutiny.
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1.5.1 Structure and Morphology
The primary structure of polyaniline has been of interest for more
than a century, and has been found to vary, depending on the reaction
conditions. The polyaniline depicted in Scheme 8, results when the
aniline units undergo head-to-tail para-coupling. Meta- and orthocoupling are possible, but are minimized under appropriate reaction
conditions. In addition to affecting the coupling of monomer units, the
reaction conditions also dictate the oxidation state, which is described by
the relative number of benzenoid (y) and quinoid (1-y) units. If one
considers the example of an octamer of aniline, there are four possible
oxidation states (see Scheme 9). The fully reduced oxidation state, known
as leucoemeraldine, contains only benzenoid units (y = 1); the
protoemeraldine oxidation state contains one quinoid unit; the emeraldine
state, which is the most stable, contains two quinoid units and the
pernigraniline state, which is fully oxidized, contains 4 quinoid units (y =
0). The usual depiction of polyaniline in the emeraldine state is one in
which the repeat unit has equal numbers of benzenoid and quinoidunits (y
= 0.5).

Scheme 8: Neutral and doped polyaniline
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Scheme 9: Variable oxidation state octamers of aniline
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1.6 Conductivity
Electrical conductivity (σ) depends on three factors pertaining to
the charge carriers,
σ = nq μ

(1)

Where n is the number of charge carriers, q is the charge on the carrier
and μ is charge mobility. In the case of conducting polymers the total
conductivity is a function of the intrachain conductivity and the interchain
conductivity. For completely doped polyaniline, the number of charge
carriers, n, is usually maximized, thus the conductivity depends on the
charge mobility. The intrachain mobility depends primarily on the
conjugation length (extent of conjugation) and the number of defects. The
interchain mobility depends on the degree of crystallinity, which is a
function of the proximity and orientation of neighboring chains. In
addition, the counter-ions are capable of introducing defects by causing
significant charge polarization in neighboring chains [MacDiarmid et al
1993]. According to Wudl et al., the major contributor to the overall
conductivity of polyaniline is interchain charge transport [Wudl, et al
1987]. Wudl states that in order to have electrical conductivities as high
as 102 S/cm, a simple hopping mechanism is insufficient. In order to
achieve such high conductivity, the polymer must have delocalized states
approaching metallic transport. A number of researchers concur with
Wudl’s findings, and suggest the dominance of interchain transport. The
exact nature of the charge transport mechanism depends on a number of
factors, including temperature and protonation (doping) level. There is
some discrepancy in the literature with regard to the conduction
mechanism, although most agree that polyaniline may be described as
metallic islands in an insulating matrix. The source of the discrepancy
may arise from variations in the morphology and/or protonation level, or
water content of the polyaniline examined, as these factors can
18
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dramatically affect the conductivity, Shacklette has studied the interaction
between polyaniline and polar molecules. Experimental and theoretical
evidence suggests that the interaction is strong and it is proposed that the
interaction induces a redistribution of charge, resulting in enhanced
conductivity [Wudl, et al 1987].
1.7 Ionizing radiation
Ionizing radiation is any of several types of particles and rays (α
particles, accelerated electrons, protons, deutrons, and fission fragment,
recoil nuclei resulting from nuclear reactions. etc.) given off by
radioactive material, nuclear reactions, and radiation producing machines.
The term “ionizing” refers to the ions or charged atoms and molecules
that radiation produces along its path by knocking electrons from atomic
orbits. The term “radiation” refers to the way these particles and rays
move away or radiate from their sites of production at speeds ranging
from a few tenths of the speed of light to the speed of light. The same
term is also used to designate other types of radiation as photons or fast
moving uncharged particles that don’t produce ionization directly, but
are capable of transferring their energy to charged particles which are
themselves ejected from the absorbing molecules and create secondary
ionization tracks [Li, et al 2007]. This second group of radiation
compromises electromagnetic waves of high energy (X-Rays and γ-Rays)
as well as neutrons Non-ionizing radiation, such as that emitted by a
laser, is different because it does not create ions when it interacts with
matter but dissipates energy generally in the form of heat. The three main
types of ionizing radiation are alpha particles, beta particles, and gamma
rays. Radioactivity is the characteristic of any atom that is unstable due to
the binding of the protons and neutrons within its nucleus. If the number
of neutrons is too small or too large for the number of protons, the
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nucleus is unstable and the atom is said to be radioactive. Radioisotope
refers to any radioactive isotopes of an element, and radionuclide is a
generic term applying to any radioactive species of any element. Every
radioactive nucleus will eventually change its neutron/proton ratio by one
of four basic methods and simultaneously emit radiation to obtain a more
stable energy configuration. These methods can involve the ejection of an
alpha particle directly from the nucleus, the conversion within the nucleus
of a neutron to a proton or a proton to a neutron with the emission of a
beta particle and gamma rays, or the splitting or spontaneous fission of
the nucleus. Each radionuclide has a unique configuration, so the
radiation types, energies, and intensities are unique to it, and these are
keys to its identification. The unstable radionuclide is transformed during
this process into a new nuclide, which is typically stable. Radionuclides
that are still radioactive after one transformation continue through a series
of one or more further transformations until a stable atom is formed. This
series of transformations, called a “decay” chain, is typical of the very
heavy natural elements like uranium and thorium. The first radionuclide
in the chain is called the parent radionuclide, and the subsequent products
of the transformation are called progeny, daughters, or transformation
products. To summarize, radioactive decay results in a stable nuclide or a
less unstable nuclide than the parent [Kowalsky and Falen, 2004]. The
sources of radiation can be divided into two main groups; the first group
employing natural or artificial radioactive isotopes includes radium and
radon and also isotopes such as Cobalt-60, Caesium-137, Strontium-90
and spent fuel elements from nuclear reactors. The second group includes
X-ray tube, Linear and Van de Graft accelerators, the cyclotron and
neutron sources. Sources of radiation are briefly discussed in references
[Spinks and Woods, 1990]. However in the field of radiation physics
only a limited number of presently available radiations have been used
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such as: X and γ-rays, accelerated high energy electrons and Beta rays,
accelerated ions and fast and slow neutrons.
1.7.1 Advantage of irradiation processing
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: (1) the process is simple and clean, (2) the γ-ray
irradiation has harmless feature, (3) controlled reduction of metal ions can
be carried out without using excess reducing agent or producing undesired
oxidation products of the reductant, (4) the method provides metal
nanoparticles in fully reduced, highly pure and highly stable state and (5)
no disturbing impurities like metal oxide are introduced. Radiolytic
reduction generally involves radiolysis of aqueous solutions that provides
an efficient method to reduce metal ions and form homo and hetero-nuclear
clusters of transition metals. In the radiolytic method, aqueous solutions are
exposed to γ-rays creating solvated electrons, eaq-. These solvated electrons,
in turn, reduce the metal ions and the metal atoms eventually coalesce to
form aggregates as depicted by following reactions (see scheme 10):
[Belloni et al, 1998]
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Scheme 10: Scheme of metal ion reduction by ionizing radiation. The
isolated atoms formed coalesce into clusters. They adsorb an
excess of ions. They are stabilized by ligands, polymers or
supports. The redox potential increases with the nuclearity.
The smallest oligomers may undergo reverse corrosion.
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II. Literature Review
The synthesis of metal organic polymer and polymer inorganic
nanoparticles has potential use in technological applications and has
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 [Karim, et al 2007].
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, PANI, 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, et al 2008].
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 significant approach to achieve this is to synthesize nanoparticles in
the presence of solid support such as silica, titania and alumina. Metal
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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, 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, 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 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, et al 2007].
The CdS/PVP nanoparticles were prepared by non-aqueous method
where in cadmium nitrate was used as the cadmium source and hydrogen
sulphide as the sulphur source. 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
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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 CdS/PVP 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 [Pattabi, et al 2007].
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(CH 3COO)2 and NaOH with
vigorous stirring in an ice bath. The unwanted CH 3COO- 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 centrifuging and then dried in an
oven kept at 90°C for 2h. Zn-PbS nano-powders 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
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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, et al 2009].
Nanoparticles of lead sulfide (PbS) have been grown within the
pores of polyvinyl alcohol (PVA) matrix on glass 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, et al 2008].
Copper metal nanoparticles have been formed by irradiation with
253.7 nm light from a low pressure Hg-arc lamp in the presence of a
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protective agent poly (N-vinyl pyrrolidone). The role of a photosensitizer, 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 [Kapoor and Mukherjee 2003].
Zhou et al report the shape-controlled synthesis of gold
nanoparticles using a novel ultraviolet irradiation technique at room
temperature. The very slow ultraviolet irradiation photo reduction process
may favor the formation of shaped gold nanoparticles. It was found that
not only the concentration of gold cations and the irradiation time but also
the concentration and the species of polymer capping materials play
important roles in the morphology control of the gold nanoparticles
[Zhou, et al 1999].
Gold nanoparticle was performed via UV irradiation of an aqueous
solution of HAuCl4 and a natural polymer, hydroxyl propyl cellulose
(HPC). The mixture remains transparent and clear even when irradiated
for as long as 45 min. Just a few minutes later after the UV irradiation
was removed, however, the color started to turn into light pink, then to
deep red in a gradual manner. This color evolution was monitored by
UV/VIS absorption spectra and Transmission Electron Microscopy. As
time passed by, UV/VIS absorption spectra showed an increase in surface
plasmon adsorption intensity, which was characteristic of the formation
of nanometer-sized gold particles. TEM observations also confirmed that
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both particle morphology and number density evolved with time [Hao, et
al 2008].
The immobilization of uniformly sized gold nanoparticles on UV
crosslinked poly(vinylpyridine),

(PVP) polymer thin films and the

preparation of micropatterned structures of AuNPs on these films were
demonstrated. The polymer thin films were prepared by a spin-coating of
PVP onto a cleaned silicon wafer surface. Upon UV irradiation, these
films were then photo crosslinked. Gold nanoparticles were immobilized
by immersing the polymer surface in a colloidal solution of gold
nanoparticles stabilized by citric acid. The morphology of the films and
the immobilization of Au nanoparticles were studied by atomic force
microscopy (AFM) and UV/VIS spectroscopic techniques. The micro
patterned gold structures that were produced on the polymer surface are
delineated by combining with the photo lithographic method. While
untreated and simply spin coated films were physisorbed and unstable
that could be easily removed by rinsing with a solvent, the crosslinked
and AuNPs immobilized PVP films were found to be highly stable even
after repeated solvent extractions [Kim and Jeong, 2009].
The optical response of embedded silver nanoparticles in terms of
their morphology and dielectric environment is studied. Employing a
discrete dipole approximation, the extinction efficiencies are calculated
for nanoparticles of different shapes and in diverse ambient conditions. A
clear dependence of the number, width and position of the surface
plasmon resonances (SPRs) is identified for various nanoparticle shapes.
For faceted particles, it is found that as the truncation of sides increases,
the main resonance is always blue shifted, the SPRs at smaller
wavelength are closer to the dominant mode, so, they overlap, and the
27

Chapter II

Literature Review

width of the main resonance increases. The SPRs vanish as the number of
faces increases, or when the symmetry of the NP becomes larger. As the
vertices become sharper, the number of resonances

increases

significantly. By changing the refraction index of the environment, the
number of SPRs is not affected, although their width and position are
modified, so that, for larger the refraction indices the resonances are red
shifted [Gonz´alez and Noguez 2007].
A simple, template-less, self seed and aqueous phase synthesis of
bicrystalline silver nanorods and nanowires is described and potassium
tartaric was used as a reductant to reduce silver nitrate (AgNO 3) for the
first time in the presence of poly (vinyl pyrrolidone), (PVP). By changing
the AgNO3/PVP ratio, the diameter and length of silver nanorods and
nanowires can be controlled. The end-to-end assembly of the silver
nanorods was found. It is indicated that, from the selected-area electron
diffraction (SAED) study, the silver nanocrystals are generated with a
bicrystalline structure. The effect of the concentration of NaOH is
investigated and the reactions taken place during the formation of
nanostructure silver is proposed [Xin, et al 2005].
Single crystalline silver nanoparticles have been synthesized by
thermal decomposition of silver oxalate in water and in ethylene glycol.
Polyvinyl alcohol (PVA) was employed as a capping agent. The particles
were spherical in shape with size below 10 nm. The chemical reduction of
silver oxalate by PVA was also observed. Increase of the polymer
concentration led to a decrease in the size of Ag particles. Ag
nanoparticle was not formed in the absence of PVA. Antibacterial activity
of the Ag colloid was studied by disc diffusion method [Navaladian, et
al 2007].
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Spherical silver nanoparticles with various sizes and standard
deviations were synthesized by the polyol process. Two different
synthesis methods were compared in order to investigate the influence of
reaction parameters on the resulting particle size and its distribution. In
the precursor heating method, wherein a solution containing silver nitrate
was heated to the reaction temperature, the ramping rate was determined
to be a critical parameter affecting the particle size. In contrast, in the
precursor injection method, in which a silver nitrate aqueous solution was
injected into hot ethylene glycol, because of rapid nucleation, the
injection rate and the reaction temperature were important factors in
terms of reducing the particle size and attaining monodispersity. Silver
nanoparticles with a size of 17 ± 2 nmwere obtained at an injection rate of
2.5 ml/S and a reaction temperature of 100 oC [Kim and Jeong 2006].
Silver nanoparticles were prepared by using polyvinyl pyrrolidone
(PVP) as a stabilizer and γ-irradiation. Transmission electron microscopy
(TEM) results showed that both the amount and the molecular weight of
PVP in the irradiated solution considerably affect the average size of the
silver nanoparticles. The average size of the silver nanoparticles
decreases with increasing the amount of PVP in the solution, but
increases with increasing its molecular weight. Further, TEM showed that
the silver nanoparticles become disassembled into smaller nanoparticles
after dilution with distilled water and sonication. Since the processes of
dilution and sonication are not expected to result in chemical reactions or
to split the silver nanoparticles, we conclude that each silver nanoparticle
prepared by γ-irradiation consists of several smaller nanoparticles
surrounded by PVP. Thus, based on these observations, it was proposed
that a three-step mechanism for the growth of the silver nanoparticles
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under the conditions considered here. In the first step, the silver ions
interact with PVP, then in the second step the silver ions that are exposed
to γ-irradiation are reduced to silver atoms; nearby silver atoms then
aggregate at close range. These aggregates are the primary nanoparticles.
Finally, these primary nanoparticles coalesce with other nearby primary
nanoparticles or interact with PVP to form larger aggregates which are
the secondary (final) nanoparticles [Shin, et al 2004].
Polyaniline (PANI) is one of the most intensively investigated
polymers during the last decade. The establishment of the scientific
principles allowing regulation of its properties, determining the potential
application areas (alternative energy sources and transformers, media for
erasable optical information storage, non-linear optics, membranes, etc) is
an important scientific problem. We have shown for the first time that the
behavior of this polymer is subject to the same basic principles as the
polymerization process itself. Both the polymerization of aniline and the
subsequent transformations of polyaniline have to be regarded as typical
redox processes, where the direction and establishment of equilibrium are
dependent on the oxidation potentials and concentrations of the reactants
(and also on pH of the medium, affecting the values of oxidation potential
of the reactants). Such an approach allows us to identify the oxidative
polymerization of aniline (and presumably of thiophene and pyrrole) as a
new area in cationic polymerization, wherein the conditions of initiation,
propagation and termination of the chains can be expressed by means of
the electrochemical potential of the system. Furthermore, this allows an
elucidation of the key problems related to the main types of
transformations of this polymer (the so-called oxidative and nonoxidative doping of polyaniline). It also gave us a reason to suggest a
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novel original classification of the numerous potential application areas of
PANI [Gospodinova and Terlemezyan 1998].
Several studies (13C NMR, vibrational spectroscopy, acidic
titration, etc.) have been considered in this coherent description of the
structure and the chemical composition of polymers of the polyaniline
family. Among the different processes (oxidation, protonation, etc.)
which relate the five polymers of this family, three are characterized by
insulator-to-conductor transitions. The chemical aspects of these
processes are explained in the framework of the preceding descriptions.
Then, the variations of the magnetic and transport properties related to
these transitions, as well as the models which have been proposed to
account for these properties, are discussed. Special attention is paid to the
problem of homogeneity of the material, after different types of doping
[Travers et al 1990].
A novel morphology of polyaniline (PANI)/Ag composite
nanospheres was obtained through UV rays irradiation method. The
structure and morphology of the product were characterized by Fourier
transform infrared (FT-IR) spectrum, X-ray diffraction (XRD) pattern,
Scanning electron micrograph (SEM) and Transmission electron
microscopy (TEM) images, energy-dispersive X-ray (EDAX) analysis,
and electron diffraction (ED), respectively. The results showed that the
diameters of the PANI nanospheres and the Ag nanofilaments were 10-60
nm and 2-5 nm, respectively. UV rays played an important role for
forming PANI nanospheres underpinned by Ag nanofilaments. A
potential formation mechanism of PANI nanospheres underpinned by Ag
nanofilaments was investigated [Xia Li et al 2009].
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Silver/polyaniline nanocomposites are prepared via in situ
reduction of silver salt in aniline by mild photolysis performed with 8W
long wavelength (365 nm) and short wavelength (254 nm) radiation from
UV lamp. Reduction of the silver salt in aqueous aniline leads to the
formation of silver nanoparticles which in turn catalyze oxidation of
aniline to polyaniline. Systematic observation of the progress of the
reaction by means of absorption spectroscopy revealed that the reaction
completes faster under the UV light of 254 nm wavelength than the
visible source of 365 nm. The absorption bands of the reaction solution
revealed that the bands at about 400-420 nm due to benzonoid ring of the
polyaniline are overlapped and red-shifted due to the presence of nanosilver in powdered state. A slightly broadened X-ray diffraction (XRD)
pattern indicating, small particle size (≈ 30 nm), is consistent with cubic
silver. Scanning electron microscopy (SEM) of the nanocomposite
showed a uniform size distribution with spherical and granular
morphology. Thermogravimetric analysis (TGA) showed that the
composites have a higher degradation temperature than polyaniline alone
[Khanna et al 2005].
Ag/polyaniline core-shell nanocomposites were successfully
synthesized via in situ chemical oxidation polymerization of aniline based
on mercapto carboxylic acid capped Ag nanoparticles colloid. The
morphology and structure of the products were characterized by scanning
electron microscopy, transmission electron microscopy, X-ray diffraction,
Fourier Transform Infrared spectroscopy and UV/VIS spectra. A possible
formation mechanism of the Ag/polyaniline core-shell nanocomposites
was also proposed [Jing et al 2007].
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This work will be focusing on the preparation of Ag/PVA and
Ag/PANI nanocomposites using gamma irradiation processing and
investigate

the

influence

of

AgNO3,

PVA,

aniline

monomer

concentration, and irradiation dose on the optical and structural properties
of nanocomposites. An effort is made to show that the radiation-induced
synthesis of Ag/PVA and Ag/PANI nanocomposites is a simple method
with very homogenous distribution of size and structure.
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3. Materials and Experimental Techniques
3.1. Materials
Silver nitrate (AgNO3) was purchased from Nice chemicals
PVT. LTD Cochin-682024, India, polyvinyl alcohol (PVA), M.wt. =
32.000 were obtained from El-Goumhouria Co., Egypt, whereas sodium
borohydride (NaHB4) was purchased from Winlab, 13 courtyard
workshops, bath street, market harborough, U.K. Aniline monomer (99.5
%), 2-propanol, ammonium persulfate [APS, (NH4)2 S2O8], were obtained
from Aldrich. All the precursors and reactants were used as received
without any further purification.
3.2. Preparation of pure poly vinyl alcohol (PVA) film
PVA films were prepared by casting technique, through
dissolving either 6 or 3 gm in 100 ml distilled water. The mixture was
then warmed up to (≈ 60 oC) and thoroughly stirred using a magnetic
stirrer for 4 h until the polymer become completely soluble.
3.3 Preparation of Ag/ PVA nanocomposite films
AgNO3 solutions with different concentration (10-1 M to 5×10-3
M), (see Table 1) were added to the as-prepared PVA solutions (3 or 6
wt%), with continuous stirring for 2 h at 60 °C to chelate silver ions into
PVA chain. Then the Ag/PVA solutions stain to cool at room temperature
before adjusting the PH of the solution (PH = 3) using diluted nitric acid
(0.1 M). Finally, the Ag/PVA matrix was cast on a Petri dish.
Homogenous Ag/PVA films were obtained after drying at room
temperature for 48 h in order to remove residual distilled water.
3.4 Irradiation process
Gamma irradiation processing was carried out in a Gamma cell
220 Excel

60

Co irradiation facility installed at the national center for

radiation research and technology, NCRRT (AEA), Nasr City, Cairo,
Egypt (manufactured by the Atomic Energy Authority of India). The
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absorbed irradiation dose rate of the γ-cell was 3.48 kGy/ hr through the
experimental time. A set of the test Ag/PVA films have received the
following irradiation doses (25, 50, 75, and 100 kGy). The description of
the as-prepared Ag/PVA nanocomposite films was presented in Table 1.

