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I

AbSTRACT
Polymerization of aniline was performed at different temperatures (0°C
and 25°C). The effect of polymerization temperature on the electrical
conductivity of polyaniline was studied. The electrical conductivity of
polyaniline was found to be independent of the polymerization temperature.
Three series of copolymers, one of Aniline, o – toluidine copolymer, Aniline, o
– anisidine copolymer and o – anisidine, m – phenylenediamine copolymer were
studied. The yield and conductivity of the copolymers at different ratios of
monomers were studied. In Aniline, o – toluidine copolymer, the yield and the
conductivity of the copolymer were found to increase with the increase of the
amount of aniline , while in the Aniline, o – anisidine copolymer, it was
observed the conductivity of copolymers is lower than polyaniline case. This
may be attributed to the addition of substituent (- OCH3) group in the
copolymers chain. In o – anisidine, m – phenylenediamine copolymer, it was
that observed the yield and the conductivity of the copolymer increased as o –
anisidine ratio increases which is leading to increase the polymer chain. All
these copolymers are characterized by conductivity measurements, fourier
transform infrared (FTIR) and Ultraviolet- visible (UV-vis) spectroscopy. These
spectra suggest that the obtained polymers were actual copolymers consisting of
two different monomer units.
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ARABIC SUMMARY

Synthesis and Characterization of Conducting Substituted
Polyanilines

تحضير وتشخيص مستبدالت البولي أنيلين الموصلة كهربائيا
تضمنت هذه الرسالة دراسة تأثير درجة الحرارة على خصائص البولي أنيلين ،كذلك تم
تحضير بعض الكوبوليمرات بين البولي أنيلين ومستبدالته مثل:
 -1تحضير كوبوليمر من األنيلين مع االرثوتوليدين.
 -2تحضير كوبوليمر من األنيلين مع االرثوانيزدين.
 -3تحضير كوبوليمر من االرثوانيزدين مع ميتا فنيلين داياأمين.
وبعدددد يمليدددة تحضدددير البدددولي أنيلدددين والشوبدددوليمرات تدددة تشخي دددها بوا ددد ة اال دددعة
تحددددح الحمددددرا

 )FTIRواال ددددعة فددددوج البن سدددد ية  )UV-Visوكددددالت التوصدددديلية

الشهربية .)Electrical Conductivity
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AIM OF THIS WORK
Polyaniline (PANI), and its derivatives are considered to form the most
promising classes of organic conducting polymers due to their special electronic
and optical properties and its wide application in many fields [1 – 3].
The first part of this work is concentrated on the influence of polymerization
temperature of polyaniline.
The second part

is related to synthesis of some copolymers which are

considered mainly as derivatives of polyaniline such as :
a) Synthesis of poly (aniline – co – o – toluidine) copolymer.

b) Synthesis of poly (aniline – co – o – anisidine) copolymer.
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c) Synthesis of poly (o – anisidine – co – m – phenylenediamine) copolymer.
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All of the produced copolymers were characterized using conductivity
measurements, UV–Visible and FT–IR spectroscopy.

XIII

1.1 INTRODUCTION TO POLYMER
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 characterization
such as high viscosity, elasticity, and strength. Polymers are found everywhere, they are part
of man himself : proteins and nucleic acids are polymer. 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 phenol – formaldehyde polymer, was
introduced under the name " Bakelite ", by Leo Baekeland in 1909. In 1922 Hermann
Staudinger [4], 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. 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.

1.2 CONDUCTIVE POLYMER
Polymers have been used as insulating materials. For example, metal cables are coated by
plastic to be insulated. However, there are at least four major classes of semiconducting
polymers that have been developed so far. They include conjugated conducting polymers,
charge transfer polymers, ionically conducting polymers and conductively filled polymers.
The conductively filled conducting polymers were first made in 1930 for the prevention of
corona discharge. The potential uses for conductively filled polymers have since been
multiplied due to their ease of processing, good environmental stability and wide range of
electrical properties. Being a multi-phase system in nature, however, their lack of
1

homogeneity and reproducibility has been an inherent weakness for conductively filled
polymers. Therefore, controlling the quality of dispersion to obtain homogeneous conducting
polymer composites is critically important.
The report of electrical conductivity in ionic polymers in 1975 (Wright, 1975)[5]attracted
considerable interest. Since then, various ionically conducting polymers or polymer
electrolytes have been prepared for a wide range of applications ranging from rechargeable
batteries to smart windows. Polymer electrolytes are also highly processable. The ionic
conduction mechanism requires the dissociation of opposite ionic charges and the subsequent
ion migration between coordination sites, which are generated by the slow motion of polymer
chain segments. Consequently, polymer electrolytes normally show a low conductivity and
high sensitivity to humidity. They often become electrically non-conducting upon drying. The
discovery of electrical conductivity in molecular charge transfer (CT) complexes in the 1950s
(Akamatu et al., 1954)[6] promoted the development of conducting CT polymers, and led to
subsequent findings of superconductivity with molecular CT complexes in 1980 (Jerome et
al., 1980) and with fullerene in 1986(Iqbal et al., 1986)[7]. The conductivity in CT complexes
arises from the formation of appropriate segregated stacks of electron donor and acceptor
molecules and a certain degree of charge transfer between the stacks. A desired crystal
structure is, therefore, essential for good conductivity in the molecular CT complexes.
However, the resultant materials are often brittle and unprocessable. To overcome this
problem, attempts have been made to attach electron donor and/or acceptor moieties onto
polymer backbones to produce charge transfer polymers with good processability and
stacking properties.
Along with all of the activities described above, various conjugated polymers have been
synthesized during the past 25 years or so which show excellent electrical properties
(Skotheim et al., 1998)[8]. Owing to the delocalization of electrons in a continuously
overlapped orbital along the polymer backbone, certain conjugated polymers also possess
interesting optical and magnetic properties. These unusual optoelectronic properties allow
conjugated polymers to be used for a large number of applications, including protecting
metals from corrosion, sensing devices, artificial actuators, all-plastic transistors, non-linear
optical devices and lightemitting displays. Due to the backbone rigidity intrinsically
associated with the delocalized conjugated structure, however, most unfunctionalized
conjugated polymers are intractable (i.e. insoluble, infusible and brittle). Some of them are
even unstable in air.

