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Abstract
Chemical polymerization of o-phenylenediamine was performed in different dopant
acids. Phosphoric acid (H3PO4) was considered as the best dopant acid among the
other acids under study.
Four series of copolymers, o-phenylenediamine-Co-aniline, o-phenylenediamine-Coo/p-toluidine, o-phenylenediamine-Co-o-anisidine and o-phenylenediamine-Co-oaminophenol copolymers were studied. The conductivity of the copolymers at
different ratios of monomers were studied. In all the copolymerization series, as the
amount of o-phenylenediamine in the copolymer increases, the electrical conductivity
increases indicating successful copolymerization except in o-phenylenediamine-Co-oaminophenol copolymers, as amount of o-phenylenediamine increases the electrical
conductivity decreases.
The effect of variation of the amount of K2Cr2O7 oxidant on the polymer oaminophenol has been studied. The conductivity of the copolymer decreased as the
amount of the K2Cr2O7 oxidant increased.
All these copolymers were characterized by conductivity measurements, Fourier
transform infrared (FTIR) and ultra violet-visible (UV-VIS) Spectroscopy in addition
to thermal gravimetric analysis (TGA). These spectra suggest that the obtained
polymers were actual copolymers consisting of two different monomer units.
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Arabic Abstract
الملخص
حى ححضٛر انبهًرة انكًٛٛائٛت نألٔرثٕ فُٛٛه ٍٛثُائ ٙأي ٍٛف ٙأحًاض يخخهفت .اعخبر حًط
انفسفٕرٚك كأفضم حًط حى حطع ًّٛيٍ ب ٍٛاألحًاض األخرٖ ححج انذراست.
حى ححضٛر أربع سالسم يٍ انكٕبٕنًٛراث ْٔٗ :كٕبٕنًٛر األٔرثٕ فُٛٛه ٍٛثُائ ٙأي ٍٛيع كم
يٍ (األَٛه ,ٍٛاألٔرثٕ ٔانبارا حٕنٛذ ,ٍٚاألٔرثٕ أَٛسٚذ ٔ ٍٚاألٔرثٕ أي ُٕٛفُٕٛل)ٔ .حى دراست
انخٕصٛهت انكٓربٛت نجًٛع انكٕبٕنًٛراث انخٗ حى ححضٛرْا عُذ َسب يخخهفت يٍ انًَٕٕيٛراث.
ف ٙجًٛع سالسم انكٕبٕنًٛراث انخٗ حى ححضٛرْا ,كهًا زادث كًٛت األٔرثٕ فُٛٛه ٍٛثُائٗ أي,ٍٛ
حسداد قًٛت انخٕصٛهت انكٓربٛت يًا ٚذل عهٗ َجاح عًهٛت انكٕبٕنًٛر ,باسخثُاء سهسهت كٕبٕنًٛر
االٔرثٕ فُٛٛه ٍٛثُائ ٙأي ٍٛيع األٔرثٕ أيُٕٛفُٕٛل ,كهًا زادث كًٛت األٔرثٕ فُٛٛه ٍٛثُائٗ أيٍٛ
حقم قًٛت انخٕصهٛت انكٓربٛت.
حى دراست حأثٛر االخخالف فٔ ٙزٌ ثُائ ٙكرٔياث انبٕحاسٕٛو عهٗ األٔرثٕ أيُٕٛفُٕٛل بٕنًٛر,
حقم قًٛت انخٕصهٛت انكٓربٛت نهبٕنًٛر كهًا زادث كًٛت ثُائ ٙكرٔياث انبٕحاسٕٛو.
كم يا حى ححضٛرِ سابقاً ,حى حشخٛصّ بٕاسطت األشعت ححج انحًراء ( ,)FTIRاألشعت فٕق
انبُفسجٛت (ٔ )UV-VISقٛاش انخٕصٛهٛت انكٓربٛت (ٔ )Electrical conductivityبعضّ حى
حشخٛصّ بٕاسطت انخحهٛم انجراي ٙانحرار٘ (.)TGA
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Chapter One

Introduction

1

1. Introduction
1.1 Introduction to polymer
Polymers form a very important class of materials without which the life seems
very difficult. The word polymer is derived from greek words, poly=many and mers=
parts or units of high molecular mass each molecule of which consist of a very large
number of single structural units joined together in a regular manner. In other words
polymers are giant molecules of high molecular weight, called macromolecules,
which are build up by linking together of a large number of small molecules, called
monomers. The reaction by which the monomers combine to form polymer is known
as polymerization [1]. The polymerization is a chemical reaction in which two or
more substances combine together with or without evolution of anything like water,
heat or any other solvents to form a molecule of high molecular weight. The product
is called polymer and the starting material is called monomer.
Polymers have high molecular weights, which gives them useful physical
characterization such as high viscosity, elasticity, and strength. The first synthetic
polymer, a phenol formaldehyde polymer, was introduced under the name " Bakelite
", by Leo Baekeland in 1909. In 1922 Hermann Staudinger [2], was the first proposed
that polymers consisted of long chains of atoms held together by covalent bonds. He
also proposed to name these compound macromolecules. An idea which did not gain
wide acceptance for over adecade and for which Staudinger was ultimately awarded
the Nobel Prize. Work by Wallace Carothers in the 1929 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 catalysis [2]. 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 Flory–Huggins 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 behaviors, thermal characteristics, etc., and can be classified in
different ways: addition and condensation according to mode of formation, linear,
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branched and cross-linked according to line structure, thermoplastic and thermosetting
according to thermal response, natural, semi synthetic and synthetic according to
origin and isotactic, syndiotactic and atactic according to tacticity.
1.2 Conductive polymer
Traditionally polymers have been associated with insulating properties in
the electronic industry and are applied as insulators of metallic conductors or
photoresists. Since the discovery in 1977 of the doping of polyacetylene, which
resulted in increasing the conductivity of polyacetylene by eleven orders of
magnitude, many academic and industrial Research

laboratories

initiated

projects in the field of conducting polymers [3]. The importance of the field of
semi conducting polymers was recently stressed by awarding the 2000 Nobel
Prize in chemistry to the discoverers Heeger, Shirakawa and MacDiarmid [4]. The
three winners established that polymer plastics can be made to conduct electricity
if alternating single and double bonds link their carbon atoms, and electrons are
either removed through oxidation or introduced through reduction. Normally
the electrons in the bonds remain localized and cannot carry an electric current,
but when “doped" with strong electron acceptors such as iodine, the polymer
began to conduct nearly as well as a semi metal [3, 4]. Conducting polymers are
conjugated polymers possessing an extended π - system and highly delocalized
electronic states. This extended electron conjugation is what gives rise to their
conductivity.

However,

unlike

inorganic semiconductors

(atomic

solids),

conducting polymers are typically amorphous polymeric materials and therefore
charge transport in conducting polymers can be quite different from conventional
semiconductors.
Many of the polymers such as polypyrrole are well known in their
nonconducting form before their conductivity was discovered. Indeed, it may
be said that the discovery of conducting polymers is not the discovery of the
polymer rather of

its

unique

properties

[5].

Nowadays,

many

different

conducting polymers have been developed with wide range of properties
potential

applications.

polythiophene,

polyfuran,

Such

classes

polypyrrole,

of
poly

conducting

polymers

(p-phenylene),

poly

and
includ
(p-

phenylenevinylene), polyfluorene and polyaniline (PANI). Although none have
exhibited higher conductivity than polyacetylene, these polymers have been useful
in designing new structures that are stable and soluble in some cases [5].
3

1.3 Conductive polymers and their structure
Conducting polymers are polymers containing an extended π conjugated
system, made up of overlap of singly occupied p orbitals in the backbone of the
polymer chain. Although conducting polymers possess a relatively large number of
delocalized π electrons, a fairly large energy gap exists between the valence band
and the conducting band (greater than 1 electron volt), thus these polymers are
considered to be semi-conducting [6].
These polymers must be doped (usually meaning altering the number of π
electrons) in order to render the polymers truly conducting [7]. In conjugated
polymers the electronic configuration is fundamentally different, where; the
chemical bonding leads to one unpaired electron (the p electron) per carbon atom.
Moreover, bonding, in which the carbon orbitals are in the sp2pz configuration
and in which the orbitals of successive carbon atoms along the backbone
overlap, leads to electron delocalization along the backbone of the polymer [7].

Fig.(1.1) Pi and sigma bonding

This electronic delocalization provides the highway for charge mobility along the
backbone of the polymer chain. Therefore, the electronic structure in conducting
polymers is determined by the chain symmetry, i.e. the number and kind of atoms
within the repeat unit, with the result that such polymers can exhibit
semiconducting or even metallic properties [6].

4

Fig.(1.2) Formation of molecular orbitals

Electrically conducting polymers are designated as the fourth generation of polymeric
materials. Electronically conducting polymers are extensively conjugated in nature
and therefore it is believed that they possess a spatially delocalized band-like
electronic structure [8]. These bands stem from the splitting of interacting
molecular orbitals of the constituent monomer units in a manner reminiscent of the
band structure of solid-state semiconductors. It is generally agreed that the
mechanism of conductivity in these polymers is based on the motion of charged
defects within the conjugated framework. The charge carriers, either positive p-type
or negative n-type, are the products of oxidizing or reducing the polymer respectively
[9]. The simplest possible form of conducting polymer is of course the arche type
polyacetylene (CH)x. Polyacetylene itself is too unstable to be of any practical value,
its structure constitutes the core of all conjugated polymers. Little et al [10] had
proposed

that

properly

substituted

polyacetylene

molecule

would

exhibit

superconductivity at room temperature. Hatano et al [11] are the first to report the
electrical conductivity of the order of 10-5 S/cm for trans polyacetylene sample.
Polyacetylene was the first polymer to be reported. This conjugated organic
polymer, could attain high levels of electronic conductivity when oxidized by suitable
reagents initiated a significant research. Doping the polymers creates new states
(donor or acceptor states), which exist within the band gap, and are energetically
5

accessible to the π electrons, resulting in significant increase in conductivity [12]. In
fact, the conductivity of doped polymers may be up to 10 orders of magnitude greater
than that of the neutral polymers. The concept of conductivity and electronegativity of
conjugated polymers was quickly broadened from polyacetylene to include a
conjugated hydrocarbon and aromatic heterocyclic polymers, such as poly (pphenylene), polypyrrole and polythiophene. The conductivity of various doped and
undoped polymers, some common semiconductors, and metals are presented in Table
(1.1) [13]. As the conducting polymers may be doped to various degrees, there is an
element of control in doping level, hence the conductivity. This ability to tailor the
polymer‟s electrical properties exemplifies the versatility of conducting polymers.
Table (1.1) Conductivities of various conducting polymers, semiconductors and metals.