Table 1. Table 1: The specification of the as-prepared Ag/PVA nanocomposite
films
Sample

AgNO3

Irradiation

PVA content

NO.,

concentration (M)

doses (kGy)

wt%

1-4

5×10-3

25, 50, 75, 100

6

5-8

1×10-2

25, 50, 75, 100

6

9-12

5×10-2

25, 50, 75, 100

6

13-16

1×10-1

25, 50, 75, 100

6

17-20

1×10-2

25, 50, 75, 100

3

3.5 Characterization Techniques
The nanoscale metal particles such as silver 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. 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. The evolution of nanomaterials towards new applications
requires knowledge on effects of processing routes and on aspects of long
term stability. Analyzing and understanding of structural and chemical
changes on these extremely small scales are therefore crucial for further
success. The main emphasis of this thesis is the formation of metal
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nanocomposites and thereafter these nanocomposites have been
characterized by a host of techniques such as UV-Visible spectroscopy,
Fourier transform infrared (FTIR), transmission electron microscopy
(TEM), X-ray Diffraction, and thermogravimetric analysis, (TGA)
3.5.1 Spectroscopic analysis
3.5.1.1 Ultraviolet / visible spectrophotometry, (UV/VIS)
All radiation is quantized; that is to say it can only exist as
discrete amounts of energy (quanta, photons in the case of light). This
gives rise to the concept that the energy possessed by an electron is also
quantized, and thus we talk about the energy levels of the electron. The
electron is able to change its energy level by gaining or losing energy, but
only in amounts exactly corresponding to the difference between the two
levels. So the promotion of the electron from the ground state (lowest
possible energy) at energy E1 to energy E2 can only occur if the molecule
absorbs a photon which has an energy = (E2 - E1). This electron at a
higher energy is said to be excited and to be in an excited state. Excited
states only lost for very short periods of time (1 to 10 nanoseconds),
because the higher energy state is energetically unstable, and the extra
energy is lost through relaxation processes such as emission of light or
heat. The absorption of UV-visible radiation corresponds to the excitation
of outer electrons. There are three types of electronic transition, which
can be considered (see scheme 11).
1. Transitions involving π, σ, and n electrons.
2. Transitions involving charge-transfer electrons.
3. Transitions involving d and f electrons.
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Scheme 11: Schematic shows the possible electronic transitions
The possible electronic transitions of π, σ, and n electrons are
classified as:
A- σ →σ* Transitions
An electron in a bonding σ orbital is excited to the
corresponding antibonding orbital. The energy required is large. For
example, methane (which has only C-H bonds, and can only undergo
σ→σ* transitions) shows an absorbance maximum at 125 nm. Absorption
maxima due to σ→σ* transitions are not seen in typical UV-VIS spectra
(200-700 nm).
B- n → σ* Transitions
Saturated compounds containing atoms with lone pairs
(nonbonding electrons) are capable of n → σ* transitions. These
transitions usually need less energy than σ → σ * transitions. They can be
initiated by light whose wavelength is in the range 150-250 nm. The
number of organic functional groups with n → σ* peaks in the UV region
is small.
C- n→π* and π→ π* Transitions
Most absorption spectroscopy of organic compounds is based
on transitions of n or π electrons to the π* excited state. This is because
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the absorption peaks for these transitions fall in an experimentally
convenient region of the spectrum (200-700 nm). These transitions need
an unsaturated group in the molecule to provide the π electrons. Molar
absorbtivities from n→π* transitions are relatively low, and range from
10 to 100 L mol-1 cm-1. π→π* transitions normally give molar
absorbtivities between 1000 and 10,000 L mol-1 cm-1. The solvent in
which the absorbing species is dissolved also has an effect on the
spectrum of the species. Peaks resulting from n→π* transitions are
shifted to shorter wavelengths (blue shift) with increasing solvent
polarity. This arises from increased solvation of the lone pair, which
lowers the energy of the n orbital. Often (but not always), the reverse (i.e.
red shift) is seen for π→π* transitions. This is caused by attractive
polarization forces between the solvent and the absorber, which lower the
energy levels of both the excited and unexcited states. This effect is
greater for the excited state, and so the energy difference between the
excited and unexcited states is slightly reduced - resulting in a small red
shift. This effect also influences n→π* transitions but is overshadowed
by the blue shift resulting from solvation of lone pairs. Many inorganic
species show charge-transfer absorption and are called ''charge-transfer
complexes''.
UV double beam ultraviolet/visible (UV/VIS) (Unicam
spectrometer 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 nanocomposite
samples.
3.5.1.2 Fourier Transform Infrared (FTIR) Spectroscopy
Infrared (IR) spectroscopy is one of the most common
spectroscopic techniques used by organic and inorganic chemists. Simply,
it is the absorption measurement of different IR frequencies by a sample
38

Chapter III

Materials and Experimental Techniques

positioned in the path of an IR beam. The main goal of IR spectroscopic
analysis is to determine the chemical functional groups in the sample.
Different functional groups absorb characteristic frequencies of IR
radiation. Using various sampling accessories, IR spectrometers can
accept a wide range of sample types such as gases, liquids, and solids.
Thus, IR spectroscopy is an important and popular tool for structural
elucidation and compound identification. Infrared radiation spans a
section of the electromagnetic spectrum having wavenumbers from
roughly 13,000 to 10 cm–1, or wavelengths from 0.78 to 1000 μm. It is
bound by the red end of the visible region at high frequencies and the
microwave region at low frequencies. IR absorption positions are
generally presented as either wavenumbers (ν) or wavelengths (λ).
Wavenumber defines the number of waves per unit length. Thus,
wavenumbers are directly proportional to frequency, as well as the energy
of the IR absorption. The wavenumber unit (cm–1) is more commonly
used in modern IR instruments that are linear in the cm–1 scale. In the
contrast, wavelengths are inversely proportional to frequencies and their
associated energy. Wavenumbers and wavelengths can be interconverted
using the following equation:
ν (cm-1) = [1/λ ( in μm)] × 104

(2)

IR absorption information is generally presented in the form of
a spectrum with wavelength or wavenumber as the x-axis and absorption
intensity or percent transmittance as the y-axis. Transmittance (T %), is
the ratio of radiant power transmitted by the sample (I) to the radiant
power incident on the sample (Io). Absorbance (A) is the logarithm to the
base 10 of the reciprocal of the transmittance (T %).
A = log10 (1/T) = -log10 T = – log10 (I/Io)

(3)

The transmittance spectra provide better contrast between
intensities of strong and weak bands because transmittance (T %) ranges
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from 0 to 100 % whereas absorbance ranges from infinity to zero. The
analyst should be aware that the same sample would give quite different
profiles for the IR spectrum, which is linear in wavenumber, and the IR
plot, which is linear in wavelength. It will appear as if some IR bands
have been contracted or expanded. The IR region is commonly divided
into three smaller areas: near IR, mid IR, and far IR.
3.5.1.3 Sample preparation
Sample analysis was carried out using direct method for film
and KBr disk technique. In the KBr disk technique, a very small amount
of the solid (approximately 1-2 mg) is added to pure potassium bromide
powder (approximately 200 mg) and ground up as fine as possible. This
is then placed in a small die and put under pressure mechanically. The
pressure is maintained for several minutes before removing the die and
the KBr disk formed. The disk is then placed in sample holder ready for
scanning. The success of this technique is dependent on the powder being
ground as fine as possible to minimize infrared light scattering off the
surface of the particles. It is also important that the sample be dry before
preparation. KBr has no infrared absorption in the region 4000 - 650 cm-1.
An ATI Mattson (Genesis series, Unicam, England) FTIR
spectroscopy was used to scan and measure the absorption spectra at a
resolution of 4 cm-1. The spectra of unirradiated and irradiated samples
were measured before and directly after irradiation with a designed data,
the changes in absorbance (peak intensity) at the characteristic peak
wavenumber (cm-1) were recorded.
3.5.2 Transmission Electron Microscope (TEM) Measurements
The transmission electron microscope (TEM) operates on the same
basic principles as the light microscope but uses electrons instead of light.
What we can see with a light microscope is limited by the wavelength of
light. TEM uses electrons as "light source" and their much lower
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wavelength make it possible to get a resolution thousand times better than
that with a light microscope. We can see objects to the order of a few
angstroms (10-10 m). For example, we can study small details in the cell
or different materials down to near atomic levels. The possibility for high
magnifications has made the TEM a valuable tool in both medical,
biological and materials research.
The shape and particle size distribution were studied using a
transmission electron microscopy (TEM) (JEOL JSM-100 CX, Shimadzu
Co., Japan) with an acceleration voltage of 80 KV. The samples were
prepared by making a suspension from the dissolved films in distilled
water using ultrasonic water bath. The suspension was centrifuged to
separate the polymer matrix and collimate the large size particles. Then a
drop of the suspension was put into the carbon grid and left to dry, for
several hours after the extra solution was removed using blotting paper.
3.5.3 X-ray diffraction (XRD) Measurements
X-ray diffraction (XRD) patterns of the investigated samples were
determined by X-ray diffractometer (a Shimadzu XRD 600). XRD
patterns in the θ range between 2θ of 4° to 70° were obtained at a scan
rate of 2° / min on the diffractometer with CuK radiation source, a
generator voltage of 40 KV, 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.
3.5.4 Thermogravimetric analysis, (TGA)
The TGA studies were carried out on a TGA-50 instrument
from Shimadzu, (Japan), which is a high performance thermogravimetric
analyzer having high sensitivity, high vibration resistance and structure
that permits easy replacement of sample atmosphere. The instrument is
applicable to the measurement of thermal stability of substance,
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decomposition and oxidation reaction. Usually, the sample is put in
platinum sample cell, which is put on the sample pan hanging down in the
reaction tube where the atmosphere can be controlled. Weight equivalent
to the sample is put on the weight pan to almost balance the beam. When
heating it changes the weight of the sample, the beam supported by the
taut band inclines. This inclination is detected by the photoelectric
elements and then amplified. In this way, the beam position is kept at a
fixed position. At this time , as the torque is in direct proportion to the
current, mass change of the sample can be measured continuously with
accuracy by sampling this current and recording it. Our samples were
measured in a range (298-873 K) in an atmosphere of N2 at a heating rate
of 10 °C/min. The primary TGA thermograms were used to determine the
different kinetic parameters such as activation energy and order of
thermal decomposition reaction.
3.6 Antifungal and antibacterial activity of silver nanoparticles
3.6.1 Microorganisms and culture conditions (Fungi strain)
Clinical isolates used in the experiment for evaluation of Ag-NPs
sensitivity have been provided from Regional Center for Mycology and
Biotechnology Antimicrobial unit test organisms (RCMB). Aspergillus
fumigates (RCMB 02568), Crytococcus neoformans (RCMB 05642),
Candida albicans(RCMB 05031), Candida trobicalis(RCMB 05239),
Geotricum candidum (RCMB 05096), Trichophyton mentagrophytes
(RCMB 0925), Penicillium marneffei (RCMB 01267), Syncephalastrum
racemosum

(RCMB

05922)

Aspergillus,Crytococcus,

Geotricum,

Penicillium, Syncephalastum and Candida spp. were cultured in
sabouraud dextrose agar (SDA), while Trichophyton mentagrophytes
were cultured in potato dextrose agar (PDA).
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3.6.2 Determination of antifungal susceptibility
To evaluate in vitro antifungal activity of Ag-NPs the agar well
diffusion method was used. Amphotericin B (provided by Sigma
Company) was used as a standard positive control against clinical yeast
and fungal isolates [Satish et al., 2002]. SDA and PDA agar plates were
inoculated with a spore suspension (20 μL) of the test fungi. 100 µl of
standard antifungal Amphotericin B (2 mg/ml) were used as positive
control, and 100 µL of Ag-NPs (2 mg/ml) were placed onto agar wells (6
mm diameter) of SDA or PDA medium inoculated with test fungi. These
plates were then incubated at 25°C for 48 hours. After incubation, the
inhibition zones were measured. The assays were performed in triplicate.
3.6.3 Microorganisms and culture conditions (Bacteria strain)
Listeria

monocytogenes,

Escherichia

coli,

Pseudomonas

aeruginosa, Staphylococcus aureus, Micrococcus luteus, Bacillus cereus,
Bacillus subtilis, Bacillus polymyxa, Bacillus thurgensis, salmonella Sp
and Streptomyces Sp were cultured on broth flasks containing Lauria
Bertani (L.B) medium and at 37°C for 24 hours for investigation the
antibacterial activity of both Ag nanoparticles and nisin as a standard
positive control.
3.6.4 Determination of antibacterial susceptibility
Bacterial susceptibility was assessed using the agar diffusion
method. In one implementation, 6 mm paper disks saturated with Ag-NPs
solution at different concentrations are placed on the surface of an agar
plate seeded with the test strain. For each of the above mentioned eleven
organisms, a set of standard bioassay plates (1.5% agar, 1% Tween 20,
filter paper disks have 6 mm diameter) LTB (bacterial medium) as assay
medium was prepared. From stock solution of nisin 30 μL was inoculated
on sterilized filter paper discs comparing with different concentrations of
Ag-NPs discs replicated three times on each set of plates. Following
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incubation the plates at suitable temperature for every indicator strain.
The zones of inhibition for both Ag nanoparticles and nisin were
measured.
3.7 preparation of Ag/PANI nanocomposite powder
A typical in-situ chemical radiation-induced polymerization
method for the Ag/PANI nanocomposites was carried out by the routine
synthesis as follows: 190 mL of distilled water and 10 mL of 2-propanol
solution containing different molar concentrations of AgNO3 (see Table
2), was added to a 500 mL double necked round bottomed flask equipped
with a magnetic Teflon coated stirrer. The mixture was sonicated for 30
min at room temperature. Aniline monomer with different molar
concentrations (listed in Table 2), with 50 mL of distilled water was
added to the above solution and a milky colloidal suspension was
obtained. Then, 50 mL of distilled water solution containing ammonium
persulfate (APS), (0.8 g) was added dropwise, in small portions, to the
suspension in a two necked flask, and a dark-grey solution was obtained.
After removing oxygen by bubbling with pure argon gas for 30 min the
solution was irradiated by
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Co γ-ray source. The resultant Ag/PANI

powder was carefully washed with methanol and distilled water until the
filtrate was colorless. The obtained black powder was dried at room
temperature for 24 h. The pure PANI powders were synthesized using a
similar method and the same mole ratios of monomer.
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Table 1. Table 2: The specification of the as-prepared Ag/PANI nanocomposite
powder
Sample

AgNO3

Irradiation

Aniline

NO.,

concentration (M)

doses (kGy)

monomer (M)

1-4

5×10-3

5,10,15,20

0.3

5-8

1×10-2

5,10,15,20

0.3

9-12

5×10-2

5,10,15,20

0.3

13-16

1×10-2

5,10,15,20

0.6

3.8 DC conductivity of Ag/PANI nanocomposites
DC conductivity measurement of the disc samples were carried out
in the temperature range from 298 K to 373 K. The sample was placed in
a conductivity-measuring cell in a sandwich configuration and a
thermocouple with digital display for measuring temperature was placed
in vicinity of the sample. A Keithley-617 digital electrometer was used
for measuring the resistance of the investigated samples.
3.9 Catalytic study of Ag/PANI and Ag/PVA nanocomposites
In a typical experiment, 0.0189 g of NaBH4 was added to 10 ml of
4-nitrophenol aqueous solution (5×10-5 M) under stirring. A three pellets
of 15 kGy irradiated Ag/PANI (5×10-2 M) nanocomposite power (0.02 g),
and a square piece of 75 kGy irradiated (5×10-2 M) Ag/PVA
nanocomposite film (0.9 cm side length) was taken the bottom of quartz
cuvette of path length 1 cm. thereafter, 3 ml of the 4-nitrophenol solution
were transferred to the cuvette. The degradation of 4-nitrophenol to 4aminophenol was monitored through vanishing of absorption peak at 400
nm recorded by the successive UV/VIS spectra.
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4.I Results and Discussion
The radiation-induced metal reduction and the radiation-induced
synthesis of metal/polymer nanocomposites have been reported due to its
unique advantages. In this method, the reduction of metal ions,
polymerization of monomer and crosslinking of polymer can be carried
out simultaneously under the normal pressure at room temperature
without using excessive reduction of agents. This matter induces
formation of homogenously dispersed metal nanoparticles in polymer
matrix. Metal-polymer nanocomposites have attracted considerable
amount of interests in recent years. They have a wide range of
applications in nonlinear optical materials, conductive composite,
nanoscale electronics and biomedical activities [Akhavan 2010],
catalysis, adhesives for various electronic components, photonic and
photography [Khanna et al 2005].
Noble-metal nanoparticles have extraordinary size-dependent
optical properties that have been the subject of extensive studies.
Specifically, these nanoparticles exhibit a strong UV-visible extinction
band that is not present in the spectrum of the bulk metal. This extinction
band results when the incident photon frequency is resonant with the
collective excitation of the conduction electrons and is known as the
localized surface plasmon resonance (LSPR). It is well established that
the peak wavelength, λmax, of the LSPR spectrum is dependent upon the
size, shape, and interparticle spacing of the nanoparticle as well as its
own dielectric properties and those of its local environment including the
substrate, solvent, and adsorbents [Haynes and Van Duyne 2001].
4.I.1 UV Spectroscopic analysis.
4.I.1.1 UV Spectroscopic analysis of pure PVA film.
Figure 1 shows the UV-visible absorption spectra of pure PVA. It
can be seen that a nearly zero absorption in the wavelength range (60046
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325 nm), whereas there is a strong absorption peak in the wavelength
range (320-250 nm) with the appearance of absorption maximum at a
band 280 nm. It is well known that PVA films are transparent and
contains only single bonds; therefore it would be expected to absorb
radiation only in the far UV region (120-200 nm) [De Merlis and
Schoneker 2003]. The absorption band at 280 nm may be assigned to
π→π* transition. This transition was related to the carbonyl groups
(C=O) present in the acetate residue (CH=CH)2CO-. The existence of
carbonyl functionalities is probably due to residual acetate groups
remaining after the manufacture of PVA from hydrolysis of polyvinyl
acetate or oxidation during manufacturing and processing [Abd El Kader
and Abdel Hamied 2002, Jayasekara et al 2004].
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Figure 1: UV/VIS spectrum of pure PVA film
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4.I.1.2 UV/VIS spectroscopy of Ag/PVA nanocomposite films
4.I.1.2.1 Effect of irradiation dose on the optical properties of
Ag/PVA nanocomposite films
The advantage of gamma irradiation induced synthesis of Ag
nanoparticles lies in the fact that the desired highly reducing radicals can
be generated without formation of any byproduct. When AgNO3
precursor is embedded into PVA matrix, the optical properties are the net
result of the electronic transition of the two components, one can see that
a strong increase the absorbance in the visible regions, (i.e. in the spectral
range 600–300 nm).
Polymers have been frequently used as particle stabilizer and
capping agent in radiation synthesis of metal nanoparticles, since they
prevent agglomeration and precipitation of the nanoparticles. The
embedding of such particles in polymer matrix is also advantageous from
the point of view of film casting. The polymer films having nanoparticles
in it can be considered as potential candidates for their use in electronic
and optoelectronic devices. One of the major requirements of course, is
being the observation of desired optical or electrical properties.
Poly(vinyl alcohol) is known to be a good stabilizer of metal
nanoparticles. Also, PVA is indeed well known for its wide range of
potential applications in optical, pharmaceutical, medical, and membrane
fields. Moreover, it is a water-soluble polymer and allows the
development of environment-friendly material processes. Finally, it can
react with metal salts via formation of chelate with metal cations in an
aqueous solution and also act as a capping agent [Khanna et al 2005 and
Gautam and Ram 2009].
The gamma-ray irradiation of Ag/PVA nanocomposite films
have a pronounced effect on their color, where the white color of
unirradiated films were changed to yellow, golden and yellowish brown
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following the radiation process up to 100 kGy. Also, the intensity of
Ag/PVA film color depends largely on either irradiation dose or Ag+
concentration (see scheme 12). The color change of the as-prepared films
reveals deferent reduction stages of silver ions by gamma-ray irradiation.
The absorbed radiation energy resulted in the formation of reactive
species such as hydrated electron (e-aq), hydrogen atom radical (Ho) and
hydroxyl radical (OHo) [Omer et al 2011]. Among these species, (e-aq)
and (Ho) are very powerful reducing agents, hence both of them reduce
Ag+ ions within the PVA matrix into metallic silver according to
reactions as stated by Rammani, [Rammani et al 2007].
Ag+ + eaq = Ag

(4)

Ag+ + Ho = Ag + H+

(5)

Scheme 12. The change in color of Ag/PVA nanocomposite films with
increasing irradiation dose

The formation of Ag nanoparticles was investigated through
UV/VIS spectral studies. The optical properties of metal nanoparticles are
caused by collective oscillation of free and conducting electrons and
metallic surface that interact with electromagnetic radiation. Surface
plasmon bands appearing in the visible region for Ag/PVA
nanocomposite films are characteristic of the noble metal nanoparticles.
The electric field induces the dipole formation in the nanoparticles. A
restoring force in the particle tries to compensate for this, resulting in a
unique resonance wavelength [Jovanovic et al 2012].
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Localized surface plasmons (LSPs) are charge density oscillations
confined to metallic nanoparticles (sometimes reffered to as metal
clusters) and metallic nanostructures, (see scheme 13). Excitation of LSPs
by an eclectic field (light), at an incident wavelength where resonance
occur result in strong light scattering, in the presence of intense surface
plasmon (SP) absorption bands, and an enhancement of the local
electromagnetic fields. The frequency (i.e., absorption maxima or color)
and intensity of the SP absorption bands are characteristics of the type of
material (typically, gold, silver or platinum) and are highly sensitive to
the size, size distribution and shape of the nanostructures, as well as to
the environments which surround them. These are the precise properties
which have promoted the ongoing intense interesting LSPs and fueled the
construction of LSP-based sensors and devises in ever increasing variety.
The intense yellowish brown color of aqueous dispersion colloidal of
silver particles is of course, a manifestation of localized surface plasmon
resonance [Hutter and Fendler 2001].

Scheme 13: plasmon oscillation for a sphere, showing the displacement
for conduction electron charge cloud relative to the nuclei.

