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Abstract

Polymeric materials are of great interest in scientific and technological
research and play an important role in our modern daily life, they can be
tailored to meet specific requirement for vast applications, and this is mainly
due to their light weight, good mechanical strength, thermal stability and
optical properties. Polyvinyl Alcohol (PVA) is one of the most important
polymeric materials and the most utilized polymer in the last decades, due to
its interesting applications in technology, biomedical and industry, it’s also of
relatively low cost and easy in manufacturing. Furthermore, it is well
documented that structural, thermal, mechanical, electrical and optical
properties of polymers can be improved to a desired limit through suitable
doping. In this concern and since Ag"® ions is a fast conducting ion in a
number of crystalline and amorphous materials, its incorporation within a
polymeric system may be expected to enhance its thermal, mechanical,

electrical and optical properties.

This present study intended to investigate the effects of y-ray irradiation and
the concentration of the inorganic dopants (AgNOs) on the structural, thermal
and optical properties of the composite material. PVA/Ag composites with
different contents of inorganic filler i.e. (5, 10, 15 and 20) wt% Ag were
prepared by reduction of Ag™ ions in PVA solution using gamma irradiation
with different doses i.e. (0, 5 and 10) Gy. Structural studies of the synthesized
PVA/Ag composites were carried out using X-ray diffraction (XRD)
technique; thermal studies have been carried out using simultaneous thermal
analysis (STA), i.e. thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC). Furthermore, the dependence of the optical
properties of PVA on the concentration of the filler as well as the effects of y-

irradiation has been studied through UV-Vis spectroscopy.
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The results showed that the irradiation of the PVA/Ag films with y-ray doses
induces color change and the color intensity increases with increasing y-ray
doses. Measurements of the onset temperature of thermal decomposition
showed that the composite material of PVA/Ag was more thermally stable
than its pristine components, i.e. pristine PVA and AgNO; and the thermal
stability improved with the increment of AgNO; concentrations and the
applied radiation doses. DSC thermograms show that melting points shift to
higher temperatures with increasing radiation dose and filler concentration.
UV-Vis analysis of the films showed absorption band peaking at the
wavelengths around 230 and 450 nm and the intensity of peaks in proportional
increment with radiation dose. In addition, the specific absorbance and the
absorption coefficient of the films were found to be directly proportional to
the applied y-ray doses. Moreover, y- irradiation of PVA/Ag samples leads to
the formation of Ag nanoparticles, and chain scission and/or cross-linking in
the polymer as confirmed by XRD analysis, these consequently improved the

thermal, optical and mechanical properties of the prepared films.
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Chapter one: Introduction

1.1 Preface

Polymer materials are of great interest in scientific and technological
research. Solid polymer blends have been intensively studied due to their
potential applications for novel systems and devices (Alan, 2002; Chiang
et al., 1977; Long et al.,, 2012). By addition of dopants, blends, or
copolymers to the main polymer matrix, the optical, electrical, thermal,
mechanical and electrochemical properties of these materials could be
selectively modified obtaining particular characteristics in various
applications in different fields of science (Chiang et al., 1977; Chuange et
al., 2008). This field of polymer additives has attracted strong interest in
today’s materials research, as it is possible to achieve impressive
enhancements of material properties as compared with the pure polymers
(Kros et al., 2007; Long et al., 2012; Reda et al., 2012). Furthermore,
irradiation of polymers has established itself as one of the most acceptable,
easy and non-toxic approach to alter polymer properties significantly
(Alan, 2002; Chiang et al., 1977; Long et al., 2012). Irradiation of
polymers destroys the initial structure by introducing defects inside the
material which leads to changes in the properties of these polymers.
lonizing radiation effects on polymers include cross-linking of the
molecular chains, degradation of macromolecules and changes in the
number and nature of the double bonds (Alan, 2002; Chiang et al., 1977).
This entire process can occur either in one or all together, depending on the
chemical nature of the polymer, radiation dose applied and other external
factors.

Polyvinyl alcohol (PVA) is the most studied polymer throughout the last
few years in scientific research and continues to attract considerable
attention due to its fascinating and desirable characteristics specifically for
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various pharmaceutical and biomedical applications and also due to its
relatively simple chemical structure with a pendant hydroxyl group
(Chuang et al., 2008; Yamauchi et al., 2005). PVA is highly hydrophilic,
non-toxic and biocompatible polymer with excellent film formation by
casting (Alan, 2002; Chiang et al., 1977; Long et al., 2012). PVA has been
of particular interest also due to its abundance, high absorption coefficients
in the visible light, chemical stability, easy polymerization, and low cost of
monomer (Bhadra et al., 2007; Goto, 2011; Khanna et al., 2005; Stejskal et
al., 2002).

Inorganic additives, such as transition metal salts, have considerable
effects on the optical, thermal and electrical properties of PVA (Bhadra et
al., 2007; Kaeami et al., 2003; Reda et al., 2012). PVA doped with
inorganic metals such as silver (Ag) (Khanna et al., 2005; Wankhede et al.,
2013), gold (Au) (Sridevi et al., 2011), Copper (Cu) (Athawale et al.,
2003), TiO, (Nabid et al., 2008) and CeO, to form PVA/metal composite
films and hydrogels have been used to improve physical, mechanical, and
electrical properties of these composite materials. Since silver has a very
good electrical conductivity among all the metals; the combination of
PVA/Ag with uniform dispersion can yield functional composite material
with enhanced electrical properties. The obtained composites have
characteristic advantages compared to their single component counterparts
and can have potential applications in new devices (Gao et al., 2005; G.A.
Snook et al., 2011; J. Lui et al., 2014; S. Bhadra, 2009). In particular,
transition metal particles dispersed/encapsulated within a polymer matrix
can offer attractive and practicable routes for combining properties arising
from metal particles and from that of polymers (Lee et al., 2007; Lin et al.,
1998; Nabid et al., 2008). This could greatly improve the optical and
dielectric properties of the PVA composites. These particles could act as

conductive junctions between the PVA chains that resulted in an increase
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of the electrical conductivity of the composites (Alan, 2002; Marija et al.,
2004). Several methods have been employed to prepare polymer—metal
composites such as blending of both components and irradiation (Chiang et
al., 1977; Chuang et al., 2008; Long et al., 2012). All these metallic
particles (Gold, Silver, Platinum...etc) exhibit unusual electrical, magnetic,
optical and electrochemical properties due the near-free conduction
electrons, which are dependent on their size, surface Plasmon, surface free
energy and surface area, as well as on the surrounding dielectrics (Stakeev
etal., 1999).

Among these important metal particles used, silver (Ag) particles are of
great interest in today's materials world due to its special electronic,
optical, and magnetic properties (Khanna et al., 2005; Reda et al., 2012;
Wankhede et al., 2013) and its wide variety of applications in catalysis
(Athawale et al., 2003), conducting inks, microelectronics, thick-film
electrode material, and solar cells (Chiang et al., 1977; Long et al., 2012).
These mentioned properties are dependent on the particle size, shape and
the method of composites synthesis. Varieties of synthesis method have
been developed, including reduction from metallic salts, ultrasonic
irradiation technique, ion implantation, and thermal process and
microwave technigue (Reda et al., 2012; Sridevi et al., 2011; Stejskal et al.,
2002). However, fabrication of PVA/Ag composite films without using of
toxic chemical agents still remains highly challenging. This challenge may
be surpassed by using irradiation technique which has a capability to
produce polymer and metal particle components without using any
chemical agents. The synthesis of silver composites by using y- irradiation
has been mentioned by Ali et al., (2007). The combination of PVA as
polymer with silver as a noble metal may produce hybrid composed

material that possesses very interesting behaviors (Reda et al., 2012).



1.2Significance Of The Study

The following study will help in broadening and encouraging the
applications of ionizing radiation and radiochromic films in industrial
sector especially the food sector (food irradiation, dose monitoring, labels,
...etc) as well as its energy applications (solar cells, energy storage and
electrodes for supercapacitors). It can helps also establish a local in vivo
dosimeter system to measure the entrance and exit dose with local
available materials in Sudan’s radiotherapy centers and to the private
clinics lacking the frequent radiation exposure assessment tools. Thus, it
will be as fast, easy and cheap assessment tool with only a presence of
software and/or a densitometer which are the cheapest equipment used in
the radiation exposure assessment.

1.3Problems Of The Study

Over the past decades, the use of nuclear irradiation for medical and
industrial applications has rapidly increased. The irradiation processing is
being used for several purposes, such as food irradiation, sterilization of
surgical equipments, polymerization and cross-linking of polymers (Gao et
al., 2005; Riyadh et al., 2011). This irradiation technique has been
demonstrated on a large commercial scale to be a very effective means of
improving end use properties of various polymers (Riyadh et al., 2011). It
Is a well-established and economical method of precisely modifying the
properties of bulk polymer resins and formed polymer components (Alan,
2002; Reda et al., 2012; Riyadh et al., 2011). Therefore, it is important to
accurately measure the radiation dose delivered during processing. The use
of solutions as standards and the changes in the oxidation states and
colours has been largely demonstrated. However, these solutions require
careful handling and the changes need to be detected by some external
auxiliary instruments such as UV-Vis spectrophotometer, ESR, NMR,

FTIR and thermo-luminescence devices (TLD), etc. The field of dosimetry
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Is being changing rapidly, and dosimeters which can be read directly
without the help of these auxiliary instruments are now a reality using
polymeric films (Gao et al., 2005; Riyadh et al., 2011). Such light-weight,
fast, cheap and portable detectors, which can be easily put at any location,
are very much practicable and possess many medical, industrial and
security applications. One of these practicable applications would be
helping to detect pilfering of nuclear sources and carrying these devices by
terrorist groups.

lonizing radiation has significant capabilities to induce chemical and
physical changes in the exposed materials. Studies on irradiated polymers
show many advantages of induced radiation changes on which can be
quantified and qualified to deduce the amount of radiation dose and
exposure. This method relative to other methods such as film badge is very
simple and easy. The advantages include no developer, no fixer, no other
effecting factors, and the process occurred at a solid-site condition, fast
method and inexpensive, environmental friendly and controllable
acquisition (Attix et al., 1986; Reda et al., 2012).

1.4Scope Of The Study

lonizing radiation has significant capabilities to induce physical and
chemical changes in the exposed materials. The following study will
highlights the exposure dose based on the PVA/AgNO3; composites change
due to irradiation by using XRF and UV-Vis spectroscopy. The practical
applicability of polymer/metallic composites and Conducting Polymers
(CPs) depends on their electrochemical properties, environmental and
thermal stabilities (Abthagir et al., 1998). Although their methods of
preparation, morphology and electrochemical characterizations have been
extensively studied, research on the evaluation of their thermal properties
has received less attention. Only a small amount of work has been devoted
to this subject (Mallakpour et al., 2009). Thermal stability of composite
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and CPs is useful for their applicability to various technologies (Abthagir
et al., 2004). In this study Thermogravimetric Analysis (TGA) is used to
study the thermal stabilities of the PVA/AgNO; composites. Deferential
scanning calorimetry (DSC) is also performed. XRD is used to study
structural changes of the composite films.

1.5Hypothesis Of The Study

The researcher hypothesize that Sudanese radiation therapy centers have
high exposure dose to the skin of the patients during treatment with
radiation which is incompatible with the policy of radiation therapy
system. Also there is a lack in facilities for assessment and measuring the
in vivo dosimetry especially entrance and exit doses. This malaise of over
dose is also reported in the workers of the petroleum (NDT) and mining
sectors. This study also hypothesize that the under valuation and utilization
of irradiation, polymeric materials and radiochromic films in the industrial
sector in Sudan, in particular the food industry. The study also hypothesize
that composite films matrix could have underpinning behaviors between
electrical property of PVA and optoelectronic property of silver particles
for new devices and applications and that gamma irradiation could be used
for further enhancement of its mechanical, thermal and optical properties.
1.6 Objectives Of The Study

The aim of this work is to study a simultaneous synthesis of polyvinyl
alcohol (PVA) and silver nitrate (AgNO3) composite films using gamma
irradiation method. The effects of dose and silver nitrate concentration on
structural, mechanical, thermal and optical properties of the final
PVA/AgNO; composite films will be carefully examined. The composite
film matrix could have underpinning behaviors between electrical property
of PVA and optoelectronic property of silver particles for new devices and

applications. The aim is also to investigate the feasibility of modifying its



mechanical, thermal and optical properties to study the possibility of

further enhancement of these properties using gamma irradiation.
The Specific Objectives Of This Work are to:

Fabricate functional composite material with enhanced mechanical,
thermal and optical properties.

Measure the activation energy of thermal decomposition for
PVA/AgNO3; composite films.

Measure glass transition temperatures and melting temperatures for
PVA/AgNO3; composite films.

Measure the onset temperature of thermal decomposition for
PVA/AgNO3; composite films.

Evaluate and assess the effect of AgNO; concentration on the
thermal stability of the PVA/AgNO; composite films.

Evaluate and assess the effect of radiation dose on the thermal
stability of the PVA/AgNO; composite films.

Explore the synthetic of PVA/AgNO; films to be used as chemical
radiation dosimeter.

Study the possibility of using PVA/AgNO; composite films as
radiation monitor.

Evaluate and assess the effect of radiation dose in PVA/AgNO;
composite films and measure the absorption spectra post irradiation.

Evaluate and assess the effect of AgNO; concentration in
PVA/AgNO; composite films.

Determine the absorption coefficients of the PVA/AgNO3; composite
films.

Find the correlation between the absorption coefficients and the
applied radiation doses.

Determine the optical band gap (Ey) of the PVA/AgNO; composite

films.



1.7 Thesis Layout

The backbone of the following thesis is formed of five chapters. The first
chapter deals with the general introduction about the research background,
scope of the study, problem statement, and hypothesis of the study as well
as its objectives. The second chapter introduces the literature review, the
theoretical background and previous studies. The third chapter contains the
methodology of the study, including materials used, samples preparation,
equipment and measurements. The fourth chapter covers the results in
details while the last chapter contains discussion, conclusion and

recommendations. Appendices are listed at the end of this thesis.



Chapter two

Theoretical Background and Literature Review

2.1 Theoretical Background

2.1.1 lonizing Radiation

lonizing radiation refers to a broad energetic spectrum of electromagnetic
waves or high velocity atomic or subatomic particles. This radiation can be
categorized according to their ability to ionize the media. Non-ionizing
radiation is electromagnetic radiation that does not have sufficient energy
to remove an electron from the atom. The various types of non-ionizing
radiation are ultra violet (UV), visible light, infrared (IR), microwaves and
extremely low frequency (ELF) waves. On the other hand, ionizing
radiation is electromagnetic radiations, such as X-rays, y-rays and charged
particles (electrons, a-particles and p-particles) which possess sufficient
energy to ionize an atom by removing at least an orbital electron.
According to the 1996 European Guideline of the European Atomic
Energy Community (EURATOM), electromagnetic radiation with a
wavelength of 100 nm or less is considered as ionizing radiation, this is
corresponding to ionizing potential of 12.4 eV or more (Smith, 2000). The
ionization potential is dependent on the electronic structure of the target
material and is generally in the range of 4 — 25 eV.

The International Commission of Radiation Units (ICRU) has classified
the ionizing radiation based on the mechanisms by which they ionize the
atom. Direct ionizing radiations are fast charged particles, such as alpha
particles, electrons, beta particles, protons, heavy ions, and charged
mesons; these particles transfer their energy to the orbital electron directly
and ionize the atom by means of Columbic force interactions along their

track. Indirect ionizing radiations are uncharged quantum, such as
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electromagnetic radiations (X-rays and y-rays), neutrons, and uncharged
mesons; these particles undergo interactions with matter by indirectly
releasing secondary charged particles which then take turn to transfer
energy directly to orbital electrons and ionize the atom. Some properties of
ionizing radiation are shown in Table (2.1) (Smith, 2000).

Table (2.1): Some properties of different ionizing radiation

Characteristics Alpha Proton Beta or Photon Neutron
electron
4 +2 + 1
Symbol 20 or He |i*p or H | 1e or B |y-or X-rays 0"
Charge +2 +1 -1 Neutral Neutral
lonization Direct Direct Direct Indirect Indirect
Mass (amu) 4.00277 | 1.007276 | 0.000548 - 1.008665
Velocity (m/s) | 6.944 x10° | 1.38 x10" | 2.82 x108 2.998 x108 1.38 x10/
Speed of light 2.3% 4.6% 94% 100% 4.6%
Range in air 0.56 cm 1.81cm 319 cm 820 m 39.25cm

1 atomic mass unit (amu) = 1.6 x 10'27kg.
Speed of light ¢ = 3.0 x 108 m/sec.

2.1.2 Radiation Sources
The sources of ionizing radiation can be divided into two categories

namely as natural and man-made sources. The first natural source is
cosmic radiation which is the radiation coming from outside our solar
system as positively charged ions (protons, alpha, heavy nuclei), these ions
interact with atmosphere to produce secondary radiations such as x-rays,
muons, protons, alpha particles, pions, electrons and neutrons. The second
natural source is external terrestrial sources which represent the radioactive
materials found naturally in the earth crust, rocks, water, air and

vegetations. The major radionuclides found in the earth crust are
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Potassium-40, Uranium-235, and Thorium-210. Main sources of man-
made radiations are in the form of medical diagnostic X-ray, radiation
therapy, nuclear medicine and sterilization. The common radioactive
sources are 31, ®¥mTc, 80Co, 192|r, %St and 13’Cs. Other man-made sources
include occupational and consumption products that originated in mines,
combustible fuel (gas, coal), ophthalmic glasses, televisions, luminous, X-
rays scanners at the airports, smoke detectors (Americium-241) and
fluorescent lamp starters, nuclear fuels, nuclear accidents and nuclear
weapons. The yield of artificial sources is represented either as quantum in
X-rays and y- rays or as high energy particles such as beta particles (),
alpha particles (o), neutrons and electrons (Smith, 2000). Most types of
radiation sources discussed above are used in medicine, industry, and
research. Today the most common radiation sources used in Sudan is ¢°Co,
which is an artificial source of y radiation as well as linear accelerators for
photon and electron beams having potential energy ranging from 0.3-10
MeV to 20 MeV. Table (2.2) shows the radiation sources commonly used
in industry and research.

Table (2.2): Common sources of ionizing radiation (Smith, 2000).

Category Source
Nuclear power 2y fission products, gy 197
Occupational exposure X-ray, isotopes for y- rays
Weapons tests 235 #3py, fission products
Every day sources Coal, Tobacco and Air-travel
Medical tests & treatment | X-ray, y-rays & electrons
Cosmic rays Protons, electrons, neutrons
Food Ok, B7cs, 1*c and U
Rocks & building 232y, 20, and “°Th
Atmosphere 2°Rn and ~>'Cs

2.1.3 y- Radiation Sources
I'-rays are produced by the nuclear transitions that occur within the nuclei

of radioactive elements. The emitted photons are mono-energetic with

specific energy to the isotope from which they originate. By far the most
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commonly employed radioactive isotope for y-rays is cobalt-60 (®°Co), an
isotope with a half-life of 5.272 years. ®°Co emits two y-photons of equal
intensity at 1.17 and 1.33 MeV. It is produced in nuclear reactors by a
neutron-capture reaction involving *Co. Due to the long half-life, high
penetrating power and ease of production, ®°Co sources have become
sources of choice in both industrial and research institutions. The activity
of the sources prepared in nuclear reactors can be made high up to 40 Ci/g
(1.5 TBa/g), however sources with activities from 1 to 5 Ci/g are typically
common for use. Over 80% of the ®Co produced world-wide is
manufactured by the Canadian company, Ontario Hydro and marketed by
another Canadian company, MDS Nordion.®°Co radioisotope decays to
stable nickel-60 by a nuclear transition (B-decay) in which a neutron is
converted into a proton via the emission of -particle with energy of 312
keV and two y-photons, one of 1.17 MeV and another of 1.33 MeV. The
decay scheme of this isotope is illustrated in figure (2.1) (Attix, 1986;
Choppin et al., 1995).