2

An overview of various methods developed for the preparation of advanced conjugated
conducting polymers, charge transfer polymers, ionically conducting polymers and
conductively filled polymers are given. The structure, conduction mechanism and electrical
properties for each of these are also discussed, which their applications in a wide range of
smart devices as presented in part.

Fig.1.1.Protonic acid doping of polyaniline

Conjugated Conductive Polymers
Table 1.1 lists the repeat units and conductivities for some common conjugated polymers
(Dai, 1999) [9]. As can be seen in Table 1.1, the conjugated structure with alternating single
and double bonds or conjugated segments coupled with atoms providing p-orbitals for a
continuous orbital overlap (e.g. N, S) seems to be necessary for polymers to become
intrinsically conducting. This is because just as metals have high conductivity due to the free
movement of electrons through their structure, in order for polymers to be electronically
conductive they must possess not only charge carriers but also an orbital system that allows
the charge carriers to move. The conjugated structure can meet the second requirement
through a continuous overlapping of orbitals along the polymer backbone. Due to its simple
conjugated molecular structure and fascinating electronic properties, polyacetylene has been
widely studied as a prototype for other electronically conducting polymers(Chien, 1984)[10].
3

Table 1.1.some conjugated conducting polymers

Fig .1.2. Chemical structure for monomers of the conjugated polymers:
(a) Vinylene (b) ethynylene(c) phenylene(d) thiophene
(e) aniline (f) pernigraniline from of polyaniline (g) pyrrole
4

1.2.1 History of Conductive Polymers
It is generally recognized that the modern study of electric conduction in conjugated polymers
began in 1977 with the publication by the group at the University of Pennsylvania [11]
describing the doping of polyacetylene. Although there was some prior work dating back to
World War II (see the review by Hush) [12] and even reports of electrochemical synthesis the
nineteenth century [13], the Nobel Committee recognized the seminal contribution of Heeger
[14], MacDiarmid [15] and Shirakawa [16] by awarding them the Nobel Prize for Chemistry
in 2000.The story of polyacetylene is an example of a fortunate confluence of circumstances
that is often under-appreciated in the history of scientific progress. In the 1970s, there was
worldwide interest in the unique properties of materials with such a high degree of anisotropy
that they can be considered one-dimensional (1D) systems. Early focus was on the study of
charge-transfer salts, in which planar, conjugated, small molecules were stacked like poker
chips. Experiments revealed a Peierls transition [17,18] and suggested the observation of
Frolich superconductivity [19,20]. Alan MacDiarmid, entered into a collaboration with
Heeger, to examine poly(sulfur-nitride), a crystalline solid, consisting of chains of alternating
sulfur and nitrogen atoms, that exhibits metallic conduction [21]down to liquid helium
temperatures, and has a superconducting transition at 0.26K [22].In the midst of this research,
MacDiarmid was traveling in Japan and visited the laboratory of Hideki Shirakawa who was
studying the Ziegler–Natta-catalyzed polymerization of acetylene. Standard practice was to
use a concentration of the organometallic catalyst at the millimolar level. These low
concentrations led to the infamous ‘insoluble, intractable, black precipitate,’ but Shirakawa
had discovered that with concentrations closer to molar, he obtained a shiny ‘metallic’ film
coating the wall of the reaction vessel. MacDiarmid returned to Pennsylvania, where he and
Heeger quickly arranged to invite Shirakawa for a sabbatical visit.
Scientifically, it was understood that pristine polyacetylene is a Peierls semiconductor, as
evidenced by its bond-alternating structure; it was known that charge transfer to molecular
donors or acceptors would result in partially filled bands and that the resulting
incommensurability of the Fermi wave-vector would destabilize the Peierls phase. The
interdisciplinary team had the ideal expertise: the chemists, led by Shirakawa and
MacDiarmid, brought their synthetic expertise to the preparation of the polymer films; the
physicists, led by Heeger and post-doc C. K. Chiang, brought physical measurement and
interpretation of material properties, not just electrical conductivity, but also structural and
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spectroscopic. Together, they applied vapor-phase doping of molecular acceptors (halogens)
and a donor (ammonia).
The publication by Chiang et al. [23] led to a huge surge in interest in ‘synthetic metals. In
less than a decade, most of the monomer building blocks that we know today had been
identified and many procedures for polymeric synthesis had been established. The chemical
structures are illustrated in. (In the nomenclature used in polyacetylene would be called
polyvinylene. This is because some – ‘common’ – names derive from the compound that is
polymerized, while others, more correctly according to IUPAC conventions, use the
monomeric unit in the product polymer.)An interesting sociological aspect of the research on
conjugated polymers has been the evolving target for technological application, and hence
emphasis on particular physical properties, that has motivated the research in the ensuing 30
years. Initially, and through the early 1980s, high electrical conductivity was the primary
driving force. There were suggestions to replace (copper) electrical wiring in everything from
printed circuit boards to home, and even grid, power distribution with inexpensive, lightweight polymeric conductors. As issues of processability, limits on conductivity, and
environmental stability became more apparent these grand schemes fell by the wayside.
Nevertheless, in certain niche applications, electrical conductivity is the primary attribute. For
example, antistatic coatings are important in many textiles and in the roll-to-roll processing of
polymer webs. Photographic film is a good example of the latter application and is the reason
that Bayer initiated, in conjunction with Agfa, their development of the Baytron series of
products based on poly(ethylenedioxythiophene) (PEDOT) doped with poly(styrene
sulphonate)PSS. (PEDOT-PSS is currently marketed by H. C. Starck Corp. as their Clarion
line of conductive coatings.)When the Holy Grail of copper replacement receded over the
horizon, the emphasis in the late 1980s and early 1990s shifted to the optical properties. Since
there is typically a large oscillator strength in the HOMO–LUMO transition of undoped
conjugated polymers, they are often highly colored and fluorescent. At that time there was
great interest in nonlinear optics, as researchers were developing new materials, both organic
and inorganic, for application in optical switches, modulators and the like. It was
experimentally demonstrated [24] and theoretically understood [25,26] that many conjugated
polymers also possess extremely high third-order optical nonlinearity. Although much
interesting science emerged from this line of research. Second-order nonlinearity and electrooptic response are much more amenable to device application. There are few conjugated
polymers with intrinsic second-order nonlinearity, since homopolymers and alternating
copolymers tend to have a center of symmetry. This is not necessarily always so, since head6