When noble metal nanoparticles are excited by electromagnetic
radiation, they exhibit collective oscillations of their conduction electrons
that result in both absorption and scattering of the incident radiation. The
excitation spectrum, which is the sum of the absorption and scattering
spectra, of such nanoparticles in a vacuum, solution, or supported on the
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surface of a substrate is often, measured in transmission geometry using s
UV/VIS spectrophotometer. In a simple situation, such as that of nearly
monodisperse spherical gold or silver nanoparticles in solution, the
extinction spectrum exhibits a single peak known as the localized surface
plasmon resonance (LSPR). In addition to wavelength-selective photon
absorption and scattering, an important consequence of LSPR excitation
is the local electromagnetic field enhancement that lies at the hart of
surface enhanced spectroscopy. The ability to manipulate and predict the
LSPR of metal nanoparticle systems is desirable in several technological
applications including, but not limited to the following: optical devises,
optical energy transport, near field scanning optical microscopy (NSOM),
surface enhanced spectroscopes, and chemical and biological sensors
[Malinsky et al 2001].
Figures 2-5 show the UV/VIS absorption spectra of irradiated
Ag/PVA nanocomposite films. There is a weak/diffuse absorption band at
λ = 260 nm that refer to PVA characteristic compound and assumed to be
due to radiation-induced crystallinity loss of PVA. The predominate peak
in the visible region at about 415-425 nm is attributed to the surface
plasmon resonance nature of free electrons in the conduction bands of Ag
nanoparticles, embedded in a dielectric medium. The symmetric shape of
the SPR absorption peak features the spherical shape and uniform
distribution of Ag nanoparticles within the PVA matrix. Similar results
were observed by several authors [Khanna et al 2005].
The surface plasmon resonance absorption peak at 422 nm for
Ag/PVA nanocomposite film (Ag ≈ 5×10-3 M) increased as the radiation
dose increases up to 75 kGy, this indicating the formation of more silver
nanoparticles, (see Figure 2). The increment of surface plasmon
resonance (SPR) intensity with increasing irradiation dose, which
indicates an increase of silver nanoparticles with irradiation dose (i.e.
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more reduction of AgNO3 to Ag nanoparticles), (see Figures 2-5). It is
well known that, the surface plasmon resonance band of metal
nanoparticles is sensitive to their surrounding environment absorption of
the electrons in the conduction band of silver [Khanna et al 2005 and
Gasaymeh et al 2010].
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Figure 2. UV/VIS spectra of irradiated Ag/PVA nanocomposite films
(5×10-3 M AgNO3, 6% PVA)
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Figure 3. UV/VIS spectra of Ag/PVA nanocomposite films irradiated at
different irradiation doses (1×10-2 M AgNO3, 6% PVA)
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Figure 4. UV/VIS spectra of Ag/PVA nanocomposite films irradiated at
different irradiation doses (5×10-2 M AgNO3, 6% PVA)
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Figure 5. UV/VIS spectra of Ag/PVA nanocomposite films irradiated at
different irradiation doses (1×10-1 M AgNO3, 6% PVA)
The dramatic enhancement in the optical absorption intensity is
found to be in agreement with the color change of PVA samples, which
varies from transparent white for the unirradiated film to yellowish brown
for 100 kGy irradiated nanocomposite samples, see scheme 12). As the
irradiation dose increased (25 to 75 kGy), the surface plasmon band is
shifted from 422 to 414 nm indicating the presence of blue shift and the
occurrence of quantum size effect, (i.e. formation of smaller metal
nanoparticles), [Weihong et al 2009)]. The particle size is probably
related to either the irradiation dose or the amount of the stabilizing
polymer’s chains. With increasing irradiation dose, the individual
macromolecules of PVA are assumed to be crosslinked, giving rise to a
three dimensional network. The crosslinking of polymer molecules
results in a significant increase in molecular mass; this in turn will
increase the amount of polymer chains surrounding the nanoparticle [Liu
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et al 2009 and Ravindrachary et al 2010]. The more polymer chains
there are, the more they inhibit the aggregation and/or the growth of the
silver nanoparticles [Liu, et al 2009]. In addition, the increase of
irradiation dose will increase the extent, rate of Ag+ reduction and the
nucleation rate which results in formation of metal nanoparticles [Kan et
al 2010]. The surface plasmon peak gets narrower and sharper and also
increases in the intensity with increasing irradiation dose from 25 to 75
kGy, then the band intensity decreases and λmax increases markedly as the
irradiation dose reaches 100 kGy. On the other hand, the increased
intensity of the surface plasmon peak is related to the increase of the
fraction of reduced Ag nanoparticles as the irradiation dose increases
[Creighton and Edon 1991 and Ravindran et al 2010]. The decrease in
the intensity of this band at higher irradiation dose (100 kGy) may be
understood as follow: at higher irradiation doses, gamma-rays induce
chain scissions in the polymer matrix. The polymer chains acquire
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 λmax absorption (red shift) (see
Figures 10-12 and Table 3).
In conclusion, the wavelength corresponding to the extinction
maximum λmax of the localized surface plasmon resonance (LSPR) is
highly dependent on the size, shape, size distribution, interparticle
spacing, and wavelength-dependent dielectric constant of the material
from which the nanoparticles are composed. In addition, the λ max of the
LSPR is dependent on the dielectric properties of the local environment
that surrounds the nanoparticles and the substrate, if, on which the
particles are supported [Malinsky et al 2001].
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4.I.1.2.2 Effect of AgNO3 concentrations on the as-prepared Ag/PVA
nanocomposite films
The concentration of AgNO3 reactant may be one of the important
parameter affecting the physico-chemical and structural properties of the
as-prepared Ag/PVA nanocomposite film. The concentration of AgNO3
agent may be decides the ultimately quantity of the metal nanoparticles in
PVA matrix and also affect the size diameter, size distribution and type of
nanoparticles.
Figures 6-8 show the UV/VIS spectra of irradiated Ag/PVA
nanocomposite films containing different molar concentration of AgNO3
(5×10-3, 10-2, 5×10-2 and 10-1 M). The characteristic peak of the Ag
nanoparticles appear in the range of 410 nm to 422 nm, depending on
either the value of the gamma irradiation dose or Ag + content, (which is
caused by surface plasmon phenomenon, i.e., cloud electromagnetic
waves coupled with the conduction band (CB) electrons), shows the peak
at 422 nm (for higher concentration of Ag+) shifting to lower wavelength
(for lower concentration). This indicates a decrease of grain size of Ag
nanoparticles within the PVA matrix following the reduction at higher
irradiation dose (π-π* transition) [Omer et al 2011].
With increasing the AgNO3 concentration (see Figures 6-8) the
absorbance peak increased and slightly red shift was observed. Increasing
the absorption intensity of surface plasmon band with increasing AgNO3
concentration indicates a higher concentration of silver nanoparticles in
the investigated Ag/PVA nanocomposite films. Higher concentration of
Ag nanoparticles may lead to the red shift of surface plasmon resonance
band due to the multipoles interaction among the nanoparticles and to
some extent also to an increase in their size [Ayyad et al 2010]. The
intensities of the SPR absorption of the Ag nanoparticles increased with
increasing Ag concentration, indicating that more silver nanoparticles
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were generated. The slight red shift of the peak maximum to longer
wavelengths implies that the average sizes of the Ag nanoparticles
slightly increased with increasing Ag+ concentration.
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Figure 6. UV/VIS spectra of 25 kGy irradiated Ag/PVA nanocomposite
films with different AgNO3 concentrations (6% PVA).
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Figure 7. UV/VIS spectra of 50 kGy irradiated Ag/PVA nanocomposite
films with different AgNO3 concentrations (6% PVA).
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Figure 8. UV/VIS spectra of 75 kGy irradiated Ag/PVA nanocomposite
films with different AgNO3 concentrations (6% PVA).
Furthermore, it is apparent from Figures 6-8 that the observed
absorption edge at 254 nm for (25, 50, 75 kGy) irradiated Ag/PVA
nanocomposite films is due to π-π* transition of PVA, shifts gradually
towards the higher wavelength side with increasing concentration of Ag
nanoparticles as dopant. This shift in the absorption edge can be
correlated to the change in the optical band gap, as an effect of dispersion
of Ag nanoparticle in PVA matrix. It is clear from Table 4 that the value
of optical band gap reduces from 5.5 eV (neat PVA) to 4.68 eV for
Ag/PVA nanocomposite. Such a reduction in the optical band gap values
on doping Ag nanoparticle with PVA may be understood in terms of the
formation of charge transfer complexes as trap levels between highest
occupied molecular orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO) bands of PVA, which enhance the lower energy
transition leading to the observed change in optical band gap
[Mahenddia et al 2011].
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The absorption spectrum of 25 kGy irradiated Ag/PVA
nanocomposite films (Figure 6) show weak and broad absorption band
(for 5×10-3 M AgNO3) in the visible region at 422 nm. This band is
assigned as plasmon resonance band of the small quantity of silver
nanoparticles formed at low irradiation dose [Welan et al 2004]. The
spontaneous formation of silver nanoparticles can be attributed to the
direct redox reaction between PVA and Ag+ because there is no other
reducing agent in the system.
On the other hand, Figures 7-8 illustrate that the peaks are shifted
to higher wavelength (red shift) as AgNO3 concentration increase (also,
see Figure 12 and Table 3). The correlations between the Ag nanoparticle
size and starting salt concentration can be depending on the following
three different situations described by Chen and Wu [Chen and Wu
2000]. (1) If the number of nuclei increased faster than that of total ions,
smaller particles would be obtained. (2) If the increase of metal nucleus
number was proportional to that of total ion number, the particle size
might remain unchanged. (3) When the number of metal nuclei remained
constant or increased slower than that of total ions, the particle size would
become larger with the increase of ion concentration. Based on the above
observation, our case appears to belong to the third situation. According
to this correlation, silver nanoparticle can be efficiently prepared with
controlled size. Furthermore, the surface plasmon peaks become more
narrow and sharp with increasing either irradiation dose or AgNO 3
concentration. This indicates that, the symmetric and narrow absorption
peak implies the narrow size distribution of the silver nanoparticles at
higher concentration and irradiation dose obtained by this method [Suyal
2003].
Further, almost symmetric shape and narrow full width at half
maximum (FWHM) of SPR band indicate that the synthesized Ag
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nanoparticles are nearly spherical in shape. From the FWHM of SPR
band, the diameter (d, nm) of Ag nanoparticles have been estimated by
assumng free particles behavior of conduction electron, using the
following relation:
d

2hf
FWHM

(6)

where, υf (1.39×106 m/s) is the Fermi velocity of electrons in bulk Ag and
h is the Plank's constant (6.626×10-34 J.S) [Mahendia et al 2010]. The
average diameter of Ag nanoparticles has been found to be in the range
30 to 15 nm (see Table 3).
Figures 9-10, show the effect of either irradiation dose or Ag +
concentration on the absorption intensity of the surface plasmon peak of
Ag nanocomposite. It can be clearly seen that the absorption peak
intensities increase as the Ag+ concentration and irradiation dose increase.
This may be attributed to the formation of more silver nanocomposite
with high concentration of the precursor salt and the irradiation dose
according to nucleation mechanism [carotenuto et al 2000]. Also, it can
be seen that the level of increment in absorption intensity of the surface
plasmon band as a result of increasing AgNO3 concentration is being to
be more pronounced as compared with increasing irradiation dose. In
addition, the level of absorption intensity of the surface plasmon band
increases with increasing AgNO3 concentration at each fixed irradiation
dose.
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Figure 9: Effect of AgNO3 concentration on the intensity of the surface
plasmon peak of irradiated Ag/PVA nanocomposite.
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Figure 10: Effect of the irradiation dose on the intensity of the surface
plasmon peak of Ag/PVA nanocomposite, containing different
AgNO3 concentration.
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Figures 11-12, show the wavelength-dependent of either irradiation
dose or Ag+ concentration. The wavelength corresponding to the
absorption maximum of the surface plasmon band decrease with
increasing irradiation dose indicating a blue shift effect which can be
attributed to the decrease in the Ag size nanoparticles. On the other hand,
a remarkable red shift is observed with increasing Ag + concentration, and
this shift is being to be higher at higher irradiation dose.
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Figure 11. Effect of the irradiation dose on the absorbance Ag/PVA
nanocomposite films with different AgNO3 concentrations.
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Figure 12. Effect of AgNO3 concentrations on the absorbance of Ag/PVA
nanocomposite films at different irradiation dose.

The obtained data regarding the change of the absorption intensity
and wavelength at maximum absorption and the size of Ag nanoparticles
as a function of either irradiation dose or Ag + concentration are presented
in Table 3; it can be clearly point the following remarks:
- The intensity of the absorption bands, which is proportional to the
number of silver nanoparticles, goes higher, indicates that more
reduction of AgNO3 to Ag nanoparticle as the irradiation dose
increases. The intensity of absorption spectra goes higher but there
was a slight shift to higher wavelength (red shift) as AgNO3 continents
increased in the nanocomposite.
- With increasing the irradiation dose, the surface plasmon resonance
peak at 422 nm shifted towards lower wavelengths, indicating that
smaller diameters of the Ag nanoparticles were also formed at higher
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radiation doses; the wave length was shifted to higher waves as the
AgNO3 increased
Table 3: Determination of the absorbance at λmax, and particle size from
UV/VIS spectroscopic analysis
AgNO3
conc.,
(M)

1×10-2
5×10-2
1×10-2

3 wt%

1×10-1

6 wt%

5×10-3

PVA
content

Irradiation
dose (kGy)

λmax (nm)

Absorbance
(a. u.)

Particle
size (d, nm)

25
50
75
100
25
50
75
100
25
50
75
100
25
50
75
100
25
50
75
100

409
406
402
409
416
414
414
413
419
416
416
412
422
418
418
416
419
417
414
413

0.20
0.57
1.00
0.93
1.00
1.20
1.90
2.60
2.66
3.00
3.36
3.20
2.84
3.30
3.40
3.50
1.26
1.70
1.90
2.10

30.6
26.5
25.9
21.7
27.3
25.0
24.4
23.8
30.6
28.0
27.4
26.9
26.7
24.8
21.2
15.4
27.8
27.2
26.7
24.3

4.I.1.2.3 Effect of PVA content on the optical properties of Ag/PVA
nanocomposite films
In order to investigate the effect of PVA content as a stabilizing,
and/or capping agent for synthesis of Ag nanoparticles in Ag/PVA
nanocomposite films, two different contents of PVA were tested (namely
3 wt % and 6 wt %). Figures 3 and 13, show the change in either optical
absorption intensity or wavelength due to irradiation of Ag/PVA (10-2M
AgNO3) nanocomposite films as a result of variation of PVA content (3
and 6 wt %). It can be seen that Ag/PVA nanocomposites (containing 6
wt % PVA, Figure 3) exhibited a slightly broad surface plasmon peak
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with increasing peak intensity and exhibiting a blue shift with increasing
irradiation dose. This blue shift with higher PVA content is considered
due to excellent quantum confinement effect (i.e. decrease of particle
size), where the increase of peak intensity indicates the increase and
growth of formation of Ag nanoparticles in Ag/PVA matrix. On the other
hand, lower PVA content (3 wt %, Figure 13) exhibit more narrow and
sharp surface plasmon peak with lower peak intensity and slightly red
shift as compared with 6 wt% of PVA (see Figure 3 and Table 3). So, the
red shifts and the narrow widths of the SPR bands can be explained as the
larger size and more uniform size distribution of the silver nanoparticles
in the Ag/PVA nanocomposite film containing lower PVA content (3
wt% PVA). On the other hand, the exhibited blue shifts for samples
containing 6 wt% PVA indicate the opposite variations. This can be
further explained by considering the interactions between the nano-silver
and the PVA matrix [Ya et al 2007].
In general, it can be observed that, at higher PVA content, there are
a significant and gradual change in both wavelength towards lower values
(blue shift) and increase in the optical absorption intensity. This is in a
good agreement with the fact that PVA is used a stabilizing, and/or
capping agent; where the increasing of PVA content leading to less
particle aggregation (i.e. blue shift).

65

Chapter IV

Results and Discussion

2.5

4
3

Absorbance (a. u.)

2.0

2
1.5

(1)
(2)
(3)
(4)

25 KGy
50 KGy
75 KGy
100 KGy

1
1.0

0.5

0.0
200

300

400

500

600

700

800

Wavelength (nm)

Figure 13. UV/VIS spectra of Ag/PVA nanocomposite films irradiated at
different irradiation doses (1×10-2 M AgNO3, 3% PVA)
4.I.1.2.4 Estimation of optical band gap energy for Ag/PVA
nanocomposite films
The band gap of a material is defined as the energy distance
between the valence (VB) and conduction band (CB). The smaller the
band gap, the more electrically conductive material will be. Metals have
small band gaps whereas insulators have larger band gap, which explains
why there are so few electrons found in their conduction band. There is
not sufficient energy to excite electrons from the valence band to the
conduction band in the case of insulators. Semiconductors occupy a
middle ground and have tractable band gaps, which when given enough
thermal energy can excite electrons into the conduction band. One can
also add dopants to polymers like cadmium sulfide (CdS) dots, silver
nanoparticles that make a polymer behave more like a semiconductor or a
conductor by introducing additional energy levels within the band gap.
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The organization of energy levels is quite different between
nanomaterials and bulk materials in those nanomaterials have larger band
gaps and consist of more discrete energy levels. This observation may be
attributed to the various quantum confinement effects within the
nanoparticles whose size can be as small as only a few dozen atoms wide
(couple of nanometers).
Due to its importance in the science and the technology of
nanomaterials, the value of optical band gap (E g, ev) was calculated from
UV/VIS spectra for all investigated nanosystems. The shift in the
fundamental absorption edge of UV/VIS spectra can be calculated with
the optical band gap (Eg) by Tauc's expression [Javanovic et al 2012].
(αhυ) = β(hυ-Eg)n

(7)

where, α is the absorption coefficient corresponding to the fundamental
absorption edge, hυ is the photon energy (ev), β is the constant known as
the disorder parameter which is nearly independent of the photon energy
and n represents the nature of the transition parameter which may has
have different values, such as 1/2, 2, 3/2 or 3 for allowed direct, allowed
indirect, forbidden direct and forbidden indirect transitions, respectively.
The optical band energy is determined by plotting absorption coefficient
α(υ) as {(αhυ)2, (ev/cm)2}versus the photon energy (hυ, ev). Practically,
at room temperature the optical absorption spectra (UV/VIS)
measurement is in the wavelength region (200-700 nm). This evaluation
was done using MoH & Davis concept for the direct optical band gap
energy for the as-prepared Ag/PVA nanocomposite films [Gasaymeh et
al 2010].
Here, the band gap energy was determined from the extrapolation
of the linear section of the curves to x-axis in which (αhυ)2 = 0.0. This
will give the optical band gap energies (ev) of the surface plasmon
resonance absorption of electrons in the conduction bands of silver
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nanoparticles induced by gamma-irradiation reduction at various dopant
concentrations of AgNO3, as shown in Figures 14-15. The band gap
energy decreases following the AgNO3 concentration from 5×10-3 M up
to 1×10-1 M for all gamma-irradiated samples (see Table 4). In addition,
the results showed a strong dependence on the concentration of the
AgNO3 dopant showing a minimum value of band gap for the sample
doped with a concentration of 1×10 -1 M. The observation of decreasing
band gap for doped samples may be attributed to the fact that their charge
transfer complexes increase the electrical conductivity by providing
additional charges in the polymer lattice due to the corporation of Ag
nanoparticles with PVA by the influence of gamma irradiation.
The incorporation of metal nanoparticles could effectively improve
the electrical, optical and dielectric properties of the polymer composites.
These properties are very much sensitive to small changes in the metal
content and in the size and shape of the nanoparticles. It was reported that
the nanoparticles themselves could act as conductive junctions between
the polymer chains that resulted in an increase of the electrical
conductance of the composites leading to a decrease in their optical band
gap energy [Gasaymeh et al 2010].
On the other hand, it is clear from the result that the band energy
showed a conflict behavior (slightly decrease or increase) as the
irradiation dose increased. The decrease in the band gap energy as
irradiation dose increase is attributed to further reduction of AgNO3 to Ag
nanoparticles. In addition, irradiation may change the direction of
polarization. This change in the direction of polarization lowers the value
of dielectric and as a result; their band gap energy will be reduced. In
addition, the size was changed following an increment in irradiation dose.
The size dependence of the surface plasmon resonance peak position is
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explained by a size-dependent effective dielectric constant of a metal
particle due to the interactions of conduction electrons.
The increase in the optical band energy as irradiation dose
increased may be due to agglomeration of Ag nanoparticles into the
crosslinked network of PVA matrix. From Table 4, it can be seen that the
factors that influence the values of Eg are the concentration of AgNO3,
irradiation dose and the structure and content of surrounding PVA
nanoparticles as well as inter-particle distance. In conclusion, higher
concentration of AgNO3 and higher PVA content exhibit the lower values
of Eg.
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Figure 14. Plot of (αhν)2 versus hν for the as-prepared of 25 kGy
irradiated Ag/PVA nanocomposite
films containing
different AgNO3 concentrations.
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Figure 15. Plot of (αhν)2 versus hν for the as-prepared of 75 kGy
irradiated Ag/PVA nanocomposite

films containing

different AgNO3 concentrations.
Table 4: The band gap (Eg, ev) energies for irradiated Ag/PVA
nanocomposite films at different AgNO3 concentrations
PVA
content
6 wt%

3 wt%

AgNO3
conc., (M)
Pure PVA
5×10-3
1×10-2
5×10-2
1×10-1
1×10-2

25 kGy
5.50
5.17
5.00
4.82
4.68
5.05
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Eg (ev)
50 kGy 75 kGy
5.45
5.40
5.30
5.25
5.00
5.00
4.85
4.88
4.68
4.73
5.12
5.07

100 kGy)
5.40
5.16
5.00
4.88
4.70
5.09
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electron

microscope

(TEM)

of

Ag/PVA

nanocomposites
Microscope images are essential in research and development
projects and can be critical when troubleshooting quality control issues.
TEM is one of the most widely used techniques used in characterization
of nanomaterials and nanostructures. TEM approach would provide a
quick way to obtain particle size, shape and size distribution. Direct
imaging provides a fast automated image analysis solution, capturing
several tens of particle images in a few seconds with an electron
microscope and a high-resolution camera.
Control on the size, morphology and distribution of nanoparticles
plays an important role in the properties of nanocomposites. Thus to get a
real idea what are happening inside the matrix system, TEM micrographs
was taken into account. In order to obtain information about the external
shape, dimension and distribution of the as-prepared Ag nanoparticles
embedded in PVA matrix, a drop of the Ag nanoparticles suspension
which contains the polymer networks with Ag nanoparticles, grown on
the carbon grids was analyzed by transmission electron microscope.
4.I.2.1 The effect of irradiation dose on the morphology of Ag/PVA
nanocomposites
In order to study the effect of irradiation dose on the reduction of
Ag+ to Ag nanoparticles in PVA solution, TEM images at different
irradiation doses were taken for Ag/PVA nanocomposites. The result
reveals that higher irradiation dose will lead to a greater reduction of Ag +
to Ag nanoparticles in PVA solution and the formation of smaller
particles is clear with better distribution. The function of PVA in the
Ag/PVA composites is not only as a binder but it also prevents the
process of agglomeration of Ag nanoparticles and limits the diameter of
the nanoparticles formed. In this study, PVA polymer was used because
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of the hydrophilic nature of PVA that protects the surface of the Ag
nanoparticles [Gasaymeh et al 2010].
Figures

16-18

represent

TEM

images

of

irradiated

Ag

nanoparticles prepared in PVA matrix (containing 5×10-2 M AgNO3).
The Gaussian fit to the particle size histogram is performed and is shown
as a solid line in Figures 16-18. A number of well-dispersed nanoparticles
can clearly be seen in the TEM picture with external spherical shape and
are to a large extent well- separated from one another.
The average diameter of the Ag nanoparticles is indicated as the
peak position of the Gaussian curves of the histogram to be 34.7, 32.6 and
28 nm for 25, 50 and 75 kGy irradiated Ag/PVA nanocomposite.
Regarding to the histogram, the particles exhibit a uniform shape and a
very narrow size distribution with increasing irradiation dose (from 0.0 to
75 kGy), then the particles grow at 100 kGy dose. This result means that,
the size of the prepared particles gets smaller and the particle size
distribution is improved with increasing of irradiation dose. The
formation, size and distribution of Ag nanoparticles were controlled by
varying the irradiation dose as shown in the TEM images satisfying our
objectives. The narrow size distribution of Ag nanoparticles embedded
into PVA matrix to the composite surface could probably be ascribed to
the higher ability of the polymer bulk to stabilize and to wrap Ag clusters
during their formation [Pucci et al 2009].
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Figure 16: TEM image of Ag nanoparticles and the histogram of the
particle size distribution with Gaussian fitting for 25 kGy
irradiated Ag/PVA nanocomposite (5×10-2 M)
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Figure 17: TEM image of Ag nanoparticles and the histogram of the
particle size distribution with Gaussian fitting for 50 kGy
irradiated Ag/PVA nanocomposite (5×10-2 M)

74

Chapter IV

Results and Discussion

60
28 nm
50

Count %

40

30

20

10

0
0

10

20

30

40

50

60

Diameter (nm)

Figure 18: TEM image of Ag nanoparticles and the histogram of the
particle size distribution with Gaussian fitting for 75 kGy
irradiated Ag/PVA nanocomposite (1×10-1 M)
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4.I.2.2 Effect of AgNO3 on the morphology by TEM of the Ag/PVA
nanocomposite
Figures 18-21 represent the transmission electron microscope
(TEM) images of 75 kGy irradiated Ag/PVA nanocomposites containing
different Ag contents. It is found that at lower Ag+ ion concentration
(5×10-3 M), (i.e. lower Ag nanoparticle content); a number of well
dispersed uniform size 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 Ag nanoparticles within the polymer matrix. When the
Ag+ molar concentration was increased in the range 1×10-2 - 1×10-1 M at
the same irradiation dose (75 kGy), (see 34-37), a higher density Ag
nanoparticles were easily seen and tiny clusters in spherical shapes were
connected together in some areas rich in Ag. With increasing Ag+ ion
concentration (i.e. increasing Ag nanoparticle content), the sample
produced network consisting of Ag clusters separately distribution within
the entire polymer matrix. In addition, the size of the observed Ag
nanoparticles increases with increasing Ag+ ion concentration to the range
16-30 nm, and further more yields a particle polydispersity.
The obtained TEM images illustrate that, the Ag nanoparticles are
not aggregate at lower Ag+ concentration and are well distributed within
the polymer matrix. The non-aggregation may be due to the formation of
sterric coils of PVA chains around the Ag nanoparticles, which was
added during their synthesis. This provides chemical stability to
nanoparticles even after embedded into PVA matrix [Mahendia et al
2010]. For higher dopant concentration of Ag in PVA, the TEM images
illustrate the presence of some aggregated clusters. Such aggregation at
higher dopant Ag concentration generally occurs as a result of the self
reactivity of the nanoparticles [Mahendia et al 2011].
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In conclusion, at lower Ag+ ion concentration, well dispersed Ag
nanoparticles with narrow size distribution were observed indicating the
formation of Ag quantum dots. At higher Ag+ ion concentration, Ag
nanosphere with larger aspect ratio was formed in reverse with increasing
irradiation dose. The size of nanoparticles, size distribution, and uniform
dispersity increases with increasing Ag+ ion concentration and decrease
with increasing the irradiation dose. The size of the as-prepared Ag
nanoparticles are smaller and coincide with these calculated by Shever's
equation in XRD section. TEM results have proven that Ag 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 XRD analysis in the next section. TEM analysis allows one
to visualize particles at nano-size 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 distribution and growth
pattern.
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Figure 19: TEM image of Ag nanoparticles and the histogram of the
particle size distribution with Gaussian fitting for 75 kGy
irradiated Ag/PVA nanocomposite (5×10-3 M)
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Figure 20: TEM image of Ag nanoparticles and the histogram of the
particle size distribution with Gaussian fitting for 75 kGy
irradiated Ag/PVA nanocomposite (1×10-2 M)
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Figure 21: TEM image of Ag nanoparticles and the histogram of the
particle size distribution with Gaussian fitting for 75 kGy
irradiated Ag/PVA nanocomposite (1×10-1 M)
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Finally, the size, shape and morphology of the as-prepared Ag
nanoparticles in Ag/PVA nanocomposites were sensitive to the reaction
parameters (Ag+ 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 Ag nanocrystals.
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4.I.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 of a crystal lattice
will result in a change in the interatomic 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 interatomic distance in a sample,
is referred to as microstrain. In this case, XRD analysis of an entire
sample will display a range of deviations from the expected interatomic
distance (d, Ao), 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, where as a small size leads to broad reflections
[Wonterghem et al 2002].
4.I.3.1 Effect of γ-irradiation on XRD of the as-prepared samples
Figures 22-23 display the XRD patterns of pure PVA and
irradiated

