g e i

SYNTHESIS OF CATALYTICALLY IMPORTANT
MANGANESE OXIDE NANQO-PARTICLES AND
THEIR DISPERSION INTO A POLYMERIC MATRIX

BY
MD SHAFIUL AZAM
SUBMITTED !N PARTIAL FULFILLMENT OF THE

REQUIREMENT FOR THE DEGREE OF
M.PHIL. IN CHEMISTRY

o T,

-

DEPARTMENT OF CHEMISTRY
BANGLADESH UNIVERSITY OF ENGINEERING AND
TECHNOLOGY (BUET)
DHAKA-1000, BANGLADESH
MAY 2008



Candidate’s Declaration

It is hereby declared that this thesis or any part of it has not been

submitted elsewhere for the award of any degree or dipioma.

S

Signature of the Candidate

Md. Shafiul Azam
Name of the Candidate



CERIIFICATE

This is to ceritfy that the research work embodying in this thesis has been carmied out
under my supervision. The work_ presented herein is original This thesis fias not been

submitted elsewhere for the award of any otfier degree or diploma in amy university or
nstitution.

g

Dr. ALNakib Chowdhury
(Supervisor)

Professor

Department of (hemistry
BUET, Dhakg
Bangladesh



Acknowledgement

During the preparation and completion of this thesis | had the distinctive opportunity
to work under the supervision of Dr. Al-Nakib Chowdhury, Professor, Department of
Chemistry, Bangladesh University of Engineering & Technology (BUET), Dhaka, to
whom | owe my profound gratitude for his stimulating inspiration, astute guidance,
keen interest, worthy criticism and wise advices. His deep concem and valuable

suggestions throughout this research work inspired me to face problems with
confidence.

My gratitude and thanks are also to Prof, Dr. Md. Wahab Khan, Head, Department
of Chemistry, BUET, for his kind assist and encouragement in all respects. [ am
also thankful to Dr. Md. Abdur Rashid, Professor, Dr. Md., Nazrul Isiam, Assistant
Professor, and Mr. Nurul Islam, Retired Assistant Professor, Department of
Chemistry, BUET, Dr Qamrul Ahsan, Professor, Department MME, BUET,
Professor Munirut Alam, ICDDR,B, Dhaka and Dr. Sheikh Manjura Haque, Atomic
Energy Centre, Dhaka, for their kind help and conslant co-operation in different
stages of my research work. My thanks to Mr. Md, Yousuf Khan, instrument
Engineer, Department of MME, BUET for his tireless cooperation in taking SEM of

my samples. | am also grateful to other teachers and staff of Chemislry department,
BUET, Dhaka.

it wiil not be out of place to put on record the love, friendliness and care that |
received from my wife whose sacrifices and inspiraion came fo my succor in all-

trying moments during the completion of this work. Special mention is made of my

o
[
v -



parents, sisters, brothers and other refatives for their generous support, constant
inspiration and encouragement during the progress of my research work,

| would fike to extent my thanks to Mr. Abdur Rahim, Mr. Saiful islam, Ms Hoore
Jannat, Ms Kamrunnahar, Mr Yousuf Jamal and other fellows who shared me to
solve all the problems confranted in the whole thesis period.

| am grateful to the authority of BUET for providing financial support for this
research work.

Let me end by paying unqualified tribute to my creator whose directions and
blessings had been with me throughout the completion of this wark as in all matters
of my life and 50 praise be to Allah, the most beneficent and the merciful.

Md. Shafiul Azam
Author



Bangladesh University of Engineering and Technology, Dhaka
Department of Chemistry

Certification of Thesis
A thesis on

“SYNTHESIS OF CATALYTICALLY IMPORTANT MANGANESE OXIDE
NANO-PARTICLES AND THEIR DISPERSICN INTO A POLYMERIC MATRIX”

BY
MD SHAFIUL AZAM

has been accepted as satislaclory in partial fullillment of the requirements for ihe
degree of Master of Philosophy (M.Phil) in Chemistry and certify that the student
has demonstrated a satisfactory knowledge of the field covered by this thesis in an
oral examination held on May 11, 2008,

Board of Examiners
1. Dr. Al-Nakib Chowdhury
Professor 7 ) -3
Depariment of Chemistry - 6§-2&
BUET, Dhaka Supervisor & Chairmar
2. Dr. Md. Wahab Khan
Professor & Head W -
Department of Chermistry /- 508
BUET, Dhaka Member (Ex-officio)
3. Dr. Md. Manwarul Isiam
Professor
: wrri b il
Department of Chemnistry mam R
BUET, Dhaka Member '

4. Dr. Abu Jafar Mahmood
Supemumerary Professor
Depariment of Chernistry 2

——

Universify of Dhaka, Dhaka Member (Externaf)




Contents

ABSTRACT

Chapter 1: Introduction

1.1

1.2

1.3

i.4

MNanomaterials

1.1.1  Fundamental Concepts

1.1.2 Properties of Nancparticles

1.1.3 Classification

1.1.4 Characterization

1.1.5 Fabrication of Nanoparticles

1.1.6  Nanoparticle Morphology

1.1.7 Application of Nanoparticles
TFundamental Aspects of Catalytic Process
1.21 Mechanism of Catalytic Process
1.2.2 Catalysts and Reaction Energetics
1.2.3 Types of Catalysts

1.2.4 bSignficance

Catalytic Materials

1.3.1 Metals

1.3.2 Scmiconductors

1.3.3 Inorganic Oxides

1.3.4 Oxides of Manganese

Conductive Polymers

141 Brief History of Conductive Polymers
1.4.2 Structural Features of PANI

1.4.3 Methods of Preparation

[}

Lo SO N N Y- I

14
15

16
18
20

21
21
22
28
30
35
35
37
40



1.4.4 Reaction Mechanism for Polymerization of Aniline 41

1.45 Application of Conducting Polymer 44
1.5  Composites 45
16 Dyes 47
1.6.1 Organic Dyes 48
1.6.2 Classification of Dyes 48
1.6.3 Methylenc Blue 51
1.64 Procion Red 53
1.7 Theorefical Aspects of Experimental Techniques 54
1.7.1 Infrared Spectroscopy 54
172 Ultraviolet-Visible Spectroscopy o5
1.7.3  X-Ray Diffraction 57
1.7.4 Scanning Electron Microscopy (SEM) Technique 58
1.7.5 Encrgy Dispersive X-ray (EDX) Microanalysis 60
1.7.6  Cyclic Voltammetry 61
1.7.7 Electrical Conductivity 62
1.8  Literature Review and Plan of the Present Work 63
References 72
Chapter 2: Experimental 87 - 101
2.1 Materials and Probes 87
211 Chemicals 87
21.2 Instruments 87
2.2 Preparation of Mn:0Os Nanoparticles B8
2.3 Preparation of Polyaniline (PANI) 89
24 Dispersion of Mn:Os into PANI 90
25 Polymerization of Aniline Using MnOs Nanoparticles 90
2.6 Decolorization of Dye Using Mna0s Nanoparticles 91

2.6.1 Decolorization of Methylene Blue 91



2.7
2.8

2.9

2.10
2.11

2.6.2 Declorization of Procion Red

2.63 Decolorization of Industrial Effluent
Sensitivity on Different Pathogenic Organisms
Spectral Analysis

2.8.1 Infrared Spectra

2.8.2 Ultraviclet-Visible Spectra

2.8.3 X-ray Diffraction

2.8.4 Energy Dispersive X-ray Spectra
Surface Morphology

d. c. Conductivity

Cyclic Voltammogram

References

Chapter 3; Results and Discussion

3.1.
3.2.

3.3

3.4

Nano-state Mna(:

Characterization of MrnaQs Nanoparticles
32,1, EDX Spectral Analysis
3.2.2. Infrared Spectral Analysis
3.2.5. X-Ray Diffraction
3.2.4. Scanning Electron Microscopy
3.2.5. d. c. Conductivity
Characterization of PANI
3.3.1. Ultraviolet - Visible Spectra
3.3.2. Infrared Spectral Analysis
3.3.3. Scanning Electron Microscopy
3.3.4. d. ¢ Conductivity
Characterization of MmOs Dispersed PANI
34.1. Ultraviolet - Visible Spectra
3.4.2. Infrared Spectral Analysis

3.43. Scanning Electron Microscopy

94
99

96
96
96
96
97
97
97

98

39
101

102 - 146

102
103
104
106
107
109
111
112
112
113
117
117
118
118
119
120

g



3.5.

3.6

- “-
3.4.4. X-ray Diffraction
34.5. d. e Conductivity
Applications of Mn:Qs Nanoparticles Tested
3.5.1. Polymerization of Anijline
3.5.2. Decolorization of Methylene Blue (MB)
3.5.2.1. Optimization of MB Decolorization
3.5.2.2. Investigation of Decolorization by Cyclic oltammetry
3.5.3. Declorization of Procion Red
3.5.4. Decolorization of Industrial Effluent
3.5.5. Sensitivity on Different Pathogenic Organisms
Conclusion

References

121
122
123
123
128
128
134
137
138
139
142
144



LIST OF TABLES

Table 1.3.7;
Table 1.6.1-

Table 3.2.1:
Table 3.2.2:

Table 3.5.1:

Table 3.5.3:

Manganesc Oxides Structural Data
2ome adverse effects of methylene blue in human body

Elemental composition of as prepared manganese oxide
Tentative assignment of the IR spectra of PANI sample.
Tentative assignment of the IR spectra of nanoparticles
assisted PANI sample.

Sensitivity pattern of the MnsQ« nanoparticles suspension

on different pathogenic organisms

31

ad

104

116

126

140



LIST OF FIGURES

Fig. 1.2.1;
Fig. 1.3.1:

Fig.1.3.2;
Fig. 1.6.1:
Fig. 1.6.2:

Fig.1.7.1:

Fig. 1.7.2;
Fig. 1.7.3 (a):

Fig. 1.7.3 (b):
Fig. 1.7.4:

Fig. 2.6.1;
Fig. 2.6.1:
Fig. 29.1;

Fig. 2.10.1:
Fig. 3.2.1;

Fig. 3.2.2:
Fig. 3.2.3:

Energy profile diagram showing the effect of a catalyst
A pictorial representation of an (a) intrinsic and

(b} extrinsic semiconductor.

Types of impurity semiconductors (a) p-type (b) n- type.
Chemical Structure of Methylene Blue

Cheinical structure of PR.

A block diagram of an IR spectrophotometer.

A block diagram of an UV-Vis spectrophotometer,

[llustration of specimen stage movement in SEM
arrangements,

Mechanical controls and tilt stops on the stage door of SEM.

Schematic diagram of emission of X-ray due to electron

beam interaction with a solid

Spectrum of an aqueous 2 = 10 M sclution of MB

at pH 6.86

Spectrum of an aqueous 2 = 10 M selution of PR

at pI 4.56

The construction for the measurement of the two

point-probe conductivity.

Three electrode system for Cyclic Voltammogram

Elemental analysis of MniQs nanoparticles at sample

(a} location T and (b) location 2.

IR spectrum of MnsOs nanoparticie.