Material

Conductivity (S/cm)

Gold, Silver, Copper

~ 106

Doped trans-polyacetylene

~ 105

Doped polyaniline

~101

Germanium

~10-2

Silicon

~10-6

Undoped trans-polyacetylene

~10-6

Undoped polyaniline

~10-10

Glass

~10-10

Quartz

~10-12

6

Fig.(1.3) Some conducting polymers.

1.4 Chemical synthesis of conductive polymers
Chemical polymerization [14] is the versatile technique for preparing large
amounts of conducting polymers. Chemical synthesis can be carried out in a
solution containing the monomer and an oxidant in an acidic medium. The common
acids used are hydrochloric acid (HCl) and sulfuric acid (H2SO4). Ammonium
persulfate ((NH4)2S2O4), potassium dichromate (K2Cr2O7), cerium sulfate
(Ce(SO4)2), sodium vanadate (NaVO3), potassium ferricyanide (K3(Fe(CN)6),
potassium iodate (KIO3), hydrogen peroxide (H2O2) and some lewis acids [15]
are typically used as oxidants. Oxidative chemical polymerizations result in the
formation of the polymers in their doped and conducting state. Isolation of the
neutral polymer is achieved by exposing the material to a strong reducing agent
such as ammonia or hydrazine. An advantage of chemical oxidative polymerizations

is

that properly substituted heterocyclic

and other

aromatic

monomers form soluble polymers. These polymers can be analyzed by traditional
7

analytical techniques to determine their primary structure. The nature of the
polymerization conditions also allows for easy scale-up and production of large
quantities of polymer. Unfortunately, chemical oxidative polymerizations suffer
from several disadvantages that often result in poor quality polymers. For example,
Lewis acid catalyzed polymerizations yield the oxidized polymer, which is thought
to be more rigid [16], resulting in its precipitation from the polymerization
medium, limiting the degree of polymerization. Also, the use of strong oxidizing
agents can result in the overoxidation and eventual decomposition of the polymer.
Another disadvantage of this method is that the polymer results from solution
containing an excess of oxidant and higher ionic strength of the medium. This leads
to impurities of the materials that are certainly intractable [17].

Potassium dichromate (K2Cr2O7)

Ammonium persulfate ((NH4)2S2O4)

1.5 Conductivity measurements
Conducting polymers have been studied extensively in the past few years for
possible technological applications. Electrical conductivity of these materials is a
crucial factor in addition to their electroactivity in potential applications. The
conductivity depends to a great extent on the method of preparation and
manipulation of the polymers. Conductivity is an important aspect of conducting
polymers and its measurement is regarded as an important step in the
characterization of these materials. Conductivity of the polymers can be measured
both with ex situ (two or four-probe method) and in situ techniques. However, in
situ conductivity measurements, using a band gap electrode with a special
setup are greatly simplified for polymer film deposited on this electrode [18]. The
important aspect of this setup is that one can judge the dependence of the
resistance on different applied potentials for a particular conductive polymer film.
In addition to this one can also compare the ranges of resistance variation, with
8

varying applied potential, of different conductive polymer films. The relative
conductivity changes of polymers let us to understand the characteristic material
property and provide helpful knowledge for the development of mechanistic
conduction models for conducting polymers. In ex situ conductivity measurement,
uses an inductive probe. The advantage of this technology is measurement without
any electrical contact between the electrode and the process fluid [19]. As the liquid
containing conductive ions passes through the hole of the sensor, it acts as a one
turn secondary winding. The passage of this fluid then induces a current
proportional to the voltage induced by the magnetic field. The conductance of the
one turn winding is measured according to Ohm's law.
1.6 Doping of conducting polymers
Conductive polymers generally exhibit poor electrical conductivity (σ ≤ 10-12
S/cm) in the virgin state and behave as insulators. These virgin polymers need to
be treated with a suitable oxidizing or reducing agents to remarkably enhance their
conductivities to the metallic region. This phenomenon has been termed as
“doping” [20]. Doping can be simply regarded as the insertion or ejection of
electrons. Doping process results in dramatic changes in the electronic, electrical,
magnetic, optical, and structural properties of the polymer. Doping of polymeric
semiconductors is different from that in inorganic or conventional semiconductors.
Inorganic semiconductors have three dimensional crystal lattice and on
incorporation of specific dopant, n-type or p-type in ppm level, the lattice becomes
only highly distorted. Generally in conducting polymers p- type

doping

is

conducted with an electron acceptor, such as P and n-type doping is
conducted with donor specie, such as Li [9].
The dopant is distributed along specific crystal orientations in specific sites on
a repetitive basis. Whereas, doping of conducting polymer involves random
dispersion or aggregation of dopants in molar concentrations in the disordered
structure of entangled chains and fibrils [21]. Also incorporation of the dopant
molecules in the quasi one dimensional polymer systems considerably disturbs the
chain order leading to reorganization of the polymer. Doping process is reversible,
and it produces the original polymer with little or no degradation of the polymer
backbone [21]. Both doping and undoping processes, involving dopant counterions
which stabilize the doped state, may be carried out chemically or electrochemically.
Doping of inorganic semiconductors generates either holes in the valence band or
9

electrons in the conduction band.
On the other hand, doping of polymer leads to the formation of conjugation
defects, viz. solitons, polarons or bipolarons in the polymer chain. 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 [7]. By controllably adjusting the doping level,
conductivity

anywhere between that of the non-doped (insulating or

semiconducting) and that of the fully doped (highly conducting) form of the
polymer can be easily obtained.
1.7 Types of conducting polymers
There are generally considered to be four main types of conducting polymers
on the basis of their conduction mechanism [22]. The first and commercially
important are “composites”. In composites the filling of polymer matrix, which is
originally nonconducting, with a powdered conductive medium such as metal or
carbon gives rise to conductivity. These composite polymers are used as antistatic
coatings, substitutes for solder and many other applications. The second group of
polymers is called “ionically conducting polymers”. They are organic polymers in
which electric charge is carried by ions. These systems involve dissolution and
solvation of salts in a polymer matrix [21]. The polymer solvates the ion and
facilitates ion separation. The ions are sufficiently mobile to move along the
polymer when an electric field is applied. Polyethylene oxides, in which lithium ion
is mobile, are example. These polymers are gaining importance in the battery
industry.
The third and fourth groups are “redox” and “electron conducting polymers”,
respectively, and the fourth groups will be discussed extensively in this work. The
redox polymers contain immobilized electroactive centers (or redox centers),
which, although not in direct contact with one another, can exchange electrons by a
“hopping” mechanism [7]. The density of redox centers needs only to be great
enough that the probability of electrons tunneling through the insulating barrier is
sufficiently high. While the electron conducting polymers consist of alternating
single and double bonds, creating an extended π-network. Electron movement
within this π-framework is the source of conductivity rather than the hopping
observed in redox polymers [7]. Due to the fact that the conductivity arises from the
inherent properties of the polymer, these polymers are also known as intrinsically
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conducting polymers. The difference between redox polymers and electron
conducting polymers is not always clear-cut. However, in electron conducting
polymers, conduction within one polymer chain is based on the conjugated nature
of the polymer molecules and the resulting mobility of π-electrons, not on
immobilized redox centers [7].
1.8 Conjugated conductive polymers
Approximately three decades ago, scientists discovered that a type of
conjugated polymer called „polyacetylene‟ could become highly electrically
conductive after undergoing a structural modification process called doping [23].
The polymer is called a „conjugated polymer‟ because of the alternating single and
double bonds in the polymer chain. Due to the special conjugation in their chains, it
enables the electrons to delocalize throughout the whole system and thus many
atoms may share them [13]. The delocalized electrons may move around the whole
system and become the charge carriers to make them conductive. This polymer can
be transformed into a conducting form when electrons are removed from the
backbone resulting in cations or added to the backbone resulting in anions. Anions
and cations act as charge carriers, hopping from one site to another under the
influence of an electrical field, thus increasing conductivity [13].
However, the conjugated polymers are not conductive, since they are
covalently bonded and do not contain valence band like pure metal does. It is
universally agreed that the doping process is an effective method to produce
conducting polymers. Doping allows electrons to flow due to the formation of
conduction bands. As doping occurs, the electrons in the conjugated system, which
are loosely bound, are able to jump around the polymer chain [21]. Electric current
will be produced when the electrons are moving along the polymer chains. Several
examples of conjugated conducting polymers are polyacetylene, polypyrrole,
polyaniline and polythiopene.
In future, conducting polymers or organic metals may replace inorganic metal
in several critical areas. Certain aspects of the inorganic metals, such as not being
environmentally friendly and having a high toxicity, are the reason why these
organic metals have potential benefits as substitutes. The potential applications of
these organic metals include corrosion protection, radars, batteries, sensors, as well
as electrochromic cells [24]. Much research will be needed before the applications
may become a reality, since conjugated conducting polymers still have some
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drawbacks such as not being water soluble, having poor mechanical strength and
not being biodegradable. Only time will tell us when the impact of these novel
polymers will be as large as their brother‟s, the insulating polymer.
1.8.1 Mechanism of conjugated conductive polymers
Conjugated conducting polymers constitute a special class of organic
materials whose ability to conduct electrical charge originates uniquely from π –
conjugation.
In regular saturated polymers, that are practically insulators, all the available
electrons are bound in strong covalent bonds and are characterized by sp3
hybridization. In contrast to this situation, in conjugated polymers planar σ-bond
arises from hybridization of one s and two p orbitals Fig.(1.4). That is to say, there
is a region where p-orbitals overlap, bridging the adjacent single bonds and creating
a π collective orbital in which p-electrons do not belong to one single bond, but
rather delocalized over a group of atoms [25].

