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I

ABSTRACT
Two series of terpolymers, one of m-Phenylenediamine (MPD), oAnisidine (AS), and 2,3-Xylidine (XY), and the other of Aniline (A), oToluidine (OT), and o-Aminobenzoic acid (B), have been synthesized by
chemical oxidative polymerization. The yield, intrinsic, viscosity, and
conductivity of the terpolymers were studied by changing the monomers
ratio of the terpolymers from 100/0/0 to 50/40/10 to 0/100/0. It can be
observed that MPD/AS/XY terpolymer exhibit a higher polymerization
yield while A/OT/B terpolymers exhibit a lower polymerization yield.
The two series of terpolymers were characterized by Fourier transform
infrared

(FTIR),

Ultraviolet-visible

(UV-vis),

and

1

HNMR

spectroscopies. These spectra suggest that the obtained polymers were
actual terpolymers consisting of three monomer units.
















II




DECLARATION
Unless otherwise stated, the work presented in this thesis is that of the
author and has not previously been submitted in whole or in part, in this
support of an application for another degree at this or any other university
or institution of learning.


















M. M. HILLES
Department of Chemistry
AL-Azhar University - Gaza


III







DEDICATION

To
My Father, Mother, lovely Sister, and Brothers
WITH LOVE











IV

Acknowledgment

I thank God for giving me the health and strength to perform and
complete this study.
I wish to express my deepest gratitude and sincere appreciation to
my supervisors, Dr. Omar Melad Associated Prof. of polymer
chemistry, Al-Azhar University and Dr. Hussein Al-Hendawi
Associated Prof. of organic chemistry, Al-Azhar University, for their
guidance, kindness, direct supervision and continued interest
throughout the course of this work.
My thanks extend to the members of the examining committee and to
the members of the Chemistry Department at AL-Azhar UniversityGaza.
Most of thanks to my family who wanted this more than I, I
dedicated this humble work in recognition of their sacrifices and ever
presented love .

Mohammed Hilles

V

Table of Contents


Statement
Committee Decision

page
I

Abstract

II

Declaration

III

Dedication

IV

Acknowledgment

V

Table of Contents

VI

List of Figures

IX

List of Tables

XI

List of Abbreviations

XII

Chapter One
Introduction
1.1 Introduction to Polymers

1

1.2 Conduction Polymer

2

1.2.1 History of Conductive Polymer

2

1.2.2 Classic Conductive Polymer

3

1.2.3 Chemical Structure and Conductivity of Polymer

4

1.2.4 Doping in Conducting Polymers

7

1.2.5 Charge Carriers in Conducting Polymers

8

1.2.6 Band Gap in Conducting Polymers

9

1.3

Viscometry

10

1.3.1 Types of Viscometers

10

VI

1.3.2 Capillary Viscometers

11

1.3.3 Determination of Intrinsic Viscosity

12

1.4 Polyaniline and It's Chemical Synthesis

12

1.4.1 Introduction

12

1.4.2 Synthesis of Polyaniline

13

1.4.3 Oxidation State of Polyaniline

14

1.5 Terpolymerization of Aniline and Derivatives
1.6 Aim of This Work

16
16

Chapter Two
Experimental Part
2.1 Chemicals and Reagents

18

2.2 Synthesis of Terpolymers of m-Phenylenediamine (MPD),
o-Anisidine (AS), and 2,3-Xylidine (XY)

18

2.3 Synthesis of Terpolymers of Aniline (AN), o-Toluidine (OT), and
20

o-Aminobenzoic acid (B)
2.4 Measurements

21

2.4.1 Conductivity Measurements

21

2.4.2 Intrinsic Viscosity Measurements

21

2.4.3 FTIR analysis

22

2.4.4 UV-visible analysis

22

2.4.5 1HNMR analysis

22

VII

Chapter Three
Results and Discussion
3. Results and Discussion

23

3.1.1 Synthesis of The Terpolymers of m-Phenylenediamine (MPD),
o-Anisidine (AS), and 2,3-Xylidine (XY)

23

3.1.2 The Terpolymerization and Conductivity of MPD/AS/XY, Yield,
23

Intrinsic Viscosity
3.1.3 FTIR Spectra of The Terpolymers of
m-Phenylenediamine (MPD), o-Anisidine (AS), and 2,3-Xylidine (XY)

25

3.1.4 UV-VIS Spectra of The Terpolymers of
m-Phenylenediamine (MPD), o-Anisidine (AS), and 2,3-Xylidine (AS)

27

3.1.5 Solution 1HNMR Spectrum of The Terpolymers of
m-Phenylenediamin (MPD), o-Anisidine (AS), and 2,3-Xylidine (XY)

28

3.2 Synthesis of The Terpolymers of
Aniline (A), Toluidine (OT), and o-Aminobenzoic acid (B) (AOTB)

30

3.2.1 The Terpolymerization Yield and Conductivity of
Aniline (A), o-Toluidine (OT), and o-Aminobenzoic acid (B) (AOTB),

30

at Different Monomers Ratio
3.2.2 FTIR Spectra of The Terpolymers of Aniline (A), o-Toluidine
(OT), and o-Aminobenzoic acid (B), (AOTB)

31

3.2.3 UV-vis Spectra of The Terpolymers of Aniline (A), o-Toluidine
(OT), and o-Aminobenzoic acid (B), (AOTB), at Different Monomers
Ratio

VIII

37

3.2.4 Solution 1HNMR Spectrum of The Terpolymers of Aniline (A), o39

Toluidine (OT), o-Aminobenzoic acid (B), (AOTB)
Conclusion

41

Reference

42



Arabic summary



List of Figures
Fig. 1.1 : Molecular Structure of Conjugated Polymer

5

Fig. 1.2 : Conductivity of Electronic Polymers with Doping

6

Fig. 1.3 : Band Structure In an Electronically Conducting Polymer

9

Fig. 1.4 : Different Types of Capillary Viscosimeters

11

Fig. 1.5: Generalized Formula of Polyaniline Base

13

Fig. 1.6: The Oxidative Polymerization of Aniline In an Acidic Solution
14

and The Product Morphology
 Fig. 1.7: Molecular Design of Three Oxidation States of Polyaniline

15

Fig. 3.1 FTIR Absorption Spectra of
The Terpolymer with MPD/AS/XY Monomers Ratio of (a) 100/0/0, (b)

25

70/10/20, (c) 70/20/10, (d) 70/25/5, (e) 50/40/10, (f) 0/100/0
Fig. 3.2 Uv-vis Absorption Spectra of The Terpolymers MPD/AS/XY
Solution In DMSO at Different Monomers Ratio

27

Fig. 3.3 1HNMR Spectra of MPD/AS/XY (50/40/10) Terpolymers In
29

DMSO

IX

Fig. 3.4 FTIR Absorption Spectra of The Terpolymers with Aniline, oToulidine and o-Aminobenzoic acid Monomers Ratio of 100/0/0

31

Fig. 3.5 FTIR Absorption Spectra of The Terpolymers with Aniline, oToluidine and o-Aminobenzoic acid Monomers Ratio of 70/10/10

32

Fig. 3.6 FTIR Absorption Spectra of The Terpolymers with Aniline, oToluidine and o-Aminobenzoic acid Monomers Ratio of 70/20/10