XRD pattern of Mn:Os nanoparticles,

17

27
51

26

29
o9

61

92

94

98
99

105
107
108



Flg.3.2.4: SEM micrographs of Mn:O« prepared by heating 0.4 M

agueous manganese acetate sotution af 80 *C for

{a} 2 hiours {b) 6 hours and {c) 12 hours 110
Fig.3.3.1:  UV-Vis. spectrum of PANI as prepared using KeCrzO. 112
Fig.3.3.2: IR spectrum of PANI as preparcd using KeCraQy, 114
Fig.3.3.3:  SEM micrograph of PANI prepared by K:Cr:0s. 117
Fig.3.4.1:  UV-Visible spectrum of PANI/MniQ+ matrix. 119
Fig.3.4.2: IR spectrum of PANI/MnyQamatrix. 120

Fig.3.4.3:  SEM images of (a) a PANI film and (b) a PANI/MnaQs film 121
Fig. 3.4.4:  XRD pattern of PANI/Mn:Os matrix. 122
Fig.3.5.1:  UV-Vis. spectrum of PANI prepared using MnsQs 124
Fig.3.53:  SEM micrograph of PANI prepared (a) using MnsQOs

nanopatticles and (b} using KaCr2Ov. 127
Fig.3.54:  UV-Vis. spectrum of untreated 3 x 10° M MB and various

concentration of MB after treatment with MnaQs. 129
Fig. 3.55:  UV-Vis. spectrum of 3 x 10° M MB after treatment with

various amount of Mn3Os nanoparticles. 130
Fig. 3.5.6:  UV-Vis. spectrum of 3 x 10% M MB after treatment with MnaQs

in presence of various concentration of Ha50.. 131
Fig.3.5.7:  UV-Vis. absorption spectra of the {(MB+MnaQs+FH2504)

solution as a function of time, 132
Fig.3.58:  Time profile of MB degradalion: MB+Nanoparticles+Hz50x. 133
Fig.3.5.9:  UV-Vis absorption spectra of (a) 3 x 10° M MB before addition

and (b) (MB+MmQ+F2504) after decolorization in absence

of light. 134
Fig. 3.5.10 {a): CV for 3 x 10° M MB in 0.5 N Hz5Os selution. 135




Fig. 3.,5.10 (b): CV of the mixture of 50 mL 3 x 1¢* M MB + 50 mL MnsOs
taken after decolorization,
Fig, 3.510: UVY-Vis absorption spectra of {a) 2 x 10+ M PR before addition
and (b) (PR+MnaCu+F:504) after decolorization.
Fig. 3.5.11; UV-Vis absorpton spectra of (a) the effluent before addition
and (b) (efflnent+MnsQ«+Hz804) after decolorization,
Fig.3.5.12: Inhibition of Mna04 nanoparticles suspension against
(a) Vibrio cholerae (b) Shigella sp. (¢} Salmonella sp.
and {d} Escherichin coli

136

138

139

141



ABSTRACT

Mn3Q, nanoparticles were prepared by forced hydrolysis of aqueous
manganese(l!) acetate, Mn{OOCCH,), solution. Starch was used as
capping agent to prevent the agglomeration of the nanoparticles thus
formed in the colloidal mixture. 0.4 M Mn{QOCCH3), precursor in
saturated aqueous solution of starch was aged for2, 6, and 12 h ata
temperature 80 °C . The nanoparticles were then collected by
reducing the volume of suspension on mild heating followed by
ethanol extraction. The more uniform and well-dispersed particles
were obtained by heating the reaction mixture for 2 h. The
nanoparticles thus obtained were characterized by means of EDX,
XRD, IR, and SEM. The results showed that the Mn3;04 nanoparticles
were single phase, spherical, and uniformly dispersed. The average

crystailite size was caiculated from the XRD data to be approximately
10 nm.

Polyaniline (PANI) was synthesized from aniline by using potassium
dichromate, K,Cr,Q,, as an oxidizing agent. The dispersion of the
Mn3;04 nanoparticles into PANI matrix was achieved by the addition of
nancparticles suspension to the sediment of PANI. The conductivity
of the PANI/Mn;Q, matrix was measured to be 20.82 x 10° Scm™ and
found to be higher than that of PAN!, 3.72 x 10° Scm™

Mn;Q4 nanoparticles were tested to perform the polymerization of
aniline instead of conventional chemical polymerizaticn by an oxidant.
The nanoparticles can effectively polymerize aniline to yield PANI,
The PANI thus prepared was found to be more conduclive because

of its compact and modified morphology as seen from SEM.



The efficiency of the MnsO4 nanoparticles on the decolorization of
methylene blue (MB) dye has been studied in presence of H.S0Q,.
Effect of MB concentration, amount of nanoparticles required,
Influence of acid concentration, and function of time on MB
decclorization were also investigated by employing UV-Visible
spectroscopy. |t was found from these investigations that Mn;Q,

nanoparticies can efficiently and rapidly decolorize MB in adequately
acidic media.

The Mnz0, nanoparticles was also successfully employed to
decolorize another textile dye procion red (PR} and an industriat dye
effluent. UV-Visible spectra of the solutions were taken in all cases to

measure the extent of decolorization.

Sensitivity of the MniO, nanoparticles suspension was tested on
various pathogenic organisms at two different pH, 3.3 and 6.2. The
nanoparticies were found to be sensitive against Vibrio choferas,
Shigella sp., Salmonella sp., and Escherichi cofi bacteria, which are

responsible for cholera, dysentery, typhoid, and diarrhoea diseases,
respectively.



Chapter 1

INTRODUCTION



1.1 Nanomaterials

1L.1.1 Fundamental Concepty

Nanotechnology is cxpceted to be the basis of many of the main
technological innovations of the 21* century, Rescarch and development
in this ficld is growing rapidly throughout the world. A major output of
this activity is the dovclopment of new materials in the nanometer scale,
including nanoparticles. A unique aspect of nanotechnology is the vastly
increased ratio of surface area to volume present in many nanoscale
materials which opens new possibilities in surface-based science, such as
catalysis. A number of physical phenomena becomec noticeably
pronounced as the size of the system decreases. These include statistical
mcchanical eflects, as well as quantum mechanical cffcots, for example
the “quantum size effect” where the elcctronic properties of solids are
altered with great reductions in particlc size. This effect does not come

into play by going froma macro to micro dimensions, However, it becomes

dominant when the nanometer sizc range is reached,

Maierials reduced to the nanoscale can suddenly show very different
properties compared to what they exhibil ou a macroscale, enabling
unique applications. [or instarce, opaque subsiances become transparent
{(copper); incrt materials become catalysts (platinum); slable materials
turn combustible (aluminum); solids turm into liquids at room temperaturc
{gold); insulators become conductors (silicon). Maierials such as gold,
which 15 chemically inert at normal scales, can serve as a potent chemical
catalyst at nanoscales. Much of the fasciuation with nanotechnology

stems {rom thesc unique quanium and surface phenomena that matter

exhibits at the nanoscalc.
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A nanoparticle (which historically has included nanopowder, nanocluster,
and nanocrystal) is a small particle with at least one dimension less than
100 nm. This dcfinition can be fleshed out further in order to remove
ambiguity from futurc nano nomemeclaturc. A nanoparticle is an
amorphous or semicrystalline zero dimensional (0D) nano structure with
al least onc dimension beiween 10 and 100 nm and a relatively large (=

15%) size dispersion [1].

1.1.2 Propertics of Nanoparticles

Nanoparticles are of preal scientific intcrest as they are eflectively a
bridge between bulk materials and atomic or molecular structures. A bulk
material should have constant physical properties regardless of ils size,
but at the nano-scale this is often not the case. Size-dependent properiies
are observed such as quantum confinemenl in semiconductor particles,
surface  plasmon resonance in  some metal particles and

superparainagnetism in magnetic materials.

The properties of materials change as their sizc approaches the nznoscale
and as the percentage of atoms at the surface of & material becomes
significant. For bulk materials larger than one micrometre the percentage
of atoms at the surface is minuscule relalive to the total number of atoms
of the material. The interesting and sometimes unexpected properties of
nanoparticles are partly duc to the aspects of the surfacc of the material

dominating the properties in liew of the bulk properties.

Nanoparticles exhibit a number of special properties relative to bulk
material. For example, the bending of bulk copper {wire, ribbon, etc.)
occurs with movement of copper atoms/clusters at about the 50 nm scale.

Copper nanoparticles smaller then 50 nm arc considered super hard
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materials that do not exhibit the same malleability and ductility as bulk
copper. The change in properties is not always desirable. Ferroelectric
materials smaller than 10 nm can switch their magnetisation direction
using room temperaturc thermal energy, thus making them useless for
memory storage. Suspensions of nanoparticles are possible because the
interaction of the particle surface with the solvent is strong enough to
overcome differcneces in densily, which usually result in a material either
sinking or floating in a liquid. Nanoparlicles oftcn have unexpected
visible properties because they are small enough (0 confine their elecirons
and produce quantum effects. For example gold nanoparticles appear

deep red to black in solution.

Nanoparticles have a very high surface area to velume ratio. This
provides a tremendous driving force for diffusion, especially at elevated
temperatures. Sintering can take place at lower temperatures, over shorter
time scales than for larger particles. This theorctically does not affect the
density of the final product, though flow difficulties and the tendency of
nanoparticles to agglomeratc complicates matters. The large surface area

o volume ratioc also reduccs the incipient melting temperature of

nanoparticles [2].

1.1.3 Classification

At the small end of the size range, nanoparticles are often referred to as
clusters, Nanospheres, nanorods, and nanocups are just a foew of the
shapes that have been grown. Metal, dielectric, and semiconductor
nanoparlicles have been formed, as well as hybrid structures (c.g., core-
shell nanoparticles). Nanoparticles made of semiconducting material may

also be labeled quanmm dots il they are small enough (typically sub 10
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nm) that quantization of clectronic energy levels occurs. Such nanoscale

particles are used in biomedical applications as drug carriers or imaging

agents.

Scmi-solid and sofl nanoparticles have been manufaclured. A prototype
nanoparticlc of semi-solid nalure is the liposome. Various ilypes of
liposome nanoparticles are currenily used clinically as delivery systems

Tor anlicancer drugs and vaccines.

1.1.4 Characterization

Nanoparticle characterization is necessary to establish understanding and
control of nanoparticle synthesis and applications. Characlerization is
done by using a varniety of differcnt tcchnigues, mainly drawn from
materials science. Common lechniques arc Elcctron Microscopy |
ITEM,SEM]}, Atomic Force Microscopy [AFM], Dynamic Light
Scattering [DLS], X-ray Photoeleciron Spectroscopy [XPS], powder X-

ray Diffractometry [XRD], and Fourier Transform Infrared Spectroscopy
[FTIR].

Whilst the theory has been known for over a century, the technology Ior
Nanoparticle Tracking Analysis (NTA) allows direct tracking of the
Brownian motfion and this method thercfore allows the sizing of

individual nanoparticles in solution.

1.1.5 Fabrication of Nanoparticles

There are several methods for creating nanoparticles; attrition and
pyrolysis are common methods. In attrition, macro or micro scale

particles arc ground in a ball mill, a planetary ball mill, or other size
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reducing mechanism., The rcsulting particles are air classified to recover

nanoparticles.

In pyrolysis, an organic precursor (liquid or gas) is forced through an
orifice al high pressurc and burned. The resulting ash is air classified to

recover oxide nanoparticle.

A thermal plasma can also deliver the cnergy necessary 1o cause
cvaporation of small micrometre size particles, The thermal plasma
lemperatures are in the order of 10000 K, so that solid powder easily
evaporates, Nanoparticles are formed upon cooling while cxiting the
plasma region. The main {ypes of the thermal plasmas torches used to
produce nanoparticles arc dc plasma jel, dc¢ arc plasma and radio
frequency (RF) induction plasmas. In the arc plusma reactors, the enerpy
necessary for evaporation and reaction is provided by an eleciric arc
which forms between the anode and the cathode. For exainple, silica sand
can bc vaporized with an arc plasma at atmosphcric pressure. The
resulting mixture of plasma gas and silica vapour can be rapidly cooled
by quenching with oxygen, thus cnsuring the quality of the fumed silica
produced, In RT induction plasma torches, energy coupling to the plasma
15 accomplished through the electromagnelic ficld gencrated by the
induction coil. The plasma gas does not come in contact with electrodes,
thus eliminating possible sources of contamination and allowing the
operation of such plasma torches with a wide range of gases including
inerl, redncing, oxidizing and other corrosive almospheres. The working
[requency is typically between 200 kHz and 40 MHz. Laboratory units
run al power levels in the order of 30-50 kW while the large scale
industrial units have been tested at power levels up to 1 MW, As the
residence time of the injected feed droplets in the plasma is very short it

is important that the droplet sizes arc small enough in order to oblain
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complete cvaporation. The RF plasma mcthod has been used to
synthcsize different nanoparticle materials, for cxample synthesis of

various ceramic nanoparticles such as oxides, carbours/carbides and

nitrides of Ti and Si.