to-tail polymerization of an asymmetric monomer does not have mirror symmetry. In 1990,
the Cambridge group under the leadership of Richard Friend was investigating the electrooptic response of poly (phenylenevinylene). The story goes that graduate student Jeremy
Burroughes had turned off the lab lights in order to minimize stray light, and applied a dc
voltage to a sandwich-structured device – just the conditions required to observe the resulting
electroluminescence. Of course, the publication of this observation spawned an enormous
worldwide research effort to optimize the materials and device structures (polymer lightemitting diodes or PLEDs) for use in flat-panel displays, signage and lighting.
The semiconductive properties of conjugated polymers are also exploited for application in
thin-film organic field-effect transistors (OFETs). The earliest materials examined were
polyacetylene [27], polythiophene [28], and an oligomer of thiophene [29]. In these devices
the polymer forms the channel between the source and drain electrodes of the device. The
number of charge carriers in the channel is modulated by the voltage applied to the gate
electrode. The conductance of the channel is proportional to the number of charge carriers and
to their mobility. Hence, charge-carrier mobility is the primary metric in screening materials
for use in OFETs. Polymer morphology at the nanoscale plays a crucial role in dictating the
mobility. In any conductor a high degree of order is essential to achieve high mobility, since
disorder leads to scattering, trapping at defects, and localization. However, as discussed by
Klineet al. [30] among others, highly crystalline polymers are not necessarily ideal, because
the crystallites are typically much smaller than the channel length, in which case the mobility
is limited by transfer across grain boundaries. It seems preferable to have a high degree of
polymer chain alignment, but with few grain boundaries and with many chains bridging
between adjacent domains. Nano-morphology is key.
Another application which relies on the optical and semiconducting properties of conjugated
polymers is solar-energy conversion. In this case, each photon of solar radiation is absorbed to
generate an exciton – a bound electron – hole pair. The onset of absorption is below the
HOMO–LUMO gap by an energy corresponding to the exciton binding energy. In contrast to
many inorganic semiconductors used in solar cells, the exciton binding energy in conjugated
polymers is several tenths of an electron volt and therefore many times thermal energy at
ambient temperature. Therefore excitons in conjugated polymers do not readily dissociate to
create free electrons and holes. Excitonic solar cells rely on a hetero-junction to dissociate the
excitons. In this device structure, an electron-transport material (n-type) is adjacent to a holetransport material (p-type). If the energy level off sets (HOMO and LUMO) of the (n- and ptype materials) are sufficient compared to the binding energy, the exciton may dissociate at
7

the interface. The exciton may be created in either the n- or p-type material or both, the
difference being the absorption spectra and magnitudes of the binding energy.
Here again, nano-morphology plays a key role. The exciton has a characteristic lifetime,
dictated by the sum of its radiative (re-emission) and non-radiative (heat-producing) decay
rates. It is also mobile, diffusing through one of the polymeric semiconductors with a
characteristic diffusivity. If the exciton lives long enough to diffuse to the n–p interface, high
carrier-generation efficiency can be achieved. Since the exciton diffusion length in conjugated
polymers is typically of the order of 5–10 nm, the n- and p-type materials must be blended at
this length scale. Such ‘bulk heterojunctions’ were first demonstrated by the Santa Barbara
[31] and Cambridge [32] groups.
There is an additional constraint on the nature of the mixing, namely that the hole transporting
p-type phase be continuous to the cathode, while the electron-transporting n-type phase
connect to the anode. Controlling the morphology of such bi-continuous networks is the goal
of recent research on self-assembled block copolymers. Most of this volume is devoted to the
characterization and application of doped conjugated polymers, i.e. to their highly conducting
‘metallic’ state. Have touched upon some of the is sues relating to the nano-morphology of
undoped conjugated polymers, and to their application as semiconductors, because it is
usually helpful to understand properties of the ‘pristine’ material prior to analyzing the effect
of dopant.

1.2.2 Conductive Polymers and Their Structure
The class of conducting polymers is consisting of various polymers such as polythiophene
[33], polypyrole [34], polyparaphenylene [35,36], 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 insulator. 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 N – bonded electrons, such molecule may be conducting.
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The insulating N – conjugated polymers can be converted to conducting polymers by a
chemical or electrochemical doping and 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 not take place[37], as a result, conductivity of the
conducting polymers at room temperature covers whole insulator – semiconductor – metal
region by chaining doping degree. On the contrary, those process are impossible to take place
in an inorganic semiconductor.

1.2.3 Charge Carriers in Conductive 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 [38].
The mechanism of conduction and behavior of charge carries 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 span 1/2. When electron
is removed from the top of the valence band of a conjugated polymer, a vacancy ( hole or
radical cation ) is created that dose not delocalize completely, as would be expected from
9

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 band, this rise in energy is similar to the rise in energy that
takes place after an electron now 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 polaron, whereas higher doping levels produce bipolarone.
Compared to polaron, bipolaron is doubly charged but spin led. The bipolaron also has
structural deformation associated with it. 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.

1.2.4 Band Gap in Conducting Polymers
The energy spacing between the highest occupied and the lowest unoccupied bands 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, rather 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 [39]. 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 (change of doping, change of concentration of
doping, homogeneity of doping and carrier mobility). The band gap of many of the wellsuited conducting polymers is greater than 2.0 eV.
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Fig.1.3.Schematic representation of energy gaps in
(a) insulator; (b) semiconductor; (c) metal.

1.2.5 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 [40]. The nature of dopants plays an important role in the stability
of conducting polymers. The extent of enhancement of electric conductivity of a polymers
primarily depends on the chemical reactivity of the dopant with the polymer.
The same dopant directly on the doping level. The doping level increases with exposure time
of the polymer to the dopant vapour. Sometimes a sharp rise in conductivity is observed for a
very small increment of the dopant level [41], 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
polymer [41 – 44].
Doping results in rearrangements of the polymer chains and thereby new ordered structures
are formed. The dopant concentration may be as high as 50% mole[42], 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 [45], thus the ultimate conductivity in
polymeric semiconductors depends on many factors, nature and concentration of dopants,
homogeneity of doping, carrier mobility, crystallinity reducing agents or strong oxidizing
agents [43, 44].
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Fig.1.4. Conductivity of electronic polymers. Conductivity increases with increased doping.