Ag/PVA

nanocomposites

containing

various

AgNO3

concentrations. The XRD pattern of pure PVA exhibits strong and broad
diffraction peak located at 2θ = 19.66o with a shoulder at 2θ = 22.76o. The
diffraction peak at 2θ = 19.66o corresponds to the (110) reflection, a plane
which contains the extended planar zig-zag chain direction of the
crystallites. The shoulder peak at 2θ = 22.76o is related to the reflection
from the plane (200) [wael et al 2011]. These peaks have resulted from
82

Chapter IV

Results and Discussion

the part crystallinity in PVA matrix. This crystallinity is a result of strong
intermolecular and intramolecular hydrogen bonding between the PVA
molecular chain [Gautam and Ram 2009, 2010].
A more precise examination and intercomparisons of diffraction
patterns of irradiated Ag/PVA nanocomposites with that of pure PVA
lead to three remarks:
- First, the irradiated nanocomposites show four new diffraction peaks at
2θ = 37.8, 43.96, 64.34 and 77.48o. These discernible peaks can be
indexed to the planes (111), (200), (220) and (311) respectively
revealed that the Ag nanoparticles are formed in the PVA matrix and
their crystal structure is face center cubic (fcc) structure according to
JCPDS (No.4-0783). This is a confirmation of spontaneous reduction
of Ag+ to Ago nanoparticles in the metallic form using PVA chains
and/or irradiation.
- Second, as the irradiation dose increases from 25 to 75 kGy, the
intensity of the Ag lines decreases and broadens gradually in
accordance with their small grain sizes (see Figures 22-23). Also, it can
be seen that the prepared growth plane of the Ag nanoparticles is the
(111) lattice plane which show the highest intensity all over the
diffraction pattern. Secondary peaks at (200) and (220) reflection
planes, corresponding to the high angle XRD pattern, supports the
presence of Ag nanoparticles in nanocomposites at (2θ = 37.8o) and (2θ
= 43.9o) correspond to the (111) and (200) planes of the Ag lattice,
respectively. These nanocrystals have lesser lattice planes compared to
bulk, which contributes to the broadening of the peaks in the
diffraction pattern. At higher irradiation dose (100 kGy), the Ag lines
were intensified again due to the particles growth (see Figure 22).
- Third, XRD patterns shows that the peak at 2θ = 19.66o shifts to the
lower angle side from neat PVA to irradiated Ag/PVA samples (see
83

Chapter IV

Results and Discussion

Table 5). The intensity of the PVA line at 2θ = 19.66 o decrease with
increasing irradiation dose and become more defused, indicating that
the crystallinity is slightly deteriorated.
Additionally, it was noted that the intensity of the diffraction peak
at 2θ = 22.76o is slightly increases with the increase of γ-irradiation dose
from 75 to 100 kGy. This result may reflect the fact that the polymer
matrix suffer from some kind of structural rearrangement due to
irradiation treatments. It is well known that, the molecular chains of PVA
are held together through the H-bonding [Bogle, K.A. et al 2006]. On
account of irradiation by γ-rays these bonds break and the molecular
chains are rather free to rotate. The rotation probably occurs in the
direction making the direction (200) richer in the number of atoms. Thus
the increase in the intensity of the diffraction peak at 2θ = 22.76 o can be
understood.
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Figure 22. XRD patterns of pure PVA and irradiated Ag/PVA
nanocomposite films (5×10-2 M AgNO3).
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Figure 23. XRD patterns of pure PVA and irradiated (25 and 75 kGy)
Ag/PVA nanocomposite films (1×10-1 M AgNO3).
4.I.3.2 Effect of AgNO3 concentration on the XRD pattern of the asprepared samples
Figures 24-25 show the XRD pattern of neat PVA and irradiated
Ag/PVA

nanocomposite

films

(containing

different

AgNO3

concentration). Besides the characteristic peak of neat PVA at 2θ=19.66o,
the four above mentioned peaks are also observed. The XRD peaks are
sharpened with increasing AgNO3 concentration (i.e. increase the size of
Ag nanoparticle). In addition, the intensity of the observed peaks
increases as a result of increasing AgNO3 concentration up to 5×10-2 M
and thereafter the intensity decrease for nanocomposite containing 1×10 -1
M. It can be clearly seen that the peak at 19.66 o broadened with
increasing AgNO3 concentration. The increase of broadening level with
increasing AgNO3 concentration can be attributed to the increase of Ag
nanoparticle content and the wider size distribution of Ag nanoparticles in
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the as-prepared nanocomposite films. Also, this broadening of the peak
could also arise due to the micro-strain of the crystal structure arising
from defects like dislocation and twining, etc. these defects are believed
to be associated with the synthesized Ag nanoparticles as they grow
spontaneously during the reaction [Warad et al 2005]. Moreover, the
intensity of the peak at 2θ = 19.66o decreases gradually with increasing
either AgNO3 concentration. The decreasing behavior of this peak is an
indication of decreasing crystallinity of PVA matrix due to the presence
of Ag nanoparticles and radiation-induced crosslinking of PVA network
structure. This behavior can be correlated to the interaction between PVA
and Ag nanoparticles which led to the decrease of the intermolecular
interaction between the PVA chains and thus the crystallinity (illustrated
with FTIR).
In order to show clearly the effect of AgNO3 concentration on the
XRD pattern of Ag/PVA nanocomposite irradiated with the same
irradiation dose, it is worth while to compare the as-prepared samples in
Figures 24-25. It can be seen that the Ag peaks get sharper and narrower
with increasing AgNO3 concentration. This means that increasing AgNO3
concentration assist the growth of the Ag nanoparticles within the PVA
matrix. We thought here, the way by which AgNO3 can affect the
crystallinity of PVA is by forming weak bonds with the polymer leading
to what is referred to as quasi-crosslinking effect. This causes breaking of
the polymer chains and formation of some clusters with Ag nanoparticles.
This may be verified by the increasing value of d-spacing as a function of
increasing AgNO3 concentration. The weak crosslinks between the Ag
surface and the polymer led to forming of smaller crystallites which in
turn act to prevent ordering locally.
In conclusion, the obtained results indicate that the radiationinduced reactions between Ag and PVA allow the formation of a network
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of interconnected chains producing of ribbon-like structure liked by
hydrogen bonded water molecule. The explanation for this behavior is
that the reactions are dependent on, PVA content, irradiation dose and
AgNO3 concentration.
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Figure 24. XRD patterns of pure PVA and 25 kGy irradiated Ag/PVA
nanocomposite films containing different AgNO3 concentrations.
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Figure 25. XRD patterns of pure PVA and 75 kGy irradiated Ag/PVA
nanocomposite films containing different AgNO3 concentrations.
4.I.3.3 Determination of particle size of Ag/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 average particle size (D),
of the Ag nanoparticle. The d spacing is usually calculated using Bragg's
equation [Thongtem et al 2009].
n = 2 d sin θ

(8)

where,  is the x-ray wavelength ( = 0.154 nm), n is an integer number
and equal to 1, 2, 3, etc, and θ is the angle of deviation of the diffraction
beam. The average grain size of spherical crystallites can be determined
by measuring the full wave at half maximum, (FWHM), of the diffraction
peaks at 2θ = 37.8o, (111) reflection. The particle size ‘D’ was calculated
based on the regular broadening of XRD peaks as a function of
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decreasing crystallite size. This broadening is a fundamental property of
XRD described by well-established Scherer theory [Wang et al 2009]:
D=

K
Cos

(9)

where, D is the particle diameter, K is a constant equals 0.9, λ is the Xray wavelength; (Cu Kα= 1.540˚ A), β is FWHM of the peak
corresponding to plane (111) and θ is the diffraction angle obtained from
2θ values corresponding to maximum intensity peak in XRD pattern.
The calculated values of crystalline particle size (D, nm) were
listed in Table 5. The careful analysis for the position and the shape of the
(111) reflection peak illustrate that there is a gradual shift towards lower
angle with increasing irradiation dose and its higher angle with increasing
AgNO3 concentration. The shift towards higher angle as a result of
increasing AgNO3 concentration corresponds to a contraction in the dspacing values. The d-spacing contraction is expected to occur due to the
high-to-surface volume ratio [Nada et al 1998].
From Table 5, it can be clearly seen that both AgNO3 and
irradiation dose are determining factors in controlling the particle size of
Ag nanoparticles in PVA matrix. It can be seen that with increasing
irradiation dose up to 75 kGy, the particle size decreases then increase at
100 kGy. Also, the particle size increase gradually with increasing
AgNO3 concentration up to 5×10-2 M and thereafter it decrease at higher
AgNO3 concentration (10-1 M). These results were in a good agreement
with UV/VIS data.
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Table 5: The XRD parameters of Ag/PVA nanocomposite films
AgNO3

Dose,

1×10-2

5×10-2

1×10-1

size

PVA(19.6o)

Ag (37.8o)

(nm)

25

19.60

38.16

16.2

50

19.57

38.12

16.0

75

19.54

38.10

15.7

100

19.52

38.09

15.9

25

19.74

38.16

17.5

50

19.73

38.14

17.2

75

19.72

38.20

17.0

100

19.72

38.11

16.5

25

19.88

38.22

24.8

50

19.81

38.18

22.7

75

19.54

38.17

19.4

100

19.42

38.15

22.7

25

20.24

38.73

20.7

50

19.90

38.68

20.2

75

19.28

37.88

20.0

100

19.20

37.80

19.0

conc.,(M) (kGy)
5×10-3

2θ (degree)

The particle size measured from TEM micrograph is somewhat
larger than the value obtained from XRD data. The disagreement of
particle size measurement by the two methods is quite common in other
materials [Welham 2000 and Kundoo et al 2003]. 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 crystallites 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
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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. On the other hand, the characterization of samples by X-ray
diffraction 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.
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 nonmaterials
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 2000 and Khanna 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 [Lippons and Lannoo 1989, Brus 1991,
Gaponik et al 2002 and Chory et al 2003] via an effective mass
approximation model. 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 somewhat different
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aspects of the particle size. So, it is not surprising that reported grain size
of Ag nanoparticles vary widely between measurement methods.
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4.I.4 Fourier Transform Infrared (FTIR) Spectroscopy Investigation
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 chalcognide 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 inorganicpolymer 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.
Also, PVA has no center of symmetry; therefore, most of the vibrational
bands are IR active. PVA is widely used as a crosslinkable polymer in
radiation chemical synthesis of inorganic/polymer composites [Seoudi et
al 2008].
The FTIR spectrum of pure PVA film is shown in Figure 26 and
the frequencies of the absorption bands together with their structural
assignment are listed in Table 6. The O-H stretching band in the IR
spectrum is by far the most characteristic feature of alcohols and phenols.
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
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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 functional groups
due to residual acetate groups remaining after the manufacture of PVA
from hydrolysis of poly (vinyl acetate) and/or oxidation during
manufacture and processing. Two strong bands observed at 1420 and 850
cm-1 have been attributed to bending and stretching models of CH2
groups, respectively. The band at 1033 cm-1 and sharp band at 950 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 [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 vibration. The intensity of this band was a
measure of the degree of crystallinity of PVA (crystallinity sensitive
band) [Seoudi et al 2008].
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Figure 26: FTIR spectrum of pure PVA film.
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Table 6: The obtained IR absorption bands and their assignments for pure
PVA and Ag/PVA samples as compared with literature
Band position, cm-1

Assignment

This work

Literature

3300

3360-3380

O-H stretching

2930

2990-2940

CH2 asymmetric stretching

2850

2840

C-H symmetric stretching

1750

1760

C=O stretching

1550

1560

C=C stretching

1420

1430-1436

CH2 bending vibration
OH in plane vibration

1320

1375

1125

1133-1143

C-H wagging vibration
C-C and C-O-C stretching
vibration (measure crystallinity)

1033

1021-1031

850

851

C-O stretching vibration
C-C stretching

1033,1320, 3300

Coordination of Ag and PVA
matrix

To confirm and investigate the interaction between Ag
nanoparticles and PVA matrix, the FTIR spectra of Ag/PVA films were
investigated. The FTIR spectra of PVA capped Ag nanoparticles recorded
at room temperature and based on the effect of either Ag + concentration
or irradiation dose were shown in Figures 27-33. The spectra exhibit
bands characteristic of stretching and bending vibrations of O-H, C-H,
C=C and C-O groups. Two characteristic absorption bands at about 3300
and 1070 cm-1 were observed. The absorption band 3300 cm-1 in all
spectra was attributed to the O-H stretching vibration band.
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The band at 2930 cm-1 was assigned to be the C-H stretching
vibration of the -CH2 in the PVA and Ag/PVA spectra. This band did not
show any shift but its intensity was found to be highly dependent on
either Ag+ concentration or irradiation dose.
PVA molecules consist of parallel chains connected by hydrogen
bonds. Consequently, doping PVA matrix with Ag nanoparticles has a
great effect on the hydrogen bonds, as well as on the order of their chains.
Hence, the FTIR spectra were found to be varying with doping. Vibration
of modes at 3300, 2930, 1420, 1320, 1125 and 1033 cm-1 in the pure PVA
FTIR spectra were found to be shifted towards higher wavenumber with
respect to the FTIR spectra of Ag/PVA samples. The shift in the
wavenumber increases as the amount of AgNPs increases. The Ag NPs
make polymer chains far apart; consequently leading to the weakening of
hydrogen bonds and consequently, shift of the C-H and O-H mode of
vibrations and bending towards higher wavenumber. The shift of the C-C
vibration modes might be attributed to the decrease of the streak among
the carbon skeleton chains. The band assumed to be corresponding to
PVA-Ag NPs bond vibrations was found to be red shifted as the amount
of Ag NPs increases because of adsorption of polymer on the surface of
Ag NPs. The bands corresponding to C-C, C-O stretching and O-H
bending was found to be sensitive to the degree of PVA crystalinity. In
addition the band at 1125 cm-1 is considered to be measure of PVA
crystallinity percent [Bader and Mahmoud 2006].
The absorption band at 1070 cm-1 was attributed to the C-O
stretching band of acetyl groups present in the PVA backbond. Notably,
compared with pure PVA, the band at 3300 cm-1 become wide and the
intensity of this band was increased for Ag capped PVA matrix. Also, it
was observed that the intensity at 1070 cm-1 was increased with
increasing either irradiation dose (Figures 27-29); or Ag+ concentration,
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(Figures 30-33). This is also strongly supports the idea that coordination
reaction can form between OH of PVA and Ag nanoparticles.
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Figure 27. FTIR spectra of Ag/PVA nanocomposites film (PVA 6 wt %,
1×10-2 M AgNO3) at different irradiation doses.
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Figure 28. FTIR spectra of Ag/PVA nanocomposites film (PVA 6 wt %,
5×10-2 M AgNO3) at different irradiation doses
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Strong evidence on the adsorption of silver nanoparticles on PVA
chain is the change in the IR spectrum of the Ag/PVA nanocomposite for
the band peaking at 1322 cm-1. These changes are more pronounced for
the Ag/PVA nanocomposites with higher content of AgNO 3. In alcohols,
this band is the result of coupling of O-H in plane vibration (strong line at
1420 cm-1) with C-H wagging vibrations. Therefore, the decrease in the
ratio between the intensities of this band and the band at 1420 cm -1 upon
incorporation of the Ag nanoparticle indicate decoupling between the
corresponding vibrations due to interaction between Ag nanoparticles and
the O-H groups originating from the PVA chains [Krkljes et al 2007].
The FTIR spectra of Ag/PVA nanoparticles show an observed
increase in the transmittance of the band at 1322 cm-1 in comparison with
band at 1420 cm-1 as a function of either irradiation doses or AgNO3
concentrations (see Figures 27-33), which indicate the decoupling
between O-H and C-H vibrations due to the new bonding interaction
between O-H and silver nanoparticles [Khanna et al 2005]. It can also be
observed that the band at 1420 cm-1 is shifted to lower frequency region
when the Ag content increases. These observations support a
modification of the O-H interactions in the Ag/PVA nanocomposite films
in comparison with the neat PVA film. In the Ag/PVA nanocomposite,
the coordination of most of the Ag+ ions with the hydroxyl groups of the
PVA to form a chelate structure has been clearly evidenced. In addition,
the FTIR results for the Ag/PVA samples let us presume that interactions
are also established between the polymer O-H groups and the silver
nanoparticles [Clemenson et al 2007]. On the other hand, the 1420 cm-1
peak intensity diminish with increasing irradiation dose (see Figure 29).
The above mentioned observations are in a good agreement with UV
spectroscopic data, where the effect of AgNO3 concentration on the
formation of Ag nanoparticles is higher than the effect of irradiation dose.
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Figure 29. FTIR spectra of Ag/PVA nanocomposites film (PVA 6 wt %,
1×10-1M AgNO3) at different irradiation doses

Figure 30. FTIR spectra of Ag/PVA nanocomposites film with different
concentrations of AgNO3 at 25 kGy irradiation dose.
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FTIR investigation illustrate that the formation of Ag/PVA
nanoparticles leads to the appearance of change in peak position, peak
shape and peak intensity due to incorporation of various content of Ag
nanoparticles and irradiation with progressive irradiation dose. One can
notice that upon coordination of Ag to PVA matrix, the bands of PVA
shifted to lower wavenumber and the transmittance of some characteristic
band for Ag/PVA nanocomposite films increase with increasing Ag
nanoparticles content (as a result of increasing AgNO3 concentration),
which reveals the strong bonding of Ag with O-H groups in PVA. On the
other hand, the broadening behavior for some characteristic bands
especially at 3300 cm-1 increases as a result of increasing Ag content in
Ag/PVA nanocomposite. These results suggest that the -OH group is the
important active site for the coordination of Ag to form complex [Shihua
Tang and Youqun Li 2011].
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The silver ion reduction to Ag o metal in the polymer film was
promoted by radiation-induced oxidation of the PVA supporting matrix
through the following mechanism:
~~~~R-OH + Ag+ + NO3- γ-irradiation ~~~R-O- Ag + HNO3
~~~R=O + Ago (PVA)

(10)

In this mode of reaction, the Ag metal forms through an
intermediate product of a polymer complex PVA/Ag+ and a side product
nitric acid which evaporates during irradiation. Oxidation of PVA
through this reaction disrupts the PVA/Ag+ complex structure yielding
Ag clusters and then nanoparticles. Silver atoms are stabilized from
oxidation reactions when capping with PVA molecules. As partial
evidence of this mechanism, the FTIR analysis of the Ag/PVA samples
showed the presence of a band in the range 1710-1740 cm-1 that increases
in intensity with increasing irradiation dose due to the formation of C=O
groups caused by PVA oxidation (see Figure 29).
In addition, the FTIR analysis of pure PVA and Ag/PVA samples
suggested the presence of a physical interaction between O-H groups of
the polymer and Ag nanoparticles. As a matter of fact, the increase in the
band intensity at ≈1320 cm-1 in comparison with the band at ≈1430 cm-1
for the Ag/PVA sample with respect to neat PVA film is attributed to the
decoupling of O-H and C-H vibrations as consequence of the bonding
interaction between O-H groups and Ag nanoparticles [Bernabo et al
2009].
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Figure 31. FTIR spectra of Ag/PVA nanocomposites film with different
concentrations of AgNO3 at 50 kGy irradiation dose.

Figure 32. FTIR spectra of Ag/PVA nanocomposites film with different
concentrations of AgNO3 at 75 kGy irradiation dose.
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Figure 33. FTIR spectra of Ag/PVA nanocomposites film with different
concentrations of AgNO3 at 100 kGy irradiation dose.
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4.I.5 Thermogravimetric analysis (TGA)
The thermal behavior of Ag/PVA nanocomposites was studied by
employing TGA analysis. Since, the temperature plays an important role
in the decomposition degradation of PVA, beside the formation of
nanostructured polymeric materials, temperature induced phase change is
important for the utility of these nanocomposites for various applications.
In order to investigate the changes in thermal stability of pure PVA and
irradiated

Ag/PVA

nanocomposite

samples

with

different

Ag+

concentration, thermogravimetric measurements were performed.
Figure 34, shows the thermogravimetric analysis (TAG) curve and
the derivative thermogravimetric (DTG) of pure PVA sample. It is
obvious that pure PVA sample proceed in three main weight loss stages
between 45-190 oC, 250-350 oC and 350-490 °C. In other words, the
TGA curve of pure PVA indicates three reaction stages which are refaced
as three peaks in the derivative of weight loss. A small weight loss (2-5
wt %) is observed at lower temperature range start at about 40-45 °C,
which correspond to the beginning of water molecules evaporation
(physical absorbed water). The second major weight loss stage is between
250-350 °C, which is predominated by the degradation of the large chain
of molecules of PVA (side chains), and then followed by a further smaller
weight loss in the third stage range of 350-490 °C, which is attributed to
the decomposition of the main chain of PVA. The main decomposition
products in the second step of thermal degradation of pure PVA are
polyenes generated from the chain-stripping elimination reaction of H2O,
as well as cis and trans allylic-methyl that may from via random chain
scission reactions that accompany elimination [Krkljes et al 2007]. The
characteristics of the TGA and differential TG (DTG) curves: the onset
temperature of degradation (Ti), (the intersection of the extrapolated base
line with tangent drawn at the inflection point at the TGA curve); the
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temperature at the maximum rate of degradation in the major weight loss
peak (Tm), obtained from differential major degradation step; and the end
temperature of degradation (Te), were obtained and listed in Table 7.
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Figure 34. The thermogravimetric analysis (TAG) curve and the
derivative thermogravimetric (DTG) of pure PVA.

Figures 35-36 show the thermogravimetric analysis of 75 kGy
irradiated Ag/PVA (5×10-3 and 1×10-2 M AgNO3) nanocomposite films.
Four main weight loss stages are observed in the thermograms of
Ag/PVA nanocomposite samples. The appearance of the fourth stage in
Ag/PVA thermograms can be attributed to the incorporation of Ag
nanoparticles into PVA matrix throughout the adsorption of polymer
chain on Ag nanoparticle surface via OH group. The thermal parameters
of Ag/PVA degradation reaction obtained from TGA curves are presented
in Table 7. From the obtained curves and from the data presented in Table
7, one can conclude that thermal stability of Ag/PVA nanocomposites is
higher than that pure PVA. Also, the obtained data revealed more
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obviously that the thermal stability of PVA in the nanocomposites
increases gradually with increasing AgNO3 concentration and /or
irradiation dose up to limited values.
On the other hand, the thermal stability of Ag/PVA nanocomposite
films increase with increasing irradiation dose up to 75 kGy, thereafter it
decreases at 100 kGy irradiation doses. It could be explained on the basis
of the formation of higher level of network structures and also to the
decrease of either intermolecular interaction between the PVA chain or
degree of crystallinity.
It can be seen that the incorporation of the Ag nanoparticles into
PVA

matrix

improves

the

thermal

stability

of

the

Ag/PVA

nanocomposite samples. Thermal decomposition of polymer usually
starts with scission of weak bonds, followed by chain-transfer reactions
of the formed free radicals, which proceed until the whole material is
affected. Obviously, restricted chain motion close to the PVA-capped Ag
nanoparticles surfaces could slow down free radical chain transfer to a
certain extent and consequently improve the thermal stability of Ag/PVA
nanocomposites. In addition, improved thermal stability of Ag/PVA
nanocomposites can be assigned to partially altered molecular mobility of
the polymer chains due to either their adsorption on the surface of Ag
nanoparticles and/or radiation-induced crosslinking of PVA matrix
[Sreekumari et al 2007]. Simultaneously, adsorption of polymer chains
onto the surface of Ag nanoparticles and/or physical bonds between Ag
nanoparticles and PVA chains result in restriction of segmental mobility
of polymer chains and serves to suppress redistribution and chain transfer
reactions [Marazzato et al 2007 and Yuan et al 2008]. These statements
can also be used as explanation for lower thermal stability of some
Ag/PVA nanocomposites. It can be believe that agglomeration of Ag
nanoparticles occurred due to their relatively high concentration of Ag
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high

radiation-induced

crosslinking

of

PVA

matrix.