60CO

B~0.312 MeV

(< 1%) B~ 1.491 MeV vi- 1.17 MeV

y2- 1.33 MeV

soNi

Figure (2.1): The decay scheme of ®Co radioisotope which ends by
Nicle-60 stable.
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Another frequently used y-ray source is cesium-137, a fission product from
nuclear reactors. The energy of the emitted photon is 662 keV and the half-
life is 30.17 years. Nuclear reactors themselves are potential sources of y-
rays.

2.1.4 Interaction of Radiation with Matter

lonizing radiation interacts with matter depending on its nature: directly
ionizing radiation (charged particles) and indirectly ionizing radiation
(uncharged particles). Charged particles interact with nearly every atom
along its path, depositing their energy in the medium through direct
Coulomb-force interactions with the nearby atoms and losing their energy
gradually. These Coulomb-force interactions are characterized in terms of
the relative sizes of the impact parameter and the atomic radius into soft
and hard collisions, and bremsstrahlung radiation (Andreo et al., 2017).
Uncharged particles, by contrast, may pass through matter with no
interactions at all. They deposit their energy by a two-step process: first
they transfer their energy to charged particles, and then these charged
particles will deliver their energy to matter (Glenn F. Knoll, 2010).

2.1.5 y-Radiation Interaction with Matter

When photons of y-radiation interact with matter, they undergo attenuation
and hence lose their energy and intensity. Various processes are involved
in this regard including photoelectric absorption (photoelectric effect),
Compton scattering (inelastic scattering), pair production and Rayleigh
scattering (elastic scattering) (Evan, 1952).

2.1.5.1 Photoelectric Absorption

Absorption of y-rays occurs when the y-ray photon is absorbed by an
electron resulting in ejection of the electron from the inner shell of the
atom and ionization of atom takes place. Subsequently, the ionized atom

returns to the neutral state with emission of characteristic X-ray of the
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atom as in figure (2.2). This subsequent emission of lower energy photons
Is generally absorbed and does not contribute to the secondary ionization.
Photoelectron absorption is the dominant process for y-ray absorption up to
energies of about 500 keV. This phenomenon was explained by Einstein
in 1905, in which an incident photon gives up all its energy (hv) to a bound
electron, usually K shell (probability equal 90%), where subsequently part
of the energy is used to overcome the electron binding energy (Ep) and the
extra energy is converted as kinetic energy (Ke) for the photoelectron. This
can be expressed as in equation (2.1).

hl): Ke+ Eb (21)

The atom that is left in an excited state will emit fluorescent x-rays or
Auger electrons. The characteristic X-rays may escape especially for
high-energy photons and high atomic number of absorbing material
unless the absorber is thick enough to stop the y-rays. The ranges of the
Auger electrons are short and locally absorbed. The cross-section
(probability) for photoelectric effect in K shell of an atom with atomic
number Z for photon energy (hv) is given by equation (2.2). It is clear
that the photoelectron absorption is dominant for atoms of high atomic
numbers and for photons of low energies (Bushberg et al., 2002).
ZS

1374

Where @o=ntro® and ro=e?moc? = 2.818x10%m i the classical electron radius, mg is

o = 40oV2 {mc° Y2

(2.2)

the rest mass of electron and c is the speed of light. Moc? is the rest energy
of the recoil electron, according to mass-energy equation proposed by

Einstein in 1905 in the relativity theory.
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gjected eleciron

characicosoe radiaieon
incident photon

Figure (2.2): Schematic diagram of photoelectric absorption of y-
radiation resulting in ejection of orbital electron from L shell leading to

ionization process of an atom (Bushberg et al., 2002).
2.1.5.2 Compton Scattering

Compton scattering process also known as incoherent scattering, occurs
when the incident photon ejects free or weakly bonded electron from an
atom and a photon of lower energy is scattered from the atom.
Relativistic energy and momentum are conserved in this process and the
scattered y-ray photon has less energy and therefore greater wavelength
than the incident photon as shown in figure (2.3). Compton scattering is
important for low atomic number specimens. At energies from 100 keV
to 10 MeV the absorption of radiation is mainly due to the Compton
effects (McGervey, 1983). The change in wavelength of the scattered
photon is given by equation (2.3).

< |o

~C-p-p=_h (2.3)
v, ° mc(1-cosd)

Where A is the wavelength of the incident photon, Ao is the wavelength of
the scattered Photon, m is the mass of the electron and 6 is the angle of

scattering for the photon. Rearranging equation (2.3), we obtain equation

(2.4) below
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h

hv =—
1+a(1 - cosd)

(2.4)

Where « is the ratio of the energy of the photon to the rest energy of the
electron i.e. a.=hv/ mo ¢ 2. The Kinetic energy T for the recoil electron is given
by equation (2.5)

o(1- cos6)
T=hv l+a(l-cosé) (2.5)

And the scattering angle of the electron is given by equation (2.6)

cot g= (1 +a) tan —;9 (2.6)

energy E.= hv
momentum p=hv/c

recoil electron
energy E,
incident photon
energy E)'= hy'
momentum p'=hv'/c
scattered photon

outer shell electron

Figure (2.3): Schematic diagram of Compton scattering for y-radiation
resulting in ionization and scattering of the incident photon with less
energy.

2.1.5.2 Pair Production
The production of a positive and negative electron pair is a process that

can take place in the vicinity of the nucleus field of an atom or an
electron field. Absorption of photons through the mechanism of pair

production can occur when the energy of an incident photon is greater
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than twice the rest mass of an electron, i.e. 2 mec? = 1.022 MeV (Johns
and Cunningham, 1983). During pair production interactions, a photon
has its energy converted to an electron—positron pair. The positron then
interacts with matter by ionizing and exciting atoms through the same
processes as electrons, thus losing energy and being brought to rest. At
this point, the positron combines with an electron in an annihilation
process producing two photons with energy equal to 0.511 MeV as
shown in figure (2.4). Pair production is an absorption process in which a
photon in the field of nucleus produces an electron-positron pair, where
the total Kinetic energy is equal to the energy of photon minus the rest
energy of the two particles which have been created as shown in equation
(2.7), thus the photon energy must be greater than 1.02 MeV for the
interaction to take place. The electron and positron do not necessarily

receive equal energy, but their average energy is given by equation (2.8).
ho = (Mo ¢+ T. }+(Mo ¢+ T+) (2.7)

T

- v-1022 1022 Mev (2.8)

The cross-section of the pair production in the field of nucleus is given

by equation (2.9)

[ ( \ ]
Gop = LmzZq 28 In| ZhUz |_& | (2.9)
137 | 9 moc 27 |

L \ y ]
The triplet production process is similar but the interaction takes place

with one of the atomic electrons which receives sufficient energy to be
set free. It occurs when incident photon have an energy of 4mgc?, i.e. it
implies both the pair production at the nucleus level plus triplet
production. The total kinetic energy is equal to the energy of photon
minus the rest energy of the three ejected particles as given by equation
(2.10), from which the average kinetic energy can be deduced by
equation (2.11) (Motz et al., 1969).
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hw = (mo ¢ 2+ T-)+(mo ¢ % T, )+(mo ¢ 2+ T+) (2.10)

T=——2 MeV (2.11)

annihilation photons

incident photon 0.511 MeV each

E, = 2.044 MeV

incident photon
E > 1.022 MeV

free electron

Figure (2.4): Schematic diagram of Pair Production process for y-radiation
being interfered in the nucleus field and orbital electron to produce triplet

particles.
2.1.5.3 Raleigh Scattering

The coherent Rayleigh scattering is predominant for photons at low
energy range from 1 keV to 100 keV. The Rayleigh scattering is a
process in which a photon is deflected by a bounded electron of the atom
and photon going off in different directions with no loss in energy. The
atomic system may recoil as a whole under impact without the atom
being ionized or excited. The probability of this process is large only for
low energy photons and high atomic number materials. The differential
cross-section of the coherent scattering of photon at deflection angle 6 by
a bounded electron is given by equation (2.12).

1 [ F(00,2) ]

do e~ —Trp2(1+ cos %0) — |dQ (2.12)
2 L Z i
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Where F(a,0,Z2) is the atomic form function which varies from zero at
large angles to Z at smaller angles.

2.1.6 y-Ray Attenuation Coefficients
In general the characteristic of radiation interaction with matter is that
each individual photon is absorbed or scattered from the incident beam in

a single event. The photon number removed | is proportional to the
thickness traveled through Ax and the initial photon number lo, i.e.

Al=—uloAx, Where, u is proportionality constant called the attenuation

coefficient. By integration method, we have the following equation
(2.13).

LX

I =loe (2.13)

The attenuation coefficient is related to the probability of interaction per
atom, i.e. the atomic cross section 6, Which can be given by equation
(2.14).

p=" 5 (2.14)

Where A is the mass number and Na the Avogadro’s number (6.022 x 102
mol/1), table (2.3) below briefly summarize the entire y-radiation photon
interactions with their possible energies required to initiate the reactions
(Siegbahn, 1965; Smith, 2000).
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Table (2.3): Types of y-radiation interactions with matter (Siegbahn,

1965).

Process Type of Other names Approximate E of Z dependence
interaction Maximum
Importance.
Photoelectric With bonded Dominant at low E

Scattering from
electrons

coherent

Incoherent

Pair Production

Pair production
Delbruk

scattering

electrons, all E
given to electron

With bond
atomic electron,
with free
electrons

With bond
atomic electron,
with free
electrons

In Coulomb
field of Nucleus

In coulomb field
of electron &
nucleus

Rayleigh electron,
resonance scattering,
Thomson scattering

Compton scattering

Elastic Pair
production

Triplet production
inelastic pair

production. Nuclear
potential scattering

(1-500) KeV, cross
section decrease as E
increase

<1MeV and greatest
at small angles.

Independent of
energy

<1MeV least at small
angle.

Dominate in region
of 1 MeV, decreases
as E increase

Threshold ~1MeV,
E> 5MeV. Increase

as E increase.

Threshold at 2 MeV
increases as E
increases.

Real Max >
imaginary, below 3
MeV (both increase
as E increases)
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2.1.7 y-Radiation Interaction with Molecules

The essence of y-radiation interaction with molecules changing its
physical and chemical characteristics is ascribed to the amount of
energy being transferred, which will create ions, free radicals and
excited molecules. Such interaction process is termed ionization and
excitation of the molecules, which can cause chemical changes to the
irradiated molecules. This is due to the fact that all binding energy for
organic compounds are in the range of 10 — 15 eV. In case of low
energy transferred by the photon, the molecule moves to excitation
state before returning to its natural state emitting X-ray photons or
break down to release free radicals which in turn undergoes
polymerization. The ejected electron from the irradiated molecule (A")
Is subjected to the strong electric field of the formed positive charge,
therefore the recombination frequently occurs either during irradiation
or after the end of irradiation creating energetic molecule (A™). Such
highly energetic excited molecule will break down into free radicals
and new molecule (Denaro, 1972). The fundamental of this reaction

can be shown in figure (2.5).

(Excitation) A ~ -— AT

(Ionization) -~ - AAT+ e

RI+S.

(Ton dissociation) A~ <: AT
M+ N

(Neutralization) A +e —» A*F

R 8.

(Dissociation) A” and A™ ‘<:

M+N

Figure (2.5): The expected irradiation results of the organic molecules,
where R_and S are free radicals and M and N are molecular products.
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2.1.8 Radiation Dosimetry

Radiation dosimetry is the process of calculating the absorbed dose in
matter and tissue resulting from the exposure to indirectly and directly
ionizing radiation. It is a scientific subspecialty in the fields of health
physics and medical physics that focus on the calculation of internal and

external doses from ionizing radiation.

2.1.8.1 Radiation Quantities

There are many different physical quantities that can be used to express
the amount of radiation delivered to a human body. Generally, there are
advantages and applications as well as disadvantages and limitations for
each of the quantities. There are two types of radiation quantities: those
that express the concentration of radiation at some point, or to a specific
tissue or organ, and there are also quantities that express the total
radiation delivered to a body (IAEA, 2005).

2.1.8.1.1 Exposure
Exposure is a radiation quantity that expresses the concentration of

radiation delivered to a specific point, such as the surface of the human
body. There are two units for expressing exposure. The conventional
unit is the roentgen (R) and the SI unit is the coulomb/kg of air (C/kg of
air). The unit, roentgen, is officially defined in terms of the amount of
ionization produced in a specific quantity of air. The ionization process
produces an electrical charge that is expressed in the unit of coulombs.
So, by measuring the amount of ionization (in coulombs) in a known
quantity of air the exposure in roentgens can be determined (IAEA,
2005).

2.1.8.1.2 Air Kerma

Air kerma is a radiation quantity used to express the radiation
concentration delivered to a point, such as the entrance surface of a

patient's body. It is a quantity that fits into the SI scheme. The quantity,
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kerma, originated from the acronym, KERMA, for Kinetic Energy
Released per unit MAss (of air). It is a measure of the amount of
radiation energy, in the unit of joules (J), actually deposited in or
absorbed in a unit mass (kg) of air. Therefore, the quantity, kerma, is
expressed in the units of J/kg which is also the radiation unit, the gray
(Gy) (IAEA, 2005).

2.1.8.1.3 Absorbed Dose

Absorbed Dose is the radiation quantity used to express the concentration
of radiation energy actually absorbed in a specific tissue. This is the
quantity that is most directly related to biological effects. Dose values
can be in the traditional unit of rad or the Sl unit of gray (Gy). The rad is
equivalent to 100 ergs of energy absorbed in a gram of tissue and the
gray is one joule of energy absorbed per kilogram of tissue (IAEA,
2005).

2.1.8.1.4 Entrance Surface Dose
Entrance surface (skin) exposure is defined as the exposure in roentgens

at the skin surface of the patient without the backscatter contribution
from the patient. This measurement is popular because entrance skin
exposure is easy to measure, but unfortunately the entrance skin exposure
is poorly suited for specifying the radiation received by patients
undergoing radiographic examination. The entrance skin exposure does
not take into account the radio sensitivity of individual organs or tissues,
the area of an x-ray beam, or the beam’s penetrating power, therefore,
entrance skin exposure is poor indicator of the total energy imparted to
the patient (NRPB, 2000).

2.1.8.1.5 Entrance Surface Air Kerma (ESAK)
The entrance surface air kerma (ESAK) is defined as the kerma in air at

the point where the central radiation beam axis enters the hypothetical

object, i.e. patient or phantom, in the absence of the specified object
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(Zoetelief et al., 1996). The entrance surface dose, or alternatively the
entrance skin dose (ESD) is defined as the absorbed dose to air on the
radiation beam axis at the point where radiation beam enters the patient
or a phantom, including the contribution of the backscatter (NRPB,
1992). The ESD is to be expressed in mGy. Some confusion exists in the
literature with regard to the definition of the ESD. That is, whether the
definition should refer to the absorbed dose to the air as defined above or
absorbed dose to tissue (NRPB, 2000).

2.1.8.1.6 Equivalent Dose (HT)
Accounts for biological effect per unit dose

Hr= Wg XD (2.15)

2.1.8.1.7 Effective Dose (E)
Risk related parameter, taking relative radio sensitivity of each organ and

tissue into account:

E(SV) =2t Wt X Hr (216)

W tissue weighting factor for organ T

H+: equivalent dose received by organ or tissue T

2.1.8.2 Radiation Units

2.1.8.2.1 Roentgen

The roentgen is a unit used to measure a quantity called exposure. This
can only be used to describe an amount of gamma and X-rays, and only
in air. One roentgen is equivalent to depositing in dry air enough energy
to cause 2.58 x 10 coulombs per kg. It is a measure of the ionizations of
the molecules in a mass of air. The main advantage of this unit is that it is
easy to measure directly, but it is limited because it is only for deposition

in air, and only for gamma and X-rays (Avenue, 2002).
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2.1.8.2.2 Radiation Absorbed Dose (Rad)

The rad is a unit used to measure a quantity called absorbed dose. This
relates to the amount of energy actually absorbed in some material, and is
used for any type of radiation and any material. One rad is defined as the
absorption of 100 ergs per gram of material. The unit rad can be used for
any type of radiation, but it does not describe the biological effects of the
different radiations (Avenue, 2002).

2.1.8.2.3 Roentgen Equivalent Man (Rem)

The rem is a unit used to measure a quantity called equivalent dose. This
relates the absorbed dose in human tissue to the effective biological
damage of the radiation. Not all radiation has the same biological effect,
even for the same amount of absorbed dose. Equivalent dose is often
expressed in terms of thousandths of a rem, or mill-rems. To determine
equivalent dose in (rem), we multiply absorbed dose in (rad) by a quality

factor (W) that is unique to the type of incident radiation.

2.1.8.2.4 Gray (Gy)

The gray is a unit used to measure a quantity called absorbed dose. This
relates to the amount of energy actually absorbed in some material, and is
used for any type of radiation and any material. One gray is equal to one
joule of energy deposited in one kg of a material. The unit gray can be
used for any type of radiation, but it does not describe the biological
effects of the different radiations. Absorbed dose is often expressed in
terms of hundredths of a gray, or centi-grays. One gray is equivalent to
100 rads.

2.1.8.2.5 Sievert (Sv)

The sievert is a unit used to measure a quantity called equivalent dose.
This relates the absorbed dose in human tissue to the effective biological

damage of the radiation. Not all radiation has the same biological effect,
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even for the same amount of absorbed dose. Equivalent dose is often
expressed in terms of millionths of a sievert, or micro-sievert. To
determine equivalent dose in (Sv), we multiply absorbed dose in (Gy) by
a quality factor (W) that is unique to the type of incident radiation. One
sievert is equivalent to 100 rem (Thayalan, 2001).

2.1.9 Radiation Measurements

2.1.9.1 Thermo Luminescent Dosimetry

Many crystalline materials exhibit phenomena of thermo luminescence.
When such a crystal is irradiated, a very minute fraction of the absorbed
energy is stored in crystal lattice. Some of this energy can be recovered
latter as visible light if the material is heated. This phenomenon of
releasing visible photon by thermal means is known as thermos

luminescence. (Thayland, 2001).

2.1.9.2 Radiochromic Dosimetry

Radiochromic films are a new type of films in radiotherapy dosimetry;
the most commonly used is a (Gaf) Chromic film. It is a colorless film
with a nearly tissue equivalent composition (9.0% hydrogen, 60.6%
carbon, 11.2% nitrogen and 19.2% oxygen) that develops a blue color
upon radiation exposure. Radiochromic film contains of a special dye
that is polymerized upon exposure to radiation. The polymer absorbs
light and the transmission of light through the film can be measured with
a suitable densitometer. Radiochromic films are self-developing,
requiring neither developer nor fixer. Since radiochromic film is grain
less, it has a very high resolution and can be used in high dose gradient
regions for dosimetry (e.g. measurements of dose distributions in
stereotactic fields and in the vicinity of brachytherapy sources).