1.2.6 Processability of Conducting Polymers
Conducting polymers possess poor processability, due to the extanded conjugation chain
structure, these polymers are insoluble and hence are not easily processable. A number of
general techniques have been developed for improving the processability of conducting
polymers. Polymerization of substituted monomers [46,47], mixing with processable
polymers [48], preparation of molecular composites [49], and copolymerization [50] ect.
Have been utilized for processability, among the various techniques described above
copolymerization is the easiest and the effective method of introducing systematic changes in
the polymer properties and is widely used in the production of commercial polymers.
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1.3 COPOLYMERIZATION
Copolymerization is usually defined as polymerization in which two or more structural
distinct monomers are incorporated into a given polymer chain. In general, copolymers
exhibit physical and mechanical properties far different from those of homopolymers. Thus
the characterization of these conducting polymers are different from those of blends of the
same individual homopolymers. The properties of copolymers can also be modified by
varying either the ratio of the various constituents or the manner by which these are
chemically attached. Such conducting copolymers exhibit improved electrical conductivity
compered to that of homopolymers. This method provides a versatile route of systematic
modification of physico – chemical properties. Considerable efforts have been made towards
the copolymerization of aniline monomers by some workers in order to improve
processability of the polymer [51 – 53], however, these polymers are unsuitable for device
fabrication either due to low conductivity [51], or less crystallinity [52], or due to a number of
defects present in these polymers [53].

1.3.1 Classification of Copolymers
If two or more different monomer types are involved, the resulting copolymer can have
several configurations or arrangements of the monomers along the chain [54], The four main
configurations are depicted below:

1. Alternating Copolymers
The monomers are produced alternately along the copolymer chain

2. Block Copolymers
Block copolymers are composed of along sequences "block" of the same monomer
unit, covalently bond to sequences of unlike type. Block copolymers with two or three
distinct blocks are called diblock copolymers and triblock copolymers.
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3. Random Copolymers
Different monomers are randomly arranged within the polymer chains.

4. Graft Copolymers
Generally the graft copolymers are made up of a main homopolymers chain either
branches of another type of homopolymers.

So far, the discussion has been confined to polymers with only a single type of repeat unit, but
in reality, a large and a growing number of commercial polymers are actually composed of
different types of units attached together by chemical covalent bonds. They are known as
copolymers, and can comprise just two different units (binary copolymers) or three (ternary),
and so on [55]. It is one of the common strategies used by molecular engineers to manipulate
the properties of polymers to gain just the right combination of properties for a specific
application.
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1.3.2 Chemical Structure of Copolymers
The monomers in a polymer can be arranged in a number of different ways. Both addition and
condensation polymers can be linear, branched, or cross- linked, as show in Fig.1.5.

(a)

(b)

(c)

(d)

Fig.1.5 Schematic illustrations of (a) linear, (b) branched, (c) crosslinked, and
(d) network (three – dimensional) molecular structures.
Linear polymers are made up of one long continuous chains, without any excess appendages
or attachments. Branched polymers have a chain structure that consists of one main chain of
molecules with smaller molecular chains branching from it. A branched chain-structure tends
to lower the degree of crystallinity and density of a polymer. Cross-linking in polymers
occurs when primary valence bonds are formed between separate polymer chain molecules.
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Scheme 1.1 Structures of materials used in this work

Aniline

O - Toluidine

O - Anisidine

m – Phenylenediamine

Ammonium persulphate

16

2.1 CHEMICALS AND REAGENTS
Different chemicals have been used in this work such as Aniline (AN), o –Toluidine (OT), o
– Anisidine (OA), m – Phenylenediamine (MPD), Ammonium persulfate (APS), Lithium
chloride (LiCl), Ammonium hydroxide (24%), Acetone (99.9%), Hydrochloric acid (HCL
32%), and N,N – Dimethylformamide (DMF), used as received without further purification.

2.2 POLYMERIZATION TEMPERATURE
2.2.1 Synthesis of Polyaniline at 25 oC
Aniline (5.0g, 0.054 mole) was dissolved in 75 ml of 1.0M` HCl and kept at 25 oC.
Ammonium persulfate (12.3g, 0.054 mole) was dissolved in 70 ml 1.0M HCl and also kept at
25 oC. The two solutions were mixed together and left to stand at 25 oC for 30 minutes. The
reaction mixture was then filtered using a Buchner funnel and a flask, and the filtered cake
washed with 10 X 80 ml of acetone. The filter cake was stirred in ammonium hydroxide
solution (100ml, 24%) for 1 h before refiltering and rewashing with 10 X 100 ml of acetone,
followed by drying under oven at 60 oC for 48 h.

2.2.2 Synthesis of Polyaniline at 0 oC
Lithium chloride (3.0 g, 0.071 mole) was dissolved in hydrochloric acid (143 ml , 1.0 M).
Aniline (5.0 g, 0.054 mol) was dissolved in 75 ml of this solution and cooled to 0 oC.
Ammonium persulfate oxidant (12.3g, 0.054 mole) was dissolved in the remaining HCl/LiCl
solution and cooled to 0 oC. The two solutions were mixed together and left to stand at 0 oC
for 2 h. The reaction mixture was then filtered. Washed deprotonated by ammonium
hydroxide , rewashed and dried.

2.3 SYNTHESIS OF POLY (ANILINE – CO – O – TOLUIDINE)
COPOLYMER
A mixture of 1.1 ml of aniline (0.05 mole) and 1.3 ml of o – toluidine (0.05 mole) was
dissolved in 100 ml of 1 M HCl. This solution was maintainted at 0

o

C in an ice bath. An

aqueous solution of 0.1 M ammonium persulfate (5.7 g) was then added dropwise over a
period of 20 min with continuous stirring. During the addition af ammonium persulfate, the
temperature of the reactants was maintainted within + 1oC of that of the ice bath. The total
volume of the reaction mixture was 250 ml. This was stirred for 1 h and then kept at 10 oC for
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24 h. A green precipitate (copolymer in the salt form) obtained was filtered, washed
repeatedly with distilled water until the filtrate became colorless, and then further washed
with methanol and acetone. The product was finally dried at room temperature for 72 h under
oven. Homopolymers of aniline , o – toluidine and their copolymers, with Co – monomer feed
ratio (expressed as mole % aniline) of 25, 50, 75 and 100 were similarly prepared.