Tnert-gas agpgregation is frequently used to make nanoparticles from
metals with low melting points. The metal is vaporized in a vacuum
chamber and then supercooled with an inert gas stream. The supercooled
metal vapor condenses in Lo nanometer-sized particles, which can be
entrained in the inert gas stream and deposited on a substrate or studied in

it

I.1.6 Nanoparticle Morphology

Scientists have taken fo naming their particles afier the real world shapes
that they might represent. Nanospheres [3], nanoreefs [4], nanoboxes [5]
and more have appeared in the literature. These morphologies somelimes
arise spontaneously as an effect of a templating or directing agent present
in the synthesis such as micellular emulsions or anodized alumina pores,
or from tbe innate crystallopraphic prowth pattems of the materials
themselves [6]. Some of these morphologies may scrve a purpose, such as
long carbon nanotubes being uscd to bridge an cleetrical junction, or just

a scientific curiosity like the stars shown at lcht.

1.1.7 Application of Nanoparticles

A, Mcdicine

The biological and medical research communities have cxploited the

unique properties of nanomatcrials for various applications (e.g., contrast
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apenls for cell imaging and therapeutics for treating cancer). Terms snch
as hiomedical nanotechnology, bionanotechnology, and nanomedicine are

used to describe this hybrid [eld. YTunctionalities can be added to

nanomaterials by interfacing them with biological molecules or structures,

The size of nanomatcrials is similar to that of most bjological molecules
and slructures; therclore, nanomaterials can be useful for both in vivo and
in vilro biomedical rescarch and applications, Thus far, the integration of
nanomaierials with biology has led to the development of diagnostic
devices, contrast agents, analytical tools, physical therapy applications,

and drug delivery vehicles.

i) Diagnostics: Nanotechnology-on-a-chip is onc more dimension of
lab-on-a-chip technology. Biological tesls measuring lhe prescncc or
activity of selected substances become quickcer, more sensitive and more
flexible when certain nanoscale particles are put to work as tags or labels.
Magnetic nanoparticlcs, bound to a suitable antibody, are used to label
specific molccules, structures or microorganisms. (Gold nanoparticles
tagged with short scgments of DNA can be used for detection of penetic
scquence in a sample. Multicolor optical coding for biological assays has
been achieved by embedding diflerent-sized quantum dots into polymeric
microbeads. Nanopore technology tor analysis of nuclcic acid converts

strings of nucleotides directly into eleclronic signatures.

i) Drug defivery: The overall drug consumption and sidc-cffcets can
be lowered signilicantly by depositing the activc agent in the morbid
region only and in no higher dosc than needed. This highly selective
approach rcduccs costs and human suffering. An example can be found in
dendrimers and nanoporous materials, They could hold small drug
melecules transporting them io the desired location. Another vision is

bascd on small electromechanical systems; NEMS are being investigated

"%
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for the activc release of drugs. Some potentially important applications
include cancer treatment with iron nanoparticles or gold shells. A targeted
or personalized medicine reduces the drug consumption and (reatment
cxpenses resulting in an overall societal bonefit by reducing the costs to
the public heallh system. Nanolechnology is also opening up new
opportunities n implantable delivery sysiems, which are often preferablc
to the use of injectable drugs, because the latter frequeutly display first-
order kinctics (the blood concentration goes up rapidly, but drops
exponentially over time). This rapid rise may cause difficulties with
toxicity, and drug efficacy can diminish as (he drug concentration falls
below the targated range.

iif)  Tissue engineering: Nanotechnology can help to reproduce or to
rcpair damaged tissue, This so called “tissue engineering” makes use of
artificially stimulated cell proliferation by using suitable nanomaterial-
based scaffolds and growth factors. Tissue engineering might replace
today’s conventional trealments like organ transplants or arificial
implants. On the other hand, tissuc cngineering is closely related to the

ethical debate on human stem cells and its ethical implications.
B.  Chemistry and Environmenl

Chemical catalysis and filtration techniques are two promninent examples
where nanotechnology already plays a role. The synthesis provides novel
matcrials with tailored f{eatures and chemical properties: for example,
nanoparticles with a distinct chemical surrounding (ligands), or specific
optical propertics. In this sense, chemistry is indeed a basic nanoscience.
[n a short-term perspective, chemisity will provide novel “nanomaterials”
and in the long run, superior processes such as “self-assemhly”™ will
enable energy and time preserving stralegies. In a sense, all chemical
synthesis can be understood in terms of nanotechnology, because of its

ability to manufacture certain molecules. Thus, chemistry forms a base
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for nanotechnology providing tailor-made molecules, polymers, eteetera,

as well as clusters and nanoparticies.

i) Catalysis:  Chemical  calalysis  benefils  especially  from
nancparlicles, due to the cxtremely larpe surface (0 volume ratio. The
application potential of nanoparticles in catalysis ranges from fuel cell to
catalytic converters and photocatalylic devices. Calalysis is  also

important for the production of chemicals.

i} Filtration: A strong influence of nanochemistry on waste-water
treatment, air purification and energy storage devices is o be expected.
Mechanical or chemical methods can be used for effective filtration
techniques. Oue class of filtration techniques is based ou the wse of
mcmbrancs with suitable hole sizes, whercby the liquid is presscd
through the membrane. Nanoporous membranes are suitable for a
mechanical [iltration with extremely small pores smaller than 10 nm
(“nanofiltration™) and may be composed of nanotubes. Nanofiltration 1s
mainly used for the removal of ions or the separation of different fluids.
On a larger scale, the membrane [(iltration technique is named
ultrafiliration, which works down to between 10 and 100 nm. One
important field of application [or ulirafiliration is medical purposes as can
be found in renal dialysis. Magnetic nanoparticles offer an effective and
reliable method to remove heavy metal contaminants from waste waler by
making use of magnetic separation techniques. Using nanoscalc particles
inereases the cificiency to absorb the contaminants and is comnparatively

inexpensive compared to traditional precipitation and filtration methods,

C.  Energy

The most advanced nanotechnology projects related to energy are:

storage, couversion, manulacturing improvements by reducing materiais
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and process rales, energy saving (by better thermal insulation for

examnple), and enhanced rencwable enerpy sources.

i} Reduction of energy consumption: A reduction of cnergy
consumption can be reached by better insulation systems, by the use of
morc cificient lighting or combustion systems, and by use of lighter and
sironger materials in the transportation sector. Currently used light bulbs
only convert approximately 5% of the electrical encrgy inte light.
Nanoiechnolopical apprcaches like light-emitting diodes (LEDs) or

quantum caged atoms {QCAs) could lcad to a strong reduction of energy

consumption for illumination.

i) Increasing the efficiency of encrgy production: Today's best solar
cells have layers of scveral diffcrent semiconductors stacked logether (o
absorb light at diffcrent cnergies but they still only manage 1o use 40
percent of the Sun's enercy. Commercially available solar cells have
much lower elficiencies (15-20%). Nanotechnology could help increase
the elficiency of light conversion by using nanostructures with a
contimium of bandpaps. The depree of elficiency of the internal
combustion engine is about 30-40% at thc¢ moment. Nanotcchnology
could improve combustion by designing specific calalysts with

maximized surface arca.

i1} The use of more environmentally friendly energy svstems. An
example for an environmentally friendly form of energy is the use of fuel
cells powered by hydrogen, which is ideally produccd by rcnewable
energies. Probably the most prominent nanostructured mailerial in fuel
cells 1s the catalyst consisting of carhon supported noble metal particles
with diamcters of 1-5 nm. Suitable materials for hydrogen storage contain
a large number of small nanosized pores. Therefore many nanostructured
materials like nanotubes, zeolites or alanates are under investigation,

Nanotcchnology can contribute to the further reduction of combustion
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engine pollutants by nanoporous filters, which can clean the exhaust
mechanically, by catalytic converters based on nanoscale noble metal
particles or by catalytic coatings on cylinder walls and catalytic

nanopariicles as additive for fuels.

) Recycling of baiteries: Because of the relatively low energy density
of batteries Lhe operating time is limited and a replacement or recharping
is nceded. The huge number of spent batteries and accuinnlators represent
a disposal problem. The use of balleries with higher cnergy content or the
use of rechargeable batterics or supercapacilors with higher rate of

recharging using nanomaterials could be helpful for the battcry disposal
problems.

D. Information and Commnnication

Current high-technology production processes are based on traditional top
down strategies, where nanotcchnology has already been introduced
silenily. The critical length scale of intcgrated circuils is already at the
nanoscale (30 nm and below) regarding the gate length of transistors in
CPUs or DRAM devices,

i Novel semiconductor devices: An example of such nove! devices is
based on spintronics. The dependence of the resistance of & material (due
to the spin of the electrons) on an cxternal field s called
magnetorcsistance. This effect can be significantly amplified {GMR -
Giant Magneto-Resistance) for nanosized objects, for example when two
ferromagnctic layers are separated by a nonmagnetic layer, which is
scveral nanometers thick (e.p. Co-Cu-Co), The GMR effect has led to a
strong increase in the dala storage density of hard disks and made the
gigabyte range possible. The so called tunneling magnetoresistance
{TMR} 15 very similar to GMR and based on the spin dependent tunneling
of electrons through adiacent ferromagnetic layers. Both GMR and TMR

11
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effects can be used to create a non-volatile main memory for computers,

such as the so called magnetic random access memory or MRAM,

i} Novel optoelectronic devices: In the modern communication
technology traditional analog electrical devices are increasingly replaced
by oplical or oploelecironic devices due {o their enormous bandwidth and
capacity, respectively. T'wo promising examples are photonic crysials and
quantum dots. Photonic crystals arc materials with a periodic variation 1n
the refractive index with a latticc constant that is half the wavelength of
the light used. They offer a selectable band gap for the propagation of a
certain wavelength, thus thcy resemble a semicondnctor, but for light or
photons instead of electrons. Quanium dots are nanoscaled objects, which
can be uscd, among many other things, for the construction of lasers. The
advantage of a quanfum dot laser over the traditional semiconductor laser
is that their emitted wavelength depends on the diameter of the dot.
Quantum dot lascrs are cheaper and ofler a higher beam quality than

conventional laser dindes.

iii}  Nanologic: Nanoscale devices exhibit dominant nonlincarities that
prevent their use as fwo-state devices in digital computers. The idea
behind nanologic is to exploit these nonlincarities (rather than suppress
them) to implement functions that corrcspond to mathematical sets:
intcrval numbers, disjoint intervals, fuzzy numbers, fuzzy scts, cte.
Simple nanoclectronic circuits can be designed that can represent sets and
set operations, and an array of snch devices conmstitutes a universal
mathematical proccssor, able to solve any problem that can be expressed
in set theory. Nanologic will find most valuc for hnman-meaningful
problems involving uncertainty, ambiguily, error, under-specificd and
over-specified systcms, and for approximate analysis of combinatorially

intractable problems, inciuding mathematical theorems.