32

Fig. 3.7 FTIR Absorption Spectra of The Terpolymers with Aniline, oToluidine and o-Aminobenzoic acid Monomers Ratio of 70/25/5

33

Fig. 3.8 FTIR Absorption Spectra of The Terpolymers with Aniline, oToluidine and o-Aminobenzoic acid Monomers Ratio of 50/40/10

33

Fig. 3.9 FTIR Absorption Spectra of The Terpolymers with Aniline, oToluidine and o-Aminobenzoic acid Monomers Ratio of 0/100/0

34

Fig. 3.10 UV-vis Absorption Spectra of The Terpolymers of Aniline,
o-Toluidine and o- Aminobenzoic acid Monomers Ratio of 100/0/0

36

Fig. 3.11 UV-vis Absorption Spectra of The Terpolymers of Aniline, oToluidine and o-Aminobenzoic acid Monomers Ratio of 70/10/20

36

Fig. 3.12 UV-vis Absorption Spectra of The Terpolymers of Aniline, o37
Toluidine and o-Aminobenzoic acid Monomers Ratio of 70/20/10
Fig. 3.13 UV-vis Absorption Spectra of The Terpolymers of Aniline,
37
o-Toluidine and o-Aminobenzoic acid Monomers Ratio of 70/25/10
Fig. 3.14 UV-vis Absorption Spectra of The Terpolymers of Aniline,
38
o-Toluidine and o-Aminobenzoic acid Monomers Ratio of 50/40/10
Fig. 3.15 UV-vis Absorption Spectra of The Terpolymers of Aniline,
X

38

o-Toluidine and o-Aminobenzoic acid Monomers Ratio of 0/100/0
Fig.16 : 1HNMR Spectra of The Terpolymers of Aniline, o-Toluidine,
40
and o-Aminobenzoic acid at 70/20/10 Monomers Ratio

List of Tables


Table 1.1 Colors of Each Three Oxidation State of Polyaniline

15

Table 2.1 The Yield of Terpolymers of m-Phenylenediamine(MPD), oAnisidine(AS), and 2,3-Xylidine(XY), at Different Monomers Ratio

19

Table 2.2 The Yield of Terpolymers of Aniline(AN), o-Toluidine (OT),
and o-Aminobenzoic acid (B), at Different Ratio

21

Table 3.1 Terpolymerization Yield, Intrinsic Viscosity and
Conductivity of MPD/AS/XY Terpolymer at Different Monomers Ratio

24

Table 3.2 Terpolymerization Yield and Conductivity of AOTB
Terpolymer at Different Monomers Ratio

30

Table 3.3 UV-vis Spectra of The Terpolymers of Aniline (A), oToluidine (OT), and o-Aminobenzoic acid (B), (AOTB), at Different
Monomers Ratio







XI

35

List of Abbreviations

Symbol

PANI

Polyaniline

AN

Aniline

MPD

m-Phenylenediamine

XY

Xylidine

AS

o-Anisidine

OT

o-Toludine

B

o-Aminobenzoic acid

AOTB

Aniline , o-Toluidine, o-Aminobenzoicacid

DMSO



Meaning

Dimethylsulfoxide

NMP

1-Methyl 2-Pyrrolidinone

DMF

Dimethyl formamide

APS

Ammonium persulfate

V

Volume (ml)

h

Hour

d

Density

wt

Weight

M

Molarity

Conc

Concentrated

dil

Diluted

fig

Figure

çsp

Specific Viscosity

[ç]

Intrinsic Viscosity

çred

Reduced Viscosity

FTIR

Fourier Transform Infrared Spectroscopy

XII

UV-VIS

Ultraviolet – Visible Spectroscopy

1

HNMR

Proton Nuclear Magnetic Resonance

HOMO

Highest Occupied Molecular Orbital

LUMO

Lowest Occupied Molecular Orbital

XIII

Chapter One

Introduction

XIV

1.1 INTRODUCTION TO POLYMERS
Polymers are substances made of giant molecules formed by uniting
simple molecules or monomers by covalent bonds. The word comes from
Greek and it means many parts. Polymers have high molecular weights,
which gives them useful physical characteristics such as high viscosity,
elasticity, and strength. Polymers are found everywhere. They are part of
man himself: proteins and nucleic acid are polymers. Natural fibers such
as wool and cotton are polymers, and of course many synthetics, such as
plastics, nylon, and man-made rubber, are polymers. The first synthetic
polymer, a phenol-formaldehyde polymer, was introduced under the
name “ Bakelite ”, by Leo Baekeland in 1909. In 1922 Hermann
Staudinger [1], was the first proposed that polymers consisted of long
chains of atoms held together by covalent bonds. He also proposed to
name these compounds macromolecules. An idea which did not gain
wide acceptance for over a decade and for which Staudinger was
ultimately awarded the Nobel Prize. Work by Wallace Carothers in the
1929s also demonstrated that polymers could be synthesized rationally
from their constituent monomers. An important contribution to synthetic
polymer science was made by the Italian chemist Giulio Natta and the
German chemist Karl Ziegler, who won the Nobel Prize in Chemistry in
1963 for the development of the Ziegler-Natta catalyst. Further
recognition of the importance of polymers came with the award of the
Nobel Prize in Chemistry in 1974 to Paul Flory, whose extensive work
on polymers included the kinetics of step-growth polymerization and of
addition polymerization, chain transfer, excluded volume, the FloryHuggins solution theory, and the Flory convention. Today, polymers are
commonly used in thousands of products as plastics, elastomers, coatings,
and adhesives. Polymers can have different chemical structures, physical


properties, mechanical behavior, thermal characteristics, etc., and can be
classified in different ways.

1.2 CONDUCTIVE POLYMER
1.2.1 History of Conductive Polymer
In 1976 Alan MacDiarmid, Hideki Shirakawa, together with a talented
group of graduate students and postdoctoral researchers, discovered
conducting polymers and the ability to dope these polymers over the full
range from insulator to metal (Chiang et al., 1977; Shirakawa et al.,
1977).
This was particularly exciting because it created a new field of research
on the boundary between chemistry and condensed-matter physics, and
because it created a number of opportunities:

1. conducting polymers opened the way to progress in understanding the
fundamental chemistry and physics of ð-bonded macromolecules.
2. Conducting polymers provided an opportunity to address questions that
had been of fundamental interest to quantum chemistry for decades. Is
there bond alternation in long –chain polyenes? What is the relative
importance of the electron and the electron-lattice interactions in ðbonded macromolecules.
3. Conducting polymers provided an opportunity to address fundamental
issues of importance to condensed matter physics as well, including, for
example, the metal insulator transition as envisioned by Neville Mott and
Philip Anderson and the instability of one-dimensional metals discovered
by Rudolph Peierls (the " Peierls Instability").
Conducting polymers are the most recent generation of polymers (Ranby,
1993).