Dosimetry with radiochromic films has many advantages over
radiographic films, such as ease of use; elimination of the need for

darkroom facilities, film cassettes or film processing; dose rate
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independence; better energy characteristics (except for low energy X-rays
of 25 kV or less); and insensitivity to ambient conditions (although
excessive humidity should be avoided). Radiochromic films are generally
less sensitive than radiographic films and are useful at higher doses,
although the dose response non-linearity should be corrected for in the
upper dose region. Radiochromic film is a relative dosimeter, if proper
care is taken with calibration and the environmental conditions; a
precision better than 3% is achievable. Data on the various characteristics
of radiochromic films (e.g. sensitivity, linearity, uniformity,
reproducibility and post-irradiation stability) are available in the literature
(E.B. Podgorsak, 2005).

2.1.10Polymers

Polymer is a Greek word containing two syllables, (poly) and (mer) and
they signify many parts. Polymer is a large molecule, or macromolecule,
composed of many repeated subunits because of their broad range of
properties (Painter et al., 1997). Both synthetic and natural polymers play
essential roles in everyday life (McCrum et al., 1997). Polymers range
from familiar synthetic plastics such as polystyrene to natural
biopolymers such as DNA and proteins that are fundamental to biological
structure and function. Polymers, both natural and synthetic, are created
via polymerization of many small molecules, known as monomers. Their
consequently large molecular mass relative to small molecule compounds
produces unique physical properties, including toughness, viscoelasticity,
and a tendency to form glasses and semi crystalline structures rather than
crystals.

2.1.10.1 Polymer Properties
Polymer properties are broadly divided into several classes based on the

scale at which the property is defined as well as upon its physical basis

(S.A. Baeurle, 2009). The most basic property of a polymer is the identity
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of its constituent monomers. A second set of properties, known as
microstructure, essentially describe the arrangement of these monomers
within the polymer at the scale of a single chain. These basic structural
properties play a major role in determining bulk physical properties of
the polymer, which describe how the polymer behaves as a continuous
macroscopic material. Chemical properties, at the nano scale, describe
how the chains interact through various physical forces. At the macro
scale, they describe how the bulk polymer interacts with other chemicals
and solvents.

2.1.10.2 Polymerization
Radiation polymerization is a process in which the free radicals interact

with the unsaturated molecules of a low molecular unit known as
monomer to form high molecular mass polymer. The formed polymer
can be in different forms called homopolymer and copolymer depending
on the monomer compositions linked together.

Radiation-induced polymerization process can be achieved in different
media whether it is liquid or solid unlike the chemical polymerization
which can only be accomplished in aqueous media, it is also temperature
independent. Radiation polymerization often continues even after
removing away from the radiation source; such condition is known as
post-polymerization (Lokhovitsky and Polikarpov, 1980). Since radiation
initiation is temperature independent, polymer can be polymerized in the
frozen state around aqueous crystals. The mechanism of the radiation
induced polymerization is concerning the kinetics of diffusion-controlled
reactions and consists of several stages: addition of hydroxyl radicals and
hydrogen atoms to carbon-carbon double bond of monomer with
subsequent formation of monomer radicals; addition of hydrated
electrons to carbonyl groups and formation of radical anion of a very
high rate constant and the decay of radicals with parallel addition of

monomer to the growing chain.
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2.1.10.3 Crosslinking and Chain Scission
The process of crosslinking occurs due to interaction between two free

radical monomers which combine to form intermolecular bond leading to
three dimensional net of cross linked highly molecular polymer, more
likely dominate in unsaturated compound or monomer. The cross-linked
polymer shows strong mechanical strength and high thermal resistance.
The most important reactions occurring during radiolysis of polymers are
those that lead to permanent changes in their molecular weight. The
reactions leading to either increase or decrease in molecular weight are
referred to as crosslinking and chains scission, respectively. In general
crosslinking and scission processes can occur simultaneously in any
irradiated material, however, it is often observed that one tends to
dominate over the other, and thus polymers can be broadly placed into
the categories crosslinking or degrading. Some processes could be
observed in irradiated polymer molecules, such as:
+*» Evolution of Gas: When polymers are exposed to high energy
radiation, the reactions induced will lead to the formation of low
molecular weight gaseous molecules. For example, when
polyethylene 4—CH>—3 is irradiated, the scission of the C-H bond
leads to the formation of thermally activated hydrogen atoms which

are able to escape and form molecular hydrogen gas.

D)

+ Formation of Unsaturated Groups: When polymers are exposed to
high energy radiation, chain scission leads to the formation of active
atoms which leads to the evolution of gas and the formation of
unsaturated groups. For example, the formation of main-chain
unsaturation in irradiated polyethylene is proportional to the yield of
hydrogen gas.

¢+ Color Centers: Most polymers change colors during irradiation. This

change depends on the structure of the polymer, the irradiation
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temperature, the type of radiation and also varies for irradiations
performed in vacuum and in air. The discoloration is attributed to the
formation of conjugated double bonds in some polymers and also to
trapped free radicals, electrons, and ions (David J.T. HILL, et al.,
2005).
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Figure (2.6): Schematic representation of competing radiation induced
polymer scission and cross-linking (Saphwan et al., 2016).

2.1.10.4 Radiation Grafting

Radiation grafting is a process in which active radical sites are formed on
or near the surface of an exciting polymer followed by polymerization of
monomer on these sites. It is accompanied by homopolymerization of the
monomer; the material to which the monomer is grafted is described as
the backbone, trunk or support. Radiation grafting is used to modify the
polymers texture such as films, fibers, fabrics and molding powders. This

process can be explained as follow; suppose that the polymer A is
exposed to y-rays, thus the active free radical sites A" is created

randomly along the polymer backbone chain, this free radical initiates a
free radical on the monomer B then undergoes grafting polymerization at
that active site. The extension of the attached monomer B upon the base
polymer A is termed as the degree of grafting (DOG) which refers to the
mass of the grafted polymer as a percentage of the mass of the original

base polymer. Such process can be expressed as in schematic figure (2.7).
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Figure (2.7): The scheme for grafting process for polymer A with
monomer B using y-radiation.

2.1.10.5 Polyvinyl Alcohol (PVA)

PVA is one of the most important polymers binders; it’s available in
forms of powders, fibers and films. It can be obtained from polyvinyl
acetate (PVAc) by esterification and has distinct crystalline. The polymer
has intermolecular chin of 2.5 A and consists of 1, 3 glycol linkages, in
which all hydroxyl groups are arranged along the same side of the chain.
These in turn account for the mechanical strength and strong interactions
between different chains. The unit cell of PVA consists of two monomer
units of vinyl alcohol (CH2CHOH) (Bunn, 1948) as in figure (2.8).

H OH
1z 1Al
Cc-C
I
H H
n

Figure (2.8): The chemical structure of polyvinyl alcohol (PVA)
monomer.

It is non-ionic vinyl polymer, tough with film forming capacity due to
hydrogen bonding (Ravve, 2000), fibers and tubes forming capability and
highly resistant to hydrocarbon solvents (Molyneux, 1983). It is highly
resistive to electrical conductivity with low dielectric loss. Its electrical

conductivity and charge storage capability can be significantly influenced
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by doping with suitable impurities (Nagaraja, et al., 2002). Due to its
biocompatibility, PVA has been used in medical devises, materials for
drug delivery system, carrier for cell signaling, sizing, adhesives,

emulsification and bio-separation membranes (Yano, et al., 2003).

2.1.11Silver Nitrate (AgNOs)

Silver nitrate is a chemical compound with a chemical formula AgNO3
shown in the figure below. This nitrate of silver is the light sensitive
ingredient in photographic films and is a corrosive compound. Soluble
silver salts tend to be very toxic to bacteria and other lower life species.
The compound notably stains the skin giving a blackening color which is
made visible after exposure to sunlight. Silver nitrate is one of the
significant compounds in the field of industries due to its potential
characteristics such as wider response to electromagnetic radiations i.e.
optical properties in addition to electronic, magnetic and -catalysis
properties (Wang and Toshima, 1997). It has been used in wider
applications as conductive ink, thick film pastes, adhesive for electronic
compounds (Lin and Wang, 1996), in photonic and photographic
applications (Jin et al., 2001). Silver nitrate has a molecular weight of
169.87, boiling point of 444 °C, melting point 212 °C as crystal structure
rhombic, decomposed by heat to give Ag, NO, and O..
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Figure (2.9): Chemical structure of the silver nitrate compound.
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2.1.12 Absorption of Light and UV-Visible Spectrophotometry

2.1.12.1 Optical Absorption

The transmittance of light across the absorber accompanied with
absorption of the light waves. Such absorption depends on the
wavelength of the light, thickness of the absorber or the transmitted
media and the nature of the media. Beer-Lambert law, successfully
determines the absorption coefficient of the media as follows;
supposing | is an incident light beam to an object whose area is a, o is
its absorption coefficient, then the fraction absorption dl of light by this
absorber in a thickness dx is given by the following equation (2.17).
dl= —aldx (2.17)

or = (2.18)

The integration of this equation (2.18) gives the absorbance A as in
equation (2.19). In this case the light intensity | changed from 0 to | by

crossing a distance from x = 0 to x = x in the absorber.

1=0 X

Int/, =—ax/*
0 0

In(1)—1In(lp) =—ax

InL:—aX

Lo

| o

logly =e

A (2.19)

From equation (2.19) of absorbance A, the absorption coefficient o can
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be deduced as in equation (2.20).

IogL

o
e-1
exA _, (2.20)
X
As the value of IogL =Aand e is 2.303, then the absorption coefficient can be

0

given by equation (2.21)

2.303xA
o=
X
Where x is the distance crossed by the light, also can be the sample

(2.21)

thickness in the case of UV-visible spectroscopy. The corrected
absorption value known as the molar absorptivity (€) is used for the
comparison between different spectra of different compounds and can

be expressed by the following equation:

£= — (2.22)

Where A is the absorbance, c is the sample concentration in moles/liter
and | is the path length through the cuvette in cm.

2.1.12.2 Mechanism of Absorption Process

The absorption processes of microwaves in polymers, generally
accompanied with energy reduction in the transition wave. Such
reduction is due to the optical absorption constant of the media o which
comes in the range of 10° — 10° cm™ (Richard, 1988). The variation of
the absorption on the transition involves direct or indirect transitions.
As the photon energy drops below the band gap energy, the energy
levels are created if imperfections are present in the polymers; they lie
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in forbidden gap. At energy less than the band gap energy it is still
possible to excite electrons to the conduction band from imperfection
levels occupied by electrons. Electrons also can be excited from the
valence band to unoccupied imperfection levels. Each process will give
rise to optical absorption. When the photon energy is less than the
energy required to make a transition from the imperfection level to one
of the bands, this absorption in turn comes to an end. The
corresponding absorption constant oo may have values as high as 103
cmt for very high imperfection densities, but in general is considerably
less. Absorption of photons by free carriers causes a transition to higher
energy states within the same band or to higher bands, this process can
occur over a wide range of photon energies. It involves the absorption
of both photons and phonons since both energy and k must be changed
in the transition. There is also an optical absorption due to free carriers
acting collectively as a kind of electron gas, which is known as plasma
resonance absorption.

2.1.12.3 Absorption Edge

The transition of electrons between the valence and conduction bands in
the polymers starts at the absorption edge which refer to the minimum or
threshold energy at which the absorption coefficient started. The
transition is called direct if it is extreme occur due to direct absorption of
the incident photonic energy, or can be indirect transition in case of

phonon assisted initiation. Mostly, all materials have discriminated
absorption edge and the energy gap Eg, which related to their chemical

properties, hence such criteria can be utilized as a fingerprint in materials

characterization (Tauc, 1974).
The absorption constant a(v) within the range of ~1 em* up to 104cm'1,

is described by the following equation (2.23)
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a(v) =aoexp (ﬁ/\ | (2.23)

-
Where, the energy (Ee) is the absorption edge in eV,
2.1.12.4 Optical Band Gap
At high enough absorption levels (a > 104 Cm'l), the absorption
constant o(v) commonly takes place as frequency dependent from
which the band gap energy between the conductive band CB and the
valence band VB can be deduced, depending on Mott and Davis (1979)
which is applicable for UV-spectrum. It correlates between energy band
gap Ey and the absorption coefficient a(v)hv of the composites as in the
following equation (2.24).

ao(v)hv=A(hv-Eg ) (2.24)

Where hv is the energy of the incidence photon, h is the Planck
constant, Egq is the optical band gap energy, A is a constant known as the
disorder parameter which is dependent on composite composition and
independent of photon energy. Parameter r is the power coefficient with
the value that determined by the type of possible electronic transitions,
such as direct allowed and indirect allowed (Tauc, 1974). The direct
transition is the transition of electron from the band i via k band to the
final conduction band f by the transition-dipole moments and the
electric fields at the surface, while for the indirect transition the incident
photon is absorbed in the substrate followed by scattering of a photo-
excited electron trapped into the intermediate state k band then
transferred to the final band f, as being illustrated in figure (2.10)
below. All electrons of the valence band can connect to the empty states
of the conduction band by indirect transition process; however phonons,

could also participate in the transition process (Pankove, 1971).
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Figure (2.10): Schematically illustrates the sequence of direct electronic
transitions from the initial state i to the final state f, or by an indirect
process in which the intermediate state k is populated by scattering and
relaxation of (hot) electrons, which are photo-excited in the substrate
(Pankove, 1971).

2.1.125 UV-Visible Absorption Spectrophotoscopy

The following figure (2.11) explains the UV-visible spectroscopy
principles, in which a beam of light from a UV-visible light source is
separated into its component wavelengths by a prism or diffraction
grating. Each monochromatic (single wavelength) beam in turn is divided
into two equal intensity beams by a half-mirrored device. One beam of
the sample (colored magenta), passes through a small transparent
container (cuvette) as a sample chamber. The other beam, for reference
(colored blue), passes through an identical cuvette. The intensities of

these light beams are then measured by electronic detectors and

compared. The intensity of the reference beam, with no light

absorption, is defined as lp and the intensity of the sample beam is

defined as I. Over a short period of time, the spectrometer automatically
scans all the component wavelengths in the manner described. The UV
region scanned is normally from 200 to 400 nm, and the visible portion is

from 400 to 800 nm (Whiffen, 1971).
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Figure (2.11): Schematic representation for UV-visible spectroscopy
principle and steps of taking the spectra.

If the sample compound does not absorb light of a given wavelength then

| = lo. However, if the sample compound does absorb light then I is less
than lp, and this difference may be plotted on a graph versus wavelength.
Absorption may be presented as transmittance (T = I/lg) or absorbance

(A= log lo/l). If no absorption has occurred, T = 1.0 and A= 0. Most

spectrometers display absorbance on the vertical axis, and the commonly
observed range is from 0 (100% transmittance) to 2 (1% transmittance).

The wavelength of maximum absorbance is a characteristic value,
designated as Amax. Different compounds have very different absorbance.

The reference absorption intensity for the system is based on a
completely transparent standard compound (non-absorbing), the most
commonly used compounds are water, ethanol, hexane and cyclohexane.
The compounds with double or triple bonds and heavy atoms are
generally avoided, because the absorbance of a sample will be
proportional to its molar concentration in the sample cuvette.

2.1.12.6 Origin of UV-Visible Spectra

When radiation interacts with matter, number of processes occur,
including reflection, scattering, absorbance, phosphorescence &

fluorescence (reemission and absorption), and photochemical reaction
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(absorbance and bond breaking). In general, when measuring UV-visible
spectra, we want only absorbance to occur. Because light is a form of
energy, absorption of light by matter causes the energy content of the
molecules (or atoms) to increase. The total potential energy of a molecule
generally is represented as the sum of its electronic, vibrational, and
rotational energies:

Etotal = Eelectronic + Evibrational + Erotational

The amount of energy a molecule possesses in each form is not a
continuum but a series of discrete levels or states. The differences in

energy among the different states are in the order:

Eelectronic > Evibrational > Erotational

In some molecules and atoms, photons of UV and visible light have
enough energy to cause transitions between the different electronic
energy levels. The wavelength of light absorbed is that having the energy
required to move an electron from a lower energy level to a higher energy
level. (A Primer, 1996).
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Figure (2-12): An example of electronic transitions in formaldehyde and
the wavelengths of light that cause them (A Primer, 1996).

These transitions should result in very narrow absorbance bands at
wavelengths highly characteristic of the difference in energy levels of the

absorbing species. This is true for atoms, as depicted in figure (2.13).
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Figure (2.13): The electronic transitions and spectra of atoms. (A Primer,
1996).
However, for molecules, vibrational and rotational energy levels are

superimposed on the electronic energy levels. Because many transitions
with different energies can occur, the bands are broadened; the
broadening is even greater in solutions owing to solvent-solute

interactions (A Primer, 1996).
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Figure (2.14): The electronic transitions and UV-visible spectra in
molecules (A Primer, 1996).

A

2.1.12.7.  Optics of Spectrophotometer

Either lenses or concave mirrors are used to relay and focus light through
the instrument. Simple lenses are inexpensive but suffer from chromatic

aberration, that is; light of different wavelengths is not focused at exactly
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the same point in space. However, with careful design, the chromatic
aberrations of individual lenses in an optical system can be used to cancel
out each other, and an effective optical system can be constructed with
these simple and inexpensive components. Achromatic lenses combine
multiple lenses of different glass with different refractive indices in a
compound lens that is largely free of chromatic aberration. Such lenses
are used in cameras, they offer good performance but at relatively high
cost. Concave mirrors are less expensive to manufacture than achromatic
lenses and are completely free of chromatic aberration. However, the
aluminum surface is easily corroded resulting in a loss of efficiency.

At each optical surface, including the interfaces between components in
an achromatic lens, 5-10 % of the light is lost through absorbance or
reflection; thus spectrophotometers ideally should be designed with a
minimum number of optical surfaces (A. Primer, 1996).

2.1.13 Thermogravimetric Analysis (TGA)

Thermogravimetric Analyzer (TGA) is an essential laboratory tool used
for material characterization. TGA is used in the research & development
of various substances and engineering materials solid or liquid in order to
obtain information about their thermal stability and composition. TGA is
used as a technique to characterize materials used in various
environmental, food, pharmaceutical, and petrochemical applications
(Perkin Elmer guide, 2015). Recently, TGA has been used increasingly
for the quality control and assurance of raw materials and incoming
goods as well as for failure analysis of finished parts, especially in the
polymer processing industry. In TGA, the mass of a substance is
monitored as a function of temperature or time as the sample specimen is
subjected to a controlled temperature program in a controlled
atmosphere. A typical TGA apparatus consists of a sample pan that is

supported by a precision balance; that pan resides in a furnace and is
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heated or cooled during the experiment. The mass of the sample is
monitored during the experiment. A sample purge gas controls the
sample environment, this gas may be inert or a reactive gas that flows
over the sample and exits through an exhaust as shown in figure (2.15)
below.