Fig. (1.4) Sp2 hybridization in conjugated π-system where electron density can be delocalized
over many carbon atoms.

Since the interaction between the parallel 2pπ-atomic orbitals is weaker than
between the hybrid 2pσ-atomic orbitals, the resulting occupied π- molecular orbitals
are less stable than the occupied σ-molecular orbitals. Since σ-orbital is at lower
energy, the highest occupied molecular orbital (HOMO) is a π-orbital [24]. As a
result of bonding (in-phase interaction) and antibonding (out-of-phase interaction)
atomic orbital overlap. A system of N 2pπ-atomic orbitals, leads to N/2 π-molecular
orbitals with a predominant bonding character that are stable and occupied with N
π-electrons. There are N/2 unoccupied π*-molecular orbitals with a predominant
12

antibonding character [24]. The most stable of those orbitals is called the lowest
unoccupied molecular orbital (LUMO). In the solid phase HOMO and LUMO
rearrange to form bands somewhat analogous to the valence band and the
conduction band in inorganic semiconductors. The existence of bond alternation in
conjugated polymers is in fact responsible for the band gap formation and
semiconducting properties in these materials. According to the Peierls theorem, the
metallic state with one electron per ion is unstable in one-dimensional material
with the tendency to distort the geometrical structure and lower the symmetry [26].
A typical conjugated polymer consists of a large number of repeating units. In
a system containing many polymer chains that tend to intertwine creating spaghettilike structures it is virtually impossible to maintain a long-range order. Therefore,
conjugated polymers are rather amorphous in nature with the conjugation length
strongly dependent on intra- and intermolecular structure [25]. Their physical
properties are very sensitive to any modifications in chemical architecture and can
vary significantly subject to the morphological complexity of these materials.
Generally, conjugated polymers are shorter in length than saturated polymers and
characterized by stiffness with respect to chain twisting and bending due to
conjugation and non-rotation of double bond that‟s leads to decease flexibility.
Besides, their solubility is very poor unless specific side-chain groups are
introduced [25]. Some examples of conjugated polymers are shown in Fig.(1.5).

Fig.(1.5) Chemical structure of some most commonly used conjugated polymers.
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1.9 Substituted aniline
The success of PANI has attracted many investigators to study the synthesis
and properties of the polymers from aniline (ANI) derivatives. One of the ways to
make derivatives of PANI is to polymerize substituted anilines. Electrochemical or
chemical polymerization of ring- or N-substituted ANI has been effectively used for
the preparation of substituted PANIs. It has been shown that toluidines [27],
phenylenediamines

[28,29],

alkoxyaniline

[30],

halogenated

anilines

[31],

aminophenols [32], aminobenzensulfonic acid [33], aminopyrene [34], diphenylamines [35], 1-amino-2-pyrridine [36], N-alkylaniline [37], N,N-dimethylaniline [38]
and N-phenylaniline [39] can be used to form interesting semi-conducting polymers.

OH

NH2

NH2

NH2

NH2

aniline

o-phenylenediamine

NH2

o-aminophenol
NH2

NH2

OCH3

CH3

CH3

p-toludine

o-toludine

o-anisidine

Scheme (1.1) Structures of aniline and its substituted compound used in this work.
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1.9.1 Phenylenediamine
It is believed that the investigation of polymers synthesized from aromatic
diamine are more attractive since they exhibit more novel multifunctionality than
PANI. Phenylenediamines are a class of ANI derivatives having an extra −NH2
group in the o-, m- or p-position. Although reports are available on polymerization
of m- and p- isomers [40], o-phenylenediamine (oPD) is the most frequently
studied member. Poly (o-phenyldiamine) (PoPD) has apparently shown different
characteristics of molecular structure and properties when compared with PANI [41].
It has been reported to be a highly aromatic polymer containing

2,3-

diaminophenazine or quinoxaline repeat unit and exhibits unusually high
thermostability [42,43] although a PANI like structure has also been proposed
[44].

It has been suggested that the first stage of the polymerization mechanism of
oPD is the monomer oxidation to the corresponding radical cation, followed by
radical coupling (head-to-head, head-to-tail and tail-to-tail) yielding conceivably
three different dimers that can be further oxidized [45] Scheme (1.2). The dimers
arising from tail to tail and head to head coupling play a very minor role [46]. The
head to tail dimer of oPD may be involved in two competitive processes: (a) further
radical coupling leading to chain propagation as in formation of PANI and (b)
internal coupling (cyclization) leading to phenazine type structures.
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Scheme (1.2) Polymerization mechanism of o-phenylenediamine

1.10 Copolymerization
When two or more different monomers unite together to polymerize, their result
is called a copolymer and its process is called copolymerization.
Figure (1.6) shows the classification of the copolymers based on how these units are
arranged along the chain [47]. These include:
1. Alternating copolymer, the two monomers are arranged in an alternating
fashion.
2. Block copolymer, all of one type of monomers are grouped together, and all
of the other are grouped together.
3. Random copolymer, the two monomers may following any order [48].
4. Graft copolymer, a block copolymer can be thought of as two homopolymers
joined together at the ends: branched copolymers with one kind of monomers
in their main chain and another kind of monomers in their side chains.
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Fig.(1.6) Classification of copolymers.

Next to PANI and polysubstituted ANIs, a great deal of attention has been paid to
copolymers based on aniline or substituted aniline. In recent years electrochemical
copolymerization has been developed as one of the most essential and attractive
strategies for modifying physical and chemical properties of conducting polymers. It
greatly increases the ability of polymer scientists to tailor a material with specific
properties. For example copolymerization of ANI with some of its derivatives, which
bear various functional groups, leads to modified copolymers. These copolymers
show electrochemical characteristics reasonably different from those of the
homopolymers [49, 50]. Consequently copolymerization is also considered to be an
important method to improve the properties of homopolymers.
With respect to ANI based copolymers pioneering work was carried out by Wei
et al. [51]. They reported that ANI could be polymerized with o-toluidine yielding a
copolymer film with a conductivity, which could be controlled over a broad range of
electrode potentials. Pekmez-Ozcicek et al. [52] reported that incorporation of ANI
units within polythiophene chains led to copolymers having an increased range of
electrochemical stability. Similarly, small quantities of 2-fluoroaniline and 2chloroaniline have been demonstrated to have a dramatic effect on the conductivities
of poly (aniline-Co-2-flouroaniline) and poly (aniline-Co-2-chloroaniline) [53].
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Monomers bearing sulfonate, alkylsulfonate and carboxylate groups were
copolymerized with ANI, yielding self-doped copolymers [54]. These do not need
anions from a solution for doping during their redox reaction. Savitha and
Sathyanarayana chemically synthesized copolymers of ANI with o-/m-toluidine and
reported that copolymers have better stabilities and comparatively higher
conductivities than the homopolymers [55]. They have also synthesized copolymers
of o-nitroaniline (which does not homopolymerize under conditions employed for the
polymerization of aniline and its derivatives) with o-/m-toluidine and reported better
solubilities of the copolymers in DMSO, DMF, N-dimethylpyrrolidone (NMP) and
tetrahydrofuran (THF) and higher conductivities, than the homopolymers [56].
Malinauskas et al. [57] electrochemically synthesized copolymers and bilayer
structures

of

polyaniline

and

poly

(o-phenylenediamine).

Electrochemical

copolymerization of aniline with p-phenylenediamine was reported to enhance
drastically the copolymerization rate [58], whereas its isomer m-phenylenediamine
caused an opposite effect [59]. Electrochemical copolymerization, which involves
placing both counter and reference electrodes (such as platinum), into the solution
containing diluted monomer and electrolyte (the dopant) in a solvent. After applying a
suitable voltage, the polymer film immediately starts to form on the working
electrolyte [13]. An important feature of the electrochemical copolymerization
technique is the direct formation of conducting polymer films that are highly
conductive, simple, and suitable for use especially in electronic devices [60].
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1.11 Previous studies
Chemically oxidative polymerization has easily yielded various functional
polymers.

Typical

polymers

are

polyaniline,

polytoluidine,

polypyrrole,

polyaminopyridine and polyphenylenediamine, showing high conductivity. Among
them, polyphenylenediamine homopolymer has attracted attention recently because it
has been reported to be a highly aromatic ladder and a partly ladder polymer
containing the 2,3- diaminophenazine or quinoxaline repeat unit, and shows usually
high thermostability [40, 42, 43]. However, the conductivity and solubility of
polyphenylenediamine depends on solvent composition and on the oxidant that was
used for polymerization. To improve the solubility and solution processability as well
as the conductivity of o-phenylenediamine (oPD) polymer and to retain the partly
ladder phenazine-like structure and high thermostability, o-phenylenediamine
copolymerized with a series of aniline and aniline's derivatives such as o/p-toluidine,
o-anisidine and o-aminophenol.
The

copolymerization

of

aniline

with

the

solubilizing

comonomers,

o-

phenylenediamine, gives new material with high conductivity and solubility. The
chemical copolymerization of poly (o-phenyleneiamine-Co-aniline) from monomers,
o-phenylenediamine and aniline by varying the monomer feed ratio in the
copolymerization reaction has been studied [61].
Studies on the chemical copolymerization of m-toluidine with o-phenylenediamine
has been reported [62].
There is no any study on the chemical copolymerization of o or p toluidine as well as
o-anisidine as a derivatives of aniline with o-phenylenediamine.
The electrochemical copolymerization of o-phenylenediamine with o-aminophenol
has been reported [63]. There is no any study on the chemical copolymerization of oaminophenol with o-phenylenediamine.
In the previous study [64], PANI synthesized by the chemical oxidative
polymerization method using organic acid. In our study the effect of the dopant acids
on the polymerization process and the product properties of o-phenylenediamine has
been studied. Also in this work we studied the effect of varying weights of K2Cr2O7 in
PoAP.
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1.12 Applications of copolymerization of o-phenylenediamine with aniline and
substituted aniline's compounds
Electrochemically conducting polyaniline (PANI) has attracted significant
attention, its application in sensors [65], microelectronic devices [66], corrosion
protection [67], electromagnetic shielding [68] and in optical and electronic devices
[69] is under investigation.
o-phenylenediamine is another substituted aniline having an extra -NH2 group in
the o-position. Poly (o-phenylenediamine) has shown differences in molecules
structure and properties when compared with (PANI) [41]. It has been reported to be a
highly aromatic polymer containing 2,3-diaminophenazine or quinoxaline repeat units
and to exhibit usually high thermal stability [40, 42, 43].
Poly o-phenylenediamine has a variety of potential applications in the fields of
electrochromism [44], sensors [70, 71, 72], rechargeable batteries [73] and corrosion
protection [74].
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1.13 Aim of This Work
To improve the solubility and solution processability as well as conductivity
of o-phenylenediamine (oPD) polymer and to retain the partly ladder phenazine-like
structure a high thermostability, copolymerization of o-phenylenediamine with
substituted aniline compounds might be the best methods.
The first part in this research work is concentrated on synthesis of poly ophenylenediamine doped with different acids.
The second part in this research work is related to:
1- Copolymerization of o-phenylenediamine with

aniline and some of

substituted aniline compounds such as o/p-toludine, o-anisidine, oaminophenol at several different ratios of monomer in the feed ( 0.25, 0.50 and
0.75 ).
2- Studies on the effect of varying weights of potassium dichromate oxidant in
polymerization of o–aminophenol at constant concentration of ammonium
hydroxide.
These products has been prepared and characterized using different physical and
spectroscopic techniques as FTIR, UV-VIS spectroscopy, electrical conductivity and
some of these products characterized by using TGA.
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Chapter Two