12
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v} Quantum computers: Enlirely new approachcs for computing
exploit the laws of quantum mechanics for novel quantum computcrs,
which enable the use of fast quantuin algorithms, The Quantum computer

will have quantum bit memory spacc tcrmed qubit for several

computations al the same time,

E. Consumer Goods

Nanotechnology is already impacting the Tield of consumer goods,
providing products with nove! functions ranging from easy-to-clean to
scratch-resistant. Modern textiles are wrinkle-resistant and stain-
repellent; in the mid-term clothes will become “smart”, through
embedded “wearable elecironics”. Already in use are different

nanoparticle improved products. Especially in the ficld of cosmetics, such

novel products have a promising potential,

i) Foods: Nanotcchnology can be applied in the production,
processing, safety and packaging of food. A nanocomposite coating
process could improve food packaging by placing anti-microbial agents
directly on the surface of the coated film. Nanoccmposites could increase
or decrease gas permeability of different fillers as is necded for different
products. They can also improve the mechanical and hcat-resistance
propertics and lowcer the oxygen transmission rate. Research is being
performed to apply nanotechnology to the detection of chemical and

biological subslances for sensing biochemical changes in {oods.

if}  Household: The most prominent application of nanotechnology in
the household is sell-cleaning or “easy-to-clean™ surfaces on ceramics or
glasses. Nanoceramic parlicles have improved the smeothness and heat

resislanec of common household equipment such as the {lat iron.

iii)  Optics: The first sunglasses using protective and antireflective

ultrathin polymer coatings are on the market. For optics, nanotechnology

13
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also offers scratch resistant surface ceatings based on nanocomposites,
Nano-optics could allow for an increasc in precision ol pupil repair and

other types of laser cyc surgery.

iv})  Textiles: The nse of engineered nanofibers already makes clothes
water- and stain-repellent or wrinkle-free. Textiles with a
nanotechnological finish can be washed less freqnently and at lower
temperalures. MNanolechnology has been used to integrate tiny carbon
particles membranc and guarantce full-surfacc protection from

clectrostatic charges for the wearcr.

v} Cosmetics: One [ield of application is m sunscreens. The
traditional chemical UV protection approach suffers from its poor long-
term stability. A sunscreen based on mineral nanoparticles such as
titanium dioxide offer sevcral advantages. Titanium oxide nanoparticles
have a comparable UV protection property as the bulk material, hut lose

the cosmetically undesirable whitening as the particlc size is deercased.

1.2 Fundamental Aspects of Catalytic Process

In chemistry and biology, catalysis is a way of accclerating the rate of a
chemical reaclion by means of contacting the reactants with a substance
called a catalyst, which itself is not consumed by the overall reaction.
More generally, one may at times call anything that accelerates a process,
a "catalyst". A catalyst providcs an alternative route to products, the
calalytic route being subject to lowcr activation cncrpy than in the

uncatalyzed reaciion. A lowered activation energy increases the rcaction

rate. Catalysts gencrally change in the course of & reaction but are

rcgenerated.

14



Introduction

A pgood cxample of a catalyst usage is in the disproporionation of

hydrogen peroxide to give watcr and oxygen.
2 H202 - 2 HED + 'D;z

This reaction is slow but upon the addition of manganesc dioxide to
hydrogen pcroxide, the reaction ocerrs rapidly as signaled by
effervescence of oxygen. In demonsirations, the evolved oxygen is
detectable by its effect on a glowing splint. The manganese dioxide may
be recovered, and re-used indefinitely, thus it is a catalyst — it is not
consumed by the reaction, (The H,O; sold as a sterilizing agent in

drugstores is too dilute for this Lo work dramatically,)
1.2.1 Mechanism of Catalytic Process

i) Gereral mechanism: Catalysts generally react with one or
more reactants to [orm an intermediate that subsequently give the final
reaclion product, in the process regencrating the catalyst. The following is
a typical reaction schcme, where C represcnts the calalyst, A and B are

reactants, and D is the product of the reaction of A and B;

A+C— AC (1)
B+ AC — ABC (2)
ABC —CD (3)
CD—C+D (4)

Although the catalyst (C) is consumed by reaction 1, it is subsequently

produced by reaction 4, so for the overal! reaction;

A+B—D

13
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i} Catalytic eycles: A catalytic cycle is another term for mechanism.
Catalytic cycles are central to any discussion of catalysis, be it in

biochemistry, organomectallic chemisiry, or solid state chemistry.

Often, a so-called sacrificial caialyst is also part of (he reaction system
with the purpose of regencrating the truc catalyst in each cycle. As the
name implies the sacrificial catalyst is not regenerated and is instead
irreversibly conswned. This sacrificial compound is also known as a
stoichiomectric catalyst when added in stoichtometric quantities compared
to the main reactant. Usually the true catalyst is an expensive and
complex molecule and added in quantities as small as possible. The

stoichiometric calalyst on the other hand should be cheap and abundant.

1.2.2 Catalysts and Reaction Energetics

Catalysts work by providing an alternative mechanism involving a
different transition state and lower activation encrgy. The cflcct of this is
that more molecular collisions have the energy needed to reach the
transition slate. Hence, calalysts can perform reactions that, albeit
thermodynamically [easible, would not run without the presence of a
catalyst, or perform them much faster, more specific, or at lower
temperaturcs. This can be obscrved on a Boltzmann distribution and
cnergy profile diagram. This means that catalysts reduce the amount of
encrgy needed 1o start a chemical reaction. Figure 1.2.1 is a generic
potential energy diapram showing the ctfect of a catalyst in an
hypothetical cxothermic chemical reaction. The presence of the catalyst

opens a different reaction pathway (shown in dotted line) with a lower
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activation energy. The final resull and the overall thermodynamics are the

JAme.

ReaCtial without catalyst |
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Fig. 1.2.1 Encrgy profiic diagram showing the eflect of a catalysi.

Catalysts cannot make energetlically unfavorable reactions possible —
they have no effect on the chemical equilibrium of a reaction because the
rate of both the forward and the reverse reaction are eqnally affected (see
ajso thermodynamics). The net free encrgy change of a reaction is the
samc whether a catalyst is used or not; the catalyst jnst makes it easier to

activate,

The 81 derived unil for measuring the catalyvtic activity of a catalyst is the
katal, which is moles per second. The degree of activity of a catalyst can
also be described by the Turn Over Number (TON} and the catalytic
efficiency by the lum Over Frequency (TOF). The biochemical

equivalent is the Enzyme Unit.

17

l__p.'! -



’

Fatroduction

1.2.3 Types of Catalysts

Catalysts can be either heterogencous or homogeneous. Biocatalysts are
often secn as a separale group. Heterogeneous catalysts are present in
different phases from the reactanis (for cxample, a solid catalyst in a
liquid reaction mixture}), whercas homogeneous catalysts are in the saine

phasc (for example, a dissolved catalyst in a liquid reaction mixture).

i) Heterogeneous catalysts: A simple model for heterogencous
catalysis involves the catalyst providing a surface on which the reactants
{or substrates) temporarily become adsorbed. Bonds in the substrate
become weakened sufficiently for new bonds to be created. The bonds
between the products and the calalyst are weaker, so the products are
released. Different possible mechanisms for reuctions on surfaces are

known, depending on how the adsorption takes place.

For example, in the Haber process to manufacture ammenia, fincly
divided iron acts as a heterogeneous catalyst. Aclive sites on the metal
allow partial weak bonding to the reaciant zases, which are adsorbed onto
the metal surface. As a result, the bond within the molecule of a reactant
is weakened and the reactant molceules arc held in close proximity to
cach other. In this way the particularly strong triple bond in nitrogen is
weakened and the hydrogen and nitrogen molecules are brought closer

together than would be the case in the gas phase, so the rate of reaction

increases.

Other heterogencous catalysts include vanadium(V) oxide in the contact
process, nickel in the manufacture of margarine, alumina and silica in the
cracking of alkancs and platinum, rhodium and palladium in catalytic
converters. Mesoporous silicates have found utility in helerogeneous
rcaction catalysis because their large accessible surface area allows for

high calalyst loading.
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In car engines, incomplete combustion of the fucl produces carbon
monoxide, which is toxic. The electric spark and high iemperatures also
allow oxygen and nitrogen to reacl and form nitrogen menoxide and
nitrogen dioxide, which are responsible for photochemical smog and acid
rain. Calalytic converlers rednce such emissions by adsorbing CO and
NO onto catalytic surface, where the gases underge a redox rcaction.
Carbon dioxide and nitrogen arc desorbed from the surface and emilled as

relatively harmless gascs:
2C0+2NO — 2C0O, + Ny

Many catalysts used in refineries and in petrochemical applications are
repeneraled and reused mulliple Umes 1o save cosls and energy and to

reduce environmenlal impact [rom recycling or disposal of spent catalysts.

ii)  Homogeneous catafysts: Homogeneous catalysts are in the same
phasc as the reactants. In homogeneous caialysis the catalyst 15 a
molecule which [acilitates the reaction. The catalyst initiates reaction
with one or more reactants to form intermediatz(s) and in some cases one

or more products. Subsequent steps lead to the formation of remaining

products and to the regeneration of the catalyst.

Examples of homogeneous calalysts are:

1} The ion H'(aq) which acts as a calalyst in eslerification, as well as in
the inverse reaction - hydrolysis of csters such as methyl acetate is
catalysed by H'

2) Chlorine free radicals in the break down of ozone. These radicals are
formed by the action of ulraviolet radiation on chlorofluorocarbons

{CFCs). They rcact with ozone to form oxygen molecules and regenerate
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the catalyst radicals. This process destroys the Lhin layer of stratospheric

QEZONC

Cl+0; = ClO+0,
CiO+0 —=Cl' +0,

3) Oxides of nitrogen in the oxidation of sulphur dioxide to sulphur

frioxide by dioxygen in the chambcer process.

iif}  Biocatalysts: In nature enzymes are catalysts in the metabolic
pathway. In biochcmistry catalysis is also observed with abzymes,
ribozymes and deoxyribozymes. Biocatalysts can be thought of as a
mixlure of a homogenous and hetcrogeneous catalyst. This is because the

cnzyme i3 in solution ilself, but the reaction takes place on the enzyme

surface.

iv)  Electrocatalysis: In the context of electrochemistry, specifically in
fucl ccll engineering, various metal-rich catalysts are used to promote the
efficiency of a half reaction that occurs within the fuel cell. One common
type of fuel cell electrocatalyst 1s based upon tiny nancparticles of
platinum which adom slightly larger carbon particles. When this type of
platinum elecirocatalyst is in contact with one of the electrodes in a fuel
cecll, it increases the rate of the redox half reaction in which oxygen gas is

reduced to water (or hydroxide or hydrogen peroxide).

L.2.4 Significance

Catalysis i3 of paramount importance in the chemical industry. The
production of mest ludustrially important chemicals involves catalysis.

Two notable commercial processes are the Haber process {or aminomia
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synthesis and the Fischer-Tropsch synthesis. Research into catalysis is a
major ficld in applied science, and involves many fields of chemistry,
notably in organometallic chemistry, and physics. Catalysis is imporiani
in many aspects of environmental scicnee, from the catalytic converler in
automobiles to the alleged causes of the ozone hole. Catalytic, rather than
stoichiometric reactions are preferred in environmentally fricndly ereen

chemistry due to ihe reduced amount of waste generated.

1.3 Catalytic Materials

1.3.1 Metals

Metals are crystalline solid materials consist of metal atoms distributed in
a definite pattern resulting from their close packing. The types of closc
packing arrangement depend upon the size and electronic configuration
of the atoms involved in the formation of crystal lattice. Since the mctal
atoms arc all in dircet contact with onc another in the lattice and their
valenee clectrons arc in identical cnergy statcs, it is belicved that the
gleclrons are free o miprate between aloms. Melal sloms have an excess
of low energy orbital vacancies. These vacancies enable valence electrons
to move from near a certain nuclcus to near any other nuclcus where their
position rcmains indistinguishable from the first. Thus, mctals may be
pictured as a collection of positive alomic cores embedded m a [luid of
clectrons or sca of clectrons. For this fluid of clectrons, metals are good
conductors of electricily and heat. Melals have metallic luster; they are

malleable, ductile and high melting points.

