Faculty of Science
Ani Shams University

Radiation induced synthesis of conducting polymer
nanocomposite

A Thesis
Submitted for ph.D. Degree of Science in Chemistry
(Physical Chemistry)

By

Tamer Abdel Aal Mohammed Sayed
(M.Sc. Chemistry 2006)

Supervised
By
Prof.Dr / Abdel Gawad Prof.Dr / Zakaria Ismaiel Ali
Mohammed Rabiea Prof. of radiation chemistry,
Prof. of organic chemistry, National Center for Radiation
Chemistry Department, Research and Technology,
Faculty of Science, Atomic Energy Authority
Ani Shams University
Ass.Prof.Dr / Gamal Abdel Ass.Prof.Dr / Hossam
Aziz Meligi Mohammed Sayed
Ass. Prof. of organic chemistry, Ass. Prof. of radiation chemistry,
Chemistry Department, National Center for Radiation
Faculty of Science, Research and Technology,
Ani Shams University, Atomic Energy Authority

2013



Faculty of Science
Ani Shams University

Supervisors

A Thesis Title

Radiation induced synthesis of conducting polymer
nanocomposite

Researcher Name:
Tamer Abdel Aal Mohammed Sayed

Supervisors

Prof.Dr / Abdel Gawad Prof.Dr / Zakaria Ismaiel Ali
Mohammed Rabiea Prof. of radiation chemistry,
Prof. of organic chemistry, National Center for Radiation
Chemistry Department, Research and Technology,
Faculty of Science, Atomic Energy Authority

Ani Shams University

Ass.Prof.Dr / Gamal Abdel Ass.Prof.Dr / Hossam
Aziz Meligi Mohammed Sayed
Ass. Prof. of organic chemistry, Ass. Prof. of radiation chemistry,
Chemistry Department, National Center for Radiation
Faculty of Science, Research and Technology,
Ani Shams University Atomic Energy Authority

Prof.Dr. Maged Shafik Antonious

Head of Chemistry Department



Referees

A Thesis Title

Radiation induced synthesis of conducting
polymer nanocomposite

Researcher Name:

Tamer Abdel Aal Mohammed Sayed

Supervisors

Prof.Dr / Abdel Gawad
Mohammed Rabiea
Prof. of organic chemistry,
Chemistry Department,
Faculty of Science,
Ani Shams University

Prof.Dr / Zakaria Ismaiel Ali
Prof. of radiation chemistry,
National Center for Radiation
Research and Technology,
Atomic Energy Authority

Ass.Prof.Dr / Gamal Abdel Aziz
Meligi
Ass.Prof. of organic chemistry,
Chemistry Department,
Faculty of Science,
Ani Shams University

Ass.Prof.Dr / Hossam Mohammed
Sayed
Ass.Prof. of radiation chemistry,
National Center for Radiation
Research and Technology,
Atomic Energy Authority

Referees committee:

Prof.Dr /[Hamada Mohammed Killa
Prof. of physical chemistry,
Chemistry Department,
Faculty of Science,

Zagazig University

Prof.Dr / Maher Helmy Helal
Prof. of organic chemistry,
Chemistry Department,
Faculty of Science,
Helwan University

Prof.Dr / Abdel Gawad
Mohammed Rabiea
Prof. of organic chemistry,
Chemistry Department,
Faculty of Science,
Ani Shams University

Prof.Dr / Zakaria Ismaiel Ali
Prof. of radiation chemistry,
National Center for Radiation
Research and Technology,
Atomic Energy Authority

Prof.Dr. Maged Shafik Antonious

Head of Chemistry Department




Acknowledgment




ACKNOWLEDGMENTS

First and foremost, with a deep sense of gratitude, I want to thank
Allah Alrahman Alrahiem for allowing me to perform this thesis smoothly
even though I face some obstacles throughout my work and peace 1s upon
Prophet Mohammed. This thesis is the result of the work whereby I have
been accompanied and supported by many people. It 1s a pleasant
opportunity for me to express my gratitude for all of them.

Firstly, I would like to thank my advisor, Prof.Dr. Abdel Gawad

Rabiea. 1 appreciate that he let me work on this project which I like very
much and I can do well on it. During those years in my study and research
as a graduate student, I learned a lot from him. He taught me how to
become a real scientist. I really appreciate his support and advisements
from my heart. Without him, I could not achieve so much today.

Secondly, I dedicate this work to the spirit of the late Prof. Dr.