These instruments can quantify loss of water, loss of solvent, loss of
plasticizer, decarboxylation, pyrolysis, oxidation, decomposition, weight
% filler, amount of metallic catalytic residue remaining on carbon
nanotubes, and weight % ash. All these quantifiable applications are
usually done upon heating, but there are some experiments where
information may be obtained upon cooling. Both the TGA 8000 and the
TGA 4000 are controlled by PerkinElmer’s proprietary thermal software,
Pyris software, and have auto-sampler accessories for unattended

operations.

o
S — =
TGA 8000 TGA 4000 STA 6000 / STA 8000

The Thermogravimetric Instrument Family

Figure (2.15): Various TGA models.
The thermogravimetric data collected from a thermal reaction is compiled
into a plot of mass or percentage of initial mass on the y-axis versus
either temperature or time on the x-axis. This plot, which is often
smoothed, is referred to as a TGA curve. The first derivative of the TGA
curve (the DTG curve) may be plotted to determine inflection points
useful for in-depth interpretations as well as differential thermal analysis.

Thermogravimetric kinetics may be explored for insight into the reaction
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mechanisms of thermal (catalytic or non-catalytic) decomposition
involved in the pyrolysis and combustion processes of different materials.
Pyrolysis is the chemical decomposition of organic materials by heating

in the absence of oxygen or any other reagents.

TG /2% DTG A%/ min)

e )

200 ' 400 ' 600 ' 800 ' 1000
Temperature #~C

TGA and DTGA curves for the decomposition of calcium oxalate monohydrate

Figure (2.16): The decomposition of calcium oxalate monohydrate,
CaC,04. HO, in air at a heating rate of 10 K/min (NETZSCH Analysis &
Testing publications, 2017).

2.1.13.1 Types of Thermal Gravimetric Analysis

+« Isothermal or Static Thermogravimetry: In this technique, the

sample weight is recorded as function of time at constant temperature.

+*» Quasistatic Thermogravimetry: In this technique the sample is

heated to a constant weight at each of increasing temperatures.

¢ Dynamic Thermogravimetry: In this technique the sample is heated

in an environment whose temperature is changed in linear manner.

2.1.13.2 TGA Characterizations
« Thermal stability of materials: Explicate decomposition mechanism,

fingerprint materials for identification & quality control.

+ Oxidative stability of materials: Oxidation of metals in air, oxidative
decomposition of organic substances in air/O,, thermal decomposition
in inert atmosphere.

s Composition of multi-component systems: Behaviors sufficiently

different on the temperature scale can be identified and reaction
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mechanism formulated.

X4

Estimated lifetime of a product: Related to thermal stability.

L)

+» Decomposition kinetics of materials: Rate of reaction, activation

energy.

L)

0’0

The effect of reactive or corrosive atmospheres on materials:

Oxidation & corrosion studies.

X4

Moisture and volatiles content of materials: Loss of moisture, drying,

L)

desorption

2.1.13.3 Mechanisms of Weight Change in TGA
Weight Loss:

+«» Decomposition: The breaking apart of chemical bonds.
¢ Evaporation: The loss of volatiles with elevated temperature.

% Reduction: Interaction of sample to a reducing atmosphere (hydrogen,

ammonia, etc).

)
0’0

Desorption.

Weight Gain:

++ Oxidation: Interaction of the sample with an oxidizing atmosphere.
¢+ Absorption or Adsorption.

All of these are kinetic processes i.e. there is a rate at which they occur.
2.1.14 Differential Scanning Calorimetry (DSC)

A DSC measures the difference in the heat flow rate in (mW) between a
sample and inert reference as a function of time and temperature. There
are two types of DSC, namely; the heat flux DSC also known as
qualitative differential thermal analysis which has only a single heat
source, the second type is power compensated DSC with multiple heat
sources that measure enthalpy change and compensates heat released or

gained during thermal events. The heat flow is defined as:
dH dr
a Cp ar (2.25)
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Where dT/dt is the heating rate and c, is sample heat capacity which is
equal to the sample specific heat multiplied by its weight.
2.1.15Simultaneous DSC-TGA Analyzer (SDT) Technique

Simultaneous DSC-TGA measures both heat flow and weight changes in
a material as a function of temperature or time in a controlled
atmosphere. Simultaneous measurement of these two materials properties
not only improves productivity but also simplifies interpretation of the
results. The complimentary information obtained allows differentiation
between endothermic and exothermic events which have no associated
weight loss (e.g., melting and crystallization) and those which involve a
weight loss (e.g., degradation).

2.1.16 X-ray Diffraction (XRD)

It’s all started in 1913 when Sir W.H. Bragg and his son Sir W.L. Bragg
proposed the famous Bragg’s law

2d sin® = na (2.26)

Where they explained why the cleavage faces of crystals appear to reflect
X-ray beams for certain incident angle (0), here (n) is an integer (A) is the
wavelength of the X-rays and (d) is the distance between atomic layers in
a crystal. This was the first example of X-ray interference known today
as X-ray diffraction (XRD) and was direct evidence for the periodic
atomic structure of crystals postulated several centuries before. Although
Bragg's law was used to explain the interference patterns of X-rays
scattered by crystals, diffraction method has been developed to study the
structure of all states of matter with any beam such as ions, electrons,
neutrons, and protons with a wavelength similar to the distance between

the atomic or molecular structures of interest.

A crystal may be defined as a collection of atoms arranged in a pattern
that is periodic in 3D. Crystals are necessarily solids, but not all solids

are crystalline. In a perfect single crystal all atoms in the crystal are
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related either through translational symmetry or point symmetry.
Polycrystalline materials are made up of a great number of tiny single
crystals. In powder diffraction method we can get the information from
peak positions, crystal system, space group symmetry, translational
symmetry, unit cell dimension, qualitative phase identification, from
peak intensities, unit cell contents, point symmetry, peak shapes and
widths, crystalline size, non-uniform microstrain and extended defects.
Deviations from ideal crystallinity, such as finite crystallite size and
strain lead to broadening of the diffraction lines. By analyzing this
broadening it is possible to extract information about the microstructure
of a material. A perfect crystal would extend in all directions to infinity,
so we can say that no crystal is perfect due to its finite size. This
deviation from perfect crystallinity leads to a broadening of the
diffraction peaks. However above a certain size (~ 0.1-1pm) this type of
broadening is negligible.

In the present study, the Scherer equation was used to estimate the

crystalline domain size (D) (Li et al., 2009):
D= _* (2.27)

3 cose

Where: k is a constant called shape factor which usually takes a value of
about 0.94, g is full width at half maximum of the peak corresponding to
a chosen plane for example (200), and e is the angle obtained from 2e

value corresponding to maximum intensity peak in XRD pattern.

2.2 Previous Studies
In this section, previous studies concerning the utilization of PVA

hybridized with silver nitrate (AgNQOs3), in the field of radiotherapy as
radiation detector and dosimeter as well as in other applications have
been reviewed:
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(Karthikeyan, 2005) prepared PVA/Ag films and the influence of
annealing time upon the variation of cluster size were analyzed using
optical absorption, emission and Fourier-transform infrared (FTIR)
spectra. Measurements of optical spectra showed that the surface
Plasmon resonance lays around 420 nm, and confirmed the growth of Ag
clusters. Measurements of FTIR spectra were carried out to identify the
role of chemical interface damping which influenced the broadening of
the absorption band. The emission peak was observed at 540 nm for
clusters which were annealed for 1 min as well as 2 min. The optical
absorption spectra of PVA/Ag films annealed at 120 °C for different time
duration are shown in figure (2.17). All the spectra showed the presence
of a peak around 420 nm; this peak is a characteristic of silver’s SPR.
When the annealing time duration increases, the peak intensity also
increases, and correspondingly the full width at half maximum (FWHM)
becomes lesser. This clearly indicates that while increasing the time
duration the mean size of Ag cluster formed also increases. At the same
time, a red shift of the peak maximum and a noticeable broadening have

been observed for the 10, 15 and 30 min annealed films.

2.5
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Figure (2.17): Optical absorption spectra of PVA/Ag films annealed at
120 °C for different durations.
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(Aleksandra et al., 2007) prepared PVA/Ag nanocomposites with
different contents of inorganic phase by reduction of Ag* ions in aqueous
PVA solution by gamma irradiation followed by solvent evaporation.
Optical properties of the colloidal solutions and the nanocomposite films
were investigated using UV-Vis spectroscopy, an absorption peak at 420
nm corresponding to PVA/Ag films after irradiation with three different

particle sizes were observed as shown in figure (2.18).

Absorbance (a.n.)
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Figure (2.18): Absorption spectra of primary Ag colloid (a),
corresponding PVA/Ag nanocomposite film (b), and colloid obtained
after dissolution of PVA/Ag nanocomposite film(c).

Structural characterization of the Ag nanoparticles was performed by
SEM and XRD. Interaction of the Ag nanoparticles with polymer matrix
and the heat resistance of the nanocomposites were followed by IR
spectroscopy and differential scanning calorimetry (DSC) analysis. IR
spectra indicated that Ag nanofiller interact with PVA chain over OH
groups. The changes of heat resistance upon the increase of the content of
inorganic phase are correlated to the adsorption of polymer chains on the
surface of Ag nanoparticles.

(Omer M. et al., 2011) prepared a poly vinyl-alcohol/silver composites
in a form of a film by in situ irradiation doping technique up to 50 kGy.
The effect of radiation upon the composites resulted in reducing the
silver ions into black metallic silver, so the general film color changed
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from white to golden-yellow then black color at 50 kGy. The UV-Vis
spectroscopy revealed an absorption band peaking at 425 nm which was
increased exponentially with dose increment. The study of UV-Vis
spectrogram revealed that the maximum absorbance Amax increased with
increasing particles radius. Scanning electron microscopy (SEM)
revealed shiny nanoparticles of silver cored in PVA with homogeneous
distribution and having an average size of 30 nm as well as the XRD
spectrum that shows cubic center face of silver nanoparticles in the film

and a crystalline peak for PVA reduced by radiation to amorphous phase.

(Muhammad Attique et al.,, 2014) investigated the dosimetric
characterization and spectroscopic study of radiochromic films using
natural dyes as dosimeters. Radiochromic films were prepared with PVA
gel matrix and natural dyes (Turmeric, Walnut and Henna) with three
concentrations, i.e. C;=0.5 g/L, C,=0.25 g/L and C5=0.13 g/L having pH
value of 4 for acidic samples and 10 for alkaline samples. The thickness
of the film was fixed to be 0.05 mm. The behavior of the dyes was
studied on the basis of change in specific absorbance with concentration,
change in specific absorbance with absorbed dose; effect of pH on
specific absorbance, electrical conductivity, molar extinction coefficients,
and percentage discoloration. Absorption spectra for non-irradiated and
y-irradiated films were studied. Amax OF T= 451 nm, for W=340 nm and
for H=320 nm was recorded. Absorbance at each Amax Was found by using
spectrophotometer and specific absorbance was calculated. Response
curve for specific absorbance versus concentration showed linear
behavior for each dye. Plot of specific absorbance versus dose made the
behavior of the dye clear and it was noticed that acidic samples of all the
dye samples worked the best. Maximum degree of discoloration in the

Turmeric, Walnut and Henna dye films was observed to be 94%, 51.5%
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and 93.7% respectively. XRD analysis was performed and it was found
that for Turmeric, %age crystallanity as well as C.I decreased while for
Walnut and Henna both factors increased. Moreover, mechanical
properties of dye films were studied which showed that due to irradiation
some changes had occurred in the crystal structure which is the major
reason of discoloration of the dye films.

(Zidan, 1999) prepared Polyvinyl alcohol films, with various AgNOs3;
filler mass fractions ( < 5%). The structural and morphological variations
due to filling and UV-irradiation were investigated using differential
scanning calorimetry (DSC), UV-Vis optical absorption spectroscopy, X-
ray diffraction and scanning electron microscopy (SEM). Two different
crystalline phases (one is due to the PVA matrix and the other is
attributed to the PVA/Ag+ chelates) were detected besides the PVA
amorphous phase, for the non-irradiated and the UV-irradiated (for 2, 4
and 6 h) films as shown in figures (2.19), (2.20) and (2.21).

PVA + ANO3 %

Absorpance
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Figure (2.19): UV/Vis optical absorption spectra after IT 2 h for film of
AgNO; filled with PVA system.
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Figure (2.20): UV/Vis optical absorption spectra after IT 4 h for film of
AgNO:; filled with PVA system.
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Figure (2.21): UV/Vis optical absorption spectra after IT 6 h for film of
AgNO; filled with PVA system.

The PVA-Ag+ chelates disappeared at 2 h UV-irradiation implying that

the structural morphology changes vastly due to the changes in filling

level and/or UV-irradiation time. The observed morphological patterns

were discussed.
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(Abdo Mohd et al., 2014) prepared polyaniline (PANI) and nickel (Ni)
nanoparticles embedded in polyvinyl alcohol (PVA) film matrix using
gamma radiolytic method. The mechanism of formation of PANI and Ni
nanoparticles were proposed via oxidation of aniline and reduction of Ni
ions, respectively. The effects of dose and Ni ions concentration on
structural, optical, and electrical properties of the final PVA/PANI/NI
nanocomposites films were carefully examined. The structural and
morphological studies showed the presence of PANI with irregular
granular microstructure and Ni nanoparticles with spherical shape and
diameter less than 60 nm. The average particle size of Ni nanoparticles
decreased with increasing dose and decreasing of precursor concentration
due to increase of nucleation process over aggregation process during
gamma irradiation. The optical absorption spectra showed that the
absorption peak of Ni nanoparticles at about 390 nm shifted to lower
wavelength and the absorbance increased with increasing dose. The
formation of PANI was also revealed at 730 nm absorption peak with the
absorbance increasing by the increase of dose. The electrical conductivity
increased with increasing of dose and chlorine concentration due to
number of polarons formation increase in the PVA/PANI/NI
nanocomposites. Optical absorption spectra showed a blue shift of the
absorption peak of Ni nanoparticles due to decreasing particle size with
increasing of dose. The optical band gap of PANI decreased with
increasing of dose and chlorine concentration. Moreover, the absorbance
of both PANI and Ni nanoparticles increased with dose due to increase of
polarons and Ni nanoparticles formation. Finally, the electrical
conductivity of the nanocomposites increased with the increase of dose
and chlorine concentration corresponds to the increased amount of
polarons.

(Mutahir et al., 2011) stated the International Commission of
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Radiological Units (ICRU) sets a tolerance of £5 % on dose delivery,
with more recent data limiting the overall tolerances to £3 %. One of the
best methods for accurate dose delivery and quality check is in vivo
dosimetry, while radiotherapy is performed. This study was carried out to
test the applicability of diodes for performing in vivo entrance dose
measurements in external photon beam radiotherapy for pelvic tumors
and its implementation as quality assurance tool in radiotherapy. During
November 2007 to December 2009, in 300 patients who received pelvic
radiotherapy on a multileaf-collimator-assisted linear accelerator, the
central axis dose was measured by in vivo dosimetry by p-Si diodes.
Entrance dose measurements were taken by diodes and were compared
with the prescribed dose. Totally 1000 calculations were performed, the
mean and standard deviation between measured and prescribed dose was
1.26 + 2.8 %. In 938 measurements (93.8 %), the deviation was <5 %
(1.36 £ 2.9%); in 62 measurements (6.2 %) the mean deviation was >5 %
(5.51 + 2.3 %). Larger variations were seen in lateral and oblique fields
more than anteroposterior fields. For larger deviations, patients and diode
positional errors were found to be the common factors alone or in
combination with other factors. After additional corrections, repeated
measurements were achieved within tolerance levels. This study showed
that diode-detector-based in vivo dosimetry was simple, cost—effective,
provides quick results and can serve as a useful quality assurance tool in
radiotherapy. The data acquired in this study can be used for evaluating
output calibration of therapy machine, precision of calculations,
effectiveness of treatment plan and patient setup.

(Farhat et al., 2011) measured the entrance and exit dose for patient
treated for head and neck tumors. The target absorbed dose was
determined from the exit and entrance dose measurement. Twenty

patients were evaluated. The results were compared to the calculated
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values and the midline dose was determinate and compared with the
prescribed dose. 80 entrance doses and 80 exit doses measurements were
performed. The average difference from expected values was 1.93% for
entrance dose (SD 1.92%) and 0.34% for exit dose (SD 4.1%). The target
absorbed dose differed from prescribed dose values by 2.94% (1.97%)
for the results using the Noél method and 3.34% (SD: 2.29%) with the
Rizzotti method. The total uncertainty budget in the measurement of the
absorbed entrance and exit dose with diode, including diode reading,
correction factors and diode calibration coefficient, is determined as
3.02%. Simple in vivo dose measurements are an additional safeguard
against major setup errors and calculation or transcription errors that
were missed during pre-treatment chart check.

(Mohammed et al., 2011) prepared PVA/Ag nanoparticles composites
films by using in situ irradiation doping technique up to 50 KGy. The
effect of radiation upon the composites resulted in reducing the silver
ions into black metallic silver, so the general film color changed from
white to golden-yellow then black color at 50 KGy as shown in figures
(2.22) and (2.23).

00.0 kGy
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40.0 kGy
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Figure (2.22): The color change of PANI nanoparticles polymerized by radiation
doping at different doses in PVA blend for 28.6%-AniHCI monomer. The picture of
the un-irradiated film was taken on a white background.
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PVA+ 0.07g Ag*at
0 kGy

PVA+ 0.07g Ag* at
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Figure (2.23): The color change to golden yellow of irradiated
PVA/AgNO; composites due to reduction of AQNO; to Ag*
nanoparticles induced by y-rays. The picture of the un-irradiated film
was taken on a white background.

The UV-visible spectroscopy revealed an absorbance band peaking at
425 nm which was increased exponentially with dose increment. The
study of UV-spectrogram revealed that the maximum absorbance Amax
increased following the particles radius. Scanning electron Microscopy
(SEM) revealed shiny nanoparticles of silver cored in Polyvinyl-
alcohol PVA with homogeneous distribution and having an average
size of 30 nm as well as the XRD spectrum that showed cubic center
face of silver nanoparticles in the film and a crystalline peak for PVA

reduced by radiation to amorphous phase.
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(Ramnani et al., 2007) synthesized Silver clusters on SiO, support
using ®°Co gamma radiation, the irradiation of Ag* in aqueous
suspension of SiO, in the presence of 0.2 moldm_3 isopropanol
resulted in the formation of yellow suspension. The absorption
spectrum showed a band at 408 nm corresponding to typical
characteristic surface Plasmon resonance of Ag nanoparticles. The
effect of Ag* concentration on the formation of Ag cluster indicated
that the size of Ag clusters vary with Ag* concentration, which was
varied from 4-10-4 to 5-10-3 moldm-3. The results showed that Ag
clusters are stable in the pH range of 2-9 and start agglomerating in
the alkaline region at pH above 9. The effect of radiation dose rate and
ratio of Ag*/SiO; on the formation of Ag clusters have also been
investigated. The prepared clusters have been characterized by X-ray
diffraction (XRD) and transmission electron microscopy (TEM),
which showed the particle size of Ag clusters to be in the range of 10—

20 nm, as shown in figure (2.24).
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Figure (2.24): UV spectra with various radiation doses (a) 0 kGy, (b)
0.12 kGy, ( ¢) 0.24 kGy, (d) 0.36kGy, (e) 0.54 kGy, (f) 0.66 kGy, (g)
0.72 kGy and (h) 0.78 kGy.
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Chapter Three
Materials and Methodology

3.1Materials
3.1.1 Polyvinyl Alcohol (PVA)

Polyvinyl alcohol powder supplied by TECHNO PHARMCHEM (Mol.
wt = 85000 to 124000 g/mol, Degree of hydrolysis 86-89%).