Experimental and
Measurement Part
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2. Experimental and Measurements Part
2.1 Chemicals and reagents
Different chemicals have been used in this work such as o–phenylenediamine (oPD),
Aniline (ANI), o–toluidine (oT), p-toluidine (pT), o–anisidine (oA), o–aminophenol
(oAP), Potassium dichromate (K2Cr2O7), Ammonium persulfate (APS), Ammonium
hydroxide (NH4OH), Acetone (99.9%), Hydrochloric acid (HCL 32%), Sulfuric acid
(H2SO4), Formic acid (HCOOH ), Glacial acetic acid (CH3COOH), Phosphoric acid

(H3PO4), Dimethylsulfoxide (DMSO) and N,N – Dimethylformamide (DMF). All
chemicals are used as received without further purification.
2.2 Homopolymers
2.2.1 Synthesis of poly o-phenylenediamine doped with different acids
The polymer of o–phenylenediamine was synthesized by dissolving 1.622 g of o–
phenylenediamine in 100 ml of 0.1 M HCL in cooled stirred ice bath. 4.413 g of
potassium dichromate was dissolved in 50 ml of 0.1 M HCL and then added to the
first solution for 30 minutes with constant stirring. Then remained at room
temperature for 24 hours, after this the solution was filtered, washed with acetone and
deionized water and the polymer left to dry in oven at 600C for 24 hours.
The above procedure was repeated using 0.1M HCOOH, 0.1M H2SO4, 0.1M
CH3COOH and 0.1M H3PO4 acid respectively.
2.2.2 Synthesis of polyaniline
4.89 ml of aniline was dissolved in 75 ml of 1.0 M HCL and kept at 250C. 12.3 g of
potassium dichromate was dissolved in 75 ml 1.0M HCL and also kept at 250C. The
two solutions were mixed together and left to stand at 250C for 30 minutes. The
reaction mixture was then filtered using a Buchner funnel and flask, and the filter
cake washed with 300 ml of acetone followed by drying in oven at 600C for 48 hours.
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2.2.3 Synthesis of poly o–toluidine
Poly (o-toluidine) was synthesized by oxidative polymerization of o-toluidine in
acidic media.
5ml of oT was dissolved in 300 ml of 1M formic acid and kept at 00C, 11.4 g of
K2Cr2O7 was dissolved in 200 ml of 1M formic acid also at 00C and added drop wise
under constant stirring to the (oT/HCOOH) solution over a period of 20 minutes. The
resulting dark green solution was maintained under constant stirring for a total 24
hours. The solution was filtered and then washed with distilled water, a black powder
was left to dry in ambient air for one week.
2.2.4 Synthesis of poly p–toluidine
Poly (p-toluidine) was synthesized by oxidative polymerization of p-toluidine in
acidic media. 2.5 ml of pT was dissolved in 150 ml of 1M HCL and kept at 00C, 5.7 g
of K2Cr2O7 was dissolved in 100ml of 1M HCL also at 00C and added drop wise
under constant stirring to the (pT/HCL) solution over a period of 20 minutes. The
resulting dark red solution was maintained under constant stirring for a total 24 hours.
The solution was filtered and then washed with distilled water, a black red powder
was left to dry in ambient air for one week.
2.2.5 Synthesis of poly o–anisidine
The polymer of o–anisidine was synthesized by dissolving 5.65 ml of o–anisidine in
50 ml of 1.5 M HCL. The mixture was cooled at 50C, 11.4 g of potassium dichromate
was taken in 50 ml of 1.5 M HCL and cooled then added to the first solution for 80
minutes. then remained in water bath at 0 – 100C for 4 hour, after this the solution was
filtered, washed and the polymer left to dry in air for several day.
2.2.6 Synthesis of poly o-aminophenol
Poly o–aminophenol was synthesized by oxidative polymerization of o–aminophenol
in alkaline medium.
Separate solutions of 3.27 g oAP were made in 50 ml 0.6 M aqueous ammonium
hydroxide. Then 10.26 g potassium dichromate in 50 ml of distilled water was poured
at a time into a two-necked round-bottomed flask containing respective monomer
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(oAP) solutions. Through one neck of the round-bottomed flask, a thermometer was
inserted to measure the temperature change during polymerization. As soon as the
potassium dichromate solution was added to the monomer solution , the reaction
temperature increased. After it came down to room temperature (about 300C) the
reaction mixture was stirred for 5 hours. Then the deep brown polymer was isolated
by filtration, washed with deionized water and dried at 700C in an oven for 10 hours.
2.3 Copolymers
2.3.1 Synthesis of poly (o-phenylenediamine–Co–aniline) copolymer
Aniline (0.93 g) and oPD (1.08 g) were dissolved in 100 ml 1N HCL solution. The
solution was cooled to 0-40C. A precooled solution of (4.56g) K2Cr2O7 dissolved in
100 ml of 1N HCL was then added slowly to the monomer solution with constant
stirring at 0-40C. The stirring was continued for an additional 5 hours. the reaction
mixture was then kept for 24 hours at room temperature, after which the formed
copolymer powder was filtered and washed with a small volume of 1N HCL and dried
in an oven for 8 hour at 700C. A reddish brown powder was obtained. The above
procedure was repeated at various molar ratios of the monomers in the feed of 0.50
and 0.25 respectively.
2.3.2 Synthesis of poly (o-phenylenediamine–Co-o–toluidine) copolymer
Synthesis of poly (o-phenylenediamine-Co-o-toluidine) copolymer has been reported
[75]. The procedure are as follow: to 150 ml of glacial acetic acid at 400C, 1.54 g oPD
and 0.5133 ml oT are added in a 500 ml single-neck glass flask. 13.68 g [(NH4)2S2O8]
was dissolved separately in 14ml distilled water to prepare an oxidant solution. The
monomer solution was then stirred and treated with the oxidant solution added
dropwise at an adding rate of one drop every three seconds for 30 minutes at 400C.
Immediately after the first few drops the reaction solution turns violet.
After 1 hour

the copolymer acetate was isolated from the reaction mixture by

filtration and washed with an excess of distilled water to remove the oxidant and
oligomers.
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A whitish violet solid powder was left to dry in oven at 1180C for 48 hours and then
dry in ambient air for one week. The above procedure was repeated at various molar
ratios of the monomers in the feed of 0.50 and 0.25 respectively.
2.3.3 Synthesis of poly (o-phenylenediamine–Co-p–toluidine) copolymer
To 150 ml of glacial acetic acid 1 M at 400C are added 1.54 g oPD and 0.5133 ml pT
in a500 ml single-neck glass flask. 13.68 g K2Cr2O7 was dissolved separately in 70 ml
distilled water to prepare an oxidant solution. The monomer solution was then stirred
and treated with the oxidant solution added dropwise at an adding rate of one drop
every three seconds for 30 minutes at 400C.
Immediately after the first few drops the reaction solution turns black and at the end
of addition turns into blackish green. After 30 minutes the copolymer acetate was
isolated from the reaction mixture by filtration and washed with an excess of distilled
water to remove the oxidant and oligomers. A greenish brown solid powder was left
to dry in oven at 1180C for 30 minutes then left to dry in ambient air for one week.
The above procedure was repeated at various molar ratios of the monomers in the
feed of 0.50 and 0.25 respectively.
2.3.4 Synthesis of poly (o-phenylenediamine–Co-o–anisidine) copolymer
A mixture of 0.467 ml of o–anisidine and 1.53 g of o–phenylenediamine were
dissolved in 35 ml of glacial acetic acid to which was added dropwise a solution of
potassium dichromate of 15.3 g in 175 ml and 1.25 M HCL at 240C for about 83
minutes. 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 –
270C for 24 hours. The copolymerization seemed to be exothermic, and the reaction
temperature increased slightly from 24 to 270C during dropping the oxidant solution
because of a very slow rate of adding the oxidant. The desired copolymer was
recovered by filtration, washed, and then left to dry in air for several days. The above
procedure was repeated at various molar ratios of the monomers in the feed of 0.50
and 0.25 respectively.
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2.3.5 Synthesis of poly (o-phenylenediamine–Co-o-aminophenol) copolymer
To 150 ml of 1M glacial acetic acid at 400C are added 1.54 g oPD and 0.5133 g oAP
in a500 ml single-neck glass flask. 13.68g K2Cr2O7 was dissolved separately in 50 ml
distilled water to prepare an oxidant solution. The monomer solution was then stirred
and treated with the oxidant solution added dropwise at an adding rate of one drop
every three seconds for 30 minutes at 400C. Immediately after the first few drops the
reaction solution turns black. After the 24 hours the copolymer acetate was isolated
from the reaction mixture by filtration and washed with an excess of distilled water to
remove the oxidant and oligomers. A brown solid powder was left to dry in air for one
week. The above procedure was repeated at various molar ratios of the monomers in
the feed of 0.50 and 0.25 respectively.
2.4 Effect of varying weights of K2Cr2O7 oxidant on poly o-aminophenol
Poly o–aminophenol was synthesized by oxidative polymerization of o–aminophenol
in alkaline medium under varying oxidant concentrations keeping the alkali
concentration fixed at 0.6 M. For this purpose 3.27 g of oAP was dissolved in 50 ml
0.6 M aqueous ammonium hydroxide solution. Then varying amounts of potassium
dichromate (viz., 6.84 g, 10.26 g, 13.68 g and 20.52 g) were dissolved in 50 ml of
distilled water and the potassium dichromate solutions were added to two-necked
round-bottomed flask containing the solution of oAP at room temperature (300C). On
addition of potassium dichromate solution to the monomer an exothermic change in
the polymerizing mass was noted. The temperature rise as a result of exothermic
polymerization was noted with the help of a thermometer inserted through one neck
of the round-bottomed flask. The polymerization was allowed to continue in a stirring
condition for 5 hours.
Then the brown polymer was isolated by filtration, washed with deionized water and
dried at 700C in an oven for 10 hours.
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2.5 Measurements
2.5.1 UV-Visible measurement
UV – VIS absorption spectra was obtained by using spectrophotometer (UV–1601
SHIMADZU). Absorption spectra of the dilute solutions were recorded in the rang
(200–800) nm at room temperature. Solutions for the absorption spectra were
prepared by dissolving the samples in (DMSO) solvent.