1.2.2 Classic Conductivity Polymer
Conducting organic polymer are widely used as the positive electrodes in
rechargeable batteries [2,5]. Interest in the development of conducting
polymers such as polyaniline, polypyrrole , polythiophene, poly
phenylene etc… has increased tremendously during the last decade
because of their electronic properties for use in batteries, electronic
devices, functional electrodes, electro chromic devices, optical switching
devices, sensors and so on [6,10]. Thermal studies of PANI conducting
polymers are particularly important when one considers the use of
elevated temperature to process PANI and its blends into technologically
useful forms. In any practical application, knowledge of the stability and
degradation mechanism of this class of conducting polymers is also of
primary importance. For many practical applications of polyaniline
conducting polymers such as battery applications, the thermal stability of
material is very important. Among conducting polymers, a great deal of
researches have been devoted to PANI due to its unique electrical,
electrochemical

properties,

high

environmental

stability,

easy

polymerization and low cost of monomer [11,20].
Furthermore, the superior possibility of PANI stimulated several
investigations for potential applications of this intrinsically conductive
polymer. However, melt processing is not possible, since the polymer
decomposes at temperatures below its softening or melting point. Poly
aniline can be synthesized by the oxidative polymerization of aniline in
aqueous acidic media using a variety of oxidizing agents such as
(NH)4S2O8 , KIO3 and K2Cr2O7. For large scale production the chemical
method is more convenient because the scale of products in
electrochemical synthesis depends on the size of the electrode [21,28].
Polyaniline films can also be easily synthesized by electrochemical


deposition employing potentiostatic, potentiodynamic or Galvano static
methods [29,31]. Through oxidation of aniline in bronsted acid medium.
A major problem however is the production of the conducting form of
polyaniline. Therefore, it becomes necessary to critically control all the
process parameters involved in a particular deposition technique so as to
obtain the deposit only with the particular oxidation state of interest [31].
For example, cyclic potential sweep deposition produces films with better
morphology, conductivity and structural integrity than potentiostatic
deposition [30]. Polymer synthesized using chemical methods is a
powdery material and the properties of chemically synthesized poly
aniline from aqueous solutions are determined by a wide variety of
synthesis parameters, such as pH, aniline oxidant ratios, polymerization
temperature and time, type concentration of oxidizing agents and protonic
acids [24]. It has been reported that the aniline oxidant ratio has a minor
effect on the electrical conductivity of the polyaniline produced. By
contrast, the polymer yield was strongly dependant on this ratio. Poly
aniline in its base form (by treatment with dilute aqueous alkali e.g 0.1M
(NH4OH) is insoluble in water and soluble in several aqueous and nonaqueous solvents such as concentrated sulphuric acid, acetic acid (80%),
formic acid, dimethylsulfoxide (DMSO), dimethylformamide (DMF), and
1-methyl 2-pyrrolidinone (NMP), [25] .

1.2.3 Chemical Structure and Conductivity of Polymer
The class of conducting polymers is consisting of various polymers such
as polythiophene [32], polypyrrole [33], polyparaphenylene [34,35].etc.
The polymers are consisting of alternating single and double bonds, such
a polymer is called conjugated polymer. Atoms in the polymer chain are
covalently bonded so that they are insulators. In the covalent bonded
molecules of the saturated carbon compounds, there is no scope of


delocalization of the valence electrons and consequently, neither charge
carriers nor path for their movements are available. Since in the
conjugated molecule of a carbon compound, delocalization of electron
may occur through the interaction of ð - bonded electrons, such molecule
may be conducting molecules

Polymer

Structure

HC

Polyacetylene

CH
n

..

Polythiophene

S
..

n

..

Polypyrrole

N
H

n

Polyparaphenylene
n

..
NH

Polyaniline

n

Fig. 1.1: Molecular structure of conjugated polymer


The insulating ð- conjugated polymers can be converted to conducting
polymers by a chemical or electrochemical doping which can be
consequently recombacked to insulate state by de-doping. This suggests
that not only de-doping can take place in conducting polymers, but also
reversible doping/de-doping process, which is different from inorganic
semiconductor where de-doping can't take place [36], as a result,
conductivity of the conducting polymers at room temperature covers
whole insulator -semiconductor- metal region by changing doping degree.
On the contrary, those processes are not allowed to take place in an
inorganic semiconductors.
The conductivity of polymers can be made to vary over a very wide
range, starting from insulating to semiconductor and towards metallic, by
varying the concentration of the do-pant, as shown in (Fig. 1.2) .

Fig. 1.2 : Conductivity of electronic polymers with doping





1. 2. 4 Doping in Conducting Polymers
The process of transforming a polymer to its conductive form via
chemical oxidation or reduction is called doping. Doping in polymers is
different from that in inorganic or traditional semiconductors [37].
The nature of dopants plays an important role in the stability of
conducting polymers. The extent of enhancement of electric conductivity
of a polymer primarily depends on the chemical reactivity of the dopant
with the polymer. The same dopant cannot be effective for different
polymers. Conductivity of polymers depends directly on the doping level.
The doping level increases with exposure time of the polymer to the
dopant vapor. Sometimes a sharp rise in conductivity is observed for a
very small increment of the dopant level [38], this sharp increase may be
due to the rapid increase in mobility of the charge carriers, which in turn
is due to interchain interaction. The doping is usually quantitative and the
carrier concentration is directly proportional to the dopant concentration.
On doping, positive or negative charge carriers are developed in the
polymers [38,41]. Doping results in rearrangements of the polymer chains
and there by new ordered structures are formed. The dopant concentration
may be as high as 50% [38], also incorporation of the dopant molecules
in the quasi one-dimensional polymer systems considerably disturbs the
chain order leading to the reorganization of the polymer [42], thus the
ultimate conductivity in polymeric semiconductors depends on many
factors, viz., nature and concentration of dopants, homogeneity of doping,
carrier mobility, crystallinity and morphology of polymers. Doping
agents or dopants are either strong reducing agents or strong oxidizing
agents [40,41] .



1. 2.5 Charge Carriers in Conducting Polymers
Conductive polymers are peculiar in that they conduct current without
having a partially empty or partially filled band. Their electrical
conductivity cannot be explained well by simple band theory. The
electronic phenomena in these electronic polymers cannot be explained
by using the theory of conventional inorganic semiconductors. the charge
transport is carried out by a hopping mechanism between the dopant
molecules which act like hopping site [43]. The mechanism of conduction
and behavior of charge carriers in the conducting polymers have been
explained using the concept of polarons and bipolarons. A radical cation
that is partially delocalized over some polymer segment is called a
polaron. It stabilizes itself by polarizing the medium around it. It is really
a radical cation and has a spin of ½. When electron is removed from the
top of the valence band of

a conjugated polymer, a vacancy ( hole or

radical cation ) is created that is not delocalized completely, as would be
expected from classical band theory. Only partial delocalization occurs,
extending over several monomeric units and causing them to deform
structurally. The energy level associated with this radical cation
represents a destabilized bonding orbital and thus has a higher energy
than the energies in valence band, this rise in energy is similar to the rise
in energy that takes place after an electron is removed from a filling
bonding molecular orbital. If another electron now is removed from the
already oxidized polymer containing the polaron, two things can happen:
This electron could come from either a different segment of the polymer
chain, thus creating another independent polaron, or from the first polaron
level (remove the unpaired electron), to create a special dication, which is
called a bipolaron. Low doping levels give rise to polarons, whereas
higher doping levels produce bipolarons. Compared to polaron, bipolaron


is doubly charged but spin less. The bipolaron also has structural
deformation associated with it. The two positive charges of the bipolaron
are not independent, but act as a pair. Both polarons and bipolarons are
mobile and can move along the polymer chain by the rearrangement of
double and single bonds in the conjugated system that occurs in an
electric field. If many bipolarons are formed, say as a result of high
doping their energies can start over lapping at the edges, which creates
narrow bipolaron bands in the band gap.