2.4 SYNTHESIS OF POLY (ANILINE – CO – O – ANISIDINE)
COPOLYMER
A mixture of 1.1 ml of aniline (0.05 mol) and 1.3 ml of o – anisidine (0.05 mol) was dissolved
in 100 ml of 1 M HCl. This solution was maintainted at 0 – 5 oC in an ice bath. An aqueous
solution of 0.1 M ammonium persulfate (5.7 g) was then added drop wise over a period of 20
min with continuous stirring. During the addition af ammonium persulfate, the temperature of
the reactants was maintainted within + 1oC of that of the ice bath. The total volume of the
reaction mixture was 250 ml. This was stirred for 1 h and then kept at 10 oC for 24 h. The
green precipitate (copolymer in the salt form) obtained was filtered, washed repeatedly with
distilled water until the filtrate became colorless, and then further washed with methanol and
acetone. The product was finally dried at room temperature for 72 h under oven.
Homopolymers of aniline , o – anisidine and their copolymers, with Co – monomer feed ratio
(expressed as mole % aniline) of 25, 50, 75 and 100 were similarly prepared.

2.5 SYNTHESIS OF POLY (O – ANISIDINE – CO – m –
PHENYLENEDIAMINE) COPOLYMER
A mixture of 1.6 ml of o – anisidine (0.05 mol) and 1.53 g of m – phenylenediamine 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 oC in 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 – 27oC for 24 h. The copolymerization seemed to
be exothermic, and the reaction temperature increased slightly from 24 to 27oC 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.
Homopolymers of o – anisidine and m – phenylenediamineand their copolymers, with Co –
monomer feed ratio of 25, 50, 75 and 100 were similarly prepared.
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2.6 MEASUREMENTS
2.6.1 UV-Visible Measurement
For measuring the UV – Vis absorption spectra, spectrophotometer (UV – 1601 SHIMADZU)
was used. Absorption spectra of the dilute solutions were recorded in the range (200 – 800)
nm at room temperature. Solutions for the absorption spectra were prepared by dissolving the
samples in (DMF) solvent.

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

2.6.3 Conductivity Measurement
The electrical conductivity was measured at room temperature by using conductivity
meter (CM – 30V). The Solution of polymer sample was prepared by dissolving
0.02 g of the sample in 20 ml of DMF solvent at 25 oC [56].
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3.1 Effect of Polymerization Temperature on Polyaniline
Polyaniline and its derivatives are considered to be one of the most promising classes of
organic conducting polymers due to their well behaved electrochemistry, easy protonation
reversibility, excellent redox recyclability [57], good environmental stability [58], ease of
doping [59], and ease of preparation. The conductivity of polyaniline depends on two variables,
namely the degree of oxidation (electro – chemical doping) and the degree of protonation (acid
doping) of the material. In this study, we discuss the effect of polymerization temperatures at
(0 , 25oC).

3.1.1 Conductivity Measurements
The polymerization temperature has no effect on the electrical conductivity of polyaniline
prepared in 20ml of DMF solvent as (0, 25oC) respectively in agreement with the data reported
in literature [60,61,62,63]
Table [3.1]: Conductivity of polyaniline at different temperatures (0 , 25oC).

Polymerization temperature Yield (%)

Conductivity (S.cm-1)

0 oC

82

2.4

25 oC

86

2.8

3.1.2 FTIR Spectra of Polyaniline Polymerized at Different Temperatures
(0 OC , 25 OC)
Fig.(3.1,3.2), show the FTIR spectra of polyaniline prepared at 0oC and 25oC .
The frequency bands at 3440 cm-1 correspond to the N – H stretching bands of free or non –
bonding and H – bonded N – H band. The bands at 1604 – 1650 cm-1represent the benzenoid
and quinoidring , respectively for this reason, the presence of these bands clearly show that
the polymer is composed of insulating and conducting phases.
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Fig.3.1. FTIR Spectra of Polyaniline prepered at 0°C.

Fig.3.2. FTIR Spectra of Polyaniline prepered at 25°C.
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The frequency bands ranging between 798 – 876 cm-1 represent the para disubstituted aromatic
rings through which polymerization occur. C – H out of plane bending vibrations appear at
average 900 cm-1 and in the average of 600 – 624 cm-1. The bands at 1299 – 1308 cm-1
represent the C – N stretching indicating secondary aromatic amine groups.

3.1.3 UV-VIS Spectra of Polyaniline at Different Temperatures (0 OC, 25 OC)
Table [3.2]: as well as Fig (3.3) show UV-Visible spectra of polyaniline at different
temperatures in DMF solvent.

λmax nm

Sample
PANI at 0 oC

298

598

PANI at 25 oC

312

584

Fig.3.3. UV-Visible Spectra of Polyaniline a) prepared at 0 oC b) prepared at 25 oC.

00

The two absorption bands are observed at 0oC and 25oC between 298, 598 nm and 312, 584
nm respectively. These bands represent the π – π* transition of phenyl ring and exaction
transition n – π* transition. These peaks are blue shifted by 14 nm as the temperature
decreases.

3.2 Synthesis of Poly (Aniline – co – o – Toluidine) Copolymer
Various molar fractions of aniline and o – toluidine (0.25, 0.50 and 0.75) were used to obtain
copolymers. From Table [3.3], it has been

observed the yield and conductivity of the

copolymers were found to increase with the increase in the amount of aniline. This may be
attributed to the steric hindrance in toluidine which predominater over the effect – donating
groups may be cause to reduce the yield of the copolymers when the amount of toluidine in
the monomer feed ratio is higher.

Sample
PANI
POT
Poly[AN(75) – OT(25)]
Poly[AN(50) – OT(50)]
Poly[AN(25) – OT(75)]

Yield (%)

Conductivity (S.cm-1)

80
78
85
82
73

2.8
1.58
1.97
1.85
1.61

Table [3.3]: Yield and conductivity of poly (aniline – co – o – toluidine) copolymer in DMF.