Agglomeration was followed by reduction of free Ag surface, on which
adsorption of the polymer chains can occur. Polymer adsorption on the
surface of Ag nanoparticles is a crucial step for explanation of changed
thermal stability of Ag/PVA composites [Kuljanin et al 2002 and 2003].
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Figure 35: The thermogravimetric analysis and the derivative
thermogravimetric (DTG) of 75 kGy irradiated Ag/PVA
nanocomposite film (5×10-3 M).
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Figure 36: The thermogravimetric analysis and the derivative
thermogravimetric (DTG) of 75 kGy irradiated Ag/PVA
nanocomposite film (1×10-2 M)

The dependencies of onset temperatures (Ti) and of the
temperatures at the maximum rate of degradation in the major
degradation step (Tmax) on Ag content in nanocomposites are shown in
Figures 35-36 and Table 7. It is obvious that, these characteristics of the
major degradation step depend on the content of Ag nanoparticles. With
the incorporation of Ag nanoparticles, temperature (Tmax) is shifted
towards higher values. The shift in the beginning of the thermal
degradation of PVA to higher values which is probably a consequence of
the adsorption of polymer on nanoparticles surfaces via OH groups (as
measured by FTIR spectrophotometry [Krkljes et al 2007]. Hence, in the
nanocomposite highly loaded with Ag nanoparticles the anchoring
frequency increases (although probably a large fraction of active surface
sites remain available) increasing the strength of adsorption energy. As a
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consequence, for low loading of Ag nanoparticles; thermal degradation
occurs at lower Tmax, values, (see Table 7). In addition, it was found that
at relatively low Ag nanoparticles content the introduction of Ag
nanoparticles increases the crystallinity of PVA, as the nanoparticles
could act as heterogeneous nucleating agent during the crystallization
[Peng et al 2006]. The PVA crystallization is mainly caused by the
strong intermolecular hydrogen bonding interaction among the PVA
molecular chains. When a greater Ag nanoparticles content is introduced,
the interactions between Ag and PVA illustrated with FTIR investigation;
lead to a decrease in the intensity of the intermolecular interaction
[Krkljes et al 2007]. Thus, Ag nanoparticles act as a barrier to restrict the
formation of crystal. However, the increase in crystallinity occurs at a
small amount of Ag nanoparticles. The greater crystallinity (stronger
hydrogen bonding between the polymer chains via OH groups and lower
chain mobility) at relatively low loading of Ag nanoparticles in
nanocomposite and low heating rate probably could additionally
influence the thermal degradation of polymer. Moreover, according to
previous investigation; other properties of PVA depending on the content
of Ag nanoparticles are also changed for the low Ag nanoparticles
loading [Mibhele et al 2003].
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Table 7: Thermal parameters and the activation energy of Ag/PVA
nanocomposite samples
AgNO3
conc., (M)

Dose
(kGy)

Pure PVA
1×10-1
1×10-1
1×10-1
1×10-1
5×10-3
1×10-2
5×10-2

Thermal parameters, oC

Ea
(k cal/mol)

Ti

Tmax

Te

0.0

264

307

386

6.60

25
50
75
100
75
75
75

320
330
347
272
271
275
283

341
348
352
350
359
361
354

364
375
357
450
430
440
495

9.50
11.0
13.7
14.5
15.1
15.8
14.3

4.I.5.1 Kinetics analysis of pure PVA and Ag/PVA nanocomposite
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 hydrolysis, 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 TGA 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. The overall or macroscopic kinetics of these processes are
convertially measured by using thermal analysis methods such as
thermogravimetric technique. Thermogravimetric analysis may be
considered the most practical widely used method to determine the
kinetic parameters of polymer composite degradation such as activation
110

Chapter IV

Results and Discussion

energy. Activation energy of thermal degradation reaction can be used to
give a better understanding of the thermal stability of polymer systems.
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 the following equation [Horowize and Metzger
1963]:

ln{ln(1/1 - α  

Eaθ
R(Tmax) 2

(11)

where,
α

equal (wo-w/wo-w∞)

Wo

is the initial weight, mg

W

is the remaining weight, mg

W∞

is the final weight, mg

T max

is the temperature (oK) at the maximum weight loss (dw/dt).



is equal T  T max  in Kelvin

T

is the current temperature in Kelvin

Ea

is the activation energy in Kcal/mol

R

is the gas constant and equal to 1.9872 cal.K-1.mol-1

Figures 37-39, show the plot of ln{ln (1/1-α)} versus (T-Tmax) for
pure PVA, and irradiated Ag/PVA nanocomposite films with an excellent
approximation to a straight line. The obtained slope (E a/ R) values from
the presented Figures were used to calculate the activation energy (Ea).
From the slope, the activation energy (Ea kcal/mol) is calculated and
presented in Table 7. The presented data indicate that rate of degradation
reaction depends on either concentration of Ag nanoparticles and/or
irradiation dose. This effect was expected considerably temperatures of
the maximum degradation reaction T max  , and variation of the activating
energies with respect to either Ag concentration in the composites and/or
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irradiation dose. It can be noticed that the activation energy of Ag/PVA
nanocomposites increases gradually with increasing irradiation dose.
On the other hand, the activation energy of the Ag/PVA increases
with increasing Ag nanoparticles content. One can note that the activation
energy for pure PVA is lower than that for the degradation of PVA in
nanocomposites, (irradiated and containing various content of Ag
nanoparticle). This means that Ag nanoparticles filler increase the energy
barrier of the thermal degradation process even in very small content.
This remarkable effect of influence of such a small amount of the Ag
nanoparticles on the thermal stability of the PVA matrix was already
observed for Ag/PVA nanocomposites. The increment in the thermal
stability as a function of irradiation dose can be attributed to the
increment of Ag+ to Ag reduction level, the reduction in the size, and the
size distribution of the as-prepared Ag nanoparticles into PVA matrix.
The decrement of the activation energy values with increasing AgNO 3
concentration can be correlated to the formation of aggregated Ag
nanoparticles centers into PVA matrix leading to less thermal stable
nanocomposites. The thermal stability is one of the most important and
inter related variable, which can be considered carefully when a material
is chosen for the synthesis of organic electron devises. There appears to
be an optimal concentration of Ag nanoparticles in PVA maximizing the
thermal properties of the materials. Therefore, the optimized Ag/PVA
nanocomposite materials have the potential to produce organic electronic
devises capable of higher thermal stability than pure PVA and leading to
many useful applications in organic electronics and nanotechnology. The
kinetic investigation has proven to be an evaluation tool in the study of
the thermal degradation process of PVA with and without Ag nanofiller,
even considering the small percentage added to the polymer. The TGA
study provides an important link between the degradation temperatures
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and thermal profiles of both pure PVA and PVA loaded with Ag
nanoparticles. The results of activation energy show that the PVA
containing Ag nanoparticles has greater thermal stability than pure PVA.
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Figure 37. Plot of ln{ln(1/1-α)}versus (T-Tmax, °K) for pure PVA film.
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Figure 38. Plot of ln{ln(1/1-α)} versus (T-Tmax, °K) for 75 kGy
irradiated Ag/PVA nanocomposite film (5×10-3 M AgNO3).
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Figure 39. Plot of ln{ln(1/1-α)} versus (T-Tmax, °K) for 75 kGy irradiated
Ag/PVA nanocomposite film (1×10-2 M AgNO3).
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Part II: Ag/PANI nanocomposites

4.II Results and discussion
Gamma-ray irradiation offers many advantages for the preparation
of metal nanoparticles. Large number of hydrated electrons produced
during γ-ray irradiation can reduce the metal ions to zero valent metal
particles. Theses primary reduced silver atoms then undergo further
aggregation to progressively larger clusters (see Scheme 14). This avoids
the use of additional reducing agents and the consequent side reactions.
Furthermore, the amount of zero valent nuclei can be controlled by
varying the dose of irradiation. The polymerization of aniline monomer is
quicker than the reduction and aggregation of silver ions. The earlier
formed polyaniline chains lead to increase in the viscosity of system,
which limits the further aggregation of silver particles and makes them
well dispersed in polymer matrix. Moreover the solution contains
monomers that remained even after initial polymerization by the in-situ
chemical method; many organic radicals are also generated soon after the
solution is irradiated. These radical initiate the polymerization of
monomers, and polyaniline chains are formed on the surface of silver
particles. Scheme 14 represents the simultaneous polymerization and
reduction procedure for the dispersed silver nanoparticles within PANI
network, which effectively prevents further growth of silver nanoparticles
[Kang et al 2006 an Karim et al 2007].
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Scheme 14: The schematic synthesis route of (a) silver clusters and
(b) core-shell Ag/PANI nanoparticles formation by insitu gamma radiolysis chemical polymerization method.

Among conducting polymers, polyaniline has become a particular
focus of interest because of its environmental stability, controllable
electrical conductivity, and interesting redox properties associated with
the nitrogen atoms in PANI. The electrical properties of the aniline
polymers can be improved substantially by secondary doping. Polyaniline
compounds can be designed to achieve the particular conductivity
required for a given application. Metal nanoparticles with different sizes
and shapes can be combined with polyaniline to form composite
materials, which represent a new class of materials that may combine
desirable physical properties characteristic of both their organic and
metallic components within a single composite. The metallic portion
offers the electrical properties, whereas the polymer part can provide
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thermal stability and mechanical properties which eases the processing.
Silver nanoparticles have applications in catalysis, conductive inks, thick
ﬁlm pastes, adhesives for various electronic components, photonics, and
photography.

In addition, silver nanoparticles exhibit signiﬁantly

interesting conductive and optical properties. Their size and shape
dependent optical properties arise from their surface plasmon resonance
frequency, characteristic of noble metals with free electrons such as Au
and Ag which results in a characteristic absorption in the UV/VIS
spectrum. Among the conjugated polymers, PANI has attracted much
attention due to their potential applications as electrical materials. PANI
exists in a variety of forms, including poly-leucoemeraldine, polyemeraldine, and poly-pernigraniline, which differ by their degree of
oxidation or extent of protonation. It is reported that the emeraldine form
of PANI chain induced complex formation of transition metals to the
nitrogen atoms occurred through the p-conjugate chain of PANI.
Recently, metal-NPs, which have a large surface area and a high ratio of
surface-to-bulk atoms, have attracted a lot of interest because of their
possible use in many technologically relevant applications. Metal-NPs
have greater catalytic activities than the corresponding bulk metals. In
particular, it has been reported that metal-NPs embedded in a conducting
polymer matrix serves as an efficient electro-catalyst for oxidation and
reduction reactions of various redox species. [Bedre et al 2009].
However, the insolubility in common solvent, low processability
and poor mechanical properties of PANI has obstructed its potential
applications. In order to fulfill the industrial demand, several strategies
have been developed to overcome such problems. For instance, the
preparation of conventional thermoplastic–electroconductive polymer
composites is a successful approach to achieve unique properties and
applications of the resultant materials. In recent years, the development of
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PANI/metal nanoparticle composite with synergistic chemical and
physical properties has received great attention world wide from both
academic and industrial point of view. The incorporation of metal
nanoparticles could effectively improve the electrical, optical and
dielectric properties of the polyaniline composites. These properties are
very much sensitive to small changes in the metal content and in the size
and shape of the nanoparticles. It was reported that the nanoparticles
themselves could act as conductive junctions between the PANI chains
that resulted in an increase of the electrical conductance of the
composites. The electrical conductivity of such composites might also
depend upon the molecular structure of the conductive polymer matrix
(i.e., crystallinity). Since silver exhibits the highest electrical and thermal
conductivities among all the metals, the combination of PANI with silver
could yield functional materials having enhanced electrical properties
[Choudhury, 2009].
The aniline oxidation using γ-irradiation can be applied to silver
nitrate oxidant. By analogy with reduction induced oxidation of aniline,
we assume that brown non-conducting aniline oligomers are produced at
first (not shown in Scheme 15) and green conducting PANI is formed
later. The oxidation of aniline with silver nitrate has used nitric acid as
the reaction medium [Blinova et al 2009 and Khanna et al 2005].
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(a)

(b)
Scheme 15: Oxidation of aniline using either irradiation (a) and/or
AgNO3 (b)
4.II.1 UV/VIS Absorption Spectroscopic Studies
Optical properties of materials are very sensitive to the transition
from bulk materials to low-dimensional systems. The silver nanoparticles
exhibit a strong change of their optical absorption when their size is
reduced to a few nanometers. This is a 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. When Ag nanoparticles are bringing in contact with
aniline monomer, the optical properties are the net result of the electronic
transition of the two materials. Often the optical properties i.e. the
absorption and/or emission as well as the nonlinear optical properties can
be altered depending on the size of the Ag nanoparticle.
4.II.1.1 UV/VIS Absorption Spectrum of Aniline Monomer
In order to give a more careful assignation of UV/VIS bands of
pure PANI and Ag/PANI, it is worthwhile to investigate the electronic
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spectrum of the aniline monomer. From the molecular structure of
aniline, two possible locally excited transitions are expected;
1. The transition of electron from the highest occupied π orbital to the
lowest vacant (anti-bonding) π* orbitals in the same valence shell.
This is labeled as π−π* transition.
2. The transition of the lone pair of electrons of the nitrogen atom to the
lowest vacant π* orbital, i.e. promotion of the lone pair of the electron
from a non-bonding orbital of the nitrogen atom, this is labeled as
n−π* transition. To determine whether the observed transition in
aniline are π−π* and/or n−π*, the relative energies of the two
transitions are considered. The calculations of the relative energies of
the C═C (π) orbitals and the unshared orbitals of the nitrogen atom
indicate that the π orbitals are lower lying and that excitation from the
π to the anti-bonding π orbitals require more energy than that of the
excitation from the non-bonding orbitals. Therefore the vacant antibonding π levels and the non-bonding orbitals of the nitrogen atom lie
closer together than the bonding and antibonding π* levels.
UV/VIS spectroscopy was used to observe the optical properties of
aniline, bulk PANI, Ag/PANI nanocomposite. Figure 40 displays the UVvisible absorption spectrum of the aniline monomer in the spectral range
(1000-190 nm). One can see that a nearly zero absorption in the
wavelength range (1000-300 nm) followed by a continuous increase in
the absorption in the wavelength range (300- 190 nm) with appearance of
two absorption peaks at 228 nm and 276 nm. The absorption peak at 228
nm can be assigned to π−π* transition and that at 276 nm can be ascribed
to locally excited n−π* transition between energy levels of aniline
molecules.
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Figure 40. UV/VIS absorption spectrum of aniline monomer dissolved in
methanol.
4.II.1.2. UV/VIS spectroscopic analysis of pure PANI and irradiated
Ag/PANI nanocomposite
UV/VIS absorption spectra of pure PANI and irradiated Ag/PANI
nanocomposites are demonstrated in Figure 41. The absorption spectra of
pure PANI showed two characteristic peaks at ≈ 290-320 and ≈ 550-580
nm. The first band is attributed to π- π* transition absorption in the
benzenoid rings and the second band is due to excitation absorption of the
quinoid rings (n-π*) [Gupta et al 2010]. Similar absorption bands with a
red shift appeared in the UV/VIS spectra of Ag/PANI nanocomposites
(Figure 41). This red shift is caused by the strong interaction between
polyaniline and silver. In contrast to pure PANI, the Ag/PANI
nanocomposites exhibit a sharp peak at ≈ 400 nm (see Figure 41). This
peak is assigned to surface plasmon resonance absorption of the electrons
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in the conducting silver bands. When a dielectric polymer-metal
nanocomposite is excited by light, photons are coupled at the dielectric
polymer-metal interface, causing an induced charge density oscillation
that creates a strong absorption peak at a particular wavelength. Reducing
the metal ions to form metal nanoparticles with polymer’s oxidation
states during the radiolysis synthesis is confirmed from the Ag/PANI
peak. The absorption bands due to π-π* transition absorption in the
benzenoid rings shifts from 290 upto 330 nm and the excitation
absorption band of the quinoid rings shifts to lower wavelength (
approximately 15 nm) with low intensity. [Choudhury, 2009 and Karim
et al 2007].
Formation and growth of Ag nanoparticles in the PANI matrix with
varying the irradiation doses was followed by UV/VIS absorption. Figure
41-43 show the absorption bands of irradiated Ag/PANI nanocomposite
at different silver nitrate concentrations. All the nanoparticles formed lie
in the size quantization regime as shown by the blue shift in the
absorption band with respect to that of bulk Ag. It can be seen that with
increasing in irradiation dose (5-20 kGy), the absorption maximum of the
silver surface plasmon peak shifts towards longer wavelengths from 389
up to 406 nm (red shift). The absorption bands at about 400 nm are
considered to be due to surface plasmon resonance absorption of the
electrons in the conduction bands of silver. Surface plasmon bands
appearing in the visible region are characteristic of the noble metal
nanoparticles. This indicates formation of larger particles with increasing
irradiation dose. The level of the observed red shift in the surface
plasmon peak increases with increasing Ag NO3 (5 × 10-3 M up to 5 × 10-2
M). In addition, the intensity of silver surface plasmon peak increases
with increasing irradiation dose. And this can be attributed to the increase
of Ag nanoparticle content as a result of Ag+ reduction. For reduction of
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AgNO3, the amine nitrogen of aniline acts as site for reducing the Ag +
ions. Thus the amine units of polyaniline can be transformed to imine
unit, and AgNPs can be formed during in situ polymerization. In this
process, AgNO3 functions as a source for the formation of silver
nanoparticles and also acts as an oxidizing agent together with irradiation
to initiate the polymerization. The metal ions were reduced and get
encapsulated by the PANI matrix [[Khanna et al 2005 and Tamboli et
al 2012].
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Figure 41: UV/VIS absorption spectra of irradiated Ag/PANI
nanocomposite at different irradiation dose (5×10-3 M AgNO3)
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Figure 42: UV/VIS absorption spectra of irradiated Ag/PANI
nanocomposites (1×10-2 M AgNO3)
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Figure 43: UV/VIS absorption spectra of irradiated Ag/PANI
nanocomposites (5×10-2 M AgNO3)
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4.II.1.3 Effect of AgNO3 concentration
From Figures 44-46, it can be seen that with increasing Ag
concentration, the absorption maximum of the Ag SPR at about 400 nm
shifts towards longer wavelengths (red shift, 390-405 nm), which could
be attributed to the spill-out of the s-electrons or due to increase of the
effective mass of the conduction electrons. Also, the red shift is caused by
the strong interaction between PANI and silver. The increase in the
absorbance of nanocomposite at ≈ 554 nm with increasing Ag
concentration (Figure 44-46) could be attributed to the scattering effects
of the aggregated Ag particles present in the PANI matrix and the
additional polaronic bands created due to metal nanoparticles. However,
the overall result clearly implying the formation of Ag/PANI
nanocomposite [de Heer 1993 and Choudhury 2009].
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Figure 44. UV/VIS absorption spectra of pure PANI and 10 kGy
irradiated Ag/PANI nanocomposites with different AgNO3
concentrations

125

Chapter IV

Results and Discussion

Figure 45. UV/VIS absorption spectra of pure PANI and 15 kGy
irradiated Ag/PANI nanocomposites with different AgNO3
concentrations
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Figure 46. UV/VIS absorption spectra of pure PANI and 20 kGy
irradiated Ag/PANI nanocomposites with different AgNO3
concentrations
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4.II.1.4 Estimation of the band gap energies of Ag/PANI
nanocomposite
The photon absorption in many amorphous materials is found to
obey the Tauc’s relation:
(αhυ) = (hυ – Eg)n

(12)

where, (Eg) is the optical band gap, (α) the absorption coefficient, and
(hυ) is the energy of the incident photon. The index n has discrete values
such as 1/2, 3/2, 2 or higher depending on whether the transition is direct
or indirect and allowed or forbidden. In the direct and allowed cases, the
index n is 1/2, whereas for the direct but forbidden cases it is 3/2. But for
the indirect and allowed cases n = 2 and for the forbidden cases it is 3 or
higher. Here, n = 0.5 offers the best fit for the optical absorption data of
PANI and Ag/PANI nanocomposites and it supports to the allowed direct
band transition of the materials. In the present case the photon energy
(hυ) is plotted against (αhυ)2 for n = 0.5 ( see Figures 47-49). It gives a
straight line fit, which implies that the samples undergo direct transition,
then the band gap has been extracted by extrapolating the straight portion
of the graph on hυ axis at α = 0. The calculated values of the optical band
gap for PANI and PANI/Ag are listed in Table 8. Figure 47 shows that
the value of optical band gap is found to decrease after doping and also it
decreases with increasing AgNO3 concentration. Since the optical
absorption depends on the short range order in the amorphous state and
defect state associated with it, the decrease in the optical band gap in the
present system may be due to reduction in the disorder of the system and
increase in the density of defect states. From this it is clear that the silver
nanoparticles doping have a potential effect on the optical properties of
PANI. Optical conductivity of polyaniline increases in presence of silver
nanoparticles due to the decrease in optical band gap and this type of
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behavior is also observed in the electrical conductivity measurements
[Gupta, et al 2010; Reda and Al-Ghannam 2012].
The optical band gaps were evaluated also for samples prepared at
different gamma irradiation doses ranging from 5 to 15 kGy at a given
constant AgNO3 (see Figures 48-49). It is clear from the result that the
optical band energy showed a decrease as the irradiation dose is
increased. Such decrease in the band gap is attributed to further reduction
of Ag+ to Ag nanoparticles as a result of increasing irradiation dose [Niu,
et al 2003; Devendrappa, et al 2006].
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Figure 47: Plot of (αhν)2 versus hν of pure PANI and 15 kGy irradiated
Ag/PANI nanocomposite containing different AgNO3 concentrations.
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Figure 48: Plot of (αhν)2 versus hν of pure PANI and irradiated Ag/PANI
nanocomposite (5×10-2 M AgNO3).
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Figure 49: Plot of (αhν)2 versus hν of irradiated Ag/PANI nanocomposite
at different irradiation dose (5×10-3 M AgNO3).
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Table 8: The band gap (Eg, eV) energies for pure PANI and irradiated
Ag/PANI nanocomposite

Eg (ev)
Pure PANI

3.78

Irradiation

AgNO3 concentration (M)

dose, kGy

5×10-3

1×10-2

5×10-2

5

3.72

3.71

3.68

10

3.65

3.60

3.49

15

3.64

3.59

3.46

20

3.58

3.56

3.38

In conclusion, the synthesis of PANI and Ag/PANI nanocomposite
were achieved by radiation-induced interfacial polymerization of aniline
and reduction of Ag+ ions. Optical study shows the surface plasmon
resonance (SPR) of the silver nanoparticles and the shifts due to both
variation of AgNO3 concentration and irradiation dose. The optical
studies indicated that the absorption mechanism is due to direct allowed
transition and the optical band gap of PANI is higher than that of
Ag/PANI nanocomposites and the optical band gap of Ag/PANI
decreases with increasing both content of Ag nanoparticles or irradiation
dose.
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4.II.2 Transmission Electron Microscope (TEM) of Ag/PANI
nanocomposite
Transmission electron microscope was used to obtain direct
information about the structure and phase morphology of Ag/PANI
nanocomposite. Figures 50-52 show the TEM images of irradiated
Ag/PANI nanocomposite with different AgNO3 concentration (5×10-2 and
5×10-3 M). The image of PANI-coated Ag nanoparticles indicated a
regularly

spherical

shape

and

the

well-dispersed

Ag/PANI

nanocomposites have a core-shell structure. Since the electron density of
Ag is so much greater than that of polyaniline, the polymer shell appeared
as a light ring around a core of darker color, i.e. in each composite
particle, the inner dark core is Ag nanoparticle, while the grey part
outside can be ascribe to polyaniline shell. From TEM images we can
conclude that the coating with PANI takes place only at the outer surface
of the Ag nanoparticles where it is rarely to observe any polymer away
from the nanoparticle. It can also be seen that the spherically shaped Ag
nanoparticles are uniformly dispersed in the PANI matrix. The particles
are not clearly monodispersed. The average diameter of silver
nanoparticles observed on the TEM images is 40-45 nm and 25-30 nm for
Ag/PANI

nanocomposite samples containing 5×10-2 and 5×10-3 M

AgNO3, respectively.
Also, as shown in TEM images (Figure 50-52), the silver particles
are well adhered on the PANI substrate due to strong affinity of silver to
nitrogen. This indicates that nano-sized inorganic particles possess a
nearly spherical morphology and influence strongly the composite
morphology. Since the silver nanoparticles were synthesized in the
polyaniline solution, the nanoparticles got embedded into the polyaniline
matrix. The formation of a relatively large cluster with Ag dispersity
could be attributed to silver migration and aggregation. The migration
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and aggregation of silver particles might be driven by the instability of
silver atoms due to their high surface free energy. Their aggregation
would produce thermodynamically stable clusters [Reda and ALGhannam, 2012].