1. 2. 6 Band Gap in Conducting Polymers
The energy spacing between the highest occupied and the lowest
unoccupied band is called the band gap. The highest occupied band is
called the valence band, and the lowest unoccupied band is the
conduction band. Conducting polymers, either have a zero energy band
gap or a very low band gap. The optical band gap controls the electronic
and the optical properties of conducting polymers [44]. A reduction in the
optical band gap increases the conductivity of the polymers, so, attempts
have been made to reduce the band gap in conducting polymers by
various methods. The band gap of many of the well-suited conducting
polymers is greater than 2.0 eV.




Fig. 1.3 : Band structure in an electronically conducting polymer



HOMO and LUMO are acronyms for highest occupied molecular orbital
and lowest unoccupied molecular orbital respectively. The energy
difference between the HOMO and LOMO is termed the HOMO-LOMO
gap. HOMO and LUMO are sometimes referred to as frontier orbital's .

1.3 Viscometry
Viscometry has a very special place among the methods for the study of
macromolecules. Experimentally, it is much simpler than most other
methods, yet it yields data that are rather precise and well reproducible. In
industry, measurements of viscosity sever as one of the fastest methods
for monitoring molecular weights, and conversions [45] .

1.3.1 Types of Viscometers
There are roughly three classes of viscometers available: the capillary
viscometer, the rotational, and the falling – ball viscometer. Both the
capillary and the rotational viscometers are built-in different versions that
allow for the exact determination of the viscosity in well – defined flow
fields. Especially rotational viscometers allow exact adjustment of
constant flow profile, thus are available in high precision and expansive
versions as rotational reheometers.
Capillary viscometers are the best compromise between the exact
determination of viscosity and a well-precised measurement device, and
are therefore the most commonly found type of viscometers. Both
rotational and capillary viscosimeters are available in simple and
inexpensive version as Brookfield viscometers and flow cups. These
instruments do not have a defined flow profile and cannot be used to
determine an exact viscosity, but are widely used in quality control and
measurement devices with an undefined flow profile, but allow for
determination of the viscosity after a calibration with standard fluids [46].


1.3.2 Capillary Viscometers
Capillary viscometers belong to the type of effluent viscosimeters. They
are most commonly used viscometers for the determination of the
intrinsic viscometers. Different capillary viscometers are shown in (Fig.
1.4), the flow of the examined liquid sample is achieved through gravity.
The sample flows under its own weight through a known capillary length
L with a defined radius . the running times of a known sample volume
between measurement point (M1 and M2) are measured. With the help of
these running times, the kinematic viscosity can be calculated. In contrast
to other types of viscometers, the temperature in capillary can be
immersed in water bath. For the Oswald. Viscometer shown in (Fig. 1.4),
it is important that an exact amount of the sample is filled in to the
device, since the hydrostatic pressure depends on the filling level. When
different running times are measured for the same sample .



1.3.3 Determination of Intrinsic Viscosity
The increase in viscosity of the macromolecular solutions is most easily
interpreted for hydrodynamically ideal solutions. It is therefore desirable
to separate the information about macromolecules from such relatively
unimportant quantities as solvent viscosity and polymer concentration.
These is accomplished by evaluation of intrinsic viscosity. Small polymer
interactions (that are decreasing with decreasing concentration) have to be
considered. The true viscosity enhancing properties of polymer is that for
the reduced viscosity extrapolated to C

0

[ç] = lim çred
C 0


1.4 Polyaniline and it's Chemical Synthesis
1.4.1 Introduction
Since the discovery that conjugated polymers can be made to conduct
electricity through doping [47], a tremendous amount of research has
been carried out in the field of conducting polymers [48,49]. One of
these polymers is polyaniline (PANI). The primary structure of
polyaniline (Fig. 1.5), consists of benzenoid rings with an imine
backbone and quinoid rings with an amine (double bonded NH),
backbone. The benzenoid rings react with oxidative agents and the
quinoid rings react with reducing agents. In acidic media, the benzenoid
rings transform into quinoid [50], this process is reversible. Polyaniline is
an excellent example of a conjugated polymer that can be tailored for
specific applications through the doping process [51]. Polyaniline was
first prepared in 1834 by the chemical oxidation of aniline as 'aniline
black' and it has been the subject of intensive research [52]. Since its
conducting properties were rediscovered in 1980s, polyaniline has been


studied for many other potential applications including lightweight
battery electrodes [53], electromagnetic shielding devices [54,55], and
anticorrosion coatings [56,57]. Polyaniline and its derivatives are
considered to be of the most promising classes of organic conducting
polymers due to their well-behaved electrochemistry, easy protonation
reversibility, excellent redox recyclibility [58], good environmental
stability [59], ease of doping [60], and ease of preparation. Polyaniline is
electrically conductive in its emeraldine oxidation state when doped with
a salt that protonates the imine nitrogens on the polymer backbone.
Dopants can be added in any desired quantity until all imine nitrogens
(half of the total nitrogens), are doped, simply by controlling the pH of
the dopant acid solutions.

N
H

N
H

N
H

n





Fig.1.5 : Generalized formula of Polyaniline base




1.4.2 Synthesis of Polyaniline
Polyaniline is generally synthesized by the direct oxidation of aniline
using appropriate oxidants or by electrochemical methods using different
electrode materials. Chemical oxidation is usually carried out in a
aqueous acidic environments with an oxidizing agent such as ammonium
persulfate [61], as shown in (Fig 1.6) .





Fig. 1.6 : The oxidative polymerization of polyaniline in an acidic solution and its
morphology.

The electrochemical method originally developed by Letheby [62], as
noted earlier was utilized as a test for the determination of small
quantities of aniline. The method has been improved since then [63,64],
and has also been applied to alkyl [65,66], alkoxy [67], and dimethoxy
substituted aniline [68]. The electrochemical polymerization of aniline is
generally performed in either one or two-compartment electrochemical
cell. The cell consists primarily of the electrodes and the electrolyt.

1.4.3 Oxidation State of Polyaniline
Polyaniline can be found in one of three idealized oxidation states [69],
and these are shown in (Fig. 1.7), The nomenclature for the various forms
of polyaniline was proposed by Green and Woodhead [70]. Polyaniline
bases may exist in a fully reduced form (leucoemeraldine), partially
reduced form (emeraldine), and fully oxidized form (pernigraniline).



Fig. 1.7 : Molecular design of three oxidation states of Polyaniline


Table 1.1 Colors of each three oxidation state of Polyaniline

Oxidation state

Leucoemeraldine

Emeraldine

Pernigraniline

Green or dark
green

Violet


Colour

Pale yellow or
colourless

The color change associated with polyaniline in different oxidation states
can be used in sensors and electrochromic devices [71], The best method
for making a polyaniline sensor is arguably to take advantage of the
dramatic conductivity changes between the different oxidation states or
doping levels [72].