3.2.1 FT- IR spectra of poly (aniline – co – o – toluidine) copolymers.
The FT-IR spectra of (poly aniline – co – o – toluidine) copolymer are shown in Figs. (3.4 –
3.8). The higher frequency bands at 1562 and 1477 cm-1 are assigned to the C=C ring
stretching vibrations of the benzenoid ring and the C-N stretching of the quinoid ring,
respectively.
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Fig.3.4. FTIR Spectra of PANI

Fig.3.5. FTIR Spectra of POT
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Fig.3.6. FTIR Spectra of Poly [AN(25) – OT(75)]

Fig.3.7. FTIR Spectra of Poly [AN(05) – OT(05)]
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Fig.3.8. FTIR Spectra of Poly [AN(75) – OT(25)]

The bands 1290 and 1293 cm-1 correspond to the C-N bending and symmetric component of
the C=C (or C-N of the benzenoidring) stretching modes. The remaning bands at 1110 and
798 cm-1 could be attributed to the in-plane and out- of plane C-H bending modes.

3.2.2 UV-Visible Spectra of Poly (Aniline – co – o – Toluidine) Copolymers.
The UV-Visible spectra of the homopolymers as well as the copolymers, were studied.

λmax nm

Sample
PANI
POT
Poly[AN(75) – OT(25)]
Poly[AN(50) – OT(50)]
Poly[AN(25) – OT(75)]

324
307
308
311
309

611
528
596
588
590

Table [3.4]: UV- Visible spectra for PANI, POT, and their copolymers with different ratios in
DMF.
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Fig.3.9. shows the absorption spectra of polyaniline and poly o – toluidine copolymers in
different ratios in DMF.

Fig.3.9. UV-Visible Spectra of Poly (Aniline – co – o – Toluidine) in DMF
(a. Poly[AN(0) – OT(100)]; b. Poly[AN(100) – OT(0)]; c. Poly[AN(25) – OT(75)];
d. Poly[AN(50) – OT(50)]; e. Poly[AN(75) – OT(d25)])

It has been observed that two absorption bands, one is around 310 nm for the π-π* transition of
phenyl ring and the other is around 600 nm for excitation transition (n- π* transition).These
peaks show shift to 307 and 528 nm respectively for POT in DMF and decrease in the extent
of conjugation and an increase in the band gap.

3.3 Synthesis of Poly (Aniline – co – o – Anisidine) Copolymer.
Various molar ratios of aniline and o – anisidine in the range ( 0.25, 0.50 and 0.75) were used
to obtain copolymers. Poly (aniline – co – o – anisidine) are prepared by chemical oxidative
copolymerization method. The homopolymers and copolymers structures are characterizatized
by FTIR and UV-Visible spectroscopy.
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Poly (Aniline – co – o – Anisidine) copolymer
From Table [3.5], it has been observed that the conductivity of copolymer is lower than POA,
because of the addition of substituent (-OCH3) group in the copolymer chain. The lower
electrical conductivity of copolymer is suggested to arise from the steric effect of methoxy
group that could include additional deformation along the polymer backbone, and reduce the
mobility of the charge carrier along the main chain. In addition to that the methoxy group will
increase the inter chain distance which lowers the structural regularity which reduces inter
chain interaction and as a result lower electrical conductivity is observed in copolymers.

Sample
PANI
POA
Poly[AN(75) – OA(25)]
Poly[AN(50) – OA(50)]
Poly[AN(25) – OA(75)]

Yield (%)

Conductivity (S.cm-1)

84
72
82
80
86

2.8
1.744
1.325
1.370
1.545

Table [3.5]: Yield and conductivity of Poly (aniline – co – o – anisidine) copolymer in DMF.

3.3.1 FTIR Spectra of Poly (Aniline – co – o – Anisidine) Copolymers.
The FTIR spectra of poly (aniline – co – o – anisidine) copolymers are shown in Figs. (3.10 –
3.13).

02

Fig. 3.10. FTIR Spectra of POA

Fig. 3.11. FTIR Spectra of Poly [AN(25) – OA(75)]
02

Fig. 3.12. FTIR Spectra of Poly [AN(50) – OA(50)]

Fig. 3.13. FTIR Spectra of Poly [AN(75) – OA(25)]
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The broad absorption band between 3400 to 3100 cm-1 is attributed to N-H stretching. In the
spectra of copolymer fraction , there appears an absorption band at 1286 cm-1 and 1117 cm-1,
indicating the existence of methoxygroup on benzene ring.The absorption band at 1016cm-1
indicates the coexistence of o – anisidine and aniline units in the copolymer.

3.3.2 UV-Visible Spectra of Poly (Aniline – co – o – Anisidine) Copolymers.
Table [3.6]: shows the UV-visible spectra obtained for PANI, POA, and their copolymers
with different ratios in DMF.

λmax nm

Sample
PANI
POA
Poly[AN(25) – OA(75)]
Poly[AN(50) – OA(50)]
Poly[AN(75) – OA(25)]

330
308
309
306
307

619
595
601
600
598

Fig. 3.14. UV-Visible Spectra of Poly (Aniline – co – o – Anisidine) in DMF
(a. Poly[AN(0) – OA(100)]; b. Poly[AN(100) – OA(0)]; c. Poly[AN(25) – OA(75)];
d. Poly[AN(50) – OA(50)]; e. Poly[AN(75) – OA(25)])
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It has been observed that the absorption spectra of the copolymer is similar to the one
observed for poly (o – anisidine) and differ from polyaniline. The notable shift observed in
the case of absorption peaks may be attributed to π-π* transition and n- π* transition,
respectively. These results point out that o – anisidine perhaps play a significant role toward
the determination of the chain length of this conducting copolymers.

3.4 Synthesis of Poly (o – Anisidine – co – m – Phenylenediamine)
Copolymer.
A few reports concerning the binary copolymer of phenylenediamines with aniline [64,65] by
chemically oxidative polymerization have been found. m – phenylenediamine (MPD),
homopolymer is especially completely insoluble in most organic solvents. To improve the
solubility of m – phenylenediamine (MPD), aniline derivatives such as o – anisidine will
improve the solubility of m – phenylenediamine. Different molar ratios of o – anisidine and m
– phenylenediamine (0.25, 0.50 and 0.75) were used to obtain copolymers. From Table [3.7]
could observe the yield and the conductivity of the copolymers increase as o – anisidine ratios
increase where o – anisidine consider an aniline derivatives which leading to increase the
polymer chain in the same time increasing of the conjugation system.
Table [3.7]: Yield and conductivity of poly (o – anisidine – co – m – phenylenediamine)
copolymer in DMF.