Zakaria Isammiel All. He welcomed me into his laboratory and, by his
outstanding leadership, paved the inroads on which I could develop the
skills and knowledge requusite of a scientist. Prof. Zakaria gave me freedom
to learn on my own, lending advice when 1t was approprate. He allowed
me to set my own goals and achieve them, rather than dictating what I
should or should not do. And if some experiments weren’t going my way,
or things didn’t turn out how I thought they would, he went beyond simply
giving scientific advice by telling an anecdote about his days as a graduate
student, bringing smuiles to all of the lab members.

I would like to express my sincere gratitude to Ass.Prof Dr

/Gamal EIl Meligi 1 appreciate him for his patience and confidence in

me and so many valuable discussions on our experiments. He 1s so

unselfish and so kind.



It gives me great pleasure to express my sincere thanks to,
Ass.Prof- Dr. Hossam Mohammed Sayed for his immense help in
planning of this work. I appreciate him for his patience and confidence in

me and so many valuable discussions on our experiments. He is so
unselfish and so kind.
I would like gratefully to express my profound gratitude and deep

thanks to Dr. Hoda H. Saleh , for her technical and professional

guidance comes in such a reliable, accurate, and timely manner than it is
difficult not to take these things for granted under his tutelage. She has
allowed me to develop the confidence in myself which I am convinced will
carry me through the rough spots I will inevitably encounter in my
professional future.

This thesis could not have been completed without the endless love
and blessings from my family. I wish to thank my parents, who taught me
the value of hard work and rendered me enormous support during the
whole tenure of my research work. I would like to thank my small famuly,
my wife and my sons, for their patience to go through this endeavor
hand-in-hand with me. Without their dearly accompamiment, both

physically and spiritually, there would be no such an achievement.

Tamer Abdel Aal Mohammed Sayed March 2013



Aim of the work



Aim of the work

Aim of the work

Nanocomposites are of great interest in recent years because they
are considered to be novel functional materials with a wide range of
potential applications in bio and chemical sensors, electronics, catalysis
and optics. A number of production techniques have been reported for
preparation of metallic colloids using metal salts as starting materials,
such as chemical, photochemical, electrochemical, radiolytic, and
sonochemical reduction. Due to its unique advantages, the irradiation-
based strategy, as a wrathful tool, has been extensively used to prepare
nanoscale particles and materials.

In this thesis, we have developed a novel approach to synthesize
Ag/PVA nanocomposite hybrid material which is based on the seeded
growth of Ag nanoparticles within PVA matrix. In this synthetic strategy,
we use gamma-irradiation, to utilize the reorganized seed points, or
nucleation sites, to initiate the growth of Ag nanoparticles directly on the
polymer backbone. Gamma irradiation of Ag/PVA nanocomposite can
reduce metal ions to zero valent metal particles, avoiding the use of
additional reducing agents and the consequent side reactions.
Furthermore, the amount of zero valent nuclei can be controlled by
varying the irradiation dose. Homogeneous formation of AgNPs is
favorable as it results in uniformly dispersed nanoparticles. Through this
process we are assured of successful producing a PVA polymer filled by
high monodispersed AgNPs. Polyvinyl alcohol (PVA), which is a water
soluble polymer, has important advantages of good mechanical and
acoustic optical properties, where this parameter determines the photo
induced response in the newly suggested composite. So in our
experiment, PVA was used as a polymer-capping reagent, utilizing the

interactions of silver ions with hydroxyl groups in the PVA molecules.
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Ag/polyaniline  nanocomposites combine the electrical
characteristics of silver and the mechanical and processing properties of
polyaniline, the synergetic effects between silver nanoparticles and
polyaniline may result in good electrical and thermal conductivities, and
catalytic properties. In this work, Ag/PANI nanocomposite have been
prepared by using aniline as stabilizer and via the chemical-radiation
method, Ag/polyaniline nanocomposites were synthesized with
ammonium persulfate (APS) as oxidizing agents and y-irradiation as a

reducing agent for a reduction of Ag™ to AgNPs.
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| Abbreviation Scientific name |

Absolute temperature

Activation energy, Kcal/mol.

Electron volt

Kilo gray

Nanometer

Localized surface plasmon resonance

Nanoparticles

Silver nanoparticles

The valence band

The conduction band

The highest occupied molecular orbitals

The lowest unoccupied molecular orbitals

The band gap energy

Polyaniline

Poly vinyl alcohol

X-ray diffraction

Transmission electron microscopy

HRTEM High performance transmission electron

microscopy

UV/VIS Ultraviolet/Visible spectroscopy

TGA Thermogravimetric analysis

FTIR Fourier transform infrared

APS Ammonium persulphate
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