Metals have simple crystal lattices since metallic bonding envisapes

closcst packing of atoms-onc laver above another. Metals may have any
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system of seven common crystal systems. Fe, Cu, Al, Ag, Au cte are the

most common metals which are very useful to us.

1.3.2 Semiconductors

Semiconductors arc special kind of materials which have the praperties ol
semiconduciivily 15 an ¢lectrical property of materials. A relalively small
group of elements and compounds have an important electrical property,
semiconduction in which they are neither good electrical conductors nor
good electrical insulators. [nstead, their ability to conduct electricity is

intermediate. Si, Ge, impure Zn0, impure NiQ are some examples of

sgmiconductors.

The magnitude of conductivity in the simple semiconductors [ail within
the range 107 to 107 & ' em’. This intermediate range corresponds to
band gaps of less then 2e V. Both conduction electrons and electron holes

are charge carriers in a simple semiconductor.

In & semiconduclor element, the cuergies of the valence electrons, which
bind the crystal together, lie in the highest filled energy band, called the
valenee band. The cempty band above, called the conduction band, is
separated (rom the valence band by an energy gap. The magnitude of the
energy gap or the width of the forbidden energy zoue is characteristic of

the lattice alone and varics widely for diffcrent crystals.

The transfer of an clectron from the valence band to the couduction band
requires high excitalion energy o overcome the potential barrier of the
forbidden energy zone. Consequently, such elements behave like an
insulator at low tempematures. The application of heat or light energy may

give cnough encrgy to some clectrons in the valenec band to cxeite them
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across the forbidden zone info the conduciion band. These clectrons in the

conduction band are now frec to move and can carry electricity (Fig.
1.3.1).

Semiconductors are of two kinds such as
(i)  Intrinsic semiconducior

(ii)  Exlrinsic semiconductor

(i) Intrinsic semiconductors: If a purc, cicmental substance shows the
semiconducting properties, il 18 called intrinsic semiconductor. Pure Si,
Ge shows these semiconducting properties. This semiconduction rcsults
from the thermal promotion of electrons from a filled valence band to an
empty conduction band. There, the electrons are negative charge carricrs.
The remowal of electrons from the valence band produces eleciron holes
which are positive charge carrier and identical to the conduction clectrons
{(Fig. 1.3.1. a). This ovcrall conduction scheme is possible because of the
relatively small energy band gap between the valence and conduction
bands in silicon. If & is the conductivity of semiconductor then for

intrinsic semiconductor, we can write:

6= nq{d t+ u,) 1.3.1
Where, n — density of conduction clectron
q - charpe of single carrier
. — carrier mobility of ¢lectron

K,— carricr mobility of holc

(if) Extrinsic semiconductors: Exirninsic semiconduction result [rom
impurity additions known as dopants, and the process of adding these
compencnts is called doping. These types of semiconductors are extrinsic
semiconductors. At room temperature the conductivity of semiconductors

results from clectrons and holes introduced by impurities in the crystal.
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]
The presence of an impurity lowers considerably the activation energy

necessary to transier an electron from the valence band to the conduction
band. This indicates that the ground state energies of such easily execited
electrons must lie in the l‘urbiddenl energy region. Two such discrete
energy levels, known as donor levels and acceptor levels, may be
introduced into the forhidden energy zone at a small interval of energy
below the conduction band or above the valance band (Fig.1.3.1. b).
Donor levels give nise to electrons in the conduction band, whercas
acceplor levels lead to the formation of holes in the valence band.
Impurity of Si, with B, P, Ni0Q), ZnQ, are the examples of extrinsic
semiconduciors, Extringic semiconduclors are of iwo kinds such as p-type

extrinsic semiconductor and n-type extrinsic semiconductor.

p-iype extrinsic semiconductors: The p-lype semiconducior 1§ oblained
when the impurity atoms have fewer valence electrons than the silicon or
germanium atoms of the original crystal. When a trivalent element such
as B, Al, Ga, In is substituted for Si atom, the structure will be locally
incomplete and the impurity atom will acquire an extra electron from a
nearly bond in the laltice to approximate the teirahedral cloud distribution
of the lattice. This creates a positive hole localized near the impurity,
which will attempt to neutralize itsell by taking an electron from another

neighboring bond.

Then again a hele is formed in place of this electron and it will neutralize
itsclf by taking another clectron from the next neighboring bond. Such
way the positive holes carry clectricity in the extrinsic semiconductor. So
it is called p (i.e. positive) type scmiconductor (Fig. 1.3.1 a) Cu,O also p-

typec semiconductor.
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Fig. 1.3.1: A pictorial represcntation of an (a) inlrinsic and
(b} extrinsic semiconductor.
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n-type semiconductors; They n-type semiconductor arises from
substitution of impurity atoms having more valence electrons than Si or
(Ge atoms. Elements such as P, As, Sb, and Bi have [ive valence electrons.
When such an element is substiluted for a silicon atom, four of its [ive
electrons will enter the inter-atomic bonds, but the (fih electron will be
only slightly attractcd by the excess of the positive charge on the nuclcus.
Thermal agitation cven at room tcmperature is sufficient Lo transler this
electron to the conduction band. Since conductivity is due to the motion
of electrons in the conduction band, this semiconductor is called n-typc
and the impurity is called the donor (Fig.1.3.2,b). Titanium dioxide or
titania is a uon-stoichiometric lransition metal oxide and behaves as n-

t¥pe semiconductor {7].

There are three naturally occurring crysial phases of titanium dioxide:
ratile, anatase, and brookhite. Most of the -electrochemical and
photocalalytic work to date have been performed on rutile or anatasc, ora
mixture of the two. Both nutile and anatase have tetraponal unit cells, and
both structures contains slightly distorted TiQg octahedral. Rutile is
thermodynamically more stable than anatase at room temperature; the

free evergy change {or antalase o rutile is —5.4 kJ/mol [8].

The absorption and reflection properties of rutile have been studied
extensively. At 4K, the short waveleuglh absorplion edge for rulile is 410
nm (bandgap energy = 3.05 ¢V} |9-101. The lowest euergy t:llat.:tmniﬁ
absorption at 3.05 ¢V is an indircet lransition. On the other hand, the
bandgap of anatase is reported as 3.2 eV [11]. The absorption coefficients
for both crystal phases arc reported as ~10° cm™ at 340 nm [12].
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Fig. 1.3.2: Types of impurily semiconduciors (1) p-iype (b) n- type.
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Ultraviolet radiation below ~390 nm stimulates valence-band electrons in
TiO; particles that are suspended in contaminated water. These electrons
are promoted te the conduction band (&), creating holes in the valence
band (h',;). These electron / hole pairs can either recombincs, producing
thermal encrgy, or mleract with the external environment to perform

oxidation and reduction reactions.

v
TiO;, —* TiO, (e,':h, h* \rb}

1.3.3 Inorganic Oxides

An oxide is a chemical compound containing at lcast onc oxygen atom as
well as at least one other element. Most of the Earth's crust consists of
oxides. Oxides result when elements are oxidized by oxygen in air.
Yirtually all elemenis bum in an atmosphere of oxygen. In the presence
of water and oxygen {or simply air}, some clements - lithium, sodium,
potassium, rubidium, caesium, sirontium and barivm - react rapidly, even
dangerously to give the hydroxides. In part for this reason, alkali and
alkaline earth metals arc not found in nature in their metallic, i.e., native,
form. The surface ol most metals consist of oxides and hydroxides in the
presence of air. A well known example is aluminium foil, which is coated
with a thin film of aluminium oxide that passivatcs the metal, slowing
further corrosion. Duc to its electronegativily, oxygen forms chemical
bonds with almost all elements to give the corresponding oxides. So-
called noble metals {common examples: gold, platinum) rcsist direct
chemical combination with oxygen, and substances like gold (111) oxide

musl be generated by indirect routes.
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The oxide class of mincrals is a rather diverse class. It includes minerals
that arc quite hard (corundum) and some thal are quitc soft such as
psilomelane, It has metallic minerals such as hcmatite and gemstones
such as corundum, chrysobery! and spincl. Many oxides are black but
others can be very colorful. The large diversily of oxides can be partially
attributed to the extreme abundance of oxygen in the Earth's crust,
Oxygen compriscs over 45% ol the Earth's crust by weight. Most of this
i5 locked up in more complex minerals bascd on chemical complex
anions such as CO;*, BOy", 80,%, NOy, Si0O,*, PO, and others. But
great opportunilies exist for singlc oxygen ions to combine with varicus
elements in many different ways. In a strict sense, mincrals that belong io
the more complex mineral classes such as the silicatcs are really oxides.
But this would be cumbersome for mineralogists to be abie to deal with
only the four different classcs of the elements class, the halides class, the
sulfides class and {inally the extremely large oxides class with all of its
many subclasses and over 90% of all known minerals. By convention
therefore, the oxides are limited to non complex minerals conlaining
oxygen or hydroxide. Oxides also contain mostly ionic bonds and this
helps distinguish members from the more complex mineral classes whose
bonds arc typically more covalent in nature. Quartz, SiQ; would be
considered an oxide, and still is in some mineral guides and texis, except

for its covalent silicon oxygen bonds and its structural similarity to the

othcr Tectosilicates.

Therc arc wvaroius types of oxides in nature, Oxides of m-::-rc
eleclropositive elements tend to be basic. They are called basic
anhydrides; adding water, they may form basic hydroxides. For example,
sodium oxide is basic; when hydrated, it forms sodium hydroxide. Oxides

of more electronegative clements tend to be acidic. They are called acid
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anhydrides; adding water, they form oxoacids. For example, dichlorine
heptoxide is acid; perchloric acid is a more hydrated form. Seme oxides
can act as both acid and base at different times. They are ampholeric. An

example is aluminium oxide. Some oxides do not show behavior as either

acid ot basec

Inorganic oxides are one of the most important materials for science and
technology. Especially transition metal oxides have characteristics
surface. It has drawn great attention to rescarchers, Metal oxide has becn
used as calalyst, sensor, and adsorbeni for removal of toxic chermical,

elcctrode material as well as used in electro chromic device and solar cell

elc.

Nowadays nano metal oxide is one of the promising materiafs for
scientists. The applications of nano oxide particles are increasing day by
day. The most commonly used transilion metal oxides are titanig,

manganesc oxide, zinc oxide, cobalt oxide, nicke! oxide, iron oxide etc.

1.3.4 Oxides of Manganese

Manganese is the tenth most abundant element in the earth’s crust [13]
and occurs i nature in the +2, +3, and 14 oxidation states. Manganese
oxides are commonly used in & wide range of applications including dry-
cell batteries |14], pigments [13], catalysts [15-19], and water-purifying
agents [13]. The greatest percentage of the world’s manganese production
is consumed in steel production, where it is added for increased strength
[13]. Manganesc oxides are active catalysts in several oxidation and
reduction reactions, including oxidation of methane and carbon monoxide

and selective reduction of nitrobenzene |20]. Chang and McCarty found
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the oxygen absorption and desorption behavior of manganese oxide as an
oxygen storage componcnt to be superior 1o that of cerfum oxide [21].
Manganese {onns the stable oxides Mn(, MnyO,, Mn;O;, and MnQ» as
well as the metasiable Mns;Oy. The structural properties of these oxides
are listed in Table 1. Reduction and oxidation of manganese oxides are
reversible up 1o Mn;O5; formation of MnO, in purc oxygen requires

pressures greater than 3000 bar [13].

Table 1.3.1 Manganese Oxides Siructural Dala
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Manganese(IV} oxide is the chemical compound MnQ,, commonly called
manganese dioxide. This blackish or brown solid occurs paturally as the

mincral pyrolusite, which is the main orc of mangancse. It is also present
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in manganese nodules. The principal use for MnO, is for dry-cell

batteries, such as the alkaline bailery and the zine-carbon battery.