Sample
POA
PMPD
Poly[OA (75) – MPD(25)]
Poly[OA(50) – MPD(50)]
Poly[OA (25) – MPD(75)]

Yield (%)

Conductivity (S.cm-1)

79
87
80
70
83

1.744
1.250
1.228
1.000
0.980

3.4.1 FTIRSpectra of Poly (o – Anisidine – co - m – Phenylenediamine)
Copolymers.
The FTIR spectra of poly (o – anisidine – co - m – phenylenediamine) copolymers are shown
in Fig (3.15 – 3.18). It can be observed that the strongest –NH– vibration band at 3430 cm-1
are due to phenazine ring in the MPD homopolymer. The band 1624 – 1630 cm-1 is
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considered as the second strongest band is due to the C=C stretching vibration in the aromatic
phenazine ring.

Fig.3.15. FTIR of Poly PMPD

Fig.3.16. FTIR of Poly [OA (25) – MPD(75)]
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Fig.3.17. FTIR of Poly [OA (50) – MPD(50)]

Fig.3.18. FTIR of Poly [OA (75) – MPD(25)]
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Two weak bands at 2925 and 2850 cm-1 are due aliphatic C-H stretching vibration on the
methoxy group. A small and broad band at 1100 – 1120 cm-1 could be due to C-N stretching
vibration in the benzenoid unit.

3.4.2 UV-Visible Spectra of Poly (o – Anisidine – co - m –
Phenylenediamine) Copolymer.
The UV-Visible spectra of the homopolymers as well as the copolymer were studied.

λmax nm

Sample
PMPD
Poly[OA(25) – MPD(75)]
Poly[OA(50) – MPD(50)]
Poly[OA(75) – MPD(25)]

276

453

273
275
283

512
507
504

Table [3.8]: UV-Visible spectra for POA, PMPD and their copolymers with different ratios in DMF.

Fig. 3.19. UV-Visible Sepectra of Poly (o- Anisidine - co- m-Phenylenediamine) in DMF.
(a. Poly[OA(0) – MPD(100)];

b. Poly[OA(25) – MPD(75)];

c. Poly[OA(50) – MPD (50)];

d. Poly[OA(75) – MPD(25)])
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Two strong bands at 273 – 283nm and 453 – 512 nm with the certain resolution are observed
for OA/MPD copolymer. The molecular structure of the OA/MPD copolymer in DMF
depends on MPD feed content, that means shifts of peaks will increase with an increase in
MPD unit.
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CONCLUSIONS
Our study can be divided in to two parts:
1- The influence of polymerization temperature on the conductivity of polyaniline was
studies. The electrical conductivity of PANI is independent of the polymerization
temperature.
2- Synthesis of Aniline and Aniline derivatives copolymers :
a) Synthesis of Poly (Aniline – co – o – Toluidine) Copolymer
Copolymers of aniline and

o – toluidine were synthesized by oxidative chemical

polymerization using different ratios of the monomer, characterized by FTIR and UVVisible spectroscopy and conductivity measurements. We observed that the copolymer of
aniline with o – toluidine shows a greater resemblance to POT homopolymer which may
be due to the higher amount of o – toluidine in the copolymers this leads to an increase in
the solubility and decrease in conductivity. The yield of the copolymerization was found to
increase with an increase in the amount of aniline.
b) Synthesis of Poly (Aniline – co – o – Anisidine) Copolymer
The observed lower value of the electrical conductivity of Poly (Aniline – co – o –
Anisidine) has been explained in terms of incorporation of o – anisidine moieties in
polyaniline chains. FTIR result of poly (Aniline – co – o –Anisidine) suggest that the
resulting structure of conducting polymer contains chains having both units of aniline and
o – anisidine.
c) Synthesis of Poly (o – Anisidine – co – m – phenylenediamine) Copolymer
The synthesis of OAS/MPD copolymer at different monomers ratios was conducted
successfully, a high polymerization yield is obtained. The oxidative polymerization seemed
to be exothermic. The copolymers exhibit an obvious dependency of polymerization yield
and conductivity on the co-monomer ratio. The FTIR and UV-Visible spectra suggest that
the obtained polymers are actual copolymers consisting of two monomer types.

22

REFERENCE:
[1] A. MacDiarmind and Angew. Chem. Int. Ed., (2001), 40, 2581.
[2] C. DimHrakopolos and P. Malenfant. Adv. Matter., (2002), 14, 99.
[3] Virjis, R. Kaner, B. Wwiller. Chem. Mater., (2005), 17, 1256.
[4] H. Staudinger, Ber., 53 1073; Angew . Chem., (1922), 42, 37 – 40.
[5] P. Wright. Polym. J., (1975), 7, 319.
[6] H. Akamatu, H. Inokutchi, Y. Matsunaga. Nature., (1954) 173, 168.
[7] Z. Iqbal, R. Baughman, B. Ramakrishna, S. Khare, N. Murthy, H. Bornemann, D. Morris.
Science., (1986), 254, 826.
[8]

T. Skotheim, R. Elsenbaumer, J. Reynolds, (eds) (1998). Handbook of Conducting
Polymers, Marcel Dekker, New York.

[9] L. Dai and J. Macromol. Sci., Rev. Macromol. Chem. Phys., (1999), 39, 273.
[10] J. Chien, (1984). Polyacetylene, Chemistry, Physics, and Material Science, Academic
Press, London.
[11]

C. Chiang, C. Fincher, Y. Park, A. Heeger, H. Shirakawa, E. Louis, S. Gau, A.
McDiarmid. Phys. Rev. Lett., (1977), 39, 1098–1101.