2.5.2 FTIR measurement
The FTIR spectra were recorded using FTIR – 8201 PC (SHIMADZU) instrument by
KBr pellets technique.

2.5.3 Conductivity measurement
The electrical conductivity was measured at 300C by using conductivity
meter

(CM–30V).

The

Solution

of

polymer

sample

was

prepared

by
0

dissolving 0.02 g of the sample in 40 ml of DMF or DMSO solvent at 30 C ,
we measured the electrical conductivity of solvent alone then deducting its
value from electrical conductivity value of solution to get the electrical
conductivity value of polymer solute [76].

2.5.4 Thermal Gravimetric Analysis (TGA) measurement
A mettler-Toledo 851 thermal gravimetric analysis (TGA) in a nitrogen atmosphere
from room temperature to 600 0C at heating rate of 10 0C/min. A crucible of platinum
containing 15 mg of sample was used in TGA analysis.
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3. Results and discussion

3.1 Effect of doped acids on the polymerization of o-phenylenediamine
It is believed that the investigation of polymers synthesized from aromatic diamine
are more attractive since they exhibit more novel multi-functionality than polyaniline .
Phenylenediamines are a class of aniline derivatives having an extra –NH2 group in
the o-, m- or p- position. o-phenylenediamine (oPD) is the most frequently studied
member. In our previous study [77], the effect of different dopants on the structure of
the polyaniline has been studied. In this study we have prepared poly ophenylenediamine (PoPD) by chemical oxidation method and studied the effect of
different acids dopants Hydrochloric acid (HCL), Sulfuric acid (H2SO4), Formic acid
(HCOOH), Glacial acetic acid (CH3COOH) and Phosphoric acid (H3PO4) on the
structure of the polymer which prepare using FTIR, UV-Visible, Thermal gravimetric
analysis (TGA) and Conductivity measurements.

3.1.1 FTIR spectra of poly o-phenylenediamine doped with different acids
FTIR is one of the most important methods of spectroscopy; in our work the
importance of FTIR is concentrated on the comparison of band position for
determining groups present in the doped poly o-phenylenediamine. Fig.(3.1) shows
FTIR spectrum of PoPD doped in different acids.
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Fig(.3.1) FTIR spectra of PoPD doped with : (A) HCL, (B) H2SO4, (C) HCOOH, (D) CH3COOH
and (E) H3PO4.

It shows a broad in the region 3235-3432 cm-1 generally assigned to primary and
secondary amino groups present in the polymer. The band in the range 1602-1640
cm-1 can be assigned to C=C stretching vibrations of the phenazine type structures in
the PoPD backbone. The bands assigned to C-N stretching vibrations of the quinoid
and benzoid rings appear in the ranges 1499-1502 cm-1 and 1357-1397 cm-1
respectively. The peaks in the range 834-842 cm-1 are due to out of plane bending
motion of the C-H bonds of the 1, 2, 4, 5-tetrasubstituted benzene nuclei of phenazine
units. The presence of the bands between 900-1040 cm-1 are due to in-plane bending
motion of the C-H bonds of the 1, 2, 4-trisubstituted benzene rings indicates the
presence of open rings in the phenazine units. The signal in the range 512-543 cm-1 is
assignable to ring deformation. We observed similarity in the FTIR spectrum for the
dopants used indicating the similarity of the oxidation degree in the different dopant
used. The intensity of peaks depend on factors such as polymer coil size, the nature
polymer-solvent polymer doping. The spectrum of PoPD-CH3COOH Fig(.3.1.D) has
a small intensity band at 1397 cm-1, which is attributed to stretching of C-N band,
while a high intensity bands can be observed in the spectrum of PoPD-H2SO4
Fig(.3.1.B) and PoPD-H3PO4 Fig(.3.1.E) at 1361 cm-1 and 1359 cm-1 respectively.
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This shift to lower wave number may be attributed that the doping degree of PoPDH2SO4 and PoPD-H3PO4 are the greatest, which prefer the movement of π electrons
and make the displacement to lower wave number.
3.1.2 UV-VIS spectra of poly o-phenylenediamine doped with different acids
The UV-Visible spectra of PoPD synthesized in different dopants ( HCL, H2SO4,
HCOOH, CH3COOH and H3PO4 ) respectively are shown in Fig.(3.2)
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Fig.(3.2) UV-VIS spectra of PoPD doped with : (A) HCL, (B) H2SO4, C) HCOOH, (D) CH3COOH
and (E) H3PO4.

Two characteristic absorption peaks were found in the range 282-429 nm. The peak
at 294 nm is attributed to the benzene π-π* electronic transition, while the peak at 429
nm ascribed to the n-π* electronic transition. A blue shift will be observed from the
band at 294 nm to 282 nm as shown in Fig.(3.2.E), may be attributed that PoPD doped
in H3PO4 cause lowering of the degree of conjugation as well as hindering charge
transfer between chains, this indicate a successful doping of H3PO4 in PoPD.
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3.1.3 Electrical Conductivity of poly o-phenylenediamine doped with different
acids
The electrical conductivity of the PoPD-HCL, PoPD-H2SO4, PoPD-HCOOH, PoPDCH3COOH and PoPD-H3PO4 at 300C are presented in Table (3.1).

Table (3.1) Electrical conductivity of PoPD in different acids dopants at 300C and 0.1 M of acids
dopants.

Polymer

Conductivity (Scm-1)

PoPD-HCL

1.44

PoPD-H2SO4

2.07

PoPD-HCOOH

1.15

PoPD-CH3COOH

0.85

PoPD-H3PO4

2.06

From Table (3.1), the conductivity were found to be in the order PoPD-H2SO4 =
PoPD-H3PO4 < PoPD-HCL < PoPD-HCOOH < PoPD-CH3COOH. The lower value
of the conductivity in the case of PoPD-CH3COOH is attributed to the decrease of the
efficiency of charge transfer between the polymer chains when CH3COOH used as a
dopant for PoPD. However the electrical conductivity values of PoPD-H2SO4 and
PoPD-H3PO4 are the highest indicating that the doping degree of PoPD doped with
these acids are the best. From Table (3.1), we found that mineral acids give better
conductivity values than organic acids due to high dissociation of the mineral acids.
Fig.(3.3) shows the effect of the temperature upon the conductivity of PoPD
synthesized in different dopants.
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Fig.(3.3) The temperature dependent conductivity plot of PoPD doped in different Acids : (A)
HCL, (B) H2SO4, (C) HCOOH, (D) CH3COOH and (E) H3PO4.

It can be observed that the conductivity increased with the increase in temperature in
the different acid dopants, which is characteristic of thermal activated behavior and is
in good agreement with literature [78]. The increase in conductivity is attributed to the
increase in the temperature [79]. In addition, it should be expected that the molecular
motion becomes non negligible in the high temperature ranges, which leads to the
recombined ion and /or relocation of the dopant ion [80].

3.1.4 TGA of poly o-phenylenediamine doped with different acids
Thermal gravimetric analysis is used to determine physical and chemical changes that
result in changes in mass when a material is heated.
Fig.(3.4) shows (TGA) and derivative thermogravimetry (DTA) for samples of doped
PoPD-HCL, PoPD-H2SO4, PoPD-HCOOH, PoPD-CH3COOH and PoPD-H3PO4
respectively.
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Fig.(3.4) TGA - - - and DTGA

of PoPD doped with different Acids : (A) HCL, (B) H2SO4, (C)

HCOOH, (D) CH3COOH and (E) H3PO4.

From fig.(3.4) it can be seen that the total weight loss of PoPD doped with different
acids is around 40% by raising its temperature at a rate of 100C/min from 25 to 6000C
in air. The polymers exhibit two weight loss processes at 84-150 0C and 240-450 0C,
the first loss may be due to loss of water molecules and dopant acids in the polymer
PoPD at different acids, and the other loss may be due to loss of oligomers (low
molecular weight) and breakage of the weak bond in the polymers [81]. The total
weight residual of PoPD with different acids is around 60% after 6000C, these
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indicated that the polymers prepared may be stable at 600 0C and when the polymers
heated over 600 0C a complete decomposition of the backbone may be observed of the
PoPD (benzenoid and quinoid) units. It can be observed that the total weight loss of
PoPD-H3PO4 (43%) is greater than weight loss of PoPD in the other dopant, the total
weight loss were found to be in the order, PoPD-H3PO4 (43%) < PoPD-HCL = PoPDH2SO4 (40%)

< PoPD-HCOOH = PoPD-CH3COOH (38%). The loss of dopant

increases in PoPD-H3PO4 and decreases in the other acids dopants. This may be
attributed that PoPD-H3PO4 loses a greater weight than PoPD in the other dopants
under study in this temperature range (84-1500C) i.e. the doping level of PoPD with
H3PO4 is the highest between the other dopants used in this study. TGA indicated that
PoPD has high thermal stability.