Manganesc dioxide is used as an oxidanl in organic synthesis. The
cffoctiveness ol the reagent depends on the method of preparation, a
problem that is typical for other helerogencous reagents where surface
area, among other variables, is a significant factor [22]. The mineral
pytolusite makes a poor reagent. Usually, howcver, the reagent is
generated by treatment of an aqueous sofution KMnQ, with a Mn{II) salt,

typically the sulfate at various pH’s.

The predominant application of MnO, is for the oxidation of allylic

aleohols to the corresponding aldehydes:
¢is-RCH=CHCH;OH + Mn0, — cis-RCIN=CHCHO + MnO + H,O

The configuration of the double bond is conserved in the reaction. The
corrcsponding acetylenic alcohols are also suitable substrates, aithough
the resulting propargylic aldehydes can be quite reactive. Benzylic and
even unactivated aleohols are also good substrates. 1,2-Diols are cleaved
by MnQO, to dialdehydes or diketones. Otherwise, the applications of
MnQ), are numerous, being applicable to many kinds of reactions
including amine oxidation, aromatization, oxidative coupling, and thiol

oxidation.

Some examples of the use of MnQ; are given below [23]:

»  MnQ; 1s used as a catalyst In the classical laboratory preparation of
oxygen from potassium chlorate. A mixture of potassium chlorate
and manganese dioxide is heated in a hard glass container and the

oXygen gas collected over water.
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+ MnQ); is nsed in combination with anthracite, sand, and gravel in
industrial water lreatment plants.
» Manganese dioxide also catalyscs the decomposition of hydrogen

peroxide 1o oxygen and watcer:
2 H;O5(aq) — Oxfg) + 2 H20O(1)

» Eightecnth-century British chemists referred to MnO; simply as
manganese. Elemental manganese was known as regufus of
MAanganese.

» Ancient cave painters used MnO, as a black or brown pigment.

» MnO; wuas used for production of chlorine in the eighteenth
century, before being displaced by clectrolytic methods. The

mangancsc dioxide was subsequently recovercd by the Weldon

process.

Mangancsc{VIl} oxide is the chemical coinpound with the formula
Mn;O-. This volatile liquid is highly reactive and more oflen discussed
than observed or intentionally prepared. It 1s a dangerous oxidizer that
was first described in 1860 [24].

BMn; O arises as a dark red oil by the addition of H;50, to KMnO,. The
reaction initially produces permangamic acid, HMnO, (also described

with the formula [1OMnQs). Permanganic acid spontancously loses water
to form its anhydride, Mn,()s,

2 KMHD4 +2 HzSCL; — MﬂgD? + Hg‘D‘ +2 KHSO4

Mn;0, can react [urther with sulfuric acid to give the remarkable cation

MnQ;', which is isoclcetronic with CrOs:

Mn; O7 + 2 Ha850y — MnOy" 1150y + H-0
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Mn;0; decomposes near room temperature, explosively so at 55 °C. The
cxplosion can be initiated by striking the sample or by its exposure to

oxidizable organic compounds. The products are Mn(; and O, [25].

The manganese oxide Hausmannite, Mn;O,, is usually not a beautiful
mineral;, however some spccimens are (ruly wonderful. It can have a
bright mectallic luster and form well-shaped crystals. The cryslals are
lelragonal dipyramids, an cight faced form that looks psuedo-octahedral.
Indeed at first look, good crystals of hausmannite appcar to be
octahedrons like those formed by the spinel group of minerals.
Hausmanniie 1s a complex oxide of manganese containing both di- and
tri-valent manganese, The formula of hausmannite, (Mn™)(Mn™%0,,
would also seem to placc it in the spinel group. Their general formula is
AB:Qy,, where A can be a manganese with a positive two charge and B
can be a mangancse with a positive three (+3) charge. However, those A
and B positions are filled with other elements when either one has a
manganese ion present. Both sites can not accommodate a manganese ion
at the samc time and still preserve the isomelric structure. Ergo,
hausmeannite has a distorted spincl structure that produces a tetragonal
symmetry and a basal cleavage not possible in the spincl group of
minerals. At much higher temperatures, the structure of hausmamnite
converts to the isometric spinel structure, Hausmannite is an interestiug,

and cen be (when well-formed) a first-rate mineral specimen.

Mn;04 is known Lo be a good candidatc as an active catalyst for the-
dccomposition of waste gases [26], as a corrosion-inhibiting pigment [27,
28], and as an intercalation compound, such as in lithium manganesc
oxide, which is an electrode material for rechargeable lithium baiteries
[29]. Bulk Mn30, undergoes a ferrimagnetic transition at 42 K [30}, but
Mn;0; nancparticles exhibit a size-dependent Curie temperature (TC)
[31, 32].
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I.4 Conductive Polymers

During the last two decades, a new class of organic polyiners is
synthesized which conduct electrical current. These polymers are called
conducting polymers [33]. In general polymers are insulating materials
having conductivities ranging from 10" Sem™ for polyvinyl chloride to
10" Sem™ for polytcirafluro-ethylene, which are manc ordems of
magnitude below compare (o the conductivities associated with metals
(=1 0t Sem™). As a result polymers have found wide spread acceptancc in
a myriad of insulating and siructural applications through out the
clectronic industry. One of the earliest approaches to make polymers
conducting is to preparc a composite of polymers and conductive filler,
such as mctal powder, graphitc powder, flake or wire ete. Conductive
[illers remain cmbedded more or less evenly dispersed in the polymer
matrix and conduct eleciric current. But these composites can not be
reparded as conducting polymers because the polymers present in such
composites arc non-conducting [34-37]. When anions like CI, ClOy, BE,
etc. are doped chemically to organic polymers, their eleclrical
conductivity iucreases. Again wheu silicon dioxide is dopped in to these

plymers, their stability is increased although its electrical conductivity

may be decreased.

1.4.1 Brief History of Conductive Polymers

The discovery in 1973 that poly sulfur nitride (SN), was intrinsically
conducting provided a prool that polvmers could be conducting and thus
greatly stimulated the search for other conducting polymer [38]. During

the last two decades, a new class of organic polymers has been devised
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wilh the remarkable ability to conduct electrical current. These class of

materials are called conducting polymers [39].

One of the carliest approaches to make the polymers conductive is (o
prepare a composite of polymers and conductive filler, such as, metal
powder, graphite powder, flake or wire elc. Conductive fillers remain
embeddcd more or less evenly dispersed in the polymer matrix and
conduct electric current. But these composiles cannot be regarded as

conducling polymcrs because the polymers prescnts in such composites

are non-conducting [40-43].

In 1964, W. A. Liitle [44] synihesized a supcrconductor at room
temperature with polymeric backbone and large polarizable side groups

which led the discovery of new organic compounds with high elecirical

conductivity.

In the early 1980s, excitcment ran high when several prototype devices
based on conductive polymers, such as rechargeable batterics and current
rectifying p-r junciion diodes [45] were announced. Among the many
polymers known to be conductive, polyacetylene (PAT), polyaniline
(PANI), polypyrrole (PP) and polythiophene (PT) have been studied most
intcnsively [46-52]. However, the conductive polymer that actually

launched this new field of research was PAT.

Resecarch has been expanded into the studies of heteroatomic conductive
polymers because of their better chemical stability and the nterest in the
polaron and bipolaron conduction mechanism [53, 54]. Among the

heteroatomic polymers PP, PT and PANI have been studied extensively.
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in 1968, Dall’Olic et al [55] published the first report of analogous
electrosynthesis in other system. They had observed the f{ormation of
britlle, film like pyrrole black on a Pt electrode during the oxidation of
pyrrole in dilule sulfuric acid. Conductivity measurements carried out on
the 1solated solid state matcrials pave a valuc of 8 Sem™, In addition, a
strong ESR signal was cvidenced of a high number of unpaired spin.
Earlier, in 1961, H. Lund [56] had reported in a virtually unobtainablc

publication that PP can be produced by electrochemical polymerization.

In 1979, Diaz et. al. [57] produced the [irst flexible and stable PP flm
with high conductivity (100 Sem'™), The substance was pelymerized on a
Pt clectrode hy anodic oxidation in acetonitrile. The known chemical
methods of synthesis [58-60] usually produced low conductivity powders
from the monomers. PP formed at the electrode surface and could be
peeled off as a flexible, relatively dense and shiny blue-black film. This

polymer is charactcrized not only by its high conductivity but also by its

high stability.

During the 19805, PANI was subjected to intense structural, physical, and
electrical characterization, using modern cxperimental techniques. A brief

survey, out of numerous features and studies made on PANI is presented

below:
1.4.2 Structural Features of PANI

Organic conducting polymer, PANI, is being studied more and more, and
up to the recent years has been the centre of considerable scientific
interest. However, PANI is not rcally a new maierial and its existence has
been known for the past 150 years or over, since it had already been made
by Runge in 1834. |
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PANTI has been described in many papers [61] usually as ill-defined forms
such as ‘anilinc black’ emeraldine, nigraniline, efc. synthesized by the
chemical or clectrochemical oxidation of aniline, Figure 1.4.1 shows
the idealized oxidation state of PANI: leucoemeraldine, emeraldine,
pernigraniline and emeralding salt. Different structures result in different
electrical behaviours of the material. Emeraldine sall is a partially
oxidized compound, protonated, with eleclrdical  conducting,
characteristics. Leucoemeraldine is a fully reduced compound with
clectrical insulating characteristics. There are no double bonds between
thc aromatic rings and the N-H groups. Emeraldine base is an insulating
compound, partially oxidized with few N-H groups in the main chain.
Emeraldine changes from insufator to conductor when it is protonated

with proton donor acids, such as, hydrochloric acid. This change is one of

the most intcresting properties of PANI,

/©/ @ /©/ Leucocmeralding

/@ \@ ﬂ Emeraldine
)//\@/( \@ )//\6/( Perpigraniline
ALY N

3
£
)@( @ )@/ Emeraldine Sal
™, ]]d N
I I-ll

Fig. 1.4,1: Representation of idealized oxidation states of PAN],

t2— T
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The structure of emeraldine PANT can be changed to emeraldine salt by
removing an electron lrom the N-H group. Pemnipraniline is a fully
oxidized compound without conducting characteristics. There are no N-H
groups 1n the structure. The level of protonation in the structure causes
dramalic changes in the conductivity. The base form of the polymer in the

emcraldine oxidation slate (y = 0.5)

A
OO
¥ 1-y w
which contains equal number of alternating reduced,
i
QN—QN— and oxidized O—N =<:>=N—

repealing units can be protonated by dilute aqueous acid to produce the

corrcsponding salt (A=anion)

YA P,
MN— —
LPHOAOR

A A

which is believed to exisl as polysemiquinone radical cation [39-40].

The polymer exhibits conductivitics of ~ 1-3 § cm” when approximately

half of its nitrogen atoms are protonated as shown above.
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1.4.3 Methods of Preparation

PANI is gencrally prepared by dircet oxidation of aniline using an
appropriate chemical oxidant or by electrochemical oxidation on differcat

electrode materials.

Various chemical oxidizing agents have been used by different authors:
polassium dichromate [62, 63], ammonium pcrsulfate or peroxydisulfate
[64, 65], hydrogen peroxide, ceric nitrate and ceric sulfate (66, 67]. The
reaction is mainly carried oul in acid medium, in particular sulfuric acid,
at a pH between 0 and 2 [33, 54]. However, MacDiarmid et al. |67, 68]
used hydrochloric acid at pH 1. Genies ef af. [68] used a euteclic mixture
of hydrofluoric acid and ammonia, the general formula of which is NILF:

2.3 HF, {or which the pH is probably less than 0.

When aniline 13 mixed with the chemical oxidant in a rcaction vessel and
left for a certain period of time (the duration of which depends on the
temperature and the concentration of active speccies), the solution
gradually becomes colored and a black precipilate appcars [6%]. The
coloration of the solvent is possibly due to the formation of soluble

oligomers.