H OH
I

E
H H

Figure (3.1): Polyvinyl alcohol used in this study and its monomer.

3.1.2 Silver Nitrate (AgNOs3)

Silver nitrate chemical compound (in powder) supplied by laboratory
reagents and fine chemicals Ltd, sensitive to sun light in photographic
films.

3.1.3 Other Experimental Tools

Distilled water, volumetric flask, Petri dish, beakers, bottles and cutter.

Figure (3.2): Various tools used during films preparation.
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3.1.4 %9Co Teletherapy Unit

TERABALT radiotherapy unit type 80/100 containing a powerful gamma
radiation source (Cobalt-60 isotope) has been used for samples
irradiation. General cobalt-60 teletherapy unit specifications are briefly

discussed below.
3.1.4.1 The Source

The ®°Co source is produced by irradiating ordinary stable >°Co with
neutron in a reactor. The nuclear reaction can be represented by *°Co
(n,y) %°Co. The ®°Co source, usually in the form of a solid cylinder disc or
pallets, is contained inside stainless capsule and sealed by welding. The
double welded seal is necessary to prevent any leakage of the radioactive
material. The ®°Co source decay to ®°Ni with the emission of B particles
(Emax = 0.32 Mev) and two photons per disintegration of energies 1.17
and 1.33 Mev, these two photons constitute the useful treatment beam.
The B particles are absorbed in the cobalt metal and the stainless-steel
capsules resulting in the emission of Bremsstrlung X-ray and small
amount of characteristic X-ray. A typical teletherapy ®°Co source is a
cylinder of diameter ranging from 1.0 to 2.0 cm and is positioned in the
cobalt unit with its circular end facing the patient. The fact that the
radiation source is not a point source complicates the beam geometry and
gives rise to what is known as the geometric penumbra.

3.1.4.2 Source Housing

The housing for the source is called the source head figure (3.3). It
consists of a steel shell filled with lead for shielding purposes and a
device for bringing the source in front of an opening in the head from
which the useful beam emerges. Also, a heavy metal alloy sleeve is
provided to form an additional primary shield when the source is in the

OFF position. A number of methods have been developed for moving the
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source from the off position to the on position. These methods have been
discussed in detail by (Johns and Cunningham, 2010). It will suffice here
to mention briefly four different mechanisms: (a) the source mounted on
a rotating wheel inside the source head to carry the source from the OFF
position to the ON position; (b) the source mounted on a heavy metal
drawer plus its ability to slide horizontally through a hole running
through the source head, in the ON position the source faces the aperture
for the treatment beam and in the OFF position the source moves to its
shielded location and a light source mounted on the same drawer
occupies the ON position of the source; (c) mercury is allowed to flow
into the space immediately below the source to shut off the beam; and (d)
the source is fixed in front of the aperture and the beam can be turned
ON and OFF by a shutter consisting of heavy metal jaws. All of the
above mechanisms incorporate a safety feature in which the source is

returned automatically to the OFF position in case of a power failure.

= |

Figure (3.3): The cobalt-60 machine that used to irradiate the films in
this study.
3.1.4.3 Beam Collimation
A collimator system is designed to vary the size and shape of the beam to

meet the individual treatment requirements. The simplest form of a
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continuously adjustable diaphragm consists of two pairs of heavy metal
blocks. Each pair can be moved independently to obtain a square or a
rectangle-shaped field. Some collimators are multivane type, i.e.,multiple
blocks to control the size of the beam.

3.1.5 UV-Visible Spectroscopy

UV-visible spectrophotometer Model V-650 UV/VIS/NIR was used to
measure the absorption spectra. The instrument is specified by its
resolution value of 0.1 nm and wavelength accuracy + 0.30 nm (at a
spectral bandwidth of 0.5 nm) in the UV/Vis region. Single
monochromatic, UV/Vis region 1200 lines/mm plane grating, NIR region

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

Figure (3.4): The UV- Visible spectrophotometer used in this stu.dy.

3.1.6 Sensitive Balance

Sensitive balance model ABT-220 — 4M was used to measure the weight
of PVA and AgNQOs; to determine the concentrations (wt%) of PVA and
AgNOs; in the PVA/ AgNO; Films.
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Figure (3.5): The sensitive balance used in this study.

3.1.7 Data Logger

Data logger model PRHTemp 2000 was used to measure the temperature,
humidity and atmospheric pressure during the synthesis of the
PVA/AgNO; films.

Figure (3.6): The data logger instrument used in this study.
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3.1.8 Magnetic Stirrer

Figure (3.7): The magnetic stirrer instrument used in this study.

3.1.9 Micrometer

Micrometer model 99MAAO001M was used to measure the thickness of
PVA/AgNO; films.

T
f & '

Figure (3.8): The micrometer Instrument used in this study.
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3.1.10 Optical Density and Image J Software

PVA/AgNO; films with different concentrations were analyzed using a
personal computer desktop scanner HP DeskJet2600 and imageJ software
on a personal computer workstation 24 hours after irradiation. Images
produced were 16 bit RGB color images, the total optical densities of the
films were measured and fogs were subtracted to obtain the optical
density of each irradiated film. From these results a graph representing
the optical density versus applied radiation doses was produced using
excel sheet and origin lab software as indicated in the result section. To
overcome problems related to scanner homogeneity, the polymer’s films
were each scanned in identical position at the center of the HP scanner

with a control film.

Fildit Image Process Analyze Plugins Window Help
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Figure (3.9): The interface of an ImageJ software.

3.1.11 Scanner

HP DeskJet 2600 has been used to scan all polymers films that needed

for the optical density in this thesis.
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Figure (3.10): The scanner machine used in this study.

3.1.12 lonization Chamber

PTWFarmer ionization Model N30013 Waterproof was used in radiation

dose measurements.

Figure (3.11): The ionization chamber used in this study.

3.1.13 Solid Water Phantom

Solid water phantom 30 cm x 30 cm x 30 cm was used for radiation dose
determination.
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Figure (3.12): The phantom used in this study.

3.1.14 Treatment Planning System (TPS)

Treatment planning system for Radiotherapy PlanW2000 was used for
doing plans using Source Axial Distance technique (SAD), with Gantry
angle at 0° collimator angle 0° Source Surface Distance (SSD) 95cm,

field size 10x10 cm?.

Pt —

Figure (3.13): The interface of the TPS (PlanW200) used in this study.
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3.1.15 TGA and DSC

Simultaneous thermal analysis TGA/DSC apparatus model NETZSCH
STA 449 F3 was used in this study. Thermal experiments were carried

out on all samples at a heating rate of 10 K/min with nitrogen as a carrier

3

gas at a flow rate of 20 ml/min.

\

Figure (3.14): The apparatus used for thermal analysis in this study.
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3.1.16 Structural Analysis: X-ray Diffraction (XRD)

The XRD pattern and crystalline structure of the prepared samples were

determined from X-ray Diffractometer model explorer from GNR

analytical instruments group equipped with Cu K, as radiation source (A
= 1.54A).

Figure (3.15): The XRD apparatus used for structural analysis in this
study.
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3.2Methodology
3.2.1 Preparation of PVA/AgNO3; Composite Films

The PVA stock was supplied by TECHNO PHARMCHEM (Mol. wt =
85000 to 124000 g/mol Degree of hydrolysis 86-89%). The PVA/AgNO;
films were made using solvent casting technique with four concentrations
of AgNQOs; i.e. [C; =5 wt% Ag], [C. = 10 wt% Ag], [Cs = 15 wt% Ag]
and [C4 = 20 wt% Ag] by dissolving each concentration of PVA powder
in 100 ml distilled water at room temperature on a beaker. Solutions were
magnetically stirred at room temperature for 3 hours then poured in a
Petri-dish to form films by casting method in a dark room. Films were
left to dry at ambient temperature at least 2 days, the ambient condition
was measured using data logger [Temperature = 24.1 °C, Humidity =
28.5%, atmospheric pressure = 961 mBar]. Films were peeled off the
Petri-dish, cut into small films 2x2 cm (suitable for measurements),

loaded in sealed dark dental film envelopes. Thicknesses of the films

were measured using a micrometer.

Figure (3.16): Some tools used during PVA/AgNO; synthesis.
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Figure (3.17): The dissolution of PVA/AgNOs in distilled water using

magnetic stirrer and a hotplate.

3.2.2 Irradiation of Film Samples

TERABALT Cobalt-60 unit was used for samples irradiation. Different
radiation doses which were specify with treatment planning system (TPS)
Planw2000 (0 Gy, 5 Gy and 10 Gy) at Surface Source Distance (SSD)
95cm, field Size (FS) 10 x10 cm?, Gantry angle 0° Collimator angle 0°.
The films were placed in the center of the field size. ®°Co y-rays
irradiation facility (TERABALT - radiotherapy cobalt unit type 80 —
model SCS, UJP PRAHA, CZECH REPUBLIC) from National Cancer
Institute, University of Gazira, Wad-Madani, Sudan was used in this
study.

3.2.3 Films Characterization and Data Analysis

All samples of PVA/AgNO; composites were analyzed using XRF, UV-
Vis spectrophotometer, X-ray diffraction analysis (XRD), Differential
scanning calorimetry (DSC) and Thermogravimetric analysis (TGA).
Graphs were produced and analyzed using Microsoft Excel sheet and
Origin Lab software.

3.2.4 Data Storage

Personal computer PC was used for storing all data produced during this

study.

69



Chapter Four: Results

In the following chapter the experimental results of the prepared
PVA\AgNO; composite films and their characterizations after gamma

irradiation are presented.
4.1 Color Formation Change

0 Gy

5 Gy

10 Gy

Figure (4.1): The change in PVA/AgNO; films color intensity due to
irradiation with y-ray doses.

4.2 X-ray Fluorescence (XRF) Measurements

XRF was used to validate the intensity of AglLa characteristic X-ray line
dependence on the AgNO3 concentration in the PVA/AgNO3; composite

films.

Table (4.1): Shows the intensity of AgLa characteristic X-ray line for
PVA/AgNOQO; films irradiated with Gamma doses of (0, 5 and 10) Gy.

AgNO; Intensity of AgLa line | Intensity of AglLa Intensity of AglLa
Concentration in (PPT) for non- line in (PPT) for line in (PPT) for
ONCENtrAtion | rradiated (0 Gy) | PVAJ/AGNO: films | PVA/AgNO; films
PVA/AgNQO; films. | irradiated with 5 Gy. | irradiated with 10
Gy.
5.0wt % 958.0 952.3 945.0
10 wt % 965.2 958.3 949.1
15wt % 972.4 966.1 959.8
20 wt % 978.8 972.3 963.4
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Figure (4.2): Dependence of the intensity in part per thousand (PPT) of
AgLo characteristic X-ray line on AgNO; concentration for non-
irradiated and Gamma- irradiated PVA/AgNOs films.
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Figure (4.3): Correlation between intensity in part per thousand (PPT) of
AgLa characteristic X-ray line and AgNO; concentration for non-
irradiated PVA/AgNOs films.
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Figure (4.4): Correlation between intensity in part per thousand (PPT) of
AglLa characteristic X-ray line and AgNO; concentration for
PVA/AgNQ:s films irradiated with 5 Gy.
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Figure (4.5): Correlation between intensity in part per thousand (PPT) of
AgLa characteristic X-ray line and AgNO; concentration for
PVA/AgNQO:s films irradiated with 10 Gy.
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4.3UV- Visible Spectroscopy Measurements

The absorption spectra in ultraviolet and visible regions (UV-Vis) arise
from the electronic transitions in the molecules. The electronic absorption
spectra of the non-irradiated and gamma-irradiated PVA/AgNO; films
were measured in the wavelength range of 200-1100 nm; using a non-
irradiated PVA/AgNO; film as reference.

4.3.1 Effects of AgNOz Addition on the UV-Vis Spectrum of PVA

Matrix
4.5
5 wt% Ag
10 wt% Ag
4.0 15 wt% Ag
20 wt% Ag
3.5
O Gy
S 3.0
| e
[3+]
= 25
o
w
= 20
1.5
1.0
0-5 T T T T T
200 400 600 800 1000

Wavelength (nm)

Figure (4.6): UV-visible absorption spectra of PVA/Ag composite films
doped with different AgNOs concentrations non-irradiated (0 Gy).
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Figure (4.7): UV-visible absorption spectra of PVA/Ag composite films
doped with different AgNOs concentrations, gamma-irradiated at 5 Gy.
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Figure (4.8): UV-visible absorption spectra of PVA/Ag composite films
doped with different AgNOs concentrations, gamma-irradiated at 10 Gy.

4.3.2 Effects of Gamma-Irradiation on the UV-Visible Spectra of
PVA/AgNO;

When PVA/AgNOs films are subjected to vy-irradiation, the optical

properties are the net result of the electronic transition of the two

materials. Figures (4.9 through 4.12) show UV-visible absorption

spectra of PVA filled with (5, 10, 15 and 20) wt% of AgNOs irradiated

with different gamma ray doses of (0, 5 and 10) Gy.
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Figure (4.9): UV-Visible absorption spectra of gamma-irradiated
PVA/AgNO3; samples with 5.0 wt% Ag.
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Figure (4.10): UV-Visible absorption spectra of gamma-irradiated
PVA/AgNO; samples with 10 wt% Ag.
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Figure (4.11): UV-Visible absorption spectra of gamma-irradiated
PVA/AgNO; samples with 15 wt% Ag.
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Figure (4.12): UV-Visible absorption spectra of gamma-irradiated
PVA/AgNO; samples with 20 wt% Ag.
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4.3.3 Specific Absorbance (A) and Absorption Coefficient (a)

Table (4.2): The specific absorbance values for PVA/AgNO; films with
different concentrations of AgNOs irradiated with y-radiation doses of (0,
5and 10) Gy.

Specific Absorbance

Specific Absorbance

Specific Absorbance

AGNOs for PVA/AgNO3 for PVA/AgNO3 for PVA/AgNO3
Concentration | films non- irradiated | films irradiated with | films irradiated with
(0 Gy). 5 Gy. 10 Gy.
5.0 wt % 2.88 35 3.25
10 wt % 3.43 3.6 3.74
15wt % 3.3 3.44 3.73
20 wt % 3.12 3.45 3.26
3.75 . m  Specific Absorbance for 10 wt % Ag sample
' Linear Fit, y = 3.435+0.031x, R°= 0.99378
3.70
<
8 3.65 -
&
2 3.60
a
% 3.55
g-’_ 3.50
w

3.45 -

3.40

4 6 8

Dose (Gy)

10

Figure (4.13): Correlation between specific absorbance and radiation
dose of gamma-irradiated PVA/AgNO3; sample with 10 wt % Ag as an
example.
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Table (4.3): The thickness of PVA/AgNO; films measured using a

micrometer.

Average thickness = 0.11 mm =110 pm.

Thickness in (mm)

Thickness in (mm)

Thickness in (mm)

AgNOs for PVA/AgNO; for PVAIAGNO; | for PVA/AgNO;
Concentration | films non-irradiated | films irradiated with films irradiated
(0 Gy). 5 Gy. with 10 Gy.
5.0 wt % 0.09 0.12 0.09
10 wt % 0.12 0.10 0.11
15 wt % 0.10 0.11 0.09
20 wt % 0.09 0.09 0.10

Table (4.4): The absorption coefficients values of the PVA/Ag films
with different concentration of AgNQO; irradiated with radiation doses of
(0, 5and 10) Gy.

Absorption Absorption Absorption
AgNO; Coefficients Coefficients Coefficients
Concentration | for PVA/AgNO; films | for PVA/AgNOs for PVA/AgNO;
non-irradiated (O films irradiated with | films irradiated with

Gy). 5 Gy. 10 Gy.
50wt % 0.060 0.0733 0.068
10 wt % 0.0718 0.0754 0.0783
15 wt % 0.069 0.072 0.078
20 wt % 0.0653 0.0722 0.0683
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Figure (4.14): Correlation between absorption coefficient and radiation
dose of gamma-irradiated PVA/AgNO3; sample with 10 wt % Ag as an
example.

4.3.4 Particle Size
Particle size in the composite films was calculated using the equation
below

D = 2hve (4.1)
FWHM

Where: h is Plank’s constant, v¢ = 1.39 x10° ms™ is Fermi velocity of
electron in bulk silver. FWHM is the full width at half maximum of
surface Plasmon resonance (SPR) band.

Table (4.5) Dependence of particle size in PVA matrix on gamma-
irradiation dose for PVA/AgNO; samples with different concentrations.

Particle Size of Particle Size of Particle Size of
AgNO; PVA/AgNO:s films non- PVA/AgNO:s films PVA/AgNO:s films
) irradiated (0 Gy). irradiated with 5 Gy. irradiated with 10 Gy.
Concentration
5.0 wt % 8.672 9.58 10.14
10 wt % 11.157 10.241 11.373
15 wt % 11.654 10.337 11.249
20 wt % 11.934 10.456 12.447
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Figure (4.15): Correlation between Ag particle size and AgNO3
concentration for sample irradiated with 5 Gy as an example.
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Figure (4.16): Correlation between Ag particle size and AgNO3
concentration for non-irradiated and y-irradiated samples.

80



4.3.5 Calculation of the Optical Band Gap of PVA/Ag
Nanocomposite
The optical band gap (Eg) has been estimated from absorption coefficient

data as a function of wavelength by using Tauc relation.

ahv = A(hv — Eg)" (4.2)

Where: a is the absorption coefficient, hv is the photon energy, Eq is the
optical energy gap, A is a constant known as the disorder parameter also
known as band tailing parameter which is nearly independent of the
photon energy and r is the parameter measuring the type of transition

which take values of 1/2 for direct band gap and 2 for indirect band gap.

It is well known that Ag has a direct band gap semiconductor. The direct
band gap value was estimated from the plots of (ahv)? versus hv. The
energy gap was calculated by extrapolating of the straight portion in
Figure (4.17) to hv axis i.e. at o = 0 for 10 wt% of 10 Gy sample, as an

example. The calculated values of the band gap are listed in Table (4.6).

Table (4.6): The optical band gaps of PVA/Ag nanocomposites prepared
with different concentrations and gamma-irradiation doses.