Figure 50: TEM image of 5 kGy irradiated Ag/PANI core shell
nanocomposite (5×10-2 M AgNO3)
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Figure 51: TEM image of 15 kGy irradiated Ag/PANI core shell
nanocomposite (5×10-2 M AgNO3)

Figure 52: TEM image of 5 kGy irradiated Ag/PANI core shell
nanocomposite (5×10-3 M AgNO3)
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4.II.3 X-ray diffraction (XRD) analysis
X-ray diffraction (XRD) is a method of choice to investigate the
solid structure of metal nanoparticles and morphology of polymer in
polymer-metal nanocomposites. The phase changes with increasing
diameter of nanoparticles and the crystal structure can be determined with
XRD. The polymer and the metal nanoparticles can be identified by their
characteristics peaks in XRD patterns. Information on the morphology of
the polymer constituent of the composite could be derived also from
XRD. The technique can reveal the degree of crystallinity in the polymer
component of the nanocomposites as sharper peaks with increased
relative

peak

intensity

implies

a

more

ordered

arrangement

[Gangopadhyay and De, 1999].

4.II.3.1 X-ray diffraction (XRD) analysis of pure PANI and
irradiated Ag/PANI nanocomposites
Figures

53-55

show

the

XRD

patterns

of

Ag/PANI

nanocomposites. PANI is amorphous and has a broad band centered at 2θ
= 25.5o (corresponding to 110), which are ascribed to the periodicity in
parallel and perpendicular direction of the PANI chains. For the Ag/PANI
nanocomposite, the XRD pattern reveals the presence of Ag in the
nanocomposite. Some broad peaks centered at 2θ = 38.4, 44.6, 64.7, 77.6
and 81.6o are observed corresponding to (111), (200), (220), (311) and
(222), respectively and are in good agreement with the reported data
(JCPDS File No. 06-0480) [Tamboil et al 2012]. The diffraction peak at
2θ = 25.5o of Ag/PANI nanocomposites are relatively intense than
polyaniline. The existence of sharp peaks clearly indicate the presence of
silver nanoparticles in the composite with them crystalline nature. These
extra peaks in XRD patterns of Ag/PANI nanocomposites confirm that
silver nanoparticles are present in the polyaniline matrix according to
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Bragg's reflection of face centered cubic structure (fcc) of silver, which
coincide well with the literature values. The average crystallite size of
silver nanoparticles in the Ag/PANI nanocomposites were calculated
from the width of the most intense peak, (i.e. (111) Bragg reflection)
using the Debye-Scherrer equation (equation 9), [Karim et al 2007; Jing
et al 2007].
The calculated values of crystalline particle size (D) were listed in
Table 9.
D=

K
Cos

(9)

where, D is the mean dimension of the crystallites, k is particle shape
factor (generally taken as 0.9), λ is the wavelength of Cukα radiation (λ =
0.154 nm), θ is the diffraction angle of the most intense peak (at 111
plane), and β is the full width at half maximum (FWHM) of the
diffraction peak for the investigated samples.

Intensity (a. u.)

111

(1) Pure PANI
(2) 5 kGy
(3) 10 kGy
(4) 15 kGy
(5) 20 kGy
200
220

110

311
222

5
4
3
2
1

20

40

60

80

2 Theta (degree)

Figure 53: XRD patterns of pure PANI and irradiated Ag/PANI
nanocomposite (5×10-2 M AgNO3 and 0.3 M aniline monomer).
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Figure 54: XRD patterns of pure PANI and irradiated Ag/PANI
nanocomposite (1×10-2 M AgNO3 and 0.3 M aniline monomer).
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Figure 55: XRD patterns of pure PANI and irradiated Ag/PANI
nanocomposite (1×10-2 M AgNO3 and 0.6 M aniline monomer).
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4.II.3.2 Effect of AgNO3 concentrations on XRD of Ag/PANI
nanocomposite
Figure 56 shows the XRD patterns of 20 kGy irradiated Ag/PANI
nanocomposite with different AgNO3 concentration. The broad peaks
observed in the XRD pattern of the nanocrystals arise from the finite
number of diffracting planes within the finite size of the particle. The
sharpness observed in these peaks with increasing AgNO 3 concentration
indicating that the particle size increase with increasing the AgNO 3
concentration. On the other hand, the intensity of the diffraction peak at
2θ = 25.5o of Ag/PANI nanocomposite decrease with increasing AgNO3
concentration (see Figure 56). This may arise due to increase of effective
delocalization in polymer chains (i.e. decrease of crystallinity) in
presence of negatively charged silver nanoparticles. Generally speaking,
the XRD patterns of Ag/PANI nanocomposite indicate that the PANI is
amorphous in the nanocomposites, suggesting that the presence of Ag
hamper the crystalline behavior of PANI molecular chain. This is
because, when the PANI is absorbed on the surface of the Ag
nanoparticles, the molecular chain of polyaniline is tethered due to the
restrictive effect of the surface of Ag nanoparticles and the crystallinity is
suppressed i.e. the presence of the Ag nanoparticles impedes the
crystallization of the PANI molecule chain [Danielle, et al 2003 and
Min, et al 2007].
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Figure 56: XRD patterns of pure PANI and 20 kGy irradiated Ag/PANI
nanocomposite containing different AgNO3 concentrations.
From Table 9, it can be seen that, the AgNO3 concentration,
irradiation dose and aniline monomer concentration are determining
factors in controlling the particle size. With increasing of AgNO 3
concentration, the average nanocrystal diameter is increased. In addition,
the main PANI peak (2θ = 25.5o) is sensitive to the content level of
AgNO3 in such way that this peak become weaker (decrease in intensity)
with increasing the concentration of AgNO3 (see Figure 56), i.e. the
PANI crystallinity was reduced and d-spacing of PANI planes was
increased. When the irradiation dose was increased from 5 kGy to 20 kGy
the particle size increases. This can be understood as follow: when the
number of metal nuclei remained constant or increased slower than that
of total ions, the particle size would become larger with increasing the
irradiation doses. Furthermore, the particle size markedly increases with
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increasing the aniline monomer concentration. These results are in good
agreement with those obtained from UV-visible absorption spectra.

Table 9: The XRD parameters of Ag/PANI nanocomposite
Aniline

AgNO3

conc.,

conc.,(M)

5×10-3

0.3 M

1×10-2

5×10-2

0.6 M

1×10-2

Dose, PANI(25.5o)

Ag (38.4o)

size

2θ

2θ

(degree)

(degree)

5

25.60

38.30

0.65

22.3

10

25.54

38.35

0.60

24.5

15

25.55

38.29

0.58

25.0

20

25.6

38.33

0.55

26.6

5

25.48

38.18

0.63

23.0

10

25.46

38.22

0.59

24.7

15

25.49

38.30

0.58

25.1

20

25.54

38.32

0.57

25.5

5

25.58

38.35

0.59

24.4

10

25.49

38.31

0.57

25.7

15

25.53

38.40

0.53

27.6

20

25.54

38.26

0.35

31.7

5

25.50

38.22

0.54

27.2

10

25.51

38.31

0.51

28.6

15

25.49

38.31

0.50

29.2

20

25.51

38.29

0.44

33.2

(kGy)
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4.II.4 Fourier Transform Infrared (FTIR) spectroscopic study
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 chalcognide
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 polyaniline, and is sensitive to
subtle changes in resonance structures of the aromatic ring systems. Thus
FTIR was used to examine how the incorporation of Ag particles
influences the chemical properties of the polymer. Specifically, the
method will be used to examine the signature and oxidation state of all
the Ag/PANI composites produced.
4.II.4.1 FTIR spectroscopic study of pure polyaniline (PANI)
FTIR spectrum of pure polyaniline is presented in Figure 57.
Polyaniline has characteristic peaks at 3470, 1586, 1490, 1272, 1130 and
816 cm−1. The relatively broad peak at 3470 cm-1 can be attributed to the
N–H stretching vibration mode, the band at 1586, 1490 cm−1 may be
attributed to C=C and C=N stretching of the quinoid (-N=Q=N-, where
Q= Quinoid ring) and the C=C stretching of the benzenoid rings,
respectively. The band at 1272 cm−1 is assigned to the C-N stretching of
mode of benzoid unit. The characteristic band at 1130 cm-1 represents the
in-plane C-H bending of quinoid structure. The absorption peak around
2850 and 2995 cm-1 correspond to aromatic C-H stretching vibration. The
band at 816 cm−1 may be attributed to C-C and C-H stretching for benzoid
unit of polyaniline. The band at 618 cm-1 is identified with the anti-ofplane bending C-H in the aromatic ring (benzenoid ring). The assignment
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of peak reveals that the synthesized product is polyaniline [Gupta et al
2010; Fuke et al 2010; Choudhury 2009 and Tamboli et al 2012]].

Transmittance %

816

1715

2950

1586
1272 1490
1130

Pure PANI

3470

1000

2000

3000

4000

Wavenumber cm-1

Figure 57: FTIR spectrum of pure PANI

4.II.4.2

FTIR

spectroscopic

study

of

irradiated

Ag/PANI

nanocomposites
Figures, 58-60 show the FTIR spectra of irradiated Ag/PANI
nanocomposites. Incorporation of silver nanoparticles in polyaniline
matrix leads to small shift of the peaks to the higher wavelengths and also
decreases in the intensity of peaks, which indicates that the structural
change of PANI polymer occurs with doping. The band at 1586, 1490,
and 1130 cm−1 are shifted to 1590, 1495, and 1160 cm−1 respectively in
the Ag/PANI nanocomposite (see Table 10), and the other peaks
disappear in the spectra of Ag/PANI nanocomposites; and it indicates the
interaction of silver nanoparticles with different reaction sites of
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polyaniline. Shifting of the band at 1586-1590 cm−1 indicates that silver
nanoparticles may have adsorption with nitrogen site of polyaniline in
Ag/PANI nanocomposite (see scheme 16). Decrease in the intensity of
the peaks for Ag/PANI nanocomposites compared to polyaniline
indicates that composite has a higher conjugation length. This increase in
the conjugation length of Ag/PANI nanocomposite increases its
conductivity. The obtained FTIR spectra of Ag/PANI nanocomposites
and the peak locations related to the corresponding chemical bonds are in
good agreement with those reported in the literature [Karim et al 2007;
Khanna et al 2005; Jings et al 2007 and Fuke et al 2010].

Scheme 16: Mechanism of formation and adsorption of AgNPs on
polyaniline chains through -NH group
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All the characteristic bands of PANI are all found in Ag/PANI
nanocomposite powder, the intensity of all the bands decreased due to
presence of nano silver. Also, FTIR spectrum analysis confirms that, the
silver nanoparticles are homogenously dispersed in the PANI polymer
matrix [Gupta et al 2010].

Figure 58: FTIR spectra of irradiated Ag/PANI nanocomposite (0.01 M
AgNO3 with 0.3 M aniline monomer)
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Figure 59: FTIR spectra of irradiated Ag/PANI nanocomposite (0.05 M
AgNO3 with 0.3 M aniline monomer)

Figure 60: FTIR spectra of irradiated Ag/PANI nanocomposite (0.01 M
AgNO3 with 0.6 M aniline monomer)
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4.II.4.3 FTIR irradiated Ag/PANI nanocomposite with different
AgNO3 content
It is worthwhile to pay our attention to the structural features arises
in the spectral region 1350-1000 cm-1. There are interesting changes in
the FTIR absorption spectra as the AgNO3 concentration was changed.
One can see that, there is two absorption peaks were appeared at 1272
and 1175 cm-1 (see Figure 61). According to Dimitriev et al, the signal at
1272 cm-1 can be ascribed to C-N stretching vibration in the quinoid
imine units [Dimitriev et al 2008]. The absorption peak at 1160 cm-1
may be regarded as a pure C-H bending vibration in the quinoid ring, and
was considered as a measure of the degree of delocalization of electrons
on PANI and thus is characteristic peak of PANI conductivity [Edenkova
et al 2008]. Thus, the presence of such band reflects the increase in the
electron delocalization as Ag nanoparticles decreases. It appears that the
interaction between PANI and Ag nanoparticles increase the effective
degree of electron delocalization and thus enhance the conductivity of the
polymer chains due to the presence of the protonated quinoid imine units.
The absorption band at 1118 cm-1 suffered from marked decay in
its intensity as the size of Ag nanoparticle decreases (i.e. the
concentration of AgNO3 decrease). The presence of 1,4-ring substitution
absorption peaks at the expense of that of 1,2,4-ring substitution indicates
that the coupling rings produce preferentially linear elements of chain
and/or the monomers in the polymer exhibit a head-to-tail polymerization
mechanism (see scheme 16).
In conclusion, one can notice that FTIR spectroscopy was used to
characterize the structural and chemical composition of PANI and
Ag/PANI. The evidence from FTIR indicate that there is some interaction
between the nitrogen head groups of PANI (differences in the N-H bands
due to hydrogen bonding, weakening of the protonated chain vibrations
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and a red shift in the semi-quinoid C-N stretch in the composite) and
silver. On the other hand, the characterization of the molecular structure
of Ag/PANI nanocomposite indicated that no chemical reaction occurred
between the Ag and PANI; and the metallic silver was encapsulated into
the growing polymer chains, resulting in the formation of a core-shell
Ag/PANI hybrid material.

Figure 61: FTIR spectra of Ag/PANI nanocomposite with different
AgNO3 content
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Table 10: Assignment of FTIR bands for pure PANI and Ag/PANI
nanocomposite
Pure PANI

Ag/PANI

Type of vibration

Wavenumber cm-1

Wavenumber cm-1

3470

3482

N–H stretching

1586

1590

C=C stretching
of quinoid ring

1490

1495

C=C stretching
of benzoid ring

1272

1277

C–N stretching

1242

1248

C=N stretching

1130

1160

C–H in-plane
bending

816

829

C–H out of plane
bending
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4.II.5 DC-Electrical Conductivity of Ag/PANI nanocomposite
PANI is unique among conductive polymers in that its electrical
properties could be reversibly controlled both by charge transfer doping
and by protonation, which makes it a potential material for applications
such as chemical and biological sensors, actuators, micro electronic
devices, etc. PANI exists in a number of forms which totally differ in
chemical and physical properties. The most conducting emeraldine salt
has conductivity on a semiconductor level of the order of 100 ohm-1.cm–1,
many orders of magnitude higher than that of traditional polymers (<10 –9
ohm-1.cm–1) but lower than that of metals

(>104 ohm-1.cm–1)

[Choudhury, 2009; Reda and Al-Ghannam 2012].
The incorporation of metal nanoparticles could effectively improve
the electrical, optical and dielectric properties of the polyaniline
composites. These properties are extremely sensitive to small changes in
the metal content and in the size and shape of the metal nanoparticles. It
was reported that the metal nanoparticles themselves could act as
conductive junctions between the PANI chains that resulted in an increase
of the electrical conductivity of the composites. The electrical
conductivity of such composites might also depend upon the molecular
structure of the conductive polymer matrix (i.e., crystallinity). Since
silver exhibits the highest electrical and thermal conductivities among all
the metals, the combination of PANI with silver could yield functional
materials having enhanced electrical properties [Choudhury, 2009].
4.II.5.1 Effect of AgNO3 concentration on DC-conductivity of
Ag/PANI nanocomposites
To illustrate the effect of Ag nanoparticles and its contents on the
DC conductivity of PANI material, a comparison of pure PANI and Ag/
PANI nanocomposites was made. Figure 62 show the variation of DCelectrical conductivity in the temperature range 298-373 K for pure PANI
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and Ag/PANI nanocomposites of different AgNO3 concentration (from
5×10-3 to 5×10-2 M). From the figure, it is evident that the DC-electrical
conductivity of the Ag/PANI nanocomposites is higher than that of pure
PANI and also it increases with increasing silver nanoparticle content in
the nanocomposites. This increase in conductivity occurs due to
electronic tunneling through the silver nanoparticles. For the Ag/PANI
nanocomposite loaded with less amount of AgNO3 concentration (5×10-3
M), the conductivity increase is marginal. But as more amount of AgNO3
(5×10-2 M) is added, the conductivity increases appreciably which may be
due to enhancement in the mobility of electron owing to increased
tunneling probability [Gupta et al 2010]. It is also observed that for
Ag/PANI nanocomposite sample, containing higher concentration of
AgNO3 (5×10-2 M) the DC-electrical conductivity is maxima. Therefore,
one can conclude that the enhancement in electron mobility with
increasing silver nanoparticles content is the common major factor
contributing towards both of these mechanisms. The improvement of DC
conductivity for Ag/PANI nanocomposite causes from the Ag content
and effective dispersion of Ag nanoparticles in the PANI matrix which
favors better electronic transport [Chaudhury, 2009].
The activation behavior of the composites are studied by using
Arrhenius equation,
σt = σo exp (-Ea/ kBT)

(13)

where, σo is the conductivity at infinite temperature, Ea is the activation
energy, kB is the Boltzmann constant (8.62×10-5 eV). By using Equation
(13) the activation energy has been calculated from the slope of the
straight line plot of ln σt vs.1000/T. A plot of ln σt vs.1000/T has been
shown in Figure 62. The values of activation energy calculated from this
plot are listed in Table 11. Hence the calculated values of Ea are very
close to each other among the investigated samples. Generally, the
149

Chapter IV

Results and Discussion

activation energy depends on the metal particle radius (r) present in the
materials. The average particle diameters obtained from XRD analysis are
from 22.3 to 41.7 nm for the investigated samples. Hence, it is observed
that the average particle sizes are nearly of the same order of magnitude
[Gupta et al 2010]. Also, one can concluded that Ea values of Ag/PANI
nanocomposites are remarkably lower than that of PANI and the values
decrease with increasing AgNO3 concentration (i.e. Ag nanoparticles
content). The variation in the Ea values for PANI and Ag/PANI can be
correlated to the incorporation of Ag nanoparticles into PANI matrix
beside the 20 kGy irradiation dose. In other words, the conductivity of
Ag/PANI nanocomposites is obviously controlled by silver nanoparticles
content. It should be stressed that the conductivity of Ag/PANI samples
having comparable contents of silver nanoparticles may be differ by 0.50.7 orders of magnitude.
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Figure 62: Effect of AgNO3 concentration on dc conductivity of pure
PANI and 20 kGy irradiated Ag/PANI nanocomposites
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4.II.5.2 Effect of irradiation dose on DC-conductivity of Ag/PANI
nanocomposites
The effect of irradiation dose on the DC-conductivity of PANI
material and Ag/PANI nanocomposite (5×10-2 M) was carried out. Figure
63 shows the temperature dependence of DC-conductivity in the
temperature range 298-373 K for undoped PANI and irradiated Ag/PANI
nanocomposite. It can be clearly seen that the DC-conductivity of
irradiated Ag/PANI nanocomposite is higher than that of pure
polyaniline. It is clear from the figure that in all the samples the plot of
lnσt vs 1000/T are nearly straight lines, indicating that the conduction in
these samples through an activated process having single activation
energy in the temperature range 298-373 K. The activation behavior of
the investigated samples is studied using Arrhenius equation (equation
13); and the obtained data are presented in Table 11. It was found that the
activation energy for pure PANI is higher than Ag/PANI nanocomposite.
An increase in DC-conductivity and decrease in activation energy with
corresponding to increase in the irradiation dose is found to be associated
with a shift of Fermi level in the irradiated doped samples [Reda and AlGhannam, 2012].
From a single value of activation energy it is clear that the
conduction is through the carrier concentration at the Fermi level. But the
activation energy (Ea) alone does not provide any information whether the
conduction takes place in extended states or by hopping in localized
states. This can be explained on the basis of the values of pre-exponential
factor (σo). A smaller value of σo indicates that the density of defect states
increases in the sample and further supports our argument that the
conduction mostly takes place by the hopping process in the Ag doped
polyaniline. The formation of polarons and bipolarons can also be used to
explain the conduction mechanism. Polarons and bipolarons play a
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leading role in determining the charge injection, optical and transport
properties of conductive polymers. These are self-localized particles like
defects associated with characteristic distortions of the polymer backbone
and with quantum states deep in the energy gap due to strong lattice
coupling [Reda and Al-Ghannam, 2012].
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Figure 63: Effect of irradiation dose on dc conductivity of pure PANI and
irradiated Ag/PANI nanocomposite (5×10-2 M)
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Table 11: The activation energy of pure PANI and irradiated
Ag/PANI nanocomposite samples
AgNO3

Dose, (kGy)

Ea (eV)

(Pure PANI)

0.0

0.28

5×10-3

20

0.14

1×10-2

20

0.12

5×10-2

20

0.09

5×10-2

5

0.22

10

0.20

15

0.14

20

0.09

conc.,(M)

In conclusion, The conductivity at room temperature (σt) of pure
PANI was of the order 1.5×10-8 Ohm-1.cm-1 and of 20 kGy irradiated
Ag/PANI (5×10-2 M) nanocomposite were of the order 2.5×10-6 Ohm1

.cm-1 (see Table 12). The Ag/PANI nanocomposites exhibit

remarkable improvement of electrical conductivity when compared
with pure PANI. The electrical conductivity of Ag/PANI is controlled
by either irradiation dose or Ag nanoparticles content. So, this is a
simple way by which electrical properties of other conductive polymer
may be enhanced by using different nanoparticles. The decisive role of
silver in the conductivity of Ag/PANI nanocomposites is also
confirmed by the level of temperature dependence which corresponds
to the metallic character of the investigated samples.
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Table 12: Conductivity of pure PANI and irradiated Ag/PANI
nanocomposite (5×10-2 M), at different temperature (K)

t, oC 1000/T

σt of

σt (Ohm-1.cm-1) of Ag/PANI

K

PANI

5 kGy

10 kGy

15 kGy

20 kGy

25

3.35

1.5×10-8

1.9×10-8

3.0×10-8

1.1×10-7

2.5×10-6

50

3.00

1.9×10-8

2.3×10-8

3.5×10-8

1.3×10-7

2.8×10-6

75

2.87

2.7×10-8

3.3×10-8

9.5×10-8

1.7×10-7

4.1×10-6

100

2.68

5.8×10-8

1.1×10-7

2.5×10-7

3.4×10-7

6.0×10-6
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4.II.6 Applications of the as-prepared Ag/PVA and Ag/PANI
nanocomposites
4.II.6.1 Antifungal and antibacterial activity of silver nanoparticles
Silver has been described as being ‘oligodynamic’ because of its
ability to exert a bactericidal effect at minute concentrations.
Consequently, a large number of healthcare products now contain silver,
principally due to its antimicrobial activities and low toxicity to human
cells. Antiseptic agents are now considered for the treatment of localized
skin and wound infections [Percival et al 2005].
Silver metal and its compound have been known to have strong
inhibitory and bactericidal effects as well as a broad spectrum of
antimicrobial activities [Liao, et al 2010 and Nischala, et al 2011].
Silver ions work against bacteria in a number of ways; silver ions interact
with the thiol groups of enzyme and proteins that are important for the
bacterial respiration and the transport of important substance across the
cell membrane and within the cell [Cho, et al 2005], and silver ions are
bound to the bacterial cell wall and outer bacterial cell, altering the
function of the bacterial cell membrane [Percival, et al 2005], thus silver
metal and its compounds were the effective preventing infection of the
wound [Wright, et al 1999 and Sudheesh Kumar, et al 2010]. Silver
metal was slowly changed to silver ions under our physiological system
and interact with bacterial cells, thus silver ions will not be so high
enough to cause normal human cells damage. Silver can inhibit
enzymatic systems of the respiratory chain and change DNA synthesis
[Brett, 2006; Hidalgo and Dom.nguez, 1998 and Wei, et al 2010].
4.II.6.1.1 AgNPs mode of action on fungi strains
The antifungal activity of AgNPs against some pathogenic clinical
isolates (presented in Table 13), as models for pathogenic yeast and fungi
was investigated. AgNPs have been used as a comparable antifungal
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compound by antifungal drugs Amphotericin B which was used as
positive control. AgNPs exhibited a potent antifungal activity against
some of fungal strains tested while other showed silver resistance
behavior. According to data obtained from antifungal screening (Tables
13 -14), the most sensitive isolates were Candida albicans, Candida
trobicalis , Penicillium marneffei , Trichophyton mentagrophytes,
Apergillus fumigates and