1.5 Terpolymerization of Aniline and derivatives

A large number of binary copolymer of aniline and it's derivatives or of
two aniline derivatives have been prepared and characterized [73,77].
These copolymerizations have afforded materials whose composition and
properties can be controlled by the judicious choice of the comonomers
and polymerization conditions. Binary copolymers of aniline and aniline
derivatives have been studied in many reports [78,80]. Studies on
terpolymerization involving three aniline monomers are very scanty. It
should be interesting to find out how the copolymerization of two aniline
monomers is influenced by the introduction of a third aniline derivative.
It was interesting to investigate terpolymers of aniline with aniline
derivatives having an electron-donating group as well as a self-doping
group because these terpolymers might possess good conductivity as well
as good solubility.

 1.6 Aim of This Work
Poyaniline (PANI), and it's derivative are considered to be one of the
most promising classes of organic conducting polymers due to it's unique
electronic and optical properties and it's wide application in many fields
[81,83]. In the previous works [84,85], we studied the synthesis of some
copolymers which are considered as derivatives of polyaniline. There
have been very few reports on terpolymers of aniline. In this research the
terpolymerization of series of aniline derivatives by changing monomer
ratios were studied to contribute an important information on the
influence of the monomer ratio on the polymerization yield. All
synthesized
1

products has been investigated using FTIR, UV-visible,

HNMR spectroscopy and electrical conductivity.
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Scheme 1. The structures of materials used in this work



Chapter Two
Experimental Part



2.1 Chemicals and Reagents
Different chemicals have been used in this work such as Aniline(ADWIC,
Egypt), o-Anisidine(AS), 2.3-Xyilidine(XY), m-Phylenediamine (MPD)
(Merck, Stuttgart, Germany), o-Toluidine (OT), o-Aminobenzoic acid
(WINLAB, UK), Sodium Lauryl Sulfate, Ammonium Persulfate, as
oxidant, Ammonium Hydroxide, (24%), Hydrochloric acid (HCl 32%),
Acetone, Lithium Chloride (LiCl), Dimethylsufoxide (DMSO), used as
received without further purification .

2.2 Synthesis of Terpolymers of m-Phenylenediamine(MPD),
o-Anisidine(AS), and 2,3-Xylidine(XY)
Terpolymers of m-phylenediamine (MPD), o-anisidine (AS), and 2.3
xylidine (XY), were prepared by the oxidative polymerization with
ammonium persulfate as oxidant in 1 M HCl medium. The procedure for
the preparation of the MPD/AS/XY (70/25/5), terpolymer is as follows:
2.13 g of MPD, 0.801 ml of AS, and 0.171 ml of XY, were dissolved in
35 ml of distilled water to which was added dropwise a solution of
ammonium persulfate of 15.3 g in 175 ml of 1.25 M HCl at 24˚C for
about 83 min .
Immediately, after the addition of the first three drops, the reaction
solution turned dark. The polymerization was carried out in an ambient
water bath at 24-27 ˚C for 24 h. The copolymerization was exothermic,
and the reaction temperature increased slightly from 24 to 27 ˚C during
dropping the oxidant solution. At the end of the polymerization, the
terpolymer hydrochloride salt was isolated from the reaction mixture by
filtration and washed with an excess of distilled water to remove the
oxidant and oligomers. The hydrochloride salt was then neutralized with


100 ml of 0.2 M ammonium hydroxide at ambient temperature to obtain
the terpolymer base. The desired terpolymer was removed by filtration,
washed, and then left to dry in air for several days. The product of 2.7 g
was obtained with a 85.7 % yield.
The MPD/AS/XY terpolymers exhibit the following structure :
H

H

N
H

H
N

H
N

H
N

N
H

N
H

N
H

NH

H

MPD
4

Unit MPD

NH

NH
OCH 3AS

Unit AS

H3C

CH3

Unit XY

The above procedure was repeated by changing the monomers ratio, the
yields are shown in (Table 2.1) .
Table 2.1 The yield of terpolymers of m-phenylenediamine(MPD), o-anisidine(AS),
and 2,3-xylidine(XY) at different monomers ratio.
System

Yield

100%MPD, 0%AS, and 0%XY

81%

70%MPD, 10%AS, and 20%XY

80%

70%MPD, 20%AS, and 10%XY

84%

70%MPD, 25%AS, and 5%XY

82%

50%MPD, 40%AS, and 10%XY

84%

0%MPD, 100%AS, and 0%XY

73%



H
XY

2.3 Synthesis of Terpolymers of Aniline (AN), o-Toluidine
(OT), and o-Aminobenzoic acid (B)

The synthesis of preparation of the (AN), (OT), and (B), (70/25/5), is as
follows. The emulsifier (sodium lauryl sulfate; 2.25 g, 0.1 M), in 50 ml of
water was added to 100 ml of the solvent (chloroform), under steady
stirring to obtain a milky white emulsion. Equimolar (0.033 M), mixtures
of aniline, o-toluidine, and o-aminobenzoic acid were then added to it,
and this was followed by the dropwise addition of 50 ml of an aqueous
solution of the oxidant, 0.1 M ammonium persulfate (5.7 g). This mixture
was stirred for 24 h for the reaction to continue when a greenish emulsion
was obtained. The organic phase was separated and washed with water. It
was then added to 600 ml of acetone (non solvent), to precipitate the
terpolymer. After 10 h, it was filtered, washed with acetone, and dried for
72 h. The product of 3.4 g is obtained with 33.6 % yield .
The AN/OT/B exhibit the following structure.

NH

NH

CH3
AN

Unit AN

NH

COOH

B

OT

Unit OT

Unit B

The above procedure was repeated by changing the monomers ratio. The
yields are shown in (Table 2.2) .



Table 2.2 : The yields of terpolymers of aniline(AN), o-toluidine(OT), and oaminobenzoic acid(B) at different ratios .
System

Yield

100%AN, 0%OT, and 0% B

35.4

70%AN,10%OT, and 20% B

36.4

70%AN, 20%OT, and 10% B

35.4

70%AN, 25%OT, and 10% B

33.6

50%AN, 40%OT, and 10% B

35.6

0%AN, 100%OT, and 0% B

33.5

2.4 Measurements
2.4.1 Conductivity Measurement
the electrical conductivity was measured at 25.0 ºC by using conductivity
meter (CM-30v). The solution of polymer sample was prepared by
dissolving 0.03 g of the samples in 15 ml of DMSO solvent.

2.4.2 Intrinsic Viscosity Measurements
All measurements were performed at (25ºC ± 0.1) with a cannon-Fenske.
Routine type capillary viscometric equipped with a model OSK 2876
thermostated bath. The stock solution of each ternary or binary system was
made by dissolving the polymer sample in filtered solvent up to
concentration of 0.1 g/dl. Dilutions to yield at least five lower
concentrations were made by adding the appropriate aliquots of solvent. For
each solution 12 ml sample, (to minimize drainage errors) was loaded in to
the viscometer and placed in the thermostated bath measurements stared
after equilibration time of 5-10 minutes. The elution time of each solution is
then determined as the average of several readings. The dilution was stopped
when the solution volume becomes 20 ml in the viscometer. The intrinsic
viscosity was determined by extrapolation to infinite dilution ( zero solute
concentration ) of Huggins Plots, i.e. çs / C vs C.