Energy gap (eV)
Non-irradiated films | Films irradiated with | Films irradiated with
Dose (Gy) (0 Gy). 5 Gy. 10 Gy.
5.0 wt % 3.72 3.36 3.4
10 wt % 3.658 3.17 3.26
15 wt % 3.57 3.16 3.37
20 wt % 3.52 3.19 3.56
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Figure (4.17): Relation between (ahv)2 and photon energy (hv) for
PVA/Ag of 10 wt% Ag irradiated with 10 Gy as an example on (Ey)
estimation process.
4.3.6 Extinction Coefficient (K)
Also known as the attenuation coefficient was calculated from the

absorption coefficient using the equation below:

K=2 (4.3)

41T

Where: a is the absorption coefficient and A is the wavelength.
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Figure (4.18): Extinction Coefficient of PVA/Ag composite films doped
with different AQNO3 concentrations non-irradiated (0 Gy).
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Figure (4.19): Extinction Coefficient of PVA/Ag composite films
doped with different AQNO3; concentrations Gamma-irradiated at 5 Gy.
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Figure (4.20): Extinction Coefficient of PVA/Ag Composite films
doped with different AgNO3 concentrations Gamma-irradiated at 10 Gy.
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Figure (4.21): The Extinction Coefficient of PVA/Ag composite films
doped with 10 wt % Ag concentration Gamma-irradiated at 10 Gy as an
example.
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4.3.7 Refractive Index (n)

Refractive Index was calculated from the absorbance and transmittance

using the equations below:

1 1
n=—+ (4.4)
T, = 1004 x 100 (4.5)
Where: T; is the percentage transmittance and A is the absorbance.
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Figure (4.22): Refractive Index of PVA/Ag composite films doped with
different AGNOs3 concentrations non-irradiated (0 Gy).
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Figure (4.23): Refractive Index of PVA/Ag Composite films doped
with different AgQNOj3 concentrations Gamma-irradiated at 5 Gy.
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Figure (4.24): Refractive Index of PVA/Ag Composite films doped
with different AgQNO; concentrations Gamma-irradiated at 10 Gy.
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Figure (4.25): Refractive Index of PVA/Ag composite film doped with
10 wt % Ag concentration Gamma-irradiated at 10 Gy as an example.

4.3.8 Optical Conductivity (6oy)

Optical conductivity was calculated from the absorption coefficient using

the equations below:

anc

Oopt = o (4.6)

Where: a is the absorption coefficient, n is the refractive index and c is

the speed of light in vacuum.
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Figure (4.26): Optical conductivity of PVA/Ag composite films doped
with different AQNO3 concentrations non-irradiated (0 Gy).
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Figure (4.27): Optical conductivity of PVA/Ag composite films doped
with different AgNO; concentrations Gamma-irradiated at 5 Gy.
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Figure (4.28): Optical conductivity of PVA/Ag composite films doped
with different AQNO3 concentrations Gamma-irradiated at 10 Gy
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Figure (4.29): Optical conductivity of PVA/Ag composite film doped
with 10 wt % Ag concentration Gamma-irradiated at 10 Gy as an
example.
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4.3.9 Dielectric Constant (¢)

4.3.9.1 Real Part of Dielectric Constant (er)
The real part of dielectric constant was calculated from the refractive
index and the extinction coefficient using the equation below:

g, = n? — K? (4.7)
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Figure (4.30): Real Part of Dielectric Constant of PVA/Ag composite
films doped with different AQNO3 concentrations non-irradiated (0 Gy).
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Figure (4.31): Real Part of Dielectric Constant of PVA/Ag composite
films doped with different AGNOj3 concentrations Gamma-irradiated at 5
Gy.
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Figure (4.32): Real Part of Dielectric Constant of PVA/Ag composite
films doped with different AQNO; concentrations Gamma-irradiated at
10 Gy.
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Figure (4.33): Real Part of Dielectric Constant of PVA/Ag composite
film doped with 10 wt % Ag concentration Gamma-irradiated at 10 Gy as
an example.
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4.3.9.2 Imaginary Part of Dielectric Constant (s;)
The Imaginary part of dielectric constant was calculated from the
refractive index and the extinction coefficient using the equation below:

g = 2nk (4.8)
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Figure (4.34): Imaginary Part of Dielectric Constant of PVA/Ag
composite films doped with different AgNO3 concentrations non-
irradiated (0 Gy).
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Figure (4.35): Imaginary Part of Dielectric Constant of PVA/Ag
composite films doped with different AgNO3; concentrations Gamma-

irradiated at 5 Gy.
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Figure (4.36): Imaginary Part of Dielectric Constant of PVA/Ag
composite films doped with different AQNO3 concentrations Gamma-
irradiated at 10 Gy.
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Figure (4.37): Imaginary Part of Dielectric Constant of PVA/Ag
composite film doped with 10 wt % Ag concentration Gamma-irradiated
at 10 Gy as an example.
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4.4 X-ray Diffraction (XRD) Measurements

The crystallography of the produced composite films is characterized by

powder x-ray diffraction in the 26 range of 10° to 90° using a GNR

analytical instruments group apparatus x-ray diffractometer (Explorer

model) with Cu Ka radiation (1 = 0.1542 nm).

4.4.1 Effects of AQNOs Addition on the XRD Diffraction Patterns

0 Gy non-irradiated samples

— 20 % wt Ag
— 15 % wt Ag
— 10 % wt Ag

20 (Degree)

I
10 20 30 40 50 60

Figure (4.38): Diffraction patterns of PVA/Ag composite films doped
with different AgNOs concentrations non-irradiated (0 Gy).




2000 ~ 5 Gy irradiated samples 20 % wt Ag
— 15 % wt Ag

—— 10 % wt Ag

1800

1600
1400

1200

1000
800 — J\’\NM

Intencity (counts)

600

400 +

200

0 4

T T T T T T T T

T
10 20 30 40 50 60 70 80 90
20 (Degree)

Figure (4.39): Diffraction patterns of PVA/Ag composite films doped
with different AgNOs concentrations irradiated at 5 Gy.
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Figure (4.40): Diffraction patterns of PVA/Ag composite films doped
with different AgNOs concentrations irradiated at 10 Gy.
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4.4.2 Effects of y-Irradiation on the XRD Diffraction Patterns
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Figure (4.41): Diffraction patterns of non-irradiated and gamma-

irradiated PVA/AgNO; samples with 10 wt% Ag concentration.
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Figure (4.42): Diffraction patterns of non-irradiated and gamma-

irradiated PVA/AgNO; samples with 15 wt% Ag concentration.
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Figure (4.43): Diffraction patterns of non-irradiated and gamma-
irradiated PVA/AgNO3 samples with 20 wt% Ag concentration.

4.4.3 Particle Size Estimation Using Scherer Formula

Table (4.7): Particle size in PVA matrix after gamma-irradiation for
PVA/AgNO; samples with different concentrations.

AgNO;

Concentration

Particle Size of
PVA/AgNQO; films
non-irradiated (0 Gy).

Particle Size of
PVA/AgNO; films
irradiated with 5 Gy.

Particle Size of
PVA/AgNQO; films
irradiated with 10

Gy.
10 wt % 12.117 11.041 13.174
15wt % 12.65 11.239 13.480
20 wt % 12.977 11.776 13.947
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4.4.4 Degree Of Crystallinity (DOC)

Table (4.8): DOC in PVA matrix after gamma-irradiation for
PVA/AgNO; samples with different concentrations.

AgNO;

Concentration

DOC for
PVA/AgGNO; films
non-irradiated (0 Gy).

DOC for
PVA/AgNO; films
irradiated with 5 Gy.

DOC for
PVA/AgNO; films
irradiated with 10

Gy.
10 wt % 21.75 % 15.03 % 13.43 %
15 wt % 15.30 % 12.10 % 11.77 %
20 wt % 13.70 % 10.69 % 10.35 %

4.4.5 Interplaner Distance (d)

Table (4.9): Distances in PVA matrix after gamma-irradiation for
PVA/AgNO3; samples with different concentrations.

For PVA/AgNO; For PVA/AgNO; For PVA/AgNO;
AgNO; films non-irradiated | films irradiated with | films irradiated with
Concentration O 6y). > Gy, 10Gy.
10 wt % 4.5132 4.563 4.507
15 wt % 4.521 4.565 4.512
20 wt % 4.605 4.569 4.542

4.5 Thermogravimetric Analysis (TGA) Measurements

In the present study the PVA/AgNO; films with different concentrations
of AgNOQOs (i.e. 10 and 20) wt% were prepared by casting method and the
reduction of Ag® ions in PVA/AgNO; films was done via gamma

irradiation with different doses i.e. (0, 5,and 10) Gy.
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Figure (4.44): TGA and DTGA Thermograms measured in the
temperature range from room temperature up to 1000 °C at a heating rate
of 10 °C min for the 10 wt% AgNO; non-irradiated PVA/AgNO;
composite.
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Figure (4.45): TGA and DTGA Thermograms measured in the
temperature range from room temperature up to 1000 °C at a heating rate
of 10 °C min for the 10 wt% AgNO3, 5 Gy irradiated PVA/AgNO3

composite.

99



[1]1 S$.100.2021.2.ngb-ss3 DTG /(%/min)
TG % D}'g Temp. °C
Temp. Sample-.s - 10 Gray - 10%
|
100 {+ L4
Socdowtlckl 1000
Mid: 319.9°C
- i 2
Mass (_I_ﬂg_‘ 77.03 % | 800
0

et A o S SN, Sov A Ny Sy ey RAN Y -y \‘A—u’-‘i

]
60 1 Mass Cl!;—ll!.’l}%_ ;_Cﬂ; 12 j», | _2 B 600
40 --4 400
- -6
20 - 200
— - -8
Peak: 314.3°C, -7.84 S/min Residual Mass: 686 % (1089.87C) L0
0 20 40 60 80 100
Time /min
Figure (4.46): TGA and DTGA Thermograms measured in the
temperature range from room temperature up to 1000 °C at a heating rate
of 10 °C min! for the 10 wt% AgNQO3, 10 Gy irradiated PVA/AgNO;
composite.
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Figure (4.47): TGA and DTGA Thermograms measured in the
temperature range from room temperature up to 1000 °C at a heating rate
of 10 °C min! for the 20 wt% AgNO; non-irradiated PVA/AgNO;

composite.
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Figure (4.48): TGA and DTGA Thermograms measured in the
temperature range from room temperature up to 1000 °C at a heating rate
of 10 °C min for the 20 wt% AgNO3, 5 Gy irradiated PVA/AgNO;

composite.
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Figure (4.49): TGA and DTGA Thermograms measured in the
temperature range from room temperature up to 1000 °C at a heating rate
of 10 °C min! for the 20 wt% AgNO3, 10 Gy irradiated PVA/AgNO;

composite.
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Figure (4.50): Combined TGA and DTG Thermograms measured in the
temperature range from room temperature up to 1000 °C at a heating rate
of 10 °C min! for the 20 wt% AgNO3, non-irradiated, 5 Gy and 10 Gy
irradiated PVA/AgNO3; composites.
4.6 Differential Scanning Calorimetry (DSC) Measurement
DSC /((mW/mg) [1] S.100.2021.1.ngb-ss3 Temp. I°C

sample1- 0 gray- 10% Onset: 921.3°C  Peak 9511 °C, 2 657 mWW/myg

1. €50 Temp.
§1]

25

Gass Transioon
201 oreet 105.7°C
Mid M.7c

+ 1000

End 135.0°C
154 DekacCp® I_(I 450 MNg*K) L 800
||
1.0 1
." Onsat 224.1°C 600
0.5 {
f péak 3049 °C, -0.25%6 mwimg
0.0
- 400
0.5 e
Onset 322.9 °C
1.0 S 200
? po— fise Peak: 348.1 °C, -0 8218 mWimg
484
Peak 191.3 °C, 1633 mW/mg )
0 20 40 80 80 100

Time /min

Figure (4.51): DSC Thermograms of the 10 wt% AgNOs3, non-
irradiated PVA/AgNO3; composite.
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Figure (4.52): Combined DSC/DDSC Thermograms of the 10 wt%
AgNOj3, non-irradiated PVA/AgNO3; composites.
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| _ifi»gju‘l:e (4.53): DSC Thermograms of the 10 wt% AgNO3s, 5 Gy
irradiated PVA/AgNO3; composite.
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Figure (4.54): Combined DSC/DDSC Thermograms of the 10 wt%
AgNO;3, 5 Gy irradiated PVA/AgNO3; composites.
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| Flgure (4;55): DSC Thermograms of the 10 wt% AgNOs, 10 Gy
irradiated PVA/AgNO3; composite.
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Figure (4.56): Combined DSC/DDSC Thermograms of the 10 wt%
AgNO;3, 10 Gy irradiated PVA/AgNO3; composites.
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Figure (4.57): DSC Thermograms of the 20 wt% AgNOs3, non- irradiated

PVA/AgNO; composite.
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Figure (4.58): Combined DSC/DDSC Thermograms of the 20 wt%
AgNO;3, non- irradiated PVA/AgNO3; composites.
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Figure (4.59): DSC Thermograms of the 20 wt% AgNOs3, 5 Gy,
irradiated PVA/AgNO; composite.
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Figure (4.60): Combined DSC/DDSC Thermograms of the 20 wt%
AgNO;3, 5 Gy, irradiated PVA/AgNO; composites.
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Figure (4.61): DSC Thermograms of the 20 wt% AgNOs3, 10 Gy,
irradiated PVA/AgNO3; composite.
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Figure (4.62): Combined DSC/DDSC Thermograms of the 20 wt%
AgNO;3, 10 Gy, irradiated PVA/AgNO3; composites.
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Figure (4.63): DDSC Thermograms of the 10 wt% AgNO; for the non-
irradiated, 5 Gy and 10 Gy irradiated PVA/AgNQO3; composites.
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Table (4.10) TGA characteristics of the composite films as function of
irradiation dose.

Concentrations | Samples Stages Tonset (°C) Treak (°C) | M residue %
10 wt% AgNOs | PVA/AgN | 165.7 185.0
O3 (0 Gy)
| 274.8 313.7 10.41
20 wt% AgNOz | PVA/AgN | 174.8 183.4
O3 (0 Gy)
1 264.0 316.4 11.83
10 wt% AgNO3 | 171.6 186.6
PVA/AgN
0s (5Gy) ¥ 283.2 316.5 9.80
20 wt% AgNO3 | PVA/AgN | 177 185.4
O3 (5Gy)
1 277.8 309.2 1.69
10 Wt% AgNOs | PVA/AgN | 169.5 185.1
O3 (10
Gy) I 264.5 314.3 6.86
20 wi% AgNOs | PVA/AgN | 179.4 184.6
Oz (10
Gy) 1 285.3 319.7 17.77

Table (4.11) DSC characteristics of the composite films as function of
irradiation dose.

Concentrations Samples Glass transition Tq ( | Specific heat Melting
°C) [3/(g*K)] point T
(°C)
10 wt% AgNO3 PVA/AgNO; (0 105.7 0.459 304.9
Gy)
20 wt% AgNO3 PVA/AgNO; (0 41.3 0.107 309.3
Gy)
10 wt% AgNO; PVA/AgNO; (5 82.8 0.540 315.9
Gy)
20 wt% AgNO; PVA/AgNO; (5 33.8 0.783 288.9
Gy)
10 wt% AgNO; PVA/AgNO; (10 73.2 0.196 316.3
Gy)
20 wt% AgNO; PVA/AgNO; (10 43.6 0.120 315.4
Gy)
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Chapter Five

Discussion, Conclusion and Recommendations
5.1 Discussion

According to table (4.1) and figure (4.2), the XRF analysis shows that
the concentration of Ag increases upon increasing gamma ray dose from
0 to 5, then to 10 Gy. This may be attributed to the fact that increasing
gamma ray dose may increase ionization of Ag atoms to become positive
ions, which causes them to repel each other. Thus increasing the atomic

spacing and nano size, this in turn decreases Ag concentration.

The UV spectral analysis for Ag in tables (4.2, 4) and figures (4.13, 14),
indicates that the specific absorbance and the absorbance coefficient
increase upon increasing gamma ray dose from 0 to 5, then to 10 Gy.
This may be related to the fact that increasing exposure increases the
ionization of Ag which in turn increases the applied local electric field.
According to Stark effect, this causes the bottom of the conduction band
E. to be shifted by an amount of AE. depending on the orientation of the

local electric field, as shown in the equation below:

E, =E.+ AE, (5-1)
Similar effect applies to the top of the valence band, where
E, =E, + AE, (5-2)
The new energy gap can be written as:
E,/) =E'-E, = E;+(dE.—E,) =E; + AE;, (5-3)
From that we can write:
E,’ = E, — AE, (5-4)

When one takes the minus sign, the new energy gap becomes narrower.

Thus, upon increasing exposure dose the energy gap becomes narrower
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forcing increasing number of electrons to absorb more photons in order

to reach the conduction band. This in turn causes absorbance to increase.

Table (4.5) and figure (4.15) show that the particle size increases upon
increasing gamma ray dose. This may again be attributed to the fact that
the increase of Ag ionization concentration upon the increment of
radiation dose leads to an increase of repulsive force in the system which
In turns increases atomic spacing thus increases the nano particle size.
Table (4.6) shows that the band gap decreases generally when gamma
ray dose was applied, the ionization causes energy splitting which causes
the energy gap to decrease as shown by equation (5-4). The increase of
energy gap can be explained by equation (5-3), where the orientation of

the local electric field sometimes increases the energy.

It is also very interesting to note that table (4-11) shows that upon
increasing the radiation dose the melting point increases. This may be
related to the fact that increasing radiation dose leads to an increment in
the nano size thus the thermal energy gained by each particle distributes
itself on a larger volume, which causes the melting process for larger
particles to require higher temperature. According to table (4.11), a raise
in melting temperature can be observed. This raise in the melting
temperature upon increasing gamma ray dose may be related to the
ionization of the Ag atoms. The melting process needs the vibration
amplitude to be larger so as to force atoms to be separated from each
other during the melting process. In the case of no ionization, the
amplitude can be easily increased by a proper amount of thermal energy.
However, the ionization of the Ag atoms produces repulsive force for the
vibrating atoms or molecules by the surrounding medium. This makes
atoms have smaller amplitude of vibration for a given temperature

compared to the case when no repulsion exists. Thus extra thermal
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energy must be applied to overcome the repulsion and to increase the

amplitude so as to cause melting.

Another explanation of changes in the optical, electrical and thermal
properties upon applying gamma doses can also be based on Ag
deionization, where the exposure of different types and large number of
atoms to gamma rays make them loose electrons and form large huge
number of positive ions that repel each other. Later on, some of these
electrons are captured by Ag positive ions to be transformed to neutral

atoms.

In the present study the PVA/Ag nanocomposite with different contents
of inorganic phase were prepared by reduction of Ag*® ions in PVA
solution using gamma irradiation with different doses. The Ag particle
size was found to be around 12.0 nm based on the UV-Vis spectroscopy
and XRD measurements. Also, the structural studies of the synthesized
PVA/Ag nanocomposites have been carried out through XRD studies.
Further, the dependence of the optical and thermal properties of PVA on
the concentration of the embedded Ag particles was reported. As well,
the effects of y- irradiation have been studied applying UV-Vis
spectroscopy, TGA and DSC techniques.

The observed color change was due to reduction of Ag* ions by the
formed reducing species such as hydrated electron, hydrogen atom
radical (H°) and hydroxyl radical (OH®). UV-Vis spectra of PVA/Ag
films recorded show absorption band peaking at the wavelengths around
230 and 450 nm which are related to criteria of the pure PVA and
PVA/Ag respectively. According to literature, the band at 450 nm could
be attributed to chelate formation of Ag+ coordinated with the hydroxyl
group of PVA (Zidan, 1999) or to silver particle formation (Porel et al.,
2005). The absorption bands increased following the radiation dose
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increment. This enhancement in absorption is found to be in agreement
with the color change of PVA samples.