[12] N. Hush. Ann. N. Acad. Sci., (2003), 1006, 1–20.
[13] H. Letheby, J. Chem. Soc., (1862), 161–163.
[14] A. Heeger, Curr. Appl. Phys., (2001), 1, 247–267.
[15] A. Macdiarmid, Curr. Appl. Phys., (2001), 1, 269–279.
[16] H. Shirakawa, Curr. Appl. Phys., (2001), 1, 281–286.
[17] R. Peierls, (1955). Quantum Theory of Solids, Oxford University Press. London.
[18] F. Denoyer, R. Come`s, A. Garito, and A. Heeger. Phys. Rev. Lett., (1975), 35, 445–
449.
[19] H. Frohlich. Proc. Roy. Soc. A., (1954), 223, 296–305.
[20]

L. Coleman, M. Cohen, D. Sandman, F. Yamagishi, A. Garito, and A. Heeger. Solid
State Commun., (1973), 12, 1125–1132.

[21] V. Walatka, M. Labes, and J. Perlstein. Phys. Rev. Lett., (1973), 31, 1139–1142.
[22] R. Greene, G. Street, and L. Suter. Phys. Rev. Lett., (1975), 34, 577–579.
[23] F. Kajzar, S. Etemad, G. Baker, and J. Messier. Synth. Metals., (1987), 17, 563 –567.
83

[24] Z. Soos and S. Ramasesha. J. Chem. Phys., (1989), 90, 1067–1076.
[25] S. Dixit, D. Guo, and S. Mazumdar. Phys. Rev. B., (1991), 43, 6781–6784.
[26] J. Burroughes, D. Bradley, A. Brown, R. Marks, K. Mackey, R. Friend, P. Burns, and
A. Holmes. Nature., (1990), 347, 539–541.
[27] F. Ebisawa, T. Kurokawa, and S. Nara. J. Appl. Phys., (1983), 54, 3255–3259.
[28] H. Koezuka, A. Tsumura, and T. Ando. Synth. Metals., (1987), 18, 699–704.
[29] G. Horowitz, D. Fichou, X. Peng, Z. Xu, and F. Garnier. Solid State Commun., (1989),
72, 381–384.
[30] R. Kline, M. McGehee, E. Kadnikova, J. Liu, J. Frechet, and M. F. Toney. Macromol.,
(2005), 38, 2219–3312.
[31] C. Lee, G. Yu, D. Moses, K. Pakbaz, C. Zhang, N. Sariciftci, A. J. Heeger, and F. Wudl.
Phys. Rev. B., (1993), 48, 15425–15433.
[32] J. Halls, K. Pichler, R. H. Friend, S. Moratti, A. Holmes. Appl. Phys. Lett., (1996), 68,
3120–3122.
[33] G. Tourillon and F. Garnier, J. Electroanal. Chem., (1928), 135 ,173.
[34] P. Burgmayer and R. Murray. J. Electroanal. Chem., (1983), 147, 339.
[35] D. Ivory, G. Miller, J. Sowa, L. Shacklette, R. Chance., R. Baughman. J.Chem. Phys.,
(1997), 71, 1506.
[36] B. Malhotra, N. Kumar, S. Chandra. Prog. Polym. Sci., (1986), 12, 189.
[37] Encyclopedia of Nanoscience and Nanotechnology (Ed.H.S. Nalwa). (2004), 2 - 153 169.
[38] J. Mort, G. Pfister, S. Grammatica. Solid State Commun., (1976), 18, 693.
[39] J.Elod and A. Ajayaghosh. chem. Mater., (2002), 14, 410.
[40] A. MacDiarmid, R. Mammone, J. Krawczyk, S .J. Porter. Mol.Cryst.Liq. Cryst.,(1984),
105, 89.
[41] G. Golob and P. Ehrlich. J. Polym. Sci. Polym. Phys. Edn., (1977), 15, 627.
[42]

J. Chein, (1984). Polyacetylene: Chemistry , Physics and Material science, Academic
press. New York.

[43] S. Maiti. J .Sci .Ind. Res., (1986) 12, 179.
83

[44] J. Frommer and R. Chance. edited by J. Kroschwitz (Wiley, Now York)., (1986), p.462.
[45] T. Lewis. Faraday Discuss. Chem. Soc., (1989), 88, 189.
[46]

M. Masuda, S. Tanaka, K. Kaeriyama. J. Polym. Ci., Part A : Polym. Chem., (1990),
28, 1831.

[47] K. Kaeriyama and H. Masuda. British Polym. Jr., (1990), 23, 141.
[48] M. Kobayashi. S. Ikeda, H. Shriakawa. Chem. Abstr., (1986), 105, 135.
[49] F. Nishida, B. Dunn, E. Knobe, P. Fuquo, R .Kaner, B .Mattes. Mat. Res. Soc. Symp.,
(1990), 180, 743.
[50] S. Pandey, S. Annapoorni, B. Malhotra. Macromolecules., (1993), 26, 3190.
[51] J. Langer, Synth. Met., (1990), 53, 295.
[52] M. Ram, E. Maccioni, C. Niclini. Thin solid films., (1997), 27, 303.
[53] S. Pandey, M. Ram, V. Srivastava, B. Malhotra. Appl. Polym. Sci., (1997), 65, 2745.
[54] "Glossary of Basic Terms in Polymer Science". Pure Appl. Chem., (1996), 68, 2287.
[55] G. Odian, (2004). Principles of polymerization, 4th Ed., Wiley- Interscience - Hoboken.,
Ch. 6, NJ.
[56] F. Yilmaz, Z. Kucukyavuz, e – polymers., (2009), 5.
[57] D. Pearson, P. Pincus, G. Heffner, S. Dahman. Macromolecules., (1993), 26, 1570.
[58] M. Wu, T. Wen, A. Gopalan. Master chem. Phys., (2002), 74:58.
[59] J. Camalet, J. Lacroix, S. Aeiyach, K. Chane – Ching, P. Lacaze. Synth Matel., (1998),
93-133.
[60] E. Paul, A. Ricco, W. Wrighton. Phys chem., (1985), 89:1441.
[61] A. MacDiarmid, A. Epstein, Mater. Res. Soc. Symp. Proc., (1992), 247, 565.
[62] A. Ohtani, M. Abe, M. Ezoe, T. Doi, T. Miyata, A. Miyake. Synthetic Metals., (1993),
57, 3696.

04

[63] P. Adams, P. Laughlin, A. monkman, A. Kenwright. Polymer., (1996), 37, 3411.
[64] P. Adams, P. Laughlin, A. monkman. Synthetic Metals., (1996), 76, 157.
[65] J. Prokes, J. Stejskal, I. Krivka, E. Tobolkova. Synth Met., (1999), 102, 1205.

04