2.4.3 FTIR Measurement
The FTIR spectra were recorded using FTIR 8201 PC (SHIMADZU)
instrument by KBr pellets technique.

2.4.4 UV-visible Measurement
For measuring the UV-vis absorption spectra, spectrophotometer (UV1601 SHIMADZU) was used. Absorption spectra of the dilute solutions
were recorded in the range 200-800 nm at room temperature. Solution for
the absorption spectra was prepared by dissolving the samples in solvent .

2.4.5 1HNMR Measurement
The 1HNMR spectra was recorded with a Bruker Fourier transform NMR
spectrometer at 200 MHz in DMSO using tetramethylsilane as an internal
standard .



Chapter three

Results and Discussion



3. Results and Discussion
3.1.1 Synthesis of The Terpolymers of m-Phenylenediamine
(MPD), o-Anisidine (AS), and 2,3-Xylidine (XY)
A few reports concerning the binary copoylymer of Phenylenediamines
with aniline [84,85], 2,3-xylidine (XY), [86], and 2-Pyrimidylamine[87],
by chemically oxidative polymerization have been found . mPhenylenediamine (MPD), homopolymer is especially completely
insoluble in most organic solvents. To improve the solubility of mPhenylenediamine (MPD), some Aniline (A), derivatives such as oAnisidine (AS), and 2,3-Xylidine (XY), can be selected as the second and
third monomers will be added . It has been reported [88], that one
comonomer (only AS or XY), is not enough for the significant
improvement of the solubility of MPD polymer.
]

3.1.2 The Terpolymerization Yield, Intrinsic Viscosity and
Conductivity of MPD/AS/XY
Table 3.1: shows the terpolymerization yield, intrinsic viscosity and
conductivity of MPD/AS/XY at different monomers ratio, the
MPD/AS/XY (70/10/20), terpolymerization with the highest XY content
exhibit the lower temperature enhancement regardless of the difference of
initial temperature, because of the lowest polymerization reactivity of XY
monomer via chemical oxidation [89,90], the terpolymerization yield of
MPD/AS/XY was slightly dependent on the monomers ratio as shown in
(Table 3.1). Only MPD/AS/XY (70/10/20), content exhibited the lowest
yield as a result of the lowest oxidative polymerizing reactivity of
xylidine monomer [91,92]. The AS homopolymerization shows the
lowest yield possibly owing to it's lowest molecular weight because the
oligomer with the lower molecular weight can't be obtained by filtration .
The yield for other MPD/AS/XY terpolymerization systems is maintained
in a narrow range from 80 to 84%.


Table 3.1 Terpolymerization yield , intrinsic viscosity and conductivity of
MPD/AS/XY terpolymers at different monomers ratio
Polymerization
Temperature

MPD/AS/XY
Monomers Ratio

Yield (%)

Intrinsic
Viscosity
(dl/g)

Conductivity
mS/m

Initial / Highest / ÄT
100/0/0

24.3

/

27.5

/ 3.2

81

70/10/20

24

/

25.1

/ 1.1

80

0.52

1.511

70/20/10

23.8 /

27.3

/ 3.5

84

0.74

1.293

70/25/5

23.7 /

27.1

/ 3.4

82

1.10

1.488

50/40/10

23.7 /

25.8

/ 2.1

84

0.39

0.988

0/100/0

18.4 /

-

73

0.18

1.404

/ -

A similar relationship between the intrinsic viscosity and monomers ratio
is observed in (Table 3.1). The MPD/AS/XY (70/10/20), terpolymer with
the highest XY content exhibits the third lowest intrinsic viscosity , and
the MPD/AS/XY (50/4010), and (0/100/0), polymers with the highest AS
content exhibit the second lowest and lowest intrinsic viscosity
respectively. The highest value of 1.10 dl/g seems to exist for the
MPD/AS/XY (70/25/5), terpolymer with lowest XY content. The intrinsic
viscosity of MPD homopolymer can't be obtained because of it's
insolubility in DMSO. Therefore it's not possible for us to compare the
intrinsic

viscosities

of

MPD/AS/XY

terpolymers

with

MPD

homopolymers. The conductivity in this system of the terpolymer seems
more conducting for the electricity this may because of the presence of
third monomer like aniline derivative comparing to the copolymer which
leads to increasing the polymer chain in the same time increasing of the
conjugation system , presence of the third monomer in the terpolymer
system which considers aniline derivative and has releasing group like


methyl , methoxyl group where some transfer of electrical charge is
desired modifications to the polymer must be made to increase
conductivity . However, the polymerization yield, intrinsic viscosity and
even conductivity of MPD/AS/XY terpolymer were significantly
influenced by the monomers ratio.

3.1.3 FTIR Spectra of The Terpolymers of m-Phenylenediamine
(MPD), o-Anisidine (AS), and 2,3-Xylidine (XY)


The FTIR spectra for the terpolymers with six MPD/AS/XY monomers
ratio are shown in (Figure 3.1) . It can be observed that the four
terpolymers and MPD homopolymers all exhibit the strongest -NHvibration band at 3435 cm-1 are due to phenazine rings in the MPD
homopolymer .

Figure 3.1

FTIR absorption spectra of the terpolymers with MPD/AS/XY

monomers ratio of (a) 100/0/0 , (b) 70/10/20 ,(c) 70/20/10 , (d) 70/25/5 ,(e) 50/40/10
,(f) 0/100/0.


There is a small -NH- vibration band at 3435 cm-1 in the IR spectrum of
AS homopolymer , may be due to the small amount of -NH- groups in it's
molecular chain. At 1624-1628 cm-1 is considered the second strongest
band is due to the c=c stretching vibration in the aromatic phenazine ring.
At 569-578 cm-1, abroad band which is not observed in the IR spectrum
of AS homopolymer, may be due to the aromatic fused ring deformation.
Two weak bands at 2925 and 2854 cm-1 are due aliphatic C-H stretching
vibrations on the methyl and methoxyl groups as well as impurity
because MPD homopolymer has not methyl and methoxyl group . The
bands at 1509-1512 cm-1 are as a result of the stretching vibration of the
strengthening N-benzenoid –N unit, will the intensity increased as
increasing the AS content. A small and sharp band at 1384 cm-1 could be
due to C-N stretching vibration in aromatic phenazine rings derived from
MPD monomer because there is almost no similar band in the IR
spectrum of AS homopolymer . A small and broad band at 1263-1280 cm1

could be due to C-N stretching vibration in the benzenoid unit. The

intensity and wave number of three weak bands at 1129 and 873-874 cm-1
do not change significantly with terpolymer composition, indicating that
these bands may be attributed to the MPD unit. Four terpolymers all
exhibit a similar band intensity at 1042 cm-1 but MPD homopolymer does
not. These bands may be due to AS unit because there is no strong band
at 1042 cm-1 in the spectrum of AS homopolymer. So the IR spectral
results confirm the formation of MPD/AS/XY terpolymer.








3.1.4 UV-vis Spectra of The Terpolymers of m-Phenylenediamine
(MPD), o-Anisidine (AS), and 2,3-Xylidine (XY)
Figure 3-2: exhibits the Uv-vis spectra of the terpolymers of MPD/AS/XY with

Absorbance

various monomers ratio in DMSO .