Cryptococcus neoformans while the most

resistant isolates were Geotricum candidum and

Syncephalastrum

racemosum .
Biocides (such as silver) and antibiotics have differing modes of
action. Biocides tend to target multiple sites on or within microbial cells
and hence have broad-spectrum activity. Antibiotics tend to target
specific sites on or within a bacterial cell and have a narrower spectrum
of activity. AgNPs attach to cell membrane and penetrate in the fungi by
destruction of membrane integrity, and then AgNPs attach to respiratory
sequence and finally causing cell death. As a result of using antifungal
drugs and AgNPs, theses gradients and membrane conformity have been
destroyed and it causes cell death. Generally, heavy metals are toxic and
react with proteins, therefore they bind protein molecules; as a result
cellular metabolism is inhibited causing death of microorganism. It is
known that silver sources release Ag + only but high activity of silver
nanoparticles is attributed to the release of Ag o and Ag+ clusters when
they are dissolved [Kokkoris et al 2002]. Ag nanoparticles can inhibit
the growth of dermatophytes, which cause superficial fungal infections
[Kim et al 2008]. Additionally, AgNPs exhibited potent antifungal
effects on fungi tested, probably through destruction of membrane
integrity; therefore, it was concluded that AgNPs has considerable
antifungal activity, deserving further investigation for clinical application.
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Biocide resistance has been documented. In comparison with
bacteria, very little is known about the ways in which fungi can
circumvent the action of biocides. Resistance has been observed to arise
from either inherent or acquired resistance, and chlorhexidine-resistance
has been found in strains of Saccharomyces cerevisiae [McDonnell and
Russell, 1994 and Russell, 1997]. Fungal cells by having ergosterol in
the membrane and by making various gradients between cytoplasmic
membranes can keep their membrane potential ability.
4.II.6.1.2 Effect of AgNO3 and irradiation dose on the AgNPs activity
The concentration of AgNO3 and the irradiation dose may be the
important parameters in our experiments. The concentration of AgNO 3
and the irradiation dose maybe decides the ultimately quantity and the
size of AgNPs. The particle size decreases with increasing the irradiation
dose and with decreasing the AgNO3 concentration and hence, the
antifungal activity increase according to increase the high specific surface
area (see Tables 13-14). Silver nanoparticles have a high specific surface
area and a high fraction of surface atoms that lead to high antimicrobial
activity compared to bulk silver metal [Cho, et al 2005]. It can be
expected that the high specific surface area and high fraction of surface
atoms of Ag nanoparticles will lead to high antimicrobial activity
compared to bulk Ag metal. Recent, microbiological and chemical
experiments implied that interaction of silver ion with thiol groups played
an essential role in bacterial inactivation [Liau, et al 1997]. Surface area
involves the increase of contact surface, which is an important condition
for the effects of silver nanoparticles [Spacciapoli, et al 2001].
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Table 13: The mean inhibition zone (in mm ± Standard deviation) of
antifungal activity for AgNPs (1×10-2 M)
Fungi strain

Apergillus

Irradiation dose (kGy)

Amphotericin B

0.0 kGy

50 kGy

100 kGy

12.4±0.2

14.2±0.3 16.8±0.5

23.7±0.1

11.6±0.5

13.1±0.7 14.3±0.6

21.9±0.1

12.5±0.4

14.4±0.3 16.1±0.3

25.4±0.1

13.7±0.5

16.3±0.4 18.9±0.3

20.9±0.3

fumigatus
Cryptococcus
neoformans
Candida
albicans
Candida
trobicalis
Geotricum

NA

NA

NA

26.4±0.2

candidum
Trichophyton

10.8±0.3

12.3±0.4 13.4±0.4

25.4±0.2

13.8±0.6

14.3±0.3 16.7±0.6

20.6±0.2

mentagrophytes
Penicillium
marneffei
Syncephalastrum

NA

NA

racemosum
*NA: No activity
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Table 14: The mean inhibition zone (in mm ± Standard deviation) of
antifungal activity for AgNPs (5×10-3 M)
Fungi strain

Apergillus

Irradiation dose (kGy)

Amphotericin B

0.0 kGy

50 kGy

100 kGy

14.5±0.3

16.8±0.3

18.6±0.1

23.7±0.1

12.3±0.5

14.3±0.4

15.9±0.3

21.9±0.1

14.4±0.4

16.1±0.4

22.2±0.4

25.4±0.1

16.4±0.4

18.9±0.5

20.3±0.3

20.9±0.3

NA

NA

NA

26.4±0.2

11.4±0.4

13.7±0.3

17.1±0.3

25.4±0.2

14.6±0.4

16.9±0.4

19.3±0.6

20.6±0.2

NA

NA

NA

19.7±0.2

fumigatus
Cryptococcus
neoformans
Candida
albicans
Candida
trobicalis
Geotricum
candidum
Trichophyton
mentagrophytes
Penicillium
marneffei
Syncephalastrum
racemosum
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4.II.6.1.3 AgNPs mode of action on bacteria strains
The antibacterial properties of the Ag nanoparticles were tested
against some gram-positive S. aureus and some gram-negative E. coli and
the obtained data are presented in Table 15. Antibacterial ability,
measured by the diameter of the growth inhibition zone (disc method),
are dependent on the tested samples [Chamakura et al 2011]. The
mechanism for the anti-bacterial action of (AgNPs) silver nanoparticles is
bacterial membrane disruption by the silver nanoparticles released from
the Ag/PVA matrix. Ag+ ions form insoluble compounds with
sulphydryls groups in the cellular wall of the microorganism are
responsible for the inhibition halo in the seeded culture media. This result
can be explained in terms of the presence of hydroxyl groups in the PVA
chain and it is easy to induce Ag+ motility [Sadeghi et al 2010]. It was
found that AgNPs react with cell walls and cytoplasm membrane of
Escherichia coli, resulting in pits in the cell wall of bacteria, and finally
killing them. The obtained result demonstrated explained that the
irradiated Ag nanoparticles showed greater antibacterial effect than nisin
antibiotic, this effect increased with increasing irradiation dose. This
result is in a good agreement with the obtained XRD and TEM data
which confirm the decrease of the particle size with increasing irradiation
dose which in turn lead to a good antibacterial activity (see previous
section).
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Table 15: The mean inhibition zone of AgNPs antibacterial activity (1×101

M) as compared with nisin

Bacteria strain

Irradiation dose (kGy)

Nisin

0.0 kGy

25 kGy

100 kGy

1.3

1.8

2.1

1.4

2.9

3.1

3.4

2.4

0.8

1.0

1.4

0.7

Bacillus subtilis

2.6

2.8

3.0

2.2

Bacillus cereus

2.4

2.5

2.7

1.9

Escherichia

1.7

1.9

2.2

1.6

0.6

0.8

0.9

0.4

0.7

0.8

0.1

0.3

Streptomyc Sp

0.7

0.8

0.9

0.4

Micrococcus

2.0

2.7

2.9

1.6

2.6

3.0

3.2

2.3

Listeria
monocytogenes
Pseudomonas
aeruginosa
Staphylococcus
aureu

Coli
Bacillus
thurgensis
salmonella Sp

luteus
Bacillus
polymyxa ,
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Nitrophenols are considered to be amongst the most prevalent
organic pollutants in waste waters generated from agricultural and
industrial sources; these include companies that manufacture explosives,
dyes and other products. Nitro aromatic compounds are widely used in
the manufacturer of pharmaceuticals, pigments, dyes, plastic, pesticides
and industrial solvents. However, these compounds are highly hazardous
on release in environment and have potential toxicity toward humans,
animals and plants [Ai and Jiaug 2012]. The US Environmental
Protection Agency has reported nitrophenols as one of the most
hazardous and toxic pollutants. 4-nitrophenol is stable in the
environmental and resists biodegradation. Therefore, the development of
an effective, clean and environmental friendly method for treating such
compounds in aqueous media to remove them from water is of great
importance.
In the last decade, silver nanoparticles have attracted extensive
attention due to their potential utility in catalysis. In order to reuse the
catalysis simply and/or enhance their catalytic activity, Ag nanoparticles
had been immobilized into the various supports such as silica, alumina,
carbon nanotubes, polymeric materials, etc. [Liu and Zhao 2009].
Although metal nanoparticles have found a wide range of application,
their use as catalyst has drawn a lot of attention from researchers recently.
The reduction of 4-nitrophenol (4-NP) has been used by a number of
researchers to investigate the catalytic activity of metal nanoparticles. The
4-aminophenol (4-AP) is the intermediate products for the 4-NP
reduction by Ag nanoparticles and this intermediate is used for the
manufacturer of antipyretic and analgesic drugs [Nemanashi and
Meijboom, 2013].
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For the investigation of the reduction of 4-NP to 4-AP, the
ultraviolet visible (UV/VIS) spectrum of 4-Nitro phenol (4-NP) aqueous
solution was carried out. In the presence of NaBH4 as a reducing agent
(absence of Ag nanoparticles catalysts), the absorbance value and the
peak position of 4-NP solution (at λmax ≈ 400 nm) remained the same
even for a couple of days (see Figure 64), suggest that the reduction did
not proceed in the absence of AgNPs catalyst. Addition and proper
mixing of the Ag/PANI and Ag/PVA catalysts to the reaction mixture
caused the successive decrease in the intensity of the peak of the nitro
compound (at λmax = 400 nm) and the formation of a new absorption band
(around λmax = 310 nm), which is attributed to the formation of 4-AP (see
Figures 65-66). Although it has generally been accepted that the
absorbance band at λmax = 310 nm signifies the formation of 4-AP. This
can also be visualized with the discoloration of the characteristic yellow
color of 4-NP solution. After the yellow color is completely discharged,
i.e. after the completeness of the reduction reaction (4-NP to 4-AP), the
peak due to the nitro compound was no longer observed. It should be
noted that the mechanism of this reaction probably involves more
complicated intermediates present on the surface of the nanoparticles and
hence remains a point of debate. However, the isosbestic point at
approximately λmax = 325 nm (Figures 65-66), indicates a clean
conversion of 4-NP to 4-AP without side reactions. The reduction
conversion of 4-NP with borohydride catalyzed by Ag nanoparticles to 4AP is of industrial and environmental importance. Metal nanoparticles
have high Fermi potential, and nanometer size regime which leads to the
lowering of reduction potential value, and hence metal nanoparticles can
function as a catalyst for many electron-transfer reactions [Nemanashi
and Meijboom 2013; Chang and Chen 2009].
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Actually NaBH4 served here as the reducing agent for nitro
compounds to produce the corresponding amino compounds. A little
NaBH4 is always decomposed in the reaction medium during the course
of reaction. So an excess amount of NaBH4 was always employed. As
soon as NaBH4 was added, the silver nanoparticles started the catalytic
reaction by relaying electrons from the donor BH 4- to the substrate 4-NP
(acceptor) only after the adsorption of both onto the particle surfaces (see
scheme 17). Here, as the catalyst particles are held on the solid surfaces,
there was no chance of agglomeration of silver nanoparticles due to the
presence of larger amounts of NaBH4 [Liu and Zhao, 2009].

Scheme

17:

Proposed

mechanism

for

hydrogenation of nitrophenol
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Figure 64: UV/VIS spectrum of the reduction of 4-NP by NaBH4 only
after 2 days
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Figure 65: Successive UV/VIS spectra of the reduction of 4-NP by the
catalyzed reduction with 15 kGy irradiated Ag/PANI (5×10-2 M)
catalysts at 3 min interval
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Figure 66: Successive UV/VIS spectra of the reduction of 4-NP by the
catalyzed reduction with 75 kGy irradiated Ag/PVA (5×10-2 M)
catalysts at 2 min interval
As can be seen, the rate constant of the reduction reaction for 4-NP
using either Ag/PANI or Ag/PVA nanocomposite as a catalyst (see
Figures 65 and 66) was found to be not dependant on the type of doped
polymer matrix. Here one can conclude that both Ag/PVA and Ag/PANI
composites nearly have the same efficiency, but Ag/PVA nanocomposite
film has an over advantage which is there is no mass transfer of AgNPs
into the purified samples, where the Ag/PVA film can be remover easily
after the reduction process.
Considering the absorbance versus time plot as shown in Figure 67,
it was found that the reaction kinetics can be described as ln(A/A o) = kt,
where k is the apparent first order rate constant (min -1), t is the reaction
time, A and Ao are the absorbance corresponding to the concentration of
4-NP at time t and zero time, respectively. Figure 67, show a linear
relationship between ln(A/Ao) and reaction time t in the reduction
166

Chapter IV

Results and Discussion

catalyzed by Ag nanoparticles. The rate constant k was calculated to be
0.1 min and 0.09 min for Ag/PVA and Ag/PANI samples respectively,
indicating the same efficiency for the two investigated nanocomposites.
The data revealed that the first order rate constant increased with
increasing the amount of Ag nanoparticles.
In conclusion, a new simple method of making silver nanoparticles
catalysts supported on both PVA and PANI polymer matrices have
presented. The Ag/PVA and Ag/PANI catalysts were found to be active
for the reduction of aromatic nitro compounds to the corresponding
amino derivatives. Furthermore, the procedure is simple and useful for
large scale synthesis. The rate constant for reduction of 4-NP into 4-AP
using Ag/PVA and Ag/PANI nanocomposite were found to increase with
increasing Ag content, irradiation dose. This method may be useful in
developing the process for the conversion of 4-NP to 4-AP in aqueous
solution under mild condition.
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Figure 67: Plot of ln(A/Ao) verses time corresponding to the reduction of
4-nitrophenol by Ag/PANI and Ag/PVA nanocomposites at 298 K.
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V. Conclusion

The main conclusions of the present work can be summarized as
follows:
Ag/PVA and Ag/PANI nanocomposites were prepared successfully
using γ-irradiation method. Our synthetic route did not need complicated
apparatus, expensive surfactants or additional reducing agents.
The optical properties of metal nanoparticles are caused by
collective oscillation of free and conducting electrons and metallic
surface that interact with electromagnetic radiation. Surface plasmon
bands appearing in the visible region for Ag/PVA nanocomposite films
are characteristic of the noble metal nanoparticles.
The obtained data regarding the change of the absorption intensity
and wavelength at maximum absorption and the size of Ag nanoparticles
as a function of either irradiation dose or Ag+ concentration pointed the
following remarks:
- The intensity of the absorption bands, which is proportional to the
number of silver nanoparticles, goes higher, indicates that more
reduction of AgNO3 to Ag nanoparticle as the irradiation dose
increases. The intensity of absorption spectra goes higher but there
was a slight shift to higher wavelength (red shift) as AgNO3 continents
increased in the nanocomposite.
- With increasing the irradiation dose, the surface plasmon resonance
peak at 422 nm shifted towards lower wavelengths, indicating that
smaller diameters of the Ag nanoparticles were also formed at higher
radiation doses; the wave length was shifted to higher waves as the
AgNO3 increased
- The particle size of Ag nanoparticles in the as-prepared Ag/PVA
nanocomposite films decreases with increasing either irradiation dose
or Ag+ ion concentration.
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The value of optical band gap (Eg, eV) was calculated from
UV/VIS spectra for all investigated samples. The band gap energy
decreases following the AgNO3 concentration from 5×10-3 M up to 1×101

M for all γ-irradiated samples. On the other hand, the band gap energy

showed a conflict behavior (slightly decrease or increase) as the
irradiation dose increased.
TEM approach would provide a quick way to obtain particle size,
shape and size distribution. The average diameter of the Ag nanoparticles
is indicated as the peak position of the Gaussian curves of the histogram
to be 34.7, 32.6 and 28 nm for 25, 50 and 75 kGy irradiated Ag/PVA
nanocomposite. Regarding to the histogram, the particles exhibit a
uniform shape and a very narrow size distribution with increasing
irradiation dose (from 0.0 to 75 kGy). This result means that, the size of
the prepared particles gets smaller and the particle size distribution is
improved with increasing of irradiation dose.
The obtained TEM images illustrate the Ag nanoparticles are not
aggregate at lower Ag+ concentration and are well distributed within the
polymer matrix In conclusion, at lower Ag+ ion concentration, well
dispersed Ag nanoparticles with narrow size distribution were observed
indicating the formation of Ag quantum dots. At higher Ag+ ion
concentration, Ag nanosphere with larger aspect ratio was formed in
reverse with increasing irradiation dose. The size of nanoparticles, size
distribution, and uniform dispersity increases with increasing Ag+ ion
concentration and decrease with increasing the irradiation dose.
The XRD pattern of pure PVA exhibits strong and broad diffraction
peak located at 2θ = 19.66o which is due to crystallinity part, where the
irradiated Ag/PVA nanocomposite samples show four new diffraction
peaks at 2θ = 37.8, 43.96, 64.34 and 77.48o, revealed that the Ag
nanoparticles are formed in the PVA matrix and their crystal structure is
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face center cubic (fcc) structure according to JCPDS (No.4-0783). The
calculated values of crystalline particle size (D, nm) showed that both
AgNO3 and irradiation dose are determining factors in controlling the
particle size of Ag nanoparticles in PVA matrix. It can be seen that with
increasing irradiation dose up to 75 kGy, the particle size decreases then
increase at 100 kGy. Also, the particle size increase gradually with
increasing AgNO3 concentration up to 5×10-2 M.
FTIR

spectra

illustrate

that

the

formation

of

Ag/PVA

nanocomposites leads to disappearance and/or weakening of some
characteristic peaks followed by the change in peak position, peak shape
and peak intensity due to incorporation of various content of Ag
nanoparticles and irradiation doses. The broadening behavior for some
characteristic bands especial at 3300, 2950, 2825, 1420 and 1320 cm -1
increases as a result of increasing Ag content in

Ag/PVA

nanocomposites. Increase in the transmittance of the band at 1322 cm-1 in
comparison with band at 1420 cm-1 as a function of either irradiation
doses or AgNO3 concentrations; indicate the decoupling between O-H
and C-H vibrations due to the new bonding interaction between O-H and
silver nanoparticles.
Thermal gravimetric analysis (TGA) showed that, pure PVA
sample proceed in three main weight loss stages between 45-190 oC, 250350 oC and 350-490 °C. The appearance of the fourth stage with
incorporation of Ag nanoparticles; confirm the coordination between
AgNPs and OH groups. Finally, from the thermal parameters of Ag/PVA
degradation reaction, thermal stability of Ag/PVA nanocomposites is
higher than in pure PVA.
The antifungal and antibacterial activities of Ag-NPs were tested
against some of pathogenic clinical isolates and some of gram-positive S.
aureus and some gram-negative E. coli, respectively. Ag-NPs exhibited a
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potent antifungal and antibacterial activity against some of fungal and
bacterial strains tested. The antifungal and antibacterial activity increases
(according to increase the high specific surface area) with either
increasing irradiation dose or decreasing AgNO3 concentration.
In the second part of this work, we have described a simple and
easy route for the synthesis of Ag/PANI nanocomposite in the presence
of aniline as a starting material, by the in-situ oxidative radiation-induced
polymerization method.
UV/VIS spectra indicate that gamma radiolysis was used in the
initial reduction of silver nitrate to Ag nanoparticles that later act also as a
mild catalyst to oxidize aniline to polyaniline.
UV/VIS absorption shows the formation and growth of Ag
nanoparticles in the PANI matrix with varying the irradiation doses. All
the nanoparticles formed lie in the size quantization regime as shown by
the blue shift in the absorption band with respect to that of bulk Ag. For a
given samples, as the irradiation dose is increased, a gradual red shift in
was observed. This indicates formation of larger particles with increasing
irradiation dose. With increase in Ag concentration the absorption
maximum shifts towards longer wavelengths (larger particle size
formation), which could be attributed to the spill-out of the s-electrons or
due to increase of the effective mass of the conduction electrons.
The optical band gaps were evaluated also for samples prepared at
different γ-irradiation doses ranging from 5 to 15 kGy, the result indicate
that, the band energy decrease as the irradiation dose is increased. Such
decrease in the band gap is attributed to further reduction of AgNO3 to
Ag nanoparticles. Also, the value of optical band gap is found to decrease
with increasing AgNO3 concentration. From this it is clear that the silver
nanoparticles have a potential effect on the optical properties of PANI.
Optical conductivity of polyaniline increases in presence of silver
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nanoparticles due to the decrease in optical band gap and this type of
behavior is also observed in the electrical conductivity measurements.
The XRD pattern of pure PANI exhibits strong and broad
diffraction peak located at 2θ = 25o, which is ascribed to the periodicity in
parallel and perpendicular direction of the PANI chains. The irradiated
nanocomposites show four new diffraction peaks at 2θ = 37.8, 43.96,
64.34 and 77.48o, corresponding to face centered cubic structure (fcc) of
silver. From the presented data, we can be seen that, the AgNO3
concentration, irradiation dose and aniline monomer concentration are
determining factors in controlling the particle size. With increasing of
AgNO3 concentration, the average nanocrystal diameter is significantly
increased. Also, when the irradiation dose was increased from 5 kGy to
20 kGy the particle size increases. Furthermore, the particle size
markedly increases with increasing the aniline monomer concentration.
These results are in good agreement with those obtained from UV-visible
absorption spectra.
FTIR spectra of Ag/PANI nanocomposites illustrate that the
incorporation of silver nanoparticles in polyaniline matrix leads to small
shift of some peaks to the higher wavelengths and also decreases in the
intensity of other peaks, which indicates that the structural change of
polymer occurs with doping. The band at 1586, 1490, and 1130 cm−1 are
shifted to 1590, 1495, and 1160 cm−1 respectively. Also, disappear of the
other peaks in the Ag/PANI nanocomposite; indicates the interaction of
silver nanoparticles with different reaction sites of polyaniline.
The variation of dc electrical conductivity in the temperature range
298-373 K for pure PANI and irradiated Ag/PANI nanocomposites at
different AgNO3 concentration showed that the dc electrical conductivity
of the irradiated Ag/PANI nanocomposites is higher than that of pure
PANI and also it increases with increasing either irradiation dose or
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AgNO3 concentrations in the nanocomposites. This increase in
conductivity occurs due to electronic tunneling through the silver
nanoparticles.
Catalytic evaluation of Ag/PANI and Ag/PVA in the reduction of
4-Nitro phenol (4-NP) showed that, in the absence of any catalyst
(Ag/PANI or Ag/PVA) the absorbance value and the peak position of 4NP (at λmax = 400) remained the same even for a couple of days. Addition
and proper mixing of the Ag/PANI or Ag/PVA catalysts to the reaction
mixture caused the successive decrease in the intensity of the peak of the
nitro compound (at λmax = 400 nm) and the formation of a new absorption
band around λmax = 310 nm, which is attributed to the formation of 4-AP.
These indicate that either Ag/PANI or Ag/PVA is successive catalyst for
a reduction of 4-nitrophenol.
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Summary
Summary
In this work, we prepared a series of Ag/PVA and Ag/PANI
nanocomposites were prepared successfully using a modern and new
method. Our synthetic route did not need complicated apparatus,
expensive surfactants or additional reducing agents. The prepared
nanocomposite developed optically functional material that does not exist
for metal or polymer alone.
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 Ag/PVA and Ag/PANI nanocomposites
processing and analysis. 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 as UV-Visible spectrophotometer, Transmission Electron
microscope (TEM), X-ray diffraction (XRD), Fourier Transform Infrared
(FTIR) Spectrometer, and thermogravimetric analysis (TGA).