Anodic oxidation of aniline on an inerl metallic clectrode is the most
current inethod for the clectrochemical synthesis of PANI. This method
offers the possibility of coupling with physical speelroscopic echnique
such as visible, IR, Raman, ellipsometry and conductimetry, for in sifu
charactcrization.

The anodie oxidation of anilinc is generally effected on an inert clectrode

matcrial which is usually Pt [70, 71]. Howcver, several studics have been
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carried out with ether clectrode materials: iron [72], copper [73], zinc and
lead, chrome-gold [74], palladium |75] and different types of carbon
vitrcous, pyrolic or graphite [76] or on semiconductor {77, 78). When the

polymerization is carried out at constant currenl, a inaximum current

density of 10 mA cm 2 is rurely cxceeded.

The conducting polymers, CH3-PANI, PP, and the copolymers as well as
the composiles can also be prepared by both chemical (79-92) and
clectrochemical polymerization (93-125).

L.4.4 Reaction Mechanism for Polpmerization of Aniline

The efficient polymerization of aniline is achieved only in an acidic
medium. The mechanism of this reaction is shown in Fig 1.3.3. The first
five steps involve the establishment of the anilinfum radicals and the
possible reactions betwceen the anilinium radicals themselves or with each
other, and finally the oxidation of ADPA by the peroxide to form PBQI.
Step 6 is the most important one, because it shows that the catalytic
action of the acidic reaction medium accelerates the coupling of aniline
(or, more precisely anilinium radical 2) with r:xisting dimmers and higher
oligomers (step 6b). Morcover step 6b also supplies a reasonsble
cxplanation for the different oxidarion statcs in PAN] powders prepared

under similar conditions.

Step 1: Formation of the aniiniumradicalcation 1

0-50; .
2 NH, + ] 77 =—=2 NH, + 280,°
D—Sﬂj
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Step 2: Formation of the aniliniumradical 1

+& »
Oin e @i

Step 3: Formation of the aniliniumradical 2
+
@-NH é . NH

Step 4: Coupling of the aniliniumradicals 1 and 2 {Gencration of

p-aminodiphenylamine)

O+ -

NH,

N
H

Step 3: Generation of N-phenyl-1,4-benzoguinone diiminc from

p-aminodiphenylamine

@D . 752 e @D +
0
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Step 6: Growth of aniline oligomers and polymers

(a) Growth via p-aminodiphenylamine and aniliniumradical 2

H —s0° H .
» QO . T s @D - w0,

0-S0;

O+ (s == OO v

n'2 52032-;

n -C>:NH

ntl
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(b} Growth via N-phenyl-1,4-benzoquinone diimine and aniliniumradical

2, catalyzed by ihe acid HX

@NQNH 2 @%@';\‘H

@%};@QH o O OO T i + nx

H H O=50 H H
& v+ 752 QOGO
0-50;
2

+ ZH50,

BB 2055 GO O
N N N NH - N NH,
2 -@z:«m
& M2

Fig. 1.4.3: Mechanism for the polymerization of aniline

1.4.5 Application of Conducting Polymer

Conducting  polymcric materials preparcd by  electrochemical
polymerization of a number of monomers have recenlly received
considerable attention because ol the large variety of their potential

applications such as in energy storage [126], batteries [127,128],
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clectrocatalysis [129,130], gas sensors [131-135], and bioscnsors [136-
141].

PANI can be used as material for modified clectrodes [76, 142], as a
corrosion inhibitors for semiconductors in phoeloelectrochemical
assemblies [143], in microelecironics [144, 145] and as clectrochromic
material {146]. The application which has inspired most interest is in the
area of clectrochemical batteries. The possible use of PANI as aclive

anodic material is in rechargeable batteries [61].

Morc recent sysiematic studics have been undertaken by numerous
groups {47, 65, 143] on the possibic usc of PANI as an active clectrode
material. These investigations deal with the behavior of PANI in aqueous

and organic media as a function of the mode of synthesis.

1.5 Composites

Since 1965 a distinet discipline and technology of compositc materials
have been begun to emerge, That is 80% of all research and development
on compositcs have been done since 1965 when the Air Force launched
its-all out development program to make high performance fiber
composites a practical reality. Therc arc two major reasons for the
revived interest in composite matcrials. One is that the increasing
demands for higher performance in many product areas especially in the
acrospace, nuclear energy and aireraft fields is taxing to the limit our
conventional monolithic materials. The second reason, the most important
for the long run is that the composites concept provides scieniists and
engineers with a promising approach to designing, rather than selecting,

materials to meet the specific requirements of an application.

45



ftroduction

The term ‘composite’ refers to something made up of various parts or
elements, In definition of composite depends on the structural level of the
compositc we are thinking about, At (he submicroscopic Ievel that of
simple molecules and crystal cells all materials composed of lwo or more
diffcrent atoms or elements would be regarded as composites. This would
include compounds, alloys plastics and ccramics, Only the pure elements
would be excluded. At the microscopic level (or microstructural level)
that of crystals, polymecrs, and phases a composite would be a material
composed of two or more different crystals, molecular structures, or
phases, By this definition most of our traditional materials, which have
always been considered monolithic, would be classificd as composites. At
the macro structural ievel which is most useful for COmpositcs, the
delinitions of composites s that they are a mixture of macro constitucnt
phasc composed of materials which are in a divided state and which
generally diffcr in form and/or chemical com position, Note that, contrary
to a widely held assumption, this definition does not requirc that a
compositc be composed of chemically different materials, although this
usually the case. The more important distinguishing characteristics of a
composite arc ils geometrical features and the fact that its performance js
the collective behavior of the constitucnts of which it is composed. A
compositc malterial can vary in composition, structurc, and properties

from one point to the next inside the material.

The major constituents used in siructuring composites are fibers,
particles, laminas, flakes, filters and matrix. The matrix, which can be
thought of as the body constiluent, gives the composiie its bulk form. The
other four, which can be referred to as structural conslituents, determinc

the character of the composite’s internal structure. A special type of
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composite, fiberglass embedded in a polymer matrix is a relatively recent
invention but has m & few dccades, become a commonplace material.
Charactcristic of good composites, {iberglass, provides the ‘best of both
worlds’, it carries along thc superior properties of each component,
producing a product that is superior to cither of the components
scparately. The high strength of the small diameter glass fibers is
combined with the ductility of the polymer matrix to produce a strong

material capable of withstanding the normal loading rcquired of a

structural material.

1.6 Dyes

A dye van generally be described as a colored -substance that has an
affinity to the substrate to which it is being applied. The dyc is generally

applied in an aqucous solution, and may require a mordant to improve the
fastncss of the dyve on the fiber.

Both dycs and pigmenis appear to be colored because they absorb some
wavelengths of light preferentially. In contrast with a dye, a pigment
generally is insoluble, and has no affinity for the substratc. Some dyes

can be precipitaled with an incrt salt to produce a lake pigment.

Archaeological evidence shows that, particularly in India and the Middle
East, dyeing has been carried out for over 5000 ycars. The dyes were
obtained from animal, vegelable or mineral origin, with no or very litile
processing. By far the greatest source of dyes has been from the plant
kiugdom, notably roots, berries, bark, leaves and wood, but only a few

have ever becn used on a commercial scale.
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1.6.1 Organic Dyes

An organic dyc consists of a color producing structurc, the chromogen
(clectron acceptor), and a part lo regulate the sofubility and dying
propertics, the auxochrom (clectron donor). Without both parts, the

material 1s simply a colorcd body.

The Chromogen is an aromatic body containing a color-giving group,
called the chromophore. Chromophore groups cause color by altering
absorption bands in the visible spectrum. Common chromophores are:
nitroso group {- NO), nitro group (-NOs}, azo group (~ N=N -), ethylenc
group (>C = C <), carbonyl group (>C = Q), carbon nitrogen groups
(>C=NI and -CH =N-}, carbon sulphur groups (>C = § and >C- §8-§-
C&) ete. '

Theses groups add color (o aromatic bodies by causing displacement of,
or an appcarance of absorption bands in the visible spectrum. In modern
point of views, these groups place the ground and cxcited state in the

range that corrcsponds to the visible range of the spectrum.

The auxochrome, an essential part of a dye molecule, cause the dye to
adhere to the material which it colors, cnhance the color of dye, improve

solubility in the solvent which is important for application on the

materials.

Commeon auxochrome are: - NH;, - OH, -NR;, -COOMH, - SO;H ete.

1.6.2 Classification of Dyes

The {irst human-made (synthetic} organic dye, mauveine, was discovered
by William Henry Perkin in 1856. Many thousands of syuthetic dyes have
since been prepared. Synthctic dyes quickly replaced the traditional
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natural dyes. They cost less, they offcred a vast range of new colors, and
they imparted better properties upon the dyed materials [147]. Dryes are

now classified according to how they are used in the dycing process.

Acid dyes are water-soluble anionic dyes that arc applied to fibers such
as silk, wool, nylon and moditied acrylic fibers using neulral to acid
dyebaths. Aftachment 1o the fiber is attributed, at least partly, to salt
formation between anionic groups in the dyes and cationic groups in the

fiber. Acid dyes are not substantive to cellulosic fibers.

Basic dyes are waler-soluble cationic dyes that are mainly applicd to
acrylic fibers, but find some use for wool and silk. Usually acetic acid is
added to the dyebath to help the uptake of the dye onto the fiber. Basic

dyes arc also used in the coloration of paper.

Direct or substantive dyeing is normally carried oul in a neulra! or
slightly alkalinc dyebath, at or near boiling point, with the addition of
etther sodium chloride (NaCl) or sodium sulfate (Na;80y). Direct dyes
are nsed on coiton, paper, leather, wool, silk and nylon. They arc also
used as pH indicators and as biological slains.

Mordant dyes require 4 mordant, which improves the fasiness of the dyc
against water, light and pcrspiration. The choice of mordant is very
important as different mordants can change the final color significantly.
Most nalural dyes arc mordant dyes and there is therefore a large
litcraturc base describing dyeing techniques. The most important mordant
dyes are the synthetic mordant dyes, or chrome dyes, used for wool; these
comprise some 30% of dyes used for wool, and are especially uselul for
black and navy shades. Thc mordant, potassium dichromaie, is applied as
an after-treatment. It is important to note that many mordants, particularly
those in the heavy metal category, can be hazardous to health and

extreme carc must be laken in nsing them.
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Yat dyes arc csscntially insoluble in water and incapablc of dyeing fibres
directly. However, reduction in alkaline liquor produces the watcr soluble
alkali metal salt of the dye, which, in this leuco torm, has an affinity for
the textile fibre. Subsequent oxidation reforms the original insoluble dye.

The color of denim is due to Indigo, the original vat dyc.

Reactive dyes utilize a chromophore atlached 10 & substituent that is
capable of directly reacting with the fibre subslrale. The covalent bonds
that attach reactive dye to natural fibers make them among thc most
permancnt of dycs. "Cold" reactive dyes, such as Procion MX, Cibacron
F, and Drimarene K, are very easy to use because the dye can be applicd
at room temperature. Reactive dyes are by [ar the best choice for dyeing

colton and other cellulose Nbers at home or in the ar studio.