.
Fig. 3.2 Uv-vis absorption spectra of the terpolymers MPD/AS/XY solution in
DMSO at different monomers ratio of (a) 100 / 0 / 0, (b) 50 / 40 / 10, (c) 70 / 10 / 20,
(d) 70 / 20 / 10, (e) 70 / 25 / 5, (f) 0 / 100 / 0 .


Two strong bands at 255.4  261.2 and 299.2 - 301.6 nm with the certain
resolution are observed for the four MPD/AS/XY terpolymers. For AS
homopolymer a broad strong band at 290.9 and 614.4 nm are observed.
The molecular structure of the soluble part of the MPD/AS/XY
terpolymers in DMSO depends on the MPD feed content, that means the
strong bands becomes shorter with an increasing MPD unit. In other
words, the polymer prepared should be a real terpolymer.

3.1.5 Solution 1 HNMR Spectrum of The Terpolymer of mPhenylenediamine (MPD), o-Anisidine (AS), and 2,3Xylidine (XY)
The 1HNMR spectrum of MPD/AS/XY (50/40/10), terplymer in DMSO
can be obtained because other terpolymers exhibit relatively low
solubility in DMSO. In fact, no NMR investigation on MPD
homopolymer and it's copolymer prepared by oxidative polymerization
has been found until recently because of their insolubility. Figure 3.3:
shows the spectrum which is characterized by three signals. A peak from
aliphatic protons centered at 1.7 ppm is due to the methyl group on the
XY unit. The peak at 2.50 ppm result from the protons in DMSO and
water in DMSO, and the peak at 3.6 ppm is due to the methoxy group on
AS unit.






































ppm

Fig. 3.3 1HNMR spectra of MPD/AS/XY (50/40/10) terpolymers in DMSO .



3.2 Synthesis of The Terpolymers of Aniline (A), o-Toluidine
(OT), and o-Aminobenzoic acid (B), (AOTB)
A large number of binary copolymers of aniline and it's derivatives or of
two aniline derivatives have been prepared and characterized [93,97]. We
investigated earlier binary copolymers of aniline and toluidine [98,99], In
contrast, studies on terpolymerization involving three aniline monomers
are very scanty. It was interesting to investigate terpolymers of aniline
with aniline derivatives having an electron-donating group as well as a
self-doping group because these terpolymers might possess good
conductivity and solubility .
3.2.1 The Terpolymerization Yield and Conductivity of Aniline (A),
o-Toluidine (OT), and o-Aminobenzoic acid (B), (AOTB), at
Different Monomers Ratio are Shown in Table 3.2
Table 3.2 Terpolymerization yield and conductivity of AOTB terpolymers at

different monomers ratio .
AOTB Monomers Ratio

Yield (%)

Conductivity mS/m

100/0/0

35.4

2.70

70/10/20

36.4

3.44

70/20/10

35.4

3.44

70/25/5

33.6

4.93

50/40/10

35.6

4.47

0/100/0

33.5

2.80

The yield for AOTB terpolymerization systems in maintained in

a

narrow range from 33.5-36.4%. The higher conductivity of the
terpolymers under investigation, compared with that of aniline / o

toluidine copolymers, could be attributed to the presence of a self-doping
acid subsistent .

3.2.2 FTIR Spectra of The Terpolymers of Aniline (A), o-Toluidine
(OT), and o-Aminobenzoic acid (B),(AOTB)

Figure (3.4-3.9), show the FTIR spectra of the homopolymer PANI with

Transmittance (%)

the spectrum of the terpolymer (AOTB), at different momomers ratio .

Wave number (cm-1)

Fig. 3.4 FTIR absorption spectra of the homopolymer monomers ratio of 100/0/0 .



Transmittance (%)


Wave number (cm-1)
Fig. 3.5 FTIR absorption spectra of the terpolymers with Aniline, o-toluidine and

Transmittance (%)


o-aminobenzoic acid monomers ratio of 70/10/20 .

Wave number (cm-1)
Fig. 3.6 FTIR absorption spectra of the terpolymers with Aniline, o-toluidine and
o-aminobenzoic acid monomers ratio of 70/20/10 .
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Wave number (cm-1)
Fig. 3.7 FTIR absorption spectra of the terpolymers with Aniline, o-toluidine and

Transmittance (%)


o-aminobenzoic acid monomers ratio of 70/25/5 .

Wave number (cm-1)
Fig. 3.8 FTIR absorption spectra of the terpolymers with Aniline, o-toluidine and
o-aminobenzoic acid monomers ratio of 50/40/10 .
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Wave number (cm-1)


Fig. 3.9 FTIR absorption spectra of the homopolymer o-toluidine monomers ratio
of 0/100/0 .



The Figure (3.5-3.8), of the terpolymers show the characteristic bands
centered at 1550 and 1475 cm-1 corresponding to the ring stretching
vibrations of the quinoid and benzenoid rings, respectively. A band at
1296 cm-1 is due to the C-N stretching vibration in alternate units of the
quinoid – benzoid – quinoid rings, whereas the band at 1380 cm-1
corresponds to the C=N+ stretching vibration. The other bands in the
terpolymers are also shifted in comparison with corresponding bands of
the homopolymers and copolymers. This shows that the polymers formed
are true terpolymers and not mixture of homopolymers and copolymers.
The IR spectra of the terpolymers show characteristic bands of the
functional group

_

CH3 of o-toluidine at about 1100 cm-1. The bands

around 870 and 795 cm-1 are due to C-H out of plane bending vibrations
of the 1,2,4 – trisubstilated benzene rings, and those of 1,4 – disubstitutes
rings appear around 750 cm-1, indicating that the monomers in the


terpolymers are bonded head tail in agreement with the expected
structure.

3.2.3 UV-vis Spectra of The Terpolymers of Aniline (A), o-Toluidine
(OT), and o-Aminobenzoic acid (B), (AOTB) at Different Monomers
Ratio
The absorption spectral band of the terpolymers recorded in DMSO are
listed in (Table 3.3) and (Figure 3.10-3.15) .
Table 3.3 UV-vis spectra of the terpolymers of Aniline, o-Toluidine, and oAminobenzoic acid at different monomers ratio .

AOTB Monomers Ratio


Ȝ max(nm)

613
330

629
329

100 / 0 / 0

70 / 10 / 20

70 / 20 / 10

70 / 25 / 5

50 / 40 / 10

0 / 100 / 0

629

330

605

285


626

323


609

312














Fig. 3.10 UV-vis absorption spectra of the homopolymer of Aniline monomers ratio
of 100/0/0 .


Fig. 3.11 UV-vis absorption spectra of the terpolymers of Aniline, o-toluidine and oaminobenzoic acid monomers ratio of 70/10/20 .



Fig. 3.12 UV-vis absorption spectra of the terpolymers of Aniline, o-toluidine and oaminobenzoic acid monomers ratio of 70/20/10 .

Fig. 3.13 UV-vis absorption spectra of the terpolymers of Aniline, o-toluidine and oaminobenzoic acid monomers ratio of 70/25/10 .



Fig. 3.14 UV-vis absorption spectra of the terpolymers of Aniline, o-toluidine and oaminobenzoic acid monomers ratio of 50/40/10 .