Chapter 4 includes the obtained results and their discussions:
Part I: Synthesis of Ag/PVA nanocomposite via gamma irradiation
From UV/VIS spectroscopy the surface plasmon bands appearing
in the visible region (406-422 nm) for Ag/PVA nanocomposite films are
characteristic of the noble metal nanoparticles. The obtained data
regarding the change of the absorption intensity and wavelength at
maximum absorption and the size of Ag nanoparticles as a function of
either irradiation dose or Ag+ concentration pointed the following remark:
The particle size of Ag nanoparticles in the as-prepared Ag/PVA

Summary
nanocomposite films decreases with increasing either irradiation dose or
Ag+ ion concentration.
Transmission electron microscope images illustrated that the
average diameter of the Ag nanoparticles is indicated as the peak position
of the Gaussian curves of the histogram to be from 40-16 nm. The
nanostructured Ag/PVA films were found to be dispersed spherical
nanoparticles with good structural homogeneity and polydispersity.
The XRD pattern of irradiated Ag/PVA nanocomposite samples show
four new diffraction peaks which reveal that the Ag nanoparticles are
formed in the PVA matrix and their crystal structure is face center cubic
(fcc) structure. Also, it can be seen that, with increasing irradiation dose,
the particle size decreases, whereas the particle size increase gradually
with increasing AgNO3 concentration.
FTIR

spectra

illustrate

that

the

formation

of

Ag/PVA

nanocomposites leads to disappearance and/or weakening of some
characteristic peaks followed by the change in peak position, peak shape
and peak intensity due to incorporation of various content of Ag
nanoparticles and irradiation doses. Decrease in the transmittance of some
bands reveals that there is an interaction between Ag and PVA.
Thermal gravimetric analysis (TGA) showed that, pure PVA
sample proceed in three main weight loss stages. The appearance of the
fourth stage with incorporation of Ag nanoparticles; confirm the
coordination between AgNPs and OH groups. Finally, from the thermal
parameters of Ag/PVA degradation reaction, thermal stability of Ag/PVA
nanocomposites is higher than in pure PVA.
The antifungal and antibacterial activities of AgNPs were tested
against some of pathogenic clinical isolates and some of gram-positive S.
aureus and some gram-negative E. coli, respectively. AgNPs exhibited a
potent antifungal and antibacterial activity against some of fungal and
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bacterial strains tested. The antifungal and antibacterial activity increases
(according to increase the high specific surface area) with either
increasing irradiation dose or decreasing AgNO3 concentration.
Part II: Synthesis of Ag/PANI nanocomposite via gamma irradiation
UV/VIS absorption shows the formation and growth of Ag
nanoparticles through absorption band at (398-406). For a given samples,
as the irradiation dose is increased, a gradual red shift in was observed.
This indicates formation of larger particles with increasing irradiation
dose. With increase in Ag concentration the absorption maximum shifts
towards longer wavelengths (larger particle size formation).
The XRD pattern of irradiated PANI exhibits four new diffraction
peaks, corresponding to face centered cubic structure (fcc) of silver. With
increasing of either AgNO3 concentration or irradiation dose the particle
size was increased.
FTIR spectra of Ag/PANI nanocomposites illustrate that the
incorporation of silver nanoparticles in polyaniline matrix leads to small
shift of some peaks to the higher wavelengths and also decreases in the
intensity of other peaks, which indicates that the structural change of
polymer occurs with doping.
The variation of dc electrical conductivity for pure PANI and
irradiated Ag/PANI nanocomposites showed that the dc electrical
conductivity of the irradiated Ag/PANI nanocomposites is higher than
that of pure PANI and also it increases with increasing either irradiation
dose or AgNO3 concentrations.
Catalytic evaluation of Ag/PANI and Ag/PVA in the reduction of
4-Nitro phenol (4-NP) showed that, either Ag/PANI or Ag/PVA is
successive catalyst for a reduction of 4-nitrophenol which a carcinogenic
material present in waste water and some petroleum product.
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الممخص العربى
يه ت هذاتتلعذع بمتتوذةماست تتمذعر ت ديعهذوتتيثذ ييتتيرذتاييكتتتذ ايتتييذم يععةتتس ذةت يمييتتتذم ت ذمبتتي ذ
ع فيتتتذ تتدذع متتيمذع تتس تم يمذذمتتتذةتتت يم عي ذمد يفتتتذمكتتوذع ةتتت دذ ي يتتوذع عاتتتوذتع ةتتت دذع يتتي .ذ
ت ب ةتتيذاتتلرذع م يععةتتس ذم تتعيذ ييتتيرذ متتسذ ع رتتةتذم ت ذع م عيتتسذع مت تتتيرذ تتدذع ةتتت يم عي ذع مر ت ديمتذ
تعييسذع م عيسذع مت تيرذ دذ يكذع رتيمس ذع س تم ييتت.ذت عمت ذعاميتم اتلر عأل تتع مت ع م يععةتس
ع س تم ييم يس قو ي دتعصهس ع في يسئيم ت ع عيميسئيم تذع ةيت ت يم ع ييية ت ع أييس مس هس م
وةيقس تعربم ي م سال م تعم مكو ع عيميسءذ(عبتعموذافس رذ تدذةبتاذع فتسعا ذع عيميسئيتت ذ
تع في يسء تعال ع يت يس  ،تع ةصييس  ،تعيه ع متعي  ،تع بيته ع وةيم ع ايتيم.ذ ذ
ش موذالر ع يرس م عيتد دمرتم صتتو ةسإليتس م إ تد قتتعئه عألشتعسو تع تيعتوذتع م عي تت.ذع فصتو
عألتوذيا تتتمذعيتتدذمقيمتتتذعسمتتتذع ت ذعيتتهذع تتس ت ع ت ت دذتع م تتعيذع س تم ييتتتذتعامي هتتسذع وةيقيتتتذ
ةساليس تذع دذعر بيعاذمةروذ ويثذ ايييذالرذع متعي .ذ
ع فصو ع كس ي يا ذتمذعيدذعر بيعاذ ةباذع ييعرس ذتعالةاسثذع دذ م ذ دذالعذع م تسوذتعةتي ذ
ع سئجذع دذ هذع تصوذع يهسذ دذع ر تع ذعالديير.
تيصف ع فصو ع كس ث ويث ع اييي ع مر ديمم يبي س

يذالر ع ي عيرتم  ،تع ق يتس ذع مرت ديمم

تي ايتيي ت اييتو ت تصتيف ع بي تس ع مايتية.ذتقتي ته ايتيي عي تس

تدذصتتيةذع تاهذمت ذ

ةتتت يميذع ةتتت دذ ي يتتوذع عاتتتوذتع تتدذذ ا تتتمذعيتتدذمبتتي ذع فيتتتذ تتي ع متتيم ع تتس تم ي ذةسا تتسهذ
مد يفتت تعي تس ذمت ذع ةتت دذع يتي ذمتتذع فيتتذعييتس،ذتل تك ةسرت ديعهذعشتبتذ سمتسذ تدذع فسعتوذةتي ذ
مايتوذ ت عي ذع فيتتذتمايتتوذمت ذع ةتت يم عي ذع مرت ديمت.ذتقتيذ تهذ شتبيت ميتت ع بي تس ةتعرتوم
أشبم سمس ة يعس ذعشبسعيت مد يفم .ذ
ع فصوذع يعةتذتي يم ذع سئجذع دذ هذع اصتوذعييهسذتم سقشس هس .ذ
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الجزء االول :تحضير متراكبات من معدن الفضه والبولى فينيل الكحول باستخدام اشعه جاما
أتيا

سئج أويسف عألشبم تث ع ة فر يم تع ميئيم أ ع بي س ع مايتية هتس قمتمذعم صتس

ذ

)(surface plasmon bandع دسصم ة يئس ع فيم ع س تم ييم ع ي ع متيت ذع ويفدذ244ذ-ذ
260
عالم صس

تتس تم ي.ذت

اا ت ذ قص تتس

تتدذا تتهذع

يئ تتس ذع م عت تتتذ ي تتتذعال اسا تتتذ ت تدذقيم تتمذ

ذ سرذع وتوذع مت دذعالقوذمت يتسية ع يعتم عإلشتبسعيمذتمتتذ قصتس ذ يعيت ع ذع فيتتذ

ع مر ديمت ممس يؤعي ع سح ي اييي ريريم م ع م يععةس ذع ةت يمييم يفيم مد يفم ع ا ه .ذ
تةسرت ديعهذ ع ميعيترتعت عإل ع يت تد ع س تلذقتي ةتي أ

يئتس ع فيتم ع س تم ييتم ةتيعدوذع ةتت دذ

ي يتوذع عاتتوذعيتيتم ع شتعو ع دتسي ي ت تيعتح أا سمهتس مت ذ 26تس تم ي إ تد  60تس تم ي ت ل تك
ة غييي ع يعتم عإلشتبسعيم .تعتاتة عيتد ل تك  ،تن ع صتتي كةت ع تسح تي ايتيي ريرتيمذذمت
يئس ع فيم ع س تم ييم يعدو ت يفس ذع ةت يميذلع ذإ شسيذت ت يتذ ييذ ي يئس ذع م عت ت.ذ
أ هتي

تسئج ايتتي ع ايتتي ع رتي يم ) (XRDع ذ يئتس ذع فيتتذع س تم ييتتذ هتسذشتعو ةييتتي

معب ت عيد يي م عس يم م ع قستة .ذعمتسذت تيذعييتسذع ذا تهذع

يئتس ذع م عت تتذ قتوذمتتذ يتسيةذ

ع يعتتتذعالشتتبسعيتذت قصتتس ذ يعي ت ذ ت عي ذع فيتتتذتةتتل كذ عتتت ذاتتلرذع تتسئجذم تع قتتتذمتتتذع تتسئجذ
ع رسةقت.
أ هي ع سئج ع م اصو عييهس م مويتسف عألشتبم ات

ع امتيعء قصتس ذ تدذشتيةذعالم صتس

ةباذع م سميتذع ت يفيتذتايتيذةباذالرذع م سميتذع ذمعس ذعالم س

ذ

ذعالصيدذ هسذتل كذةبتيذ

عتتتي ذ يئتتس ذع فيتتتذع س تم ييتتتذيعدتتوذع ةتتت دذ ي يتتوذع عاتتتوذممتتسذيتتيوذعيتتدذعالي ةتتسوذع اتتسيثذ
ةي همس .ذ
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تق تتيذعكة ت ت ذ تتسئجذع ايي تتوذع ات تيعيمذع عم تتدذ)(TGAذع ارت ت ذ تتدذع دت تتع

ذع ا عييي تتتذ يم يععة تتس ذ

ع مايت تيرذمت ت ذمب تتي ذع في تتتذ تتدذع م تتيمذع تتس تم يمذم تتتذة تتت يميذع ة تتت دذ ي ي تتوذع عا تتتوذمقسي تتمذ
ةس ةت يميذعيدذاير .ذ
تقيذع يي ذةباذع وةيقس ذع وةيتذع هسمتذ هلرذع بي س ذعيتدذمتيمذتعرتتذمت ذع ةع ييتسذتع فوييتس ذ
ع مد يفت.ذتقيذعكة ذالرذع ييعرتذع ذع بي س ذع مايتيرذ هتسذ تسكييذتعرتتذع متيمذعميتسيع ذ يةع ييتسذ
تع فوييس ذعيدذعوذع تع ذع ةع ييسذتعيدذمبيهذع فوييس ذماوذع ييعرت .ذ
الجزء الثانى:ذتحضير متراكبات من معدن الفضه والبولى أنيمين باستخدام اشعه جاماذ ذ
أتيا

سئج أويسف عألشبم تث ع ة فر يم تع ميئيم أ ع بي س ع مايتية هتس قمتمذعم صتس

ذ

)(surface plasmon bandع دسصم ة يئس ع فيم ع س تم ييم ع ي ع متيت ذع ويفدذ260ذ-ذذ
 893س تم ي.ذت اا ذ يسيرذ دذا هذع

يئس ذع م عت تتذ ي تتذعال اساتتذ تدذقيمتمذعالم صتس

ذ

سرذع وتوذع مت دذعالعةيذمت يسية ع يعم عإلشبسعيمذتمتذ يسيةذ يعي ع ذع فيتذع مر ديمت ممس
يؤعي ع سح ي اييي ريريم م ع م يععةس ذع ةت يمييم يفيم مد يفم ع ا ه .ذ
أ هتي

تسئج ايتتي ع ايتتي ع رتي يم ) (XRDع ذ يئتس ذع فيتتذع س تم ييتتذ هتسذشتعو ةييتتي

معب ت عيد يي م عس يم م ع قستة .ذعمسذت يذعييسذع ذا هذع

يئس ذع م عت تذ تذيعيذمتتذ يتسيةذ

ع يع تتتذعالش تتبسعيتذذت ي تتسيةذذ يعيت ت ذ ت ت عي ذع في تتتذتة تتل كذ ع تتت ذا تتلرذع تتسئجذم تع ق تتتذم تتتذع تتسئجذ
ع رسةقت.
أ هي ع سئج ع م اصو عييهس م مويتسف عألشتبم ات

ع امتيعء قصتس ذ تدذشتيةذعالم صتس

ةباذع م سميتذع ت يفيتذتايتيذةباذالرذع م سميتذع ذمعس ذعالم س

ذعالصيدذ هسذتل كذةبتيذ

عتي ذ يئس ذع فيتذع س تم ييتذيعدوذع ةت دذع ييي ذممسذييوذعيدذعالي ةسوذع اسيثذةي همس .ذ
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تةقيتتسسذدتتع

ذع تصتتيييتذع عهيةيتتت )(DC-electrical conductivityذذ بي تتس ذع فيتتتذمتتتذ

ع ةتتت دذع ييتتي ذت تتيذ ارت ذ تتدذاتتلرذع دتتع

ذمتتتذ يتتسيةذعتتاذمت ذع يعتتتذعالشتتبسعيتذت يعيت ذ ت عي ذ

ع فيت .ذ
تعسعاتيذع وةيقتس ذع مهمتتذع تدذع ييت ذعيتدذع بي تس ذع مايتيرذمت )(Ag/PVA , Ag/PANIذذ
تاتتدذعرت ديعهذاتلرذع بي تتس ذعبتعمتتوذافتتس رذ تتدذع ت دي
تع مت تيرذ دذةباذع م

ذمت ذةبتتاذع متتعيذلع ذع تتسكي عي ذع ميتيرذ

س ذع ة يت يتذتةباذع ميسرذع س تذع ذمديفتس ذةبتاذع مصتس ت.ذتقتيذ

عكة ذع ييعرتذع ذع متعيذع ماييرذ هسذ سكييذتعيحذتمههذ دذع دي
تةيت هسذقيذيصب ذع دي

ذم ذالرذع متعي .ذ

ذ
ذ
ذذ
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شنر وتقدٍر
َّح َِم ِِ
من الس ِ
بِس ِْم هللاِ السَّحْ ِ
ضايُ َوأَْ ِِْ ْيىٌِ
ب أَ ْو ِز ْعىٌِ أَنْ أَ ْ
ش ُن َر وِ ْع َمتَلَ اىَّتٌِ أَ ْو َع ْمتَ َعيَ ٌَّ َو َعيَي َواىِ َد َّ
" َر ِّ
صاىِ ًحا ت َْر َ
ً َوأَنْ أَ ْع َم َو َ
صاىِ ِحَهَ " صدق هللا العظَم ﴿سوزة النمل اٍُت ﴾91
بِ َر ْح َمتِلَ فٌِ ِعبَا ِْكَ اى َّ
ٍطَببل لببي بعببد عببوس هللا نببص دمببل لص الشببدو بيببالم النببوس دنظببَم ا

نبباص دال شببدٍس

دالعسفاص بالجمَل إلي األستاذ اىدمتور /عبد اىجواْ محمد ربَع نلي عموله لي بالسناٍت دال ومَه
دنلي ا قد ه لي ن دنم د ساندة دنلي ا برله ن مهد دإببدا المححظباث السبدٍدة دالن با ح
الشَمت دالغالَت دال ٌ كاص لها لنظبم اثربس فبٌ إلمباو ابرس السسبالته فجبصاس هللا اَبسا دبباز لبه فبٌ
صح ه دنلمه دلسسله.
كما الومه بالنبوس دال شبدٍس دالعسفباص بالجمَبل ىالستتاذ اىتدمتور /زمرٍتا استماعَو عيتيه
صاحل الفضل ا كبس في انجاش ارا العمله نلي ا قد ه لي ن نبوص صبادق دلومَهباث سبدٍدة
دإزعاداث بنا ة كاص لها اكبس اثرس فٌ إلماو ارس السسالته فبا اسب أ لص ٍجصٍبه اَبس الجبصا داص
ٍباز له فٌ نمسس دصح ه دنلمه دلسسله.
كمببا الومببه بالنببوس دال شببدٍس إلببي كببح ببن األستتتاذ اىتتدمتور اىم/تتاعد /جمتتاه اىميَجتتي د
األستاذ اىدمتور اىم/اعد /ح/اً محمد سَد هنلي ا قد وس ن دنم د ساندة لماو ارا العمل.
كما الومه بالنوس دال شدٍس إلي اىدمتوري /هدى حىفي صاىح ،نلي ا قد ه لي بن نبوص
صادق دلومَهاث سدٍدة دنلي ا برل ه ن مهد فٌ الشسا ة دإبدا المححظاث الها ه دال بي كباص
لها اكبس اثرس فٌ إلماو ارس السسالت.
كما الشدو بالنوس دال شدٍسلوالدى ددالدلي دشدم ي دلبنبا ي دلوبل بن سباندني لد لببدى
لي لومَها لد لسدى له نُ حا لد قدو لي نوناههه دانَا المولي نص دمبل لص ٍجبصٍهم اَبس الجبصا
دلص ٍجعل ذلك فٌ َصاص حسنالهم.
دالحمد

الرً بنعم ه ل م ال الحاثههههه

شكر وتقدير

كلية العلوم

تخليق متراكبات بوليمريه دقيقه موصله بالحث االشعاعى

رسالة مقدمة إلى
قسم الكيمياء -كلية العلوم  -جامعة عين شمس
للحصول على
درجة دكتوراة الفلسفة في العلوم تخصص" كيمياءفيزيقية"
من

تامر عبد العال محمد سيد
(ماجستير الكيمياء 6002م)

تحت إشراف
ا.د  /عبد الجواد محمد ربيع
استاذ الكيمياء العضويه – قسم الكيمياء
كلية العلوم – جامعة عين شمس

ا.د  /زكريا اسماعيل على
استاذ الكيمياء االشعاعيه
المركز القومى لبحوث وتكنولوجيا االشعاع
هيئة الطاقه الذريه

ا.م.د  /جمال عبد العزيز مليجى
استاذ مساعد الكيمياء العضويه – قسم الكيمياء
كلية العلوم – جامعة عين شمس

ا.م.د  /حسام محمد سيد
استاذ مساعد الكيمياء االشعاعيه
المركز القومى لبحوث وتكنولوجيا االشعاع
هيئة الطاقه الذريه

6002

كلية العلوم

تخليق متراكبات بوليمريه دقيقه موصله بالحث االشعاعى
رسالة مقدمة إلى
قسم الكيمياء -كلية العلوم  -جامعة عين شمس
للحصول على
درجة دكتوراة الفلسفة في العلوم تخصص" كيمياءفيزيقية"
من

تامر عبد العال محمد سيد
(ماجستير الكيمياء 6002م)
تحت إشراف
ا.د  /عبد الجواد محمد ربيع
استاذ الكيمياء العضويه – قسم الكيمياء
كلية العلوم – جامعة عين شمس

ا.د  /زكريا اسماعيل على
استاذ الكيمياء االشعاعيه
المركز القومى لبحوث وتكنولوجيا االشعاع
هيئة الطاقه الذريه

ا.م.د  /جمال عبد العزيز مليجى
استاذ مساعد الكيمياء العضويه – قسم الكيمياء
كلية العلوم – جامعة عين شمس

ا.م.د  /حسام محمد سيد
استاذ مساعد الكيمياء االشعاعيه
المركز القومى لبحوث وتكنولوجيا االشعاع
هيئة الطاقه الذريه

أجيزت الرسااله بتاريخ:

ختم اإلجازه:

موافقة مجلس الجامعه:

موافقة مجلس الكليه:

6002

كلية العلوم

عنوان الرسالة

تخليق متراكبات بوليمريه دقيقه موصله بالحث االشعاعى
إسم الطالب  /تامر عبد العال محمد سيد
الدرجه العلميه  /دكتوراه الفلسفه فى الكيمياء

لجنة االشراف
ا.د  /عبد الجواد محمد ربيع
استاذ الكيمياء العضويه – قسم الكيمياء
كلية العلوم – جامعة عين شمس

ا.د  /زكريا اسماعيل على
استاذ الكيمياء االشعاعيه
المركز القومى لبحوث وتكنولوجيا االشعاع
هيئة الطاقه الذريه

ا.م.د  /جمال عبد العزيز مليجى
استاذ مساعد الكيمياء العضويه – قسم الكيمياء
كلية العلوم – جامعة عين شمس

ا.م.د  /حسام محمد سيد
استاذ مساعد الكيمياء االشعاعيه
المركز القومى لبحوث وتكنولوجيا االشعاع
هيئة الطاقه الذريه

لجنة المناقشه والحكم
ا.د  /حماده محمد كيله
استاذ الكيمياء الفيزيقيه – قسم الكيمياء
كلية العلوم – جامعة الزقازيق

ا.د  /ماهر حلمى هالل
استاذ الكيمياء العضويه – قسم الكيمياء
كلية العلوم – جامعة حلوان

ا.د  /عبد الجواد محمد ربيع
استاذ الكيمياء العضويه – قسم الكيمياء – كلية
العلوم – جامعة عين شمس

ا.د  /زكريا اسماعيل على
استاذ الكيمياء االشعاعيه
المركز القومى لبحوث وتكنولوجيا االشعاع
هيئة الطاقه الذريه

رئيس القسم
ا.د  /ماجد شفيق انطنيوس
الدراسات العليا
بتاريخ:

/

اجيزت الرساله
6002/

موافقة مجلس القسم
بتاريخ:

/

6002/

بتاريخ:

/

6002/

موافقة مجلس الجامعه
بتاريخ:

/

6002/

كلية العلوم
قسم الكيمياء

عنوان الرسالة

"تخليق متراكبات بوليمريه دقيقه موصله بالحث االشعاعى"
إسم الطالب  /تامر عبد العال محمد سيد
الدرجه العلميه  /دكتوراه الفلسفه فى الكيمياء
مكان العمل  /قسم الكيمياء االشعاعيه – المركز القومى لبحوث
وتكنولوجيا االشعاع – هيئة الطاقه الذريه
القسم  /الكيمياء
التخصص الفرعى  /الكيمياء الفيزيائيه
إسم الكليه  /العلوم
الجامعه  /عين شمس
سنة المنح 3102 /