The changes in the optical band gap value of the PVA films have been
studied using UV-Vis spectroscopy. The value of optical band gap has
been found to be reducing; this decrease in optical band gap can be
correlated to the formation of the charge transfer complexes within the
polymer network on dispersing Ag particles in it. In addition, vy-
irradiation of PVA/Ag samples lead to the formation of Ag nanoparticles,
and chain scission and/or cross-linking in the polymer and consequently
improved optical and electrical properties. These lower values of the
band gap in case of PVA/Ag nanocomposite than that of Ag bulk may be
ascribed to the strong quantum confinement in the nanocomposites; it
may also be attributed to the creation of electronic disorder which
becomes prominent with increasing y-ray doses; in other terms, due to the
photo-degradation of dyed polymer and the formation of defects and

clusters in the material as confirmed by the XRD results.

The spontaneous formation of silver nanoparticles can be attributed to the
direct redo between PVA and Ag* because there is no other reducing
agent in the studied system. Moreover, the increased intensity as well as
the red shift of the SPR band may be attributed to considerable increase
in the amount of reduced silver and growth of silver nanoparticles as
revealed by the UV-Vis results. Moreover, it was also observed from the
XRD results that the addition of AgNO3 has no effect on the crystal type
of the film; which means that it has been uniformly distributed inside the
host polymer (PVA). Also, it is clear that no peaks were observed
corresponding to the AgNOg3 or other impurities indicating the purity
extent of the reduced Ag NPs.
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The change in the refractive index values of the irradiated samples
observed from the UV-Vis results can be attributed to varying electronic
structure and crystallinity induced by gamma irradiation depending upon
whether degradation or cross-linking process is predominant. Also the
increase in the refractive index of the prepared films with irradiation may
be due to ionization or atomic displacements that resulted from gamma
ray collision with the samples, which may change the internal structure in
the polymer films; this degradation process was confirmed by both XRD
and TGA measurements.

XRD results show that with the increase in the applied dose, peaks
intensity tends to slightly decrease, broaden and shift to lower angles
reflecting the fact that the polymer matrix suffers from some kind of
structural rearrangement due to irradiation treatments as confirmed by the
TGA and DSC results. Moreover, particle size slightly increased with
increasing AgNO3; concentration and the combined effect of y-irradiation
dose resulted in increasing particle size as well. These results are in good
agreement with those obtained from UV-visible absorption
measurements.

TGA results revealed the existence of initial scission and the chemical
crosslinking in the samples. The DTG shows that the thermal degradation
runs in two main stages based on the rate of thermal decomposition peaks
which indicates a different degradation pathway according to the AgQNO3
concentration and irradiation dose. At the first stage, the temperature is
below 180 °C due to the moisture evaporation, vaporization of physically
absorbed solvent, the second stage with more rapid weight loss is
attributed to the degradation reaction by either of the side chain
decomposition or the random chain scission in the polymer backbone,

this second weight loss at higher temperature indicates a structural
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decomposition of the polymer in nitrogen atmosphere and was confirmed
by the DSC observations as well as in the XRD results.

DSC results show endothermic peaks lesser than 200 °C which can be
attributed to make out moisture in the polymer which is consistent with
the TGA result. The chemical process associated with the exothermic
peaks on the DSC thermograms may be related to crystallization or
crosslinking reactions as revealed by the XRD results.

The glass transition temperature values of composite films of
PVA/AgNOQO; shift to lower temperatures with increasing radiation dose
and AgNO; concentration reflecting that there is some interaction
between the components i.e. AgNO; and PVA which gives the more
stable stage of the material. We observe that increasing the radiation dose
leads to a random breaking of bonds, thus degradation predominates, in
other terms, chain scission started to dominate over crosslinking lowering
thermal stability. These results can be explained as follow, the addition of
AgNO;3; molecules to the PVA polymer causes the consumption of the
AgNO; stabilizer into the PVA chains, displacing some of the structural
defects for the sample. Thus, the thermal stability increases. But excess
concentrations may lead to a detachment of the stabilizer that is
previously incorporated into the polymeric chains due to steric hindrance
as confirmed from the XRD and TGA results. When samples were heated
up to the melting stage, extra energy was required by its components to
vibrate and broke up the bonds out of the rigid/crystal arrangement. In
general, melting stage can be observed through the present of an
endothermic peak in DSC thermograms.

Recently, studies on organic-inorganic hybrid materials have attracted
much attention in view of their combination of various features of
organic materials with those of inorganic materials. In particular,

PVA/Ag nanocomposites are promising materials. PVA is a potential
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material having a very high dielectric strength, good charge storage
capacity and dopants dependent electrical and optical properties (Alan,
2002 and Chiang et al., 1977). Since Ag" is a fast conducting ion in
different number of crystalline and amorphous materials, its
incorporation within any polymeric system may be expected to enhance
its electrical and optical performance. In the present study PVA/AgNO;
films with different concentrations of AgNOs (i.e. 5, 10, 15 and 20) wt%
were prepared by casting method and the reduction of Ag® ions in
PVA/AgNO; films was done via gamma irradiation with different doses
(i.e. 0, 5, and 10) Gy. The induced structural changes in PVA after the
formation of embedded Ag nanoparticles and subsequently through
gamma irradiation were revealed through X-ray diffraction (XRD), while
the observed changes in their optical behavior were studied using UV-Vis
spectroscopy. Also the study focused on the thermal behavior of PVA/Ag
nanocomposite films with varying the concentration of the doped silver
nanoparticles as well as with the applied gamma-irradiation doses.

Figure (4.1) shows the PVA/AgNO; films undergoing color change after
irradiation with gamma-ray doses of (0, 5 and 10) Gy. The color intensity
increased with increasing radiation doses indicating that the color change
is largely dependent on the proportion of the red and yellow color
components, the color changed from gray at 0 Gy (non-irradiated films)
to a combination of light yellow, golden, brown and dark brown colors
following increasing intensity with increasing radiation doses. Such color
change was due to reduction of Ag* ions by the formed reducing species
such as hydrated electron, hydrogen atom radical (H°) and hydroxyl
radical (OH®). Similar results were reported previously in the literature by
(Omer M. et al, 2011), (Muhammad Attique. et al., 2014), (Susilawati et
al., 2009), (ShaheenAkhtar et al., 2013) and (Iskandar et al., 2013).
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X-ray Fluorescence (XRF) analysis was performed to validate that the
intensity of AgLa characteristic X-ray line depends on the AgNO;
concentration in the PVA/AgNO; films. Table (4.1) summarizes the
intensities obtained for AgLa characteristic X-ray line for PVA/AgNO;
films irradiated with gamma doses of (0, 5 and 10) Gy whereas figure
(4.2) graphically represent the dependence of the intensity in part per
thousand (PPT) of AglLa characteristic X-ray line on AgNOs;
concentration for non-irradiated and gamma-irradiated PVA/AgNO;
films; a strong linear correlation is observed. Moreover, figure (4.3)
reveals the strong dependence of intensity of Agla characteristic X-ray
line on Ag concentration for non-irradiated (0 Gy) PVA/AgNO; films
with correlation coefficient R? = 0.99881 and the correlation equation y
=1.392x+951.2. Figure (4.4) reveals strong dependence of the intensity
of AgLa characteristic X-ray line on Ag concentration for PVA/AgNO;
films irradiated with 5 Gy with correlation coefficient R? = 0.99617 and
the correlation equation y =1.356x+945.3. Figure (4.5) shows strong
dependence of the intensity of AgLa characteristic X-ray line on Ag
concentration for PVA/AgNOs; films irradiated with 10 Gy with
correlation coefficient R? = 0.93746 and the correlation equation y
=1.318x+937.85.

UV absorption is mainly due to electron (or anion) transitions from the
top of the valence band to the bottom of the conduction band. The
absorption spectra produced two absorption bands in the visible region.
These visible bands correspond to the excitation of outer electrons, which
provide information on the electronic transitions of the molecules in the
samples, they are attributed to the m-n* transitions and to the presence of
ions in the polymer. In this study, the electronic absorption spectra of the
investigated samples have been recorded in the region from 200 to 1100

nm for non-irradiated and y—irradiated PVA samples. UV-Vis spectra of

117



PVA/AgNO; films recorded show absorption band peaking at the
wavelengths around 230 and 450 nm which are related to criteria of the
pure PVA and PVA/AgNO; respectively. According to literature, the
band at 450 nm could be attributed to chelate formation of Ag*
coordinated with the hydroxyl group of PVA (Zidan, 1999) or to silver
particle formation (Porel et al., 2005). The absorption bands increased
following the radiation dose increment, such phenomenon has been
reported by (Mohammed et al., 2014) and (Ramnani et al., 2007). In one
hand, it is well known that pure 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. On the other hand, the physical
properties of PVA are dependent on its preparation technique whether
from the fully hydrolysis or partial hydrolysis of poly vinyl acetate (C.C.
De Merlis & D.R. Schoneker, 2003 and Eman Kamal, 2013). Thus the
absorption band at 230 nm may be assigned to m—=* transition. This
transition is related to the carbonyl groups (C=0) associated with
ethylene unsaturation (C=C) of the type —(CH=CH),CO-. 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 (C.C. De
Merlis and D.R. Schoneker, 2003).

Figure (4.6) shows UV-Vis spectra of the non-irradiated PVA/AgNO;
films prepared with various concentrations (i.e. 5, 10, 15 and 20 wt %) of
AgNO;, films have absorption peaks at (432, 455, 434, 435) nm
respectively, it can be seeing that with increasing the concentration of
AgNO;s, very weak and broad absorption shoulder appeared around 400
nm. The absorbance of this band is gradually increased in intensity with
increasing the concentration of AgNOs. In addition, the absorption band
gets narrower and shifts continuously to longer wavelengths. Similar
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results were reported by (Omer M. et al., 2011), (Muhammad Attique et
al., 2014), (Susilawati et al., 2009), (Abdo Mohd Meftah et al., 2014) and
(ShaheenAkhtar et al., 2013). Figure (4.7) shows UV-Vis spectra of the
5 Gy gamma-irradiated PVA/AgNO; films prepared with various
concentrations (i.e. 5, 10, 15 and 20 wt %) of AgNOs;, films have
absorption peaks at (455, 465, 458, 456) nm respectively, it can be seeing
that with increasing the concentration of the AgNOs, very weak and
broad absorption shoulder appeared around 400 nm. The absorbance of
this band is gradually increased in intensity with increasing the
concentration of AgNOs. In addition, the absorption band gets narrower
and shifts continuously to longer wavelengths. Figure (4.8) shows UV-
Vis spectra of the 10 Gy irradiated PVA/AgNO; films prepared with
various concentrations (i.e. 5, 10, 15 and 20 wt %) of AgNOQOs, films have
absorption peaks at (450, 466, 455, 456) nm respectively, it can be seeing
that with increasing the concentration of the AgNOs, very weak and
broad absorption shoulder appeared around 400 nm. The absorbance of
this band is gradually increased in intensity with increasing the
concentration of AgNOs. In addition, the absorption band gets narrower
and shifts continuously to longer wavelengths.

Figures (4.9), (4.10), (4.11) and (4.12) show UV-Visible absorption
spectra of y-irradiated PVA/AgNO; samples with (5.0, 10, 15 and 20) wt
% Ag respectively. We observe that with increasing AgNO; content; a
strong increase in the absorbance in the ultraviolet and visible regions;
I.e., in the spectral range (200-600) nm, the absorption coefficient of the
samples also increased with increasing of irradiation dose. The dramatic
enhancement in absorption is found to be in agreement with the color
change of PVA samples. Furthermore, the peaks got narrower and
sharper and also increased in intensity with increasing irradiation dose.
Tables (4.2) and (4.4) show the specific absorbance and the absorption
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coefficient respectively; which were measured from the absorption
spectrum of all PVA/AgNO; films. We can deduce that both specific
absorbance and absorption coefficient linearly increase with increasing
radiation dose and AgNO; concentration. Figure (4.13) shows the
correlation between specific absorbance and radiation dose for y-
irradiated PVA/AgNO; sample with 10 wt % Ag as an example, it shows
a strong linear correlation with R? = 0.99378 and the correlation equation
y = 0.031x+3.435. Figure (4.14) shows the correlation between
absorption coefficient and radiation dose for y-irradiated PVA/AgNO;
sample with 10 wt % Ag as an example, it shows a strong linear
correlation with R?> = 0.9923 and the correlation equation y =
0.00065x+0.072.

Nanosized noble metals are well-known for their surface Plasmon
resonance (SPR) properties which originate from collective oscillations
of the conduction electrons confined to metallic nanoparticles. Excitation
of the localized surface Plasmon causes strong light scattering by the
electric field at a wavelength where resonance occurs; this phenomenon
results in appearance of strong surface Plasmon absorbance (SPR) bands.
The optical absorption spectrum of metal nanoparticles is dominated by
the SPR which exhibits a shift towards the red end or blue end depending
upon the particle size, shape, state of aggregation and the surrounding
dielectric medium (A. Ravindran et al., 2010). For silver nanopatrticles,
Amax Values were reported in the visible range 400-500 nm (N. Mobhri et
al., 1995). In this study the Plasmon band of the Ag nanoparticles was
noted around 430-466 nm. Hence, the appearance of this very weak band
may be related to the formation of small quantity of reduced silver
nanoparticles. The spontaneous formation of silver nanoparticles can be
attributed to the direct redo between PVA and Ag* because there is no

other reducing agent in the studied system. Moreover, the increased
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intensity as well as the red shift of the SPR band may be attributed to
considerable increase in the amount of reduced silver and growth of
silver nanoparticles (Eman Kamal, 2013). In particular, silver nitrate is
soluble in PVA to such an extent that a complete dissolution is observed
at the first step of the reaction; in the next step, the OH° groups of PVA
molecule anchor the Ag* ion at the cluster surface which efficiently
reduces the precursor metal ions Ag* to Ag nanoparticles, while the
polymeric chain protects the cluster from fusion with the next silver
molecule. The final size of silver clusters stabilized by the polymer is of
few tens of nanometers and the sole presents the very weak and broad
classical surface absorption band at 450 nm which means that PVA is a
weak reducing agent for silver salt.

Table (4.5) shows the dependence of particle size of Ag nanoparticles in
PV A matrix on y-irradiation dose for PVA/AgNO3; samples with different
concentrations, while figure (4.16) represents the correlation between Ag
particle size and AgNO; concentration for the non-irradiated and gamma-
irradiated samples. It is observed that particle size slightly increases as a
function of the AgNO3 concentration. However, an additional increase of
AgNO; dopants concentration leads to segregation of the dopants in the
host matrix; these molecular aggregates impede the Ag nanoparticles
resulting in a decrease in their sizes. Figure (4.15) shows the correlation
between Ag particle size and AgNOj3 concentration for samples irradiated
with 5 Gy as an example, it shows a positive linear correlation with R? =
0.70526 and the correlation equation y = 0.05448x+9.4725.

Table (4.6) lists optical band gaps of PVA/Ag nanocomposites prepared
with different AgQNO; concentrations and y-irradiated with various doses.
From this table it can be observed that the values of the band gap in case
of PVA/Ag nanocomposite are lower than that of Ag bulk. This is may be

ascribed to the strong quantum confinement in the nanocomposites; it
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may also be attributed to the creation of electronic disorder which
becomes prominent with increasing y-ray doses; in other terms, due to the
photo-degradation of dyed polymer and the formation of defects and
clusters in the material (E.M. Antar, 2014). Figure (4.17) shows the
relation between (ohv)? and photon energy (hv) for PVA/Ag films of 10
wt% Ag irradiated with 10 Gy as an example on energy gap (Eg)

estimation process.

Figures (4.18), (4.19) and (4.20) show the extinction coefficient of
PVA/Ag composite films doped with different AgNO3; concentrations
gamma-irradiated with doses of (0, 5 and 10) Gy respectively. It can be
observed that the values of the extinction coefficient linearly increase
with increasing AgNO; concentration; same thing happens with the
increment of radiation dose. Moreover, the peaks get narrower and shift
continuously to longer wavelengths.

Figures (4.22), (4.23), and (4.24) show the refractive index of
PVA/AgNOs; composite films doped with different AgNOs;
concentrations y-irradiated with doses of (0, 5 and 10) Gy respectively. It
can be observed that the refractive index linearly decreases with
increasing AgNO; concentration but tends to increase again at higher
concentrations. Refractive index increases with the increment of radiation
dose but again tends to decrease at higher doses. Moreover, the peaks get
narrower and shift continuously to longer wavelengths. The change in the
refractive index values of the irradiated samples can be attributed to
varying electronic structure and crystallinity induced by gamma-
irradiation depending upon whether degradation or cross-linking process
is predominant. Also the increase in the refractive index of the prepared

films with irradiation may be due to ionization or atomic displacements
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that resulted from gamma ray collision with the samples, which may
change the internal structure in the polymer films (Eman kamal, 2013).
Figures (4.26), (4.27) and (4.28) show optical conductivity of
PVA/AgNOs; composed films doped with different AgNOs;
concentrations gamma-irradiated with doses of (0, 5 and 10) Gy
respectively. It can be observed that the value of the optical conductivity
linearly increases with increasing AgNO; concentration, similar thing
happens with the increment of radiation dose. Moreover, the peaks get
narrower and shift continuously to longer wavelengths. In both cases, the
value of optical conductivity which is highly linked to the dielectric
constant degrades at higher dopants concentration and higher doses.

The dielectric constant also known as relative permittivity is a measure of
the amount of electric potential energy, in the form of induced
polarization that is stored in a given volume of material under the action
of an electric field. It can be expressed as the ratio of the dielectric
permittivity of the material to that of a vacuum or dry air. Practically, it is
determined as the ratio of the capacity of a capacitor with a desired
material as the dielectric between the plates to that with dry air. This
polarization originates from a number of sources including electronic
(electron cloud displaced relative to nucleus), atomic (relative
displacement of charged ions), dipolar (alignment of dipoles in electric
field), space charge (movement of charge carriers trapped by interfaces in
heterogeneous systems) and ionic (movement of ionic charges).

Figures (4.30), (4.31) and (4.32) show the real part of dielectric constant
of PVA/Ag composed films doped with different AgQNO3; concentrations
gamma-irradiated with doses of (0, 5 and 10) Gy respectively. It can be
observed that its value linearly increases with increasing AgNO;
concentration, same thing happens with the increment of radiation dose.

Moreover, the peaks get narrower and shift continuously to longer
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wavelengths. Figures (4.34), (4.35) and (4.36) show the imaginary part
of dielectric constant of PVA/Ag composed films doped with different
AgNO; concentrations gamma-irradiated with doses of (0, 5 and 10) Gy
respectively. It can be observed that its values linearly increase with
increasing AgNQOj3; concentrations, same thing happens with the increment
of radiation dose. Moreover, the peaks get narrower and shift
continuously to longer wavelengths. The high values of dielectric
constant are very crucial in electric applications and for capacitance
applications of small sizes as it gives possibilities of new devices with
minimized dimensions. The dielectric constant is affected by temperature
and current frequency (E. Alfredo Campo, 2008).

XRD is the most common bulk analysis technique used to identify the
crystalline phase present and crystal particle sizes. XRD analysis has
been routinely used for crystalline phase identification based on
diffraction peak position and pattern and the measurement of the average
crystalline sizes and lattice parameters. It can also supply information
about deformation of a crystalline sample in other terms the strain of a
crystal lattice which will result in a change in the inter-atomic distances
(Eman Kamal, 2013; Alireza Kharazmi et al., 2013 and P.K. Mochahari
etal., 2015).