3.2 Synthesis of poly (o-phenylenediamine – Co - Aniline) copolymer
Polyaniline (PANI) has attracted considerable interest because of its low density, high
electrical conductivity and good environmental and thermal stability [82-84].
However, PANI in the oxidized state is insoluble in common organic solvents due to
the stiffness of its backbone structure, which results from its delocalized electronic
structure. It is necessary to modify the PANI in order to make it as processible as
conventional organic polymers. Copolymerization is one of the simplest methods for
improving the processibility of PANI. The copolymerization of aniline with the
solubilizing co monomers, o-phenylenediamine, gives new materials with high
conductivity and solubility. In this work, the chemical copolymerization of poly (ophenylene diamine-Co-aniline) from monomers, o-phenylenediamine and aniline by
varying the monomer feed ratio in the copolymerization reaction.

Scheme (3.1) represent copolymerization mechanism of poly (o-phenylenediamineCo-aniline) copolymer.
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Scheme (3.1) Copolymerization mechanism of poly (o-phenylenediamine-Co-aniline) copolymer.
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3.2.1 FTIR spectra of poly (o-phenylenediamine–Co-Aniline) copolymer
Fig.(3.5) shows FTIR spectra of polyaniline (PANI).
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Fig.(3.5) FTIR spectra of polyaniline

The peak at 1561 cm-1 are assigned to C=C stretching of the quinoid and benzenoid
rings respectively, and the peak at 1111 cm-1 represents the C-H aromatic in-plane
bending. The peak observed at 1294 cm-1 is related to the C-N stretching vibration of
the benzenoid ring. The band which fall in 800 cm-1 is identified with the out-of-plane
bending of C-H bond in the 1,4-disubstituted ring.
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Fig.(3.6) shows FTIR spectra of poly o-phenylenediamine (PoPD).
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Fig.(3.6) FTIR spectra of poly o-phenylenediamine.

A weak band observed at 3326-3391 cm-1 characteristic of –NH2 and N-H stretching,
and 1640-1525 cm-1 assigned to the quinoid and benzenoid phenyl ring. Other bands
are similar to the case of polyaniline. The spectral characteristics of copolymers are
similar to those of the corresponding PANI and PoPD homopolymers.

Fig.(3.7) shows FTIR spectra of the poly (oPD-Co-ANI) copolymer at different
molar ratios.
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Fig.(3.7) FTIR spectra of poly (oPD-Co-ANI) copolymer at molar ratio: (A) 0.25, (B)0.50 and
(C) 0.75 of oPD .
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In Fig.(3.7.C) the amount of o-phenylenediamine is the highest, the band at 3195 cm-1
which is relatively high intense peak compared with the other molar ratios of ophenylenediamine. By increasing the amount of o-phenylenediamine in the copolymer
chain, the intensity of –NH2 band increase. This indicating a successful copolymer
between o-phenylenediamine and aniline.
3.2.2 UV-Visible spectra of poly (o-phenylenediamine–Co-Aniline) copolymer
Table (3.2) shows UV-VIS absorption band of the homo- and copolymers.
Table (3.2) UV-VIS absorption maximam of poly (o-phenylenediamine-Co-aniline) copolymer in
DMSO.

max (nm)

Polymers
PANI

364

581

PoPD

294

425

P(oPD25-Co-ANI75)

293

540

P(oPD50-Co-ANI50)

293

415

P(oPD75-Co-ANI25)

292

443

Fig.(3.8), (3.9) and (3.10) show UV-VIS spectra of polyaniline, poly o-phenylene
diamine and poly (o-phenylenediamine-Co-aniline) copolymer with different molar
ratios respectively.
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Fig.(3.8) UV-VIS spectra of polyaniline
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Fig.(3.9) UV-VIS spectra of poly o-phenylenediamine.
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Fig.(3.10) UV-VIS Spectra of poly (o-phenylenediamine-Co-aniline) copolymer at molar ratio:
(A) 0.25, (B) 0.50 and (C) 0.75 of oPD.

The absorption band at 364 nm is assigned to the electronic transition of the phenyl
rings in the polymer backbone. The transition bands show a hyposochromic shift from
364 nm for PANI to 294 nm for PoPD, implying a decrease in the extent of
conjugation and increase in the band gap. The absorption band at 425 nm corresponds
to the excition transition of the quinoid rings. This absorption band shifts from 425
nm to 443 nm when the o-phenylenediamine in the copolymer is increased. This red
shift with increasing o-phenylenediamine in the copolymer is due to the steric effect
of substituents, which produces torsional twists and shortens the conjugation lengths
in the polymer.
3.2.3 Electrical Conductivity of poly (o-phenylenediamine-Co-aniline) copolymer
Table (3.3) shows the electrical conductivity of the homo- and copolymers at 300C.
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Table (3.3) Electrical conductivity of poly (o-phenylenediamine-Co-aniline) copolymer at 300C.

Polymer

Conductivity (S/cm)

PANI

1.121

PoPD

2.23

P(oPD25-Co-ANI75)

1.291

P(oPD50-Co-ANI50)

2.031

P(oPD75-Co-ANI25)

2.311

It can be observed, as the amount of o-phenylenediamine in the copolymer increases,
the electrical conductivity increase indicating successful copolymerization between ophenylenediamine and aniline.

3.3 Synthesis of poly (o-phenylenediamine–Co-o / p- toluidine) copolymer
Toluidines are derivatives of aniline where –CH3 group is substituted in the aromatic
ring at o-, m- or p- position.

Scheme ( 3.2) and (3.3) are represent copolymerization mechanism of poly (ophenylenediamine-Co-o-toluidine) copolymer and copolymerization mechanism of
poly (o-phenylenediamine-Co-p-toluidine) copolymer respectively.
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copolymer.
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3.3.1 FTIR spectra of poly (o-phenylenediamine–Co-o / p-toluidine) copolymer
Fig.(3.11) shows FTIR spectra of poly o-toluidine.
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Fig.(3.11) FTIR spectra of poly o-toluidine

The signal due to C-H in-plane bending vibration is observed at 1161 cm-1. The peak
at 927 cm-1 has been assigned to 1, 2, 4-trisubstituted aromatic rings indicating
polymer formation. The signal at 567 cm-1 is due to C-H out of plane bending
vibration. the peak at 3063 cm-1 is caused by C-H stretch modes of the substituent
methyl group.
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Fig.(3.12) shows FTIR spectra of poly p-toluidine.
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Fig.(3.12) FTIR spectra of poly p-toluidine.

The frequency peaks at 2917, 1638, 1450, 1301, 1207, 1157, 920 cm-1 are attributed
respectively to, C-H stretching of the substituent methyl group, C=C stretching
vibrations of quinoid rings, C=C stretching vibrations of benzoid rings, C-N
stretching vibrations of quinoid rings, C-N stretching vibrations of benzoid rings, C-H
in-plane bending vibrations and 1, 2, 4- trisubstituted aromatic rings.

Fig.(3.13) shows FTIR spectra of poly (o-phenylenediamine–Co-o-toluidine)
copolymer with different molar ratios.
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Fig.(3.13) FTIR spectra of poly (oPD-Co-oT) copolymer with different molar ratios: (A) 0.25, (B)
0.50 and (C) 0.75 of oPD.
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Most of the bands show variations in the intensity and position. The spectra of the
copolymer show the main bands corresponding to N-H stretching vibrations and ring
stretching vibrations of quinoid and benzeoid structures. The intensity of The N-H
stretching vibrations in the region between 3470-3010 cm-1 increases with increasing
oPD feed concentration indicating an increase in the number of primary and
secondary amino groups in the copolymer structure. The band at 1590 cm-1 Fig.(3.11)
and the band at 1627 cm-1 Fig.(3.12) corresponds to C=C stretching vibrations the
aromatic rings. This signal is shifted to 1630 cm-1 in the copolymer Fig.(3.13). The
intensity of two bands centered at 1497 and 600 cm-1 greatly increases with increasing
oPD feed concentration Fig.(3.13). The 1497 cm-1 band in the copolymer indicate the
presence of phenazine type structures in the copolymer backbone. These cyclic
structures in the copolymer could either to be due to the presence of oPD blocks or
may result from the cyclization of the adjacent oPD and oT unit in the copolymer
chain. On the other hand the intensity of the band at 1005 cm-1, due to –CH3 bending
vibrations, substantially decreases in the copolymer. This is indicative of the gradual
decrease in the oT units in the copolymer structure with increasing oPD feed
concentration.
Fig.(3.14) shows FTIR spectra of poly (o-phenylenediamine–Co-p-toluidine)
copolymer with different molar ratios.

70

A

60
50

T%

40
30
20
10
0
4000

3500

3000

2500

2000

1500
-1

Wavenumber (cm )

51

1000

500

120

B

110
100

%T

90
80
70
60
50
4000

3500

3000

2500

2000

1500

1000

500

-1

Wavenumber (cm )

60

C

50
40

%T

30
20
10
0
4000

3500

3000

2500

2000

1500

1000

500

-1

Wavenumber (cm )

Fig.(3.14) FTIR spectra of Poly (oPD-Co-pT) Copolymer with different molar ratios: (A) 0.25,
(B) 0.50 and (C) 0.75 of oPD.
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In general, with some exceptions, the spectral characteristics of the copolymers are
very similar to those of PoPD. The intensity of the broad band, in the region 30003353 cm-1 increases with increasing oPD feed concentration. The band corresponding
to quinoid stretching vibrations occurs at 1616 cm-1 for copolymer. The intensity of
this band was also found to increase with increasing oPD feed concentration. The
incorporation of p-toluidine moiety in the copolymer was indicated by the appearance
of the characteristic C-H stretching of the substituent methyl group which was
observed as a very weak band at 2917 cm-1. As in o-toluidine, the intensity of the
band at 1029 cm-1, due to –CH3 bending vibrations, substantially decreases in the
copolymer.
3.3.2 UV-VIS spectra of poly (o-phenylenediamine –Co-o /p-toluidine) copolymer
Table (3.4) shows absorption maximum of poly (o-phenylenediamine–Co-o/ptoluidine) copolymer in DMSO.
Table (3.4) UV-VIS absorptiom maximum of poly (o-phenylenediamine – Co- o / p-toluidine)
copolymer in DMSO.

max (nm)

Polymer
PoT

294

563

PpT

294

550

P(oPD25-Co-oT75)

421

547

P(oPD50-Co-oT50)

365

551

P(oPD75-Co-oT25)

360

556

P(oPD25-Co-pT75)

294

417

P(oPD50-Co-pT50)

293

422

P(oPD75-Co-pT25)

287

424
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Fig.(3.15) shows UV-VIS spectra of poly o / p-toluidine.
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Fig.(3.15) UV-VIS spectra of (A) poly o-toluidine, (B) poly p-toluidine in DMSO.