Fig. 3.15 UV-vis absorption spectra o f the homopolymer o-toluidine monomers
ratio of 0/100/0 .



The spectra of the terpolymers consist of two major absorption bands.
The first absorption band in region between 285 – 330 nm is assigned to
ð-ð* transition of the benzenoid ring. It is related to the extent of
conjugation between the phenyl rings a long the polymer chain. The
second absorption band between 605 – 629 nm is assigned to the
excitation transition from the highest occupied molecular orbital of the
benzenoid to the lowest unoccupied molecular orbital of the quinoid ring.
Figure 3.11 – 3.14 show the absorption spectra of AOTB terpolymer at
different monomers ratio. The spectra of the terpolymer show the band
corresponding to around different monomers ratio causing a blueshift.
This blueshift reveals a reduction in conjugation in the terpolymers in
comparison with that of PANI due to the steric hindrance caused by the
ring substituents, which reduce the coplanarity of the phenyl groups along
the polymer chains.


3.2.4 Solution 1HNMR Spectrum of The Terpolymer of Aniline (A),
o-Toluidine (OT), o-Aminobenzoic acid (B) (AOTB)
The 1HNMR spectra of the terpolymers aniline, o-toluidine, and oaminobenzoic acid at (70/20/10), monomers ratio is shown in (Figure
3.16). The protons of the methyl group on the quinoid rings of toluidine
can be found from 2 to 3 ppm. The amino proton is found at 3.7 ppm.
Aromatic protons can be found from 6.5 to 7.7 ppm. The aromatic
protons of o-aminobenzoic acid undergo a small shift of 0.1-0.2 ppm in
the spectra of the terpolymers compared with that of the monomer. The
peak in the region of 7.4 ppm overlaps the resonances of PANI and poly
(o-toludine), which are also shifted down field 7-7.4 ppm in the spectra of
the terpolymers. The down field shift of the aromatic protons of PANI
and poly (o-toluidine), reveals a decrease in the electron density on their



rings probably due to the presence of an electron – withdrawing
carboxylic acid group of o-aminobenzoic acid.

ppm

Fig.16 : 1HNMR spectra of the terpolymers of Aniline, otoluidine, and o-aminobenzoicacid at 70/20/10 monomesr ratio .



CONCLUSIONS
It was interesting to investigate terpolymers of aniline with aniline
derivatives having an electron-donating groups as well as a self doping
groups because these terpolymers possess good conductivity as well as
good solubility. The first part of this work is the synthesis of
MPD/AS/XY terpolymers at different monomers ratio, a high
polymerization yield is obtained. The oxidative polymerization is
exothermic, which depends on the initial solution temperature. The
terpolymers exhibit an obvious dependency of polymerization yield,
intrinsic viscosity and conductivity. The highest yield and intrinsic
viscosity are 84% for MPD/AS/XY (70/20/10), terpolymer and 1.10 dl/g
for MPD/AS/XY (70/25/5), terpolymer which are much higher than those
for AS homopolymer. The FTIR, UV-vis and solution 1HNMR spectra
suggest that the polymers obtained are actual terpolymers consisting of
three monomer units. The second part of this work is the synthesis of
Aniline / o-Toluidine / o-Aminobenzoic acid terpolymers at different
monomers ratio by chemical oxidative polymerization with ammonium
persulfate as oxidant. The FTIR, Uv-vis, and 1HNMR investigations
suggest that the obtained polymer is a real terpolymer consisting of three
monomer units. The terpolymer exhibits higher conductivity, although
two substituted aniline segments are also present in the polymer chain.
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Synthesis and Characterization of Highly Conductive
Terpolymers of Aniline with Aniline Derivatives.
Ð°Û ¦Üì×æČ¶ÄåčØìß{ýæ× ²ì °åČ¸ē
ê¦äÔ× Öì³æ× ì×ÃčØìßï
¾ƒºŮƍřƃŒŗºƒƃœŵƇƒƄƒƈƕŒŘœƀřŬƆŘŒŧƆƒƃƍŕŧƒřŭƒŤŬřƍŧƒŰšřŚšŕƃŒŒŦƋƇƆŰř
ƏƋƍƑŕŧƌƂƃŒ

ŴºƆƇƒťŨƈŒƍśŧƍŊƇƒƆƙŒƏőœƈśƇƒƄƈƒżœřƒƆƃŒƇƆŘŒŧƆƒƃƍŕŧƒřŧƒŰšř



ƇƒťƄƒŨ
ůºƆšƍºƈƒƆŊƍśŧƍŊŴƆƇƒťƒƃƍřƍśŧƍŊƇƒƄƒƈŊƇƆŧƆƒƃƍŕŧƒřŧƒŰšř
ƅºśƇƒºƄƒƈƕŒŘœƀřŬºƆŘŒŧƆƒƃƍºŕŧƒřŧƒŰšřŗƒƄƆŵťŶŕƁƒƍŨƈŕƃŒ
žƍºżŗŶºŬƕŒƍ (FTIR) ŇŒŧƆšƃŒŘšřŗŶŬƕŒŗűŪŒƍŕœƌŮƒŤŬř
ƁƃŦºƂƍNMRƏŪƒűœƈźƆƃŒƎƍƍƈƃŒƇƒƈŧƃŒƍ(UV-vis) ŗƒŞŪŽƈŕƃŒ
ƅºřƁƃŦºƂƍ(Electrical Conductivity)ŗºƒŕŧƌƂƃŒŗƒƄƒºŮƍřƃŒ
(Intrinsic Viscosity)ŗŞƍŨƄƃŒũœƒƀƆƅŒťŤřŪŒ







ΓΰϏήϫίϷΔόϣΎΟ
ϲϤϠόϟΚΤΒϟϭΎϴϠόϟΕΎγέΪϟΓΩΎϤϋ



Ð°Û ¦Üì×æČ¶ÄåčØìß{ýæ× ²ì °åČ¸ē
ê¦äÔ× Öì³æ× ì×ÃčØìßï
ΐϟΎτϟϦϣΔϣΪϘϣ
βϠΣϥίΎϣΪϤΤϣ

ϦϴϓήθϤϟ

ϱϭΪϨϬϟΪϤΤϣϦϴδΣΩ





ΩϼϴϣήπΧήϤϋΩ

˯ΎϴϤϴϜϟΫΎΘγ˯ΎϴϤϴϛΫΎΘγ
ϙέΎθϤϟΔϳϮπόϟϙέΎθϤϟΕήϤϠΒϤϟ
ΓΰϏήϫίϷΔόϣΎΟ



 ΓΰϏήϫίϷΔόϣΎΟ

ϦϴτδϠϓ



 ϦϴτδϠϓ



ΕήϤϠΒϤϟ˯ΎϴϤϴϛϲϓήϴΘδΟΎϤϟΔΟέΩϞϴϨϟΔϣίϼϟΕΎΒϠτΘϤϟϦϣ˯ΰΠϛΖϣΪϗ

ϡϮϠόϟΔϴϠϛ˯ΎϴϤϴϜϟϢδϗ
ΓΰϏήϫίϷΔόϣΎΟ
ϦϴτδϠϓΓΰϏ
2011