In this study, X-ray diffraction technique has been used to investigate and
characterize the structure of the prepared samples. It indicates that
PVA/AgNO; samples have in large an amorphous feature, shown in
figures (4.38 through 4.43). It is important to note that there are two
halos cited at 19.66° and 40.5° characteristic of PVA. The first one has a
clear crystalline peak at a diffraction angle 26 = 20.04° which
corresponds to a (101) spacing, this main peak centered at 19.66°
corresponds to the PVA crystalline phase with the accepted monoclinic

unit cell with a = 7.81, b =252, c =5.51 A and 8 = 91.42°; one unit cell
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comprises two monomer units of vinyl alcohol (CH2CHOH) (Alireza
Kharazmi et al., 2013 and P.K. Mochahari et al., 2015). The second halo
has a low intensity and broad shape which corresponds to noncrystalline
zones within the crystalline polymeric matrix. Moreover, there are
several very low intense peaks in these figures which are assigned to the
Ag nanoparticles; their low intensities are due to the very low

concentration of Ag NPs compared with amount of PVA.

It is obvious from the XRD pattern that the diffraction peak at 26 =
19.66° revealed a clear crystalline peak of maximum intensity implying
the more organized distribution of the AgNQOg in the polymeric matrix. It
was observed that the addition of AgNOj3 has no effect on the crystal type
of the film; which means that it has been uniformly distributed inside the
host polymer. Also, it is clear that no peaks were observed corresponding
to the AgNOs or other impurities indicating the purity extent of the
reduced Ag NPs. On the other hand, no significant effect of gamma
irradiation noticed on either the intensity of the diffraction peak or on its
full width at half maximum (FWHM); but with the increase in the applied
dose, peaks intensity tends to slightly decrease, broaden and shift to
lower angles reflecting the fact that the polymer matrix suffers from
some kind of structural rearrangement due to irradiation treatments (S.
Lotfy and Y.H.A. Fawzy, 2014).

The average crystallite size (D) of the non-irradiated and y-irradiated
films is calculated from the Scherer’s formula and listed in Table (4.7).
From the table, we observe that particle size slightly increased with
increasing AgNO3 concentration and the combined effect of y-irradiation
dose results in increasing particle size as well. These results are in good
agreement with those obtained from UV-visible absorption

measurements. The semicrystalline nature of PVA s attributed to the
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strong intermolecular interaction among PVA chains through hydrogen
bonding. The addition of AGNO; to PVA matrix leads to a decrease in the
intermolecular interaction between chains and thus to a decrease in the
degree of crystallinity (DOC) as shown in Table (4.8), this in turns
means more amorphous crystal and increasing in intera-atomic distances
(d) as shown in Table (4.9).

Thermogravimetric Analysis (TGA) was performed to confirm the
existence of initial scission that occurs and/or the possible chemical
crosslinking in the prepared samples. Thermographs obtained from room
temperature up to 1000 °C, heating rate 10 °C/min in a nitrogen flow of
20 ml/min for the non-irradiated and y-irradiated PVA/AgNO; samples
are given in figures (4.44 through 4.50). There are three major stages of
weight losses for the composites regardless of the experimental
environments. The first weight loss at the lower temperature near 180 °C
results from moisture evaporation, the loss is small between 7-14%. The
second weight loss at higher temperature indicates a structural
decomposition of the polymer composite in N, atmosphere which is
probably attributed to large—scale thermal degradation of polymer chains
that started to degrade near at 200 °C and partially degrade up to 450 °C
(M. S. N. Salleh. et al, 2017). In the third stage at higher temperature, a
sharp and considerable weight loss is observed, which is attributed to the
vaporization and elimination of volatile products (A. NimrodhAnanthet
al., 2011). There was decomposed residuals powder left in the sample
pan for composite material. A clear distinction between the different

stages of the degradation process is evidenced in the DTG curves.

Figures (4.44) and (4.47) show the combined TGA/DTGA behavior of
the non-irradiated (10 and 20) wt% of AgNOs; composite films

respectively; when heated in nitrogen is divided into three main stages
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based on the rate of thermal decomposition peaks. At the first stage, the
temperature is below 180 °C due to the moisture evaporation,
vaporization of physically absorbed solvent, at a maximum loss rate of -
4.6 % per min and -4.54 % per min with DTG peaks of 185 °C and 183.4
OC respectively. In the second stage, more rapid weight loss is observed
at a maximum rate of -9.45 % per min and -6.29 % per min with DTG
peaks of 313.7 °C and 316.4 °C respectively. The marked loss of weight
in the second stage is attributed to the degradation reaction by either of
the side chain decomposition or the random chain scission in the
backbone of the polymer, this second weight loss at higher temperature
indicates a structural decomposition of the polymer in nitrogen
atmosphere and was confirmed by the XRD and DSC measurements
(Monica Cobos et al., 2020). In the third stage more weight loss was
observed at higher temperature. Thermal stability values observed and
residue mass left behind at 1000 °C were 10.41 and 11.83 % respectively.
The onset temperature of thermal decomposition, the temperature where
the decomposition process starts, values observed were 274.8 and 264.0
°C respectively. The largest weight loss, greatest rate of change on the
weight loss curve, also known as the inflection point values observed
were 314.0, and 317.5 °C respectively. We can see the enhancement in
the stability of the composite polymer with increasing silver
concentration.

Figures (4.45) and (4.48) show the combined TGA/DTGA behavior of
the 5 Gy irradiated (10 and 20) wt% AgNO; composite films
respectively; when heated in nitrogen is divided into three main stages
based on the rate of thermal decomposition peaks. At the first stage, the
temperature is below 180 °C due to the moisture evaporation,
vaporization of physically absorbed solvent, at a maximum loss rate of -
3.9 % per min and -4.49 % per min with DTG peaks of 186.6 °C and
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185.4 °C respectively. In the second stage, more rapid weight loss is
observed at a maximum rate of -8.76 % per min and -8.78 % per min
with DTG peaks of 316.5 °C and 309.2 °C respectively. In the third stage
more weight loss was observed at higher temperature. Thermal stability
values observed and residue mass left behind at 1000 °C were 9.80 and
1.69 % respectively. The onset temperature of thermal decomposition
values observed were 283.2 and 277.8 °C respectively. The inflection
points values observed were 316.7, and 307.8 °C respectively. We can
see the enhancement in the stability of the composite polymer with
increasing silver concentration and radiation dose.

Figures (4.46) and (4.49) show the TGA/DTGA behavior of the 10 Gy
irradiated (10 and 20) wt% AgNO3; composite films respectively; when
heated in nitrogen is divided into three main stages based on the rate of
thermal decomposition peaks. At the first stage, the temperature is below
180 °C due to the moisture evaporation, vaporization of physically
absorbed solvent, at a maximum loss rate of -4.71 % per min and -4.92 %
per min with DTG peaks of 185.1 °C and 184.6 °C respectively. In the
second stage, more rapid weight loss is observed at a maximum rate of -
7.84 % per min and -6.88 % per min with DTG peaks of 314.3 °C and
319.7 °C respectively. In the third stage more weight loss was observed at
higher temperature. Thermal stability values observed and residue mass
left behind at 1000 °C were 6.86 and 17.77 % respectively. The onset
temperature of thermal decomposition values observed were 264.5 and
285.3 °C respectively. The inflection points values observed were 313.5,
and 335.4 °C respectively. We can see the enhancement in the stability of
the composite polymer with increasing silver concentration and radiation
dose.

A summary of the important thermogravimetric characteristics obtained

from the thermograms are listed in Table (4.10). It’s evident that non-
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irradiated (10 and 20) wt% AgNO; composite films are thermally stable
up to 274.8 °C and 264.0 °C respectively. While the irradiation enhances
the thermal stability in the low doses around 10 Gy, it falls beyond at
higher doses above 100 Gy (M. Streckova et al., 2017). In the dose range
around 10 Gy, the free radicals formed due to chain scission are
chemically active and can be used in some chemical reactions that lead to
the crosslinking mechanism. As the dose increases, chain scission started
to dominate over crosslinking lowering thermal stability (M. S. N. Salleh.
et al, 2017). This leads to a random breaking of bonds, thus degradation
predominates which leads to a rapid decomposition of the polymer
composed and auto self-combustion process accompanied by evolution of
volatile by-product as confirmed by the DSC measurements.

Moreover, thermal analysis of PVA/AgNO; composites with different
AgNO; concentrations showed that with the incorporation of AgNO3 into
the blends the onset degradation temperature was shifted to higher
temperature than pure PVA. As shown in Table (4.10) with high AgNO3
concentration (at 20 wt%) in the composite, the degradation temperature
noted its highest value. On the same time, the composition of
carbonaceous and char residue for 20 wt% AgNO3 were higher than that
of 10 wt% AgNOs. In general, PVA/AgNO; samples show a
decomposition pattern similar to that shown by neat PVA. The DTG
curves, however, revealed that the intensity of the peak at around 319 °C
increases with respect to that of the peak at around 313 °C as the content
of the AgNO; increased, and the second peak shifts to a higher
temperature. Therefore, the addition of AgNO; improves the thermal
stability of PVVA. This can be due to the high thermal stability of the filler
acting as a retardant agent for PVA decomposition (Monica Cobos et al.,
2020). Char residue at 1000 °C is higher for composites than for neat
PVA. The higher the filler content, the higher the residue.
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Differential Scanning Calorimetry (DSC) can be used to determine the
thermal transition temperatures glass transition, melting and
decomposition temperatures as well as the specific heat and heat
capacity. However, it measures only the total heat flow and the sum of all
thermal transitions in the sample (E.M. Antar, 2014). Figures (4.51) and
(4.52) respectively show the DSC and DDSC curves of the non-irradiated
10 wt% AgNO3; composite films, there appear an endothermic peak lesser
than 200 °C which can be attributed to make out moisture in the polymer
composite (Qing Liu, et al., 2018) which is consistent with the TGA
result. The chemical processes associated with the exothermic peaks may
be related to crystallization or crosslinking reactions. TGA information is
further supported by the DSC measurements. Onset glass transition
temperature (Tg) and specific heat recorded were 105 °C and 0.459
J/(g*K) respectively.

Figures (4.57) and (4.58) respectively show the DSC and DDSC curves
of the non-irradiated 20 wt% AgNO; composite films, there appear an
endothermic peak lesser than 200 °C which can be attributed to make out
moisture in the polymer composite which is consistent with the TGA
result. Onset glass transition temperature (Tg) and specific heat recorded
were 105 °C and 0.459 J/(g*K) respectively. Figures (4.53) and (4.54)
respectively show the DSC and DDSC curves of the 5 Gy irradiated 10
wt% AgNO; composite films, it shows an endothermic peak lesser than
200 °C which can be attributed to make out moisture in the polymer
composite which is consistent with the TGA result. Onset glass transition
temperature (Tg) and specific heat recorded were 82.8 °C and 0.540
J/(g*K) respectively. Figures (4.59) and (4.60) respectively show the
DSC and DDSC curves of the 5 Gy irradiated 20 wt% AgNO3; composite
films, there appear an endothermic peak lesser than 200 °C which can be

attributed to make out moisture in the polymer composite which is
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consistent with the TGA result. Onset glass transition temperature (Tg)
and specific heat recorded were 33.8 °C and 0.783 J/(g*K) respectively.
Figures (4.55) and (4.56) respectively show the DSC and DDSC curves
of the 10 Gy irradiated 10 wt% AgNO; composite films, it shows an
endothermic peak lesser than 200 °C which can be attributed to make out
moisture in the polymer composite which is consistent with the TGA
result. Onset glass transition temperature (T4) and specific heat recorded
were 73.2 °C and 0.196 J/(g*K) respectively. Figures (4.61) and (4.62)
respectively show the DSC and DDSC curves of the 10 Gy irradiated 20
wt% AgNO; composite films, there appear an endothermic peak lesser
than 200 °C which can be attributed to make out moisture in the polymer
composite which is consistent with the TGA result. Onset glass transition
temperature (Ty) and specific heat recorded were 43.6 °C and 0.120

J/(g*K) respectively.

A summary of the important characteristics obtained from the DSC
thermograms are listed in Table (4.11). We observe that the glass
transition values of composite films of PVA/AgNO; shift to lower
temperatures with increasing dose and silver concentration, this means
also shifting in heat capacity. This change in the size of (Tg); which can
be attributed to a change in the amount of material detected, accompanied
with the change in its location; which can be attributed to a change in the
mobility of molecules indicates that there are some interactions between
the components of the composite films (A. NimrodhAnanth et al., 2011).
We observe that increasing radiation dose leads to a random breaking of
bonds, thus degradation predominates; in other terms, chain scission
started to dominate over crosslinking lowering thermal stability. PVA
melting point is 230 °C for the fully hydrolyzed grades and its glass
transition temperature is 85 °C (M. S. N. Salleh, et al., 2017). When

samples were heated up to the melting stage, extra energy was required
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by its components to vibrate and broke up the bonds out of the
rigid/crystal arrangement. In general, melting stage can be observed

through the present of an endothermic peak in DSC thermograms.

As illustrated before, all samples have prominent endothermic peaks
indicative of crystallinity in the PVA. In DSC thermograms the onset
temperature is when sample began to melt, whereas the end-point
temperature is the temperature when the melting stage is completed. The
temperature at the middle of the endothermic peak is taken as the melting
temperature (Tr). The effect of the addition of AgNQO; into the matrix,
however, has led to a little change in the onset and end-point temperature
as well as (T). Radiation dose has similar effects. Table (4.11) indicates
that (Ty) of the PVA not only depends on the concentration of the
incorporated inorganic fillers but also it should have a considerable
impact from the nature of the fillers as well as the radiation dose (Mbhele
et al. 2003).

5.2 Conclusion

e Functional composite material of PVA\AgNO; films with
enhanced optical and thermal properties was successfully
synthesized using controlled temperature and pressure by casting
method alongside y-ray irradiation.

e Gamma radiation is an effective reducing agent for Ag* within the
PV A matrix to Ag nanoparticles having controlled particle size.

e The results indicated that AgNO; can be effectively embedded in
PVA matrix and enhance its optical and electrical properties. In
addition vy- irradiation is an effective technique for preparing
inorganic/organic nanocomposite materials.

e The irradiation of the PVA\AgNO; films with y-ray doses induced

obvious color changes from white (non-irradiated film) to light
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yellow, golden then to brown and dark brown and the color
intensity increased with increasing y-ray doses.

X-ray Fluorescence (XRF) analysis validated that the intensity of
AglLa characteristic X-ray line depends on the Ag concentration in
the prepared PVA/AgNO; films with a correlation value near to 1.
The irradiated films showed absorption band peaking at the
wavelengths around 230 and 450 nm and the intensity of peaks is
in direct proportion with radiation dose.

There exist a clear linear correlation between the applied dose and
the specific absorbance and the absorption coefficient of the
prepared films.

There exist a clear linear correlation between AgNO3 concentration
and the specific absorbance and the absorption coefficient of the
prepared films.

The surface Plasmon band was noted around 430—466 nm. Hence,
the appearance of this very weak band may be related to the
formation of small quantity of reduced silver nanoparticles.

It has been observed that the concentration of sliver nanoparticles
has greatly influenced the optical and electrical properties of PVA
matrix.

Values of the band gap (E) in case of PVA/Ag nanocomposite are
found to be lower than that of Ag bulk. This is may be ascribed to
the strong quantum confinement in the nanocomposites; it may
also be attributed to the creation of electronic disorder which
becomes prominent with increasing gamma-ray doses.

Values of the extinction coefficient (K) linearly increase with
increasing AgNO3 concentrations and radiation dose.

The overall effect of the radiation dose is increasing the value of

the refractive index (n).
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Values of the optical conductivity linearly increase with increasing
AgNO; concentration and radiation dose.

Values of the dielectric constant linearly increase with increasing
AgNO; concentration and radiation dose and was found to be very
big. These high values of dielectric constant are very crucial in
electric applications and for capacitance applications of small sizes
as it gives possibilities of new devices with minimized dimensions.
XRD patterns validated UV-Vis observations regarding the fact
that the polymer matrix suffers from some kind of structural
rearrangement due to gamma-irradiation treatments.

XRD diffraction peak at 26 = 19.66° revealed a clear crystalline
peak of maximum intensity implying the more organized
distribution of the AgNOj3 in the polymeric matrix.

XRD studies confirmed the presence of Ag nanoparticles in the
PVA matrix. In addition DSC analysis indicated the chemical
interaction between the AgNO3 and PVA chains.

The obtained results corroborate towards the enhanced conducting
behavior of PVA matrix with increase in the concentration of
embedded Ag nanoparticles.

Measurements of the onset temperature of thermal decomposition
showed that the composite material of PVA/AgNO3; was more
thermally stable than its pristine components, i.e. pristine PVA and
AgNO:;.

Thermal stability was found to increase with increasing the
radiation dose and AgNOj3 concentration; this was evidenced by
the evaluation of the percentage residual mass which was at its
maximal value for 10 Gy, 20 wt% composite films.

Shift in the values of glass transition temperature as well as values

of the specific heat indicates that there was some kind of
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interaction between the polymer PVA and the additive filler
AgNO;3, this was confirmed by XRD measurements.

e Melting temperatures of the composites increased with the
increment of radiation dose and the filler AgNO3 concentration.

e The synthesized PVA/AgNO; films can serve as a potential
chemical radiation dosimeter and/or radiation monitoring device
according to their linear relationship between the radiation doses
and absorption spectra and the sensitivity of PVA/AgNO; films to
y-ray doses which showed color change.

e Various optical and electrical parameters of PVA/Ag
nanocomposites are controlled with the Ag concentration and vy-
Irradiation dose which can be used for specific requirements in the
optical coating, filters, switches, etc.

5.3 Recommendations

This study could be considered as an initial step in studying structural,
thermal and optical properties of functional hybrid materials
(polymer/metal) due to their vast industrial, technological and medical
applications. Every work has its limit and due to some constrains during
this work such as time and the availability of equipment, here are some
recommendations to be considered for future works:
e Further work is needed to assess the effect of composites
preparation methodology on their thermal stability.
e [Further work is required to investigate the effect of % crystallinity
and particle distribution, shape and size on thermal stability.
e For its biomedical applications, mechanical characterizations such
as swelling (% water uptake), tensile strength, elongation at break,
stress, strain, Young modulus and refractive index are of great

Importance.
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PVA/AgNO; composite films can be used as a chemical radiation
dosimeter to measure the y-ray doses in radiotherapy centers in
Sudan having good results and being fast, easy and cheap
assessment tool.

It can serve also as fast and cheap radiation monitoring and label
for industrial applications such as food sector (food irradiation
control).

The color change of the films could be utilized as light filters and
the surface Plasmon resonance could be utilized as local in vivo
irradiation therapy as well as in signal magnification in case of
Raman scattering.

This work suggests possibility of using the gamma irradiated
PVA/AgNO; films in different electronic and semiconductors
applications such as catalysis, conducting inks, microelectronics,
thick-film electrode material, and solar cells.

Further work is needed to investigate how the film thickness is

affected by the radiation dose increment and in return how all that
affect the properties of the composites.

More studies are needed to determine temperature dependence on
the fluorescence of these potential dosimeters as well as
determining the right storage and measurement conditions of
PVA/AgNO; films.
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