Fig.(3.16) and (3.17) show UV-VIS spectra of poly (o-phenylenediamine–Co-otoluidine) copolymer and poly (o-phenylenediamin–Co-p-toluidine) copolymer with
different ratio respectively.
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Fig.(3.16) UV-VIS Spectra of poly (oPD-Co-oT) copolymer with different molar ratios : (A)0.25,
(B) 0.50 and (C) 0.75 of oPD.
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Fig.(3.17) UV-VIS Spectra of poly (oPD-Co-pT) copolymer with different molar ratio: (A) 0.25,
(B) 0.50 and (C) 0.75 of oPD.

Two characteristic absorption peaks were found around 290 nm and in the range 417563 nm corresponding to benzene π-π* electronic transition, and n-π* electronic
transition. A hypsochromic shift from 550 nm in o-toluidine copolymer to 450 nm in
p-toluidine copolymer, implying a decrease in the extent of conjugation and increase
in the band gap. These bands correspond to the excition transition of the quinoid
rings. It can be observed that these bands increase when the o-phenylenediamine in
the copolymer is increased. This red shift with increasing o-phenylenediamine in the
copolymer is due to the steric effect of substituents, indicating a successful
copolymerization.

3.3.3 Electrical Conductivity
Table (3.5) shows electrical conductivity of poly (o-phenylenediamine–Co-o/ptoluidine) copolymer at 300C.
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Table (3.5) Electrical conductivity of poly (o-phenylenediamine–Co-o/p-toluidine) copolymer at
300C.

Polymer

Conductivity (S/cm)

PoT

1.43

PpT

2.04

P(oPD25-Co-oT75)

3.39

P(oPD50-Co-oT50)

3.42

P(oPD75-Co-oT25)

4.65

P(oPD25-Co-pT75)

1.615

P(oPD50-Co-pT50)

1.878

P(oPD75-Co-pT25)

1.898

It can be seen that an increase in the conductivity as the amount of o-phenylene
diamine increases in the copolymers. In general, o-isomer give high conductivity
values than the other isomers, the small values of the conductivity in the case of poly
(o-phenylenediamine–Co-p-toluidine) copolymer compared with the conductivity
value of o-phenylenediamine may indicate that p-toluidine is not a good polymer to
make copolymer with o-phenylenediamine.
3.4 Synthesis of poly (o-phenylenediamine–Co-o-anisidine) copolymer
Poly o-anisidine is an important conjugated conducting polymer. It is relatively easy
to be prepared. The major problem of its successful utilization is poor mechanical
properties such as lower conductivity and poor solubility in common organic solvents.
Copolymerization is one of the best techniques to improve poor mechanical properties
and increase the conductivity. It is believed that polyaniline or substituted polyaniline
may be improve the mechanical properties as well as the electrical conductivity. In
this section, another aniline's derivatives (o-anisidine) copolymerized with (ophenylenediamine).
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Scheme (3.4) represent copolymerization mechanism of poly (o-phenylenediamineCo-o-anisidine) copolymer.
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Scheme (3.4) Copolymerization mechanism of poly (o-phenylenediamine-Co-o-anisidine)
copolymer.
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3.4.1 FTIR Spectra of poly (o-phenylenediamine–Co-o-anisidine) copolymer
Fig.(3.18) shows FTIR spectra of poly o-anisidine.
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Figure.(3.18) FTIR spectra of poly o-anisidine.

The peak at 3092 cm-1 represents to C-H aromatic, the peak at 1576, 1523 cm-1
corresponds to C=C benzeoid and quinoid ring. The band at 1402 cm-1 represents the
presence of C=C aromatic. The peak at 1340 cm-1 corresponds to aromatic amine. The
band at 1212 cm-1 represents to C-O aromatic. The band at 1022 cm-1 represents the
C-O-C-. The band at 1117 cm-1 indicates the presence of C-N-C.

Fig.(3.19) shows FTIR spectra of poly (o-phenylenediamine–Co-o-anisidine)
copolymer with different molar ratios.
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Fig.(3.19) FTIR spectra of poly (oPD-Co-oA) copolymer with different molar ratio: (A) 0.25, (B)
0.50 and (C) 0.75 of oPD.
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The FTIR spectrum of the copolymer has been analyzed by monitoring the relative
intensity of the peak at 3370 cm-1. The FTIR spectrum of the copolymer Fig.(3.19.C)
resembles that of PoPD Fig.(3.6), and with the increase in amount of oPD in
copolymer chain, the intensity of –NH2 band increases.
3.4.2 UV-VIS spectra of poly (o-phenylenediamine–Co-o-anisidine) copolymer
Fig.(3.20) shows UV-VIS spectra of poly o-anisidine.
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Fig.(3.20) UV-VIS spectra of poly o-anisidine

Table (3.6) shows absorption maximum of poly (o-phenylenediamine–Co-o-anisidine)
copolymer in DMSO.
Table (3.6) UV-VIS absorption maximum of poly (o-phenylene diamine–Co-o-anisidine)
copolymer in DMSO.

max (nm)

Polymer
PoA

295

469

P(oPD25-Co-oA75)

293

_

P(oPD50-Co-oA50)

294

_

P(oPD75-Co-oA25)

294

421
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Two characteristic absorption peaks were found at 295 nm and 469 nm. The peak at
295 nm is related to π-π* electronic transition of benzene while the peak at 469 nm is
related to n-π* electronic transition .
Fig.(3.21) shows UV-VIS spectra poly (o-phenylenediamine–Co-o-anisidine)
copolymer with different molar ratios.
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Fig.3.21 UV-VIS spectra of poly (oPD-Co-oA) copolymer with different molar ratio: (A) 0.25, (B)
0.50 and (C) 0.75 of oPD.

It can be observed, when the amount of o-phenylenediamine increase the second
absorption band appear that means n-π* electronic transition is absent in low ratio of
o-phenylenediamine in the copolymer matrix.
3.4.3 Electrical conductivity of poly (o-phenylenediamine–Co-o-anisidine)
copolymer
Table (3.7) shows electrical conductivity of poly (o-phenylenediamine–Co-oanisidine) copolymer at 300C.
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Table (3.7) Electrical conductivity of poly (o-phenylenediamine –Co-o-anisidine) copolymer at
300C.

Polymer

Conductivity (S/cm)

PoA

4.35

P(oPD25-Co-oA75)

1.79

P(oPD50-Co-oA50)

2.19

P(oPD75-Co-oA25)

2.25

Referring to Table (3.3), the electrical conductivity of PoPD is 2.23 S/cm, it can be
observed higher values of the conductivity of PoA which is 4.35 S/cm. As the amount
of o-phenylenediamine increase in the copolymer, an increase in the conductivity
values can be observed, that means a successful copolymerization between ophenylenediamine and o-anisidine.
3.5 Synthesis of poly (o-phenylenediamine–Co-o-aminophenol) copolymer
Among the investigated conducting polymers, polyaniline (PANI), polypyrrole
(PPY), poly o-phenylenediamine PoPD and polyaminophenol (PAP) have recently
been paid a lot of attention for its application in biochemistry, biosensor and the
immobilization of protein and enzyme [85].
Aminophenols are interesting electrochemical materials, they have two groups (-NH2
and –OH) which can be oxidized. In polymerization of aminophenol, the relative
position of amino and hydroxyl group is important.
Poly o-aminophenol is considered as one of the important polymers which have been
synthesized chemically or electrochemically by using ortho –NH2 and –OH groups
substituted anilines.
Scheme (3.5) represent copolymerization mechanism of poly (o-phenylenediamineCo-o-aminophenol) copolymer.
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Scheme (3.5) Copolymerization mechanism of poly (o-phenylenediamine-Co-o-aminophenol)
copolymer.
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3.5.1 FTIR spectra of poly (o-phenylenediamine–Co–o-aminophenol) copolymer
Fig.(3.22) shows FTIR Spectra of poly o-aminophenol.

100

90

%T

80

70

60

4000

3500

3000

2500

2000

1500

1000

500

-1

Wavenumber (cm )

Fig.(3.22) FTIR spectra of poly o-aminophenol.

The absorption band at 3411 cm-1 is due to characteristic stretching vibrations of N-H
suggest the presence of secondary amino groups in the polymer structure [86, 87].
This absorption band (at 3411 cm-1) is higher than that of N-H in PoPD 3391 cm-1
Fig.(3.6). This is attributable to the merger of two individual absorption bands from
the stretching vibrations of –OH group in oAP. The peaks at 1566 cm-1 and1553 cm1

are attributed to the C=C stretching vibrations of benzene and quinone rings,

respectively. The peak at 1390 cm-1 resulting from C=N stretching of quinoid rings.
The peak at 1201 cm-1 is assigned to the C-N stretching vibrations, because the C-N
stretching vibrations in aromatic amines are in the range 1280-1180 cm-1. The peaks
at 752 and 661 cm-1 are due to the C-H out of plane bending vibration.
Fig.(3.23) shows FTIR spectra of poly (o-phenylenediamine–Co-o-aminophenol)
copolymer with different molar ratios.
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Fig.(3.23) FTIR spectra of poly (oPD-Co-oAP) copolymer with different molar ratios: (A) 0.25,
(B) 0.50 and (C) 0.75 of oPD.
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A broad peak at 3400 cm-1 of the copolymer, which decrease as the amount of ophenylenediamine increase in the copolymer. This is attributed as mention above to
the stretching vibrations of –OH group in oAP and –NH2 group in both oPD and oAP.
Two peaks at 1634 and 1538 cm-1 are attributed to the C=C stretching vibrations of
benzenoid and quinoid rings. The other absorption bands of the copolymer are
resemble to the PoPD chart. Based on the above result, it can be concluded that a
successful copolymer of o-phenylenediamine with o-aminophenol.