Disperse dyes were originally developed [or the dyeing of cellulose
acctate, and are substantially water insoluble. The dyes are tinely ground
in the presence of a dispersing agent and then sold as a paste, or spray-
dried and sold as a powder. Their mnain use is to dyepolyester but they can
also be used to dye nylon, cellulose triacetate, and acrylic fibres. In some
cases, a dyeing temperature of 130 °C is required, and a pressurised
dyebath 15 used. The very fine particle size gives a large surface area that
aids dissolution to allow uptake by the fibre. The dyeing rate can be

significantly influenced by the choice of dispersing agent used during the
grinding,

Azo dyeing is a technique in which an insoluble azoic dye is preduced
directly onto or within the fibre. This is achicved by trcating a fibre with
both diazoic and coupling components. With suitable adjustment of
dyebath eonditions the two compeonents react to produce the required
insoluble azo dye. This technigue of dyeing is unique, in that the final

color is controlled by the choice of the diazoic and coupling components.
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Sulfur dyes are two part "developed” dyes used to dye cotton with dark
colors. The initial bath imparts a ycllow or pale chartreuse color. This is
aftertreated with a sulfur compound in place to produce the dark black we

are familiar with in socks for instance. Sullur Black 1 is the largest selling

dye by volume.

Food dyes arc another class which describes the role of dycs, rather than
their mode of use. Because food dyes are classed as food additives, they
are manufactured to a higher siandard than some industrial dyes. Food
dyes can bc direcl, mordant and vat dyes, and their use is slrictly
controlled by legislation. Many arc azoic dyes, although anthraquinone
and triphenylmethane compounds are used for colors such as green and

blue. Some naturally-occurring dycs are also used.

L6.3 Methylene Blue

Methylene blue is a heterocyclic, cationic aromatic dye with molecular
formula: Cl;3CiN;S and its ITUPAC name is 3,7-bis(Dimethylamino)-

phenazathionium chloride Tetramethylthionine chloride.

Fig. 1.6.1: Chemical Structure of Methylene Blue
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Il has many uses in a range of different ficlds, such as biology or
chemistry, At room temperature il appears as a sclid, odorless, dark green
powder, that yields a bluc solution when dissolved in water. Methylene
blue is widely used as a redox indicator in analylical chemistry. Solutions
of this substance are biue when in an oxidizing envirommeni, but will turn
colorless if cxposcd to a reducing agent. In biology methylene blue isl
used as a dye for 4 numbcer of different staining procedures, such as
Gram's staln, Wright's stain, and Jenner's stain. Since il is a temporary
staining technique, methylene blue can also be used to cxamine RNA or
DNA. under the microscope or in a gel: as an example, a solution of
methylene bluc can be used to stain RNA on hybridization membranes in
northern blotting to verify the amounl of nucleic acid present. Owing to
its reducing agent properties, methylene blue is employed as a medication
for the treatment of methemoglobinemia, which can arise from inpgestion
of certain pharmaceuticals or broad beans. Basically, methylene blue acts

to reduce the heme group from methemoglobin 10 hemoglobin.

In the human body, methylene biue is highly stable; i ingested, it resists
the stomach's acidic enviromnent as well as the many hydrolytic cnzymcs
presenl. Methylene blue also has some other adverse reactions in human

body that can be stated below [148, 149]:
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Table 1.6.1: 5ome adverse effects of methylene blue in human body

l i
Central 2
Cardiuvascular; Nervous |Dematologic|Gastrointestina) Gf;nitﬂurinnryjHematulugic[
System - L I
|
-Dizz'm'csé !Ste{in{ng of- |*Fecal . ]
' o . ) *Discoloration |
: . |[*Mental  [skin discoloration |
;*Hyperiension ) o of urine : ]
: ] . |confusion |+Injection  !*Nausea JCAemia
{*Precordial pain ] . . *Bladder ;
| *Headache | site necrosis [+Vomiting ]
' . . titrifalion
| «Fever (5C) *Abdominal:pain

1L.6.4 Procion Red

e T

Procion red (PR) is common textile organic monoaszo dye and anionic in

nature, It is a hetcrocyclic aromatic chemical compound with molecular

formula: C,qH,¢Cl;NNay04S,. Molecular weight of PR is 615.38 and A,

is 538 nm. Its chemical structure is shown in Fig, 1.6.2.

oH

=1
509N I l 045Na
NtN_@
£H

Fig. 1.6.2: Chcmical structure of PR.
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1.7 Theoretical Aspects of Experimental Techniques
171 Infrared Spectroscopy

Emission or absorplion spectra arisc when molecules undergo transition
between quantum stales corresponding to two different internal encrgics.
The energy difference AE between the states is related to the frequency of

the radiation emitted or absorption by Lhe quantum relation
AE = hy (1.7.1)

where & — Planck’s constant, and v — frequency.

i Moto :
Amplifier I Spectum
@ E
Manochromator My ﬁ F REfEEEnce N
] D B

b Detectar
e oV LN, U W, A O e

Fig.1.7.1: A block diagram of an IR spcctrophotometer.
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Infrared (IR) frequencies have the wave length range from 1 in to 50 um
are associated with molecular vibration and vibration-rotaiion spectra.

Detection of chemical groups and bonding are done by the typical

spectra.

In polymer, the IR absorption spectrum is often surprisingly simple, if
one considers the number of atoms involved. This simplicity results first
from ihe fact that many of the normal vibrations have almost the same
frequency and therefore appear in the spectrum as one absorption band
and second, from the strict sclection rules that prevent many of the
vibrations from causing absorptions. In our expcriment, we tried to
observe the change in {requency of different samples cobalt oxide, nickel
oxide, cobalt-nickel mixed oxide and detection of cobali oxide, nickel
oxXide, mixed oxide by following the Co-O or. Ni-O frequencies, IR
spectrums of all the compounds were recorded on IR spectrophotometer
in the region of 4000-400 cm™. Samples were introduced as KBr pellets,
A block diagram of an IR spectropholometer is shown in Fig. 1.7.1.

1.7.2 Ultraviolet-Visible Spectrascopy

Electromagnetic radiation of suitable frequency can be passed through a
samplc so that photons are absorbed by the samples and changes in the
electronic cnergies of the molecules can be brought about. So it is
possible to effect the changes in a particular type of molecular energy
using appropriale frequency of the ineident radiation. When a beam of
photons passes through a system of absorbing species, then we can write

df
a7 1.7.2
; { )
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where, { = intensity of photon beam
df — reduction of intensity
dx — rate ol photon absorption with distance (x) wraversed

a —» absorption co-elficient of the material

Now if 1, is the initial intensity at thickness / = 0 and 7 is the transmitted
radiation at x = 1, then by integration, we can write

Ir I—;qﬂ {1.7.3}

For polymers and polymeric composites, Ullraviolet — Visivlie (UV-Vis)
spcetrum is taken 1o measure the impurity level, band gap encrgy cte. The
electrode spectra of the prepared compounds were recorded on a UV-Vis
recording spectrophotometer in the wavelength range 300-800 nm, A

schematic diagram of UV-Vis spectrophotometer is shown iu Fig. 1.7.2.

3 Relforence
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Fig. 1.7.2: A block diagram of an UV-Vis spectrophotometer,
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1.7.3 X-Ray Diffraction

The X-ray diffraction (XRD) provides subsiantial information on the
crystal structure. This method is applied for the investigation of orderly
arrangements of atoms or molecules through the interaction of
clectromagnetic radiation to give interface effects with structures
comparable in size to the wavelength of the radiation. Studies on the
crystal structures developed based on mcthods using single crystals after
the discovery of X-ray diffraction by crystais made by thc Von Laue
[150]. Nowadays XRD is used not only for the determination of crystal'
structure but also chemical analysis, such as chain conformations and
packing [or polymers, for sircss measurements and for the mcasurement
of phase equilibria and the mcasurcment of particle size, for the
determination of the orientation of the crystal and the ensemble of

orientations in a pelycrystallinc matcrial.

X-rays are the eleclromagnetic radiation whose wavelength is in the
neighborhood of 1 A. The wave length of an X-ray is thus of the same
order of magnitude as the lattice constant of crystals, and it is this which
makcs X-rays so useful in structures analysis of crystals whenever X-ray
are incident on a crystal surface they are reflected, The reflection abides

by the celebrated Bragg’s law as given below:

2d Sin@=#nA (1.7.4}

where d is distance betwceen crystal planes, 0 is the incident angle, X is the
wave length of X-ray and n is a positive integer. The ditfracted X-ray
may be detected by their action on photographic films or plates or by
means of a radiation counter or electronic equipment feeding data to a

¢computer |151].
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The main purpose of using this technique for the analysis of the studied
polymeric samples is to observe, from the X-ray diffraction pattern, the

change in crystallinity in the serics upon same condition.

1.7.4 SEM Technique

The Scanning Electron Microscope (SEM) uses a finely focused beam of
clectrons 1o scan over the area of interest, The beam-specimen interaction
is a complex phenomenon. The clecirons actually penetrate into the
sample surface, ionizing the sample and causc the rcleasc of electrons
from the sample. These elcclrons are detected and amplified into a SEM
image that consists of Back Scatlered Electrons and Secondary Elcctrons.
Since the clectron beam has a specific energy and the sample a specific
atomic structure, different image will be collected from different samples,

even if they have the same geometric appearance.

The specimen stage allows movement of the specimen along five axes as
indicated in Fig.1.7.3 (a) & (b). The basic stage is controlled manually by
micrometers and screw-type adjusters on the stage door, The matorized
stage has motors driving the X, Y, Z and rolation controls, all with

manual override.

The stage can be tilied over 90°. The tilt axis always intersects the
electron optical axis of the column at the same height (10 mm). When the
specimen positioned at this height, the spceiinen can be tilted in the
eucentric plane. This means that during tik, almost no image
displacement occurs. The tiiting mechanism can be locked for more

stability at high magnification.
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Rotation in the
tilted plane

Y + 75 mm in the plane
of tilt, perpendicuiar to
the tilt axis

X £ 75 mm along the
tilt axis

Tilt range =30 10 +60°

Fig. 1.7.3 (a): [llustration of specimen stage movement in SEM
arrangements.

Fig. 1.7.3 (b): Mechanical conirols and till stops on the stage
door of SEM.
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1.7.5 Energy Dispersive X-ray (EDX) Microanalysis

EDX 1s a microanalytical wechnique that uscs the characteristic spectrum
of x-rays cmitted by the specimen after excitation by high-enerpy
elecirons to obtain information about ils elemental composition. An
electron beam strikes the surface of the sanple. The cnergy of the bean is
120 keV, This causcs X-rays to be emitied. The cnergy of the X-rays
emitied depends on thc material under examination. The X-rays are
generated in the whole section. The detector used in EDX is the Lithjum
drifted Silicon detector. "This detector must be operated at liquid nitrogen
temperatures. When an X-ray sirikes the detector, it will generate a
photoelectron within the body of the Si. As this photoeleciron travels
through the 8i, it generates electron-hole pairs. The electrons and holes
are atlracted Lo opposite cnds of the detector with the ajid of a strong
electric ficld. The size of the current pulse thus gencrated depends on the
number of electron-hole pairs creatcd, which in furn depends on the
energy of the incoming X-ray, which depends on the composition of the
sample. Thus, an X-ray spectrum can be acquired giving information on
the elemental composition of the material under examination. By moving

the electron beam across the material an image ol each element in the

samplc can be acquired.

I an electron beam strikes the surface X-rays (hv) were emitted [Fig.
1.7.4], which cncrgy depends on the elemental coinpostion of the sample.

Vice versaz the energy of the elecirons is reduced. Analysis of these

emitted X-rays gives a spectrnm, EDX.
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Fig. 1.7.4  Schematic diagram of emission of X-ray due lo electron

beam interaction with a solid

1.7.6 Cyclic Voltammetry

Elcctrachemical process is widely used in the polymerization of organic
polymer. Most of the system for electrochemical polymerization consists
of compartment where three electrodes are dipped into the solution
containing monomer and clectrolyle solution. Appropriate potential is
applied to the working electrode for polymerization of the monomers.
The potential of the working electrode, where deposition of the polymer
film takes place, is controlled versus the reference electrode using a feed-

back circuit or a potentiostat. Feed-back circuit drives the circuit between
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the working and counter electrode ensuring that none can pass through

the reference electrode circuit.

The nature of the workin