3.5.2

UV-VIS

spectra

of

poly

(o-phenylenediamine–Co-o-aminophenol)

copolymer
Table (3.8) shows absorption maximum of poly (o-phenylenediamine–Co-oaminophenol) copolymer in DMSO.

Table (3.8) UV-VIS absorption maximum of poly (o-phenylenediamine–Co-o-aminophenol)
copolymer in DMSO.

max (nm)

Polymer
PoAP

276

436

P(oPD25-Co-oAP75)

293

436

P(oPD50-Co-oAP50)

286

433

P(oPD75-Co-oAP25)

285

423
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Fig.(3.24) shows UV-VIS spectra of poly o-aminophenol in DMSO.
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Fig.(3.24) UV-VIS spectra of poly o-aminophenol in DMSO.

Fig.(3.25) shows UV-VIS spectra poly (o-phenylenediamine–Co-o-aminophenol)
copolymer with different molar ratios.
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Fig.(3.25) UV-Visible spectra of poly (oPD-Co-oAP) copolymer at different molar ratio: (A)
0.25, (B) 0.50 and (C) 0.75 of oPD.
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From figure 3.24 and 25, two characteristic absorption bands are observed, the first
absorption band appears in the region of 276-293 nm is assigned to the π-π* transition
of benzenoid ring. It is related to the extent of conjugation between the phenyl ring
along the polymer chain. The absorption band at 423-436 nm was believed to be n-π*
transition, which is correspond to non-bonding pair electron transition of hetero atoms
like nitrogen and oxygen respectively which increase as the amount of o-aminophenol
increase in the copolymer composition.
3.5.3 Electrical conductivity of poly (o-phenylenediamine–Co-o-aminophenol)
copolymer
Table (3.9) shows electrical conductivity of poly (o-phenylenediamine–Co-oaminophenol) copolymer at 300C.

Table (3.9) Electrical conductivity of poly (o-phenylenediamine–Co-o-aminophenol) copolymer at
300C.

Polymer

Conductivity (S/cm)

PoAP

0.21

P(oPD25-Co-oAP75)

0.334

P(oPD50-Co-oAP50)

0.217

P(oPD75-Co-oAP25)

0.284

Because of the presence of non-bonding lone pair electron transition of hetero atoms
like nitrogen and oxygen in o-aminophenol, It can be seen in Table (3.9) that the
conductivity values of the copolymer increase as the amount of o-aminophenol
increase.
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3.6 Effect of varying weight of K2Cr2O7 oxidant in poly o-aminophenol.
In the polymerization of o-aminophenol, the effect of varying weight of the K2Cr2O7
oxidant while keeping the alkali concentration fixed at 0.6 M has been studied.
3.6.1 FTIR spectra of poly o-aminophenol at different weights of K2Cr2O7
oxidant.
Fig.(3.26) shows FTIR spectra of poly o-aminophenol at different weights of
K2Cr2O7.
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Fig.(3.26) FTIR spectra of poly o-aminophenol at different weights of K2Cr2O7 : (A) 6.84 g, (B)
10.26 g, (C) 13.68 g and (D) 20.52 g.

The characteristic vibrational bands obtained from FTIR spectra of all the polymers
are almost identical, which are: the broad band at 3400 cm-1 represents –OH (
hydrogen bonded ) while the band at 3300 cm-1 is –NH ( containing aromatic ring ).
The band at 2900 cm-1 represent C-H. There is a band at 1030 cm-1 due to bending
vibration of aromatic C-O-H group present in the polymer. The band at 1270 cm-1 is
C-O stretching band. Due to the band at 1030 cm-1 and very weak band at 1270 cm-1,
it is expected that very little C-O-C linkage was formed in the polymers. That means
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most of the –OH groups remain free after polymerization and the processability of
polymer is high.
3.6.2 UV-VIS spectra of poly o-aminophenol at different weights of K2Cr2O7
oxidant.
Fig.(3.27) shows UV-VIS spectra of poly o-aminophenol at different weights of
K2Cr2O7 in DMSO.
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Fig.(3.27) UV-VIS spectra of poly o-aminophenol at different weights of K2Cr2O7 : (A) 6.84 g, (B)
10.26 g, (C) 13.68 g and (D) 20.52 g.

Two absorption bands are observed. The first is in the region of 276-295 nm is
assigned to π-π* transition of the benzenoid ring. A blue shift will be observed as the
amount of the oxidant increased will be attributed to the extent of the increasment of
the conjugation between the phenyl rings along the polymer chain. The second
absorption band is fixed at 436 nm in all cases of K2Cr2O7 which is related to n-π*
transition which correspond to non-bonding lone pair electron transitions of hetero
atoms like nitrogen and oxygen respectively.
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3.6.3 Electrical conductivity of poly o-aminophenol at different

weights of

K2Cr2O7 oxidant.
Generally, ortho-isomer is preferred over the meta-isomer for polymer synthesis as
the former gives better yield than the latter and the polymer obtained from orthoisomer has higher conductivity [ 88-90 ].
Table (3.10) shows electrical conductivity of poly o-aminophenol at different amounts
of K2Cr2O7 oxidant at 300C.
Table (3.10) Electrical conductivity of poly o-aminophenol at different amount of K 2Cr2O7
oxidant at 300C and 0.6 M of NH4OH.

Polymer

Conductivity (S/cm(

PoAP ( 6.84 g K2Cr2O7 )

0.294

PoAP ( 10.26 g K2Cr2O7 )

0.210

PoAP ( 13.68 g K2Cr2O7 )

0.136

PoAP ( 20.52 g K2Cr2O7 )

0.096

The electrical conductivity of PmAP is 1.68*10-6 [91]. It can be seen that the electrical
conductivity of PoAP is higher than that PmAP as mentioned above. The behavior of
the conductivity values in Table 3.10 indicated a decrease as the amount of the
oxidant increased. This gives us a good choose of the weight of the oxidant necessary
added to obtain high conductivity which achieve successful polymerization and
copolymerization of poly o-aminophenol.
Fig.(3.28) shows effect of variation temperature on the electrical conductivity of poly
o-aminophenol at different amount of K2Cr2O7 oxidant.
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Fig.(3.28) Effect of variation of temperature on the electrical conductivity of poly o-aminophenol
at different weights of K2Cr2O7 oxidant : (A) 6.84 g, (B) 10.26 g, (C) 13.68 g and (D) 20.52 g.

It can be observed that the conductivity increases with the increase in temperature in
the different weights, which is characteristic of thermal activated behavior and is in
good agreement with literature [84]. The increase in conductivity is attributed to the
increase in the temperature [85]. In addition, as the amount of K2Cr2O7 increases in
poly o-aminophenol, the conductivity values decrease.
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Conclusion


The first part of this research is concentrated on synthesis of ophenylenediamine doped with acids. The electrical conductivity values of ophenylenediamine doped with H2SO4 and H3PO4 are the highest indicating that
the doping degree of PoPD doped with these acids are the highest. This fact
agrees also in FTIR and UV-Visible Spectra. TGA data indicates that the loss
of dopant increases in PoPD- H2SO4 and PoPD-H3PO4 and decrease in the
other dopants, this may be attributed that PoPD-H3PO4 loses a greater weight
than PoPD in other acids, that means that the doping level of PoPD with
H3PO4 is the highest.



The second part of this research is concentrated on:
1. Synthesis of copolymerization of o-phenylenediamine with aniline and
some aniline derivatives such as o / p-toluidine , o-anisidine and oaminophenol at different molar ratios of monomer.
2. Study on the effect of varying weights of K2Cr2O7 oxidant at constant
concentration of NH4OH in the polymerization of o-aminophenol.
We conclude the following points :
1. The copolymerization of aniline with solubilizing Co-monomers, ophenylenediamine, gives new materials with high conductivity and
solubility. As the amount of o-phenylenediamine in the copolymer
increase, the electrical conductivity increases indicating successful
copolymerization. Results of copolymerization of o-phenylenediamine
with aniline achieved by FTIR, UV-Visible Spectra. The best results were
found in coplymer with high amount of oPD.
2. The Synthesis of copolymerization of o-phenylenediamine with o / ptoluidine characterized using FTIR ,UV-VIS spectroscopy. The intensity
of the band at 1005 cm-1 is due to –CH3 bending vibrations, substantially
decreases in the copolymer. A hypsochromic shift from 550 nm in otoluidine copolymer to 450 nm in p-toluidine copolymer, implying a
decrease in the extent of conjugation and increase in the band gap. In
general, ortho-isomers give higher conductivity values than the other
isomers, so a high conductivity values obtained in the o-toluidine
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copolymer than in the p-toluidine copolymer, indicating that p-toluidine is
not considered as a good monomer to make copolymer with ophenylenediamine.
3. Since poly o-anisidine has poor mechanical properties as well as lower
conductivity the copolymerization with o-phenylenediamine improves
these properties. In the UV-VIS spectra of the copolymer, as the amount of
o-phenylenediamine increases, the second absorption band at 421 nm
appears that means n-π* electronic transition is absent in low ratio of ophenylenediamine in the copolymer matrix, the increament of the
conductivity values indicating a successful process. The best results were
found in coplymer with high amount of oPD.
4. Poly o-aminophenol has many applications in biochemistry as well as
biosensors and immobilization of protein and enzyme. It has two important
groups (-NH2) and (-OH). FTIR and UV-Visible Spectra data indicates the
presence of these two group especially when the amount of o-aminophenol
increase in the copolymer. The conductivity values increase as the amount
of o-aminophenol increase. The best results were found in coplymer with
high amount of oAP.
5. The effect of varying weight of K2Cr2O7 oxidant at constant concentration
of NH4OH has been studied. There were similar absorption bands in FTIR
and UV-VIS spectrum. The behavior of the conductivity values indicated
that a decrease as the amount of the oxidant increased. This give us a good
choose of the weight of the oxidant necessary added to obtain high
conductivity. The best result of polymerization when the weight of
K2Cr2O7 oxidant was found at 6.84 g.
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