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Abstract:
A new conjugated aromatic poly (azomethine) has been prepared by polycondensation of
o-Tolidine,

4-Aminophenyl

disulfide

and

2-Aminophenyl

disulfide

with

terephthaldehyde. Methods and techniques used for characterization of the polymers
included powder X-ray diffraction (XRD), thermogravimetric analysis (TGA), and FT-IR
and Van der Pauw conductivity measurements. The crystallinity of the polymers was
studied by XRD. The polymers were doped with 5% I2 and mixed with HCl or H2SO4,
and their conductivities were determined by the Van der Pauw technique. A comparative
study of the electrical conductivities of polyazomethines and those of their corresponding
polymers was performed.

Certain diimine and diimine metal complexes have been of interest to chemists due to
their broad chemical and biochemical applications. There has been a vital engagement in
the chemistry of compounds containing O, N; O, S; N, N; N, S and S, S donor atoms
owing to the industrial, antitumor, antiviral and antimalarial activity of the complexes
derived from them. The disulfide group is well recognized as a potential binding site for
metal ions in biological systems due to the high affinity to attract heavy metals. Lately,
investigations have been focused towards an understanding of reactions of metals with
ligands containing the disulfide group.
We have succeeded in the synthesis of nine complexes that have been shown to be
conductive. All the polymers present amorphous behavior in XRD. Most of the

ii

polyazomethine known has a lower solubility, which we confirmed for all the polymers.
Thermal gravimetric analysis and FT-IR were studied to prove that polymers syntheses.
Electrical conductivity measurements were performed by using Van der Pauw technique
and the conductivity after doping was enhanced from 10-12 to 10-4 S cm-1.
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CHAPTER I: INTRODUCTION
1.1 Background
For a long time, polymers were known as insulating materials. [1] But the attempts
to make organic materials conducting have already been undertaken, and some success in
this direction has been achieved. These materials had electrical conductivity (σ) between
those of metals and insulators (semiconductors). [2] These materials are usually
insulators although conducting polymers were known before their discovery in the late
1970s. [3] It is noteworthy that Runge reported on the polymerization of aniline by a
chemical oxidation method in 1834 [5], however at that time, the electrical property of
the polymer was not known. Polysulfurnitride, (SN)x was early discovered in the 1970’s,
and it is the first polymeric material with metallic properties. [4] Shirakawa found that
acetylene could be polymerized to give a free standing film with promising mechanical
properties in 1973. [6] Then later in the 1976, MacDiarmid, Heeger and Shirakawa
showed that polyacetylene becomes conducting by exposing it to oxidizing agents such as
iodine (I2) or arsenic pentafluoride (AsF5). This process is known as p-doping, which
enhanced the conductivity of the polymer by 13 orders of magnitude from l0-12 to 10-4 S
cm-1. [7] This discovery led to a lot of fundamental research and gave rise to the
development of new type of materials, which combine the typical properties of plastics
and the electrical conductivity of metals. The essential significant feature that recognizes
metals from polymers is their very high electrical conductivity in the order of 104 -106
Scm-1. Polymers have very high resistivity with conductivity around 10-14 Scm-1 and this
little electrical conductivity has driven to the extensive use of polymers as electrical
insulators. [8] Despite the low inherent conductivity of polymers, many trials were
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performed by investigators to make them electrically conducting. Conducting polymers
carry electric current without any additional agent by removing or adding electrons
from/to the polymer chain and relocalizing them as polarons or bipolarons. The
delocalized electron cloud contributes to the conduction path in the chain of these
polymers. [9] The actual increase of conductivity in conducting polymers began when
Heeger, MacDiarmid, and Shirakawa proved for the first time that polyacetylene (PA),
which is an insulator, displayed an impressive increase in electrical conductivity if it is
treated with either a high oxidizing or reducing agent. [10] Most of the polymers are
either insulators or poor conductors, but upon doping, their conductivity is enhanced. The
conductivity of such doped polymers depends on the nature of the dopants and level of
doping. Polymers with conjugated π-electron (systems with conjugated C=C bonds)
backbones exhibit unusual electronic properties [10, 11], for instance low energy optical
transition, low ionization potentials, and high electron affinities. The most studied
conducting polymers (CPs) polypyrrole (PPy), polythiophene (Pth), and polyaniline
(PANI) are complex dynamic structures that fascinate the imagination of those involved
in materials research. Figure 1.1 displays the most common conducting polymers.

NH

n
PPE

S

PTh

N
H

PPy

Figure1.1 The most popular conducting polymers
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The application of an electrical stimulus can result in drastic changes in the
chemical, electrical and mechanical properties of CPs. These complex properties can be
controlled if we understand the following: first, the nature of the processes that organize
them during the synthesis of the conductive polymers, and second, the extent to which
these properties are modified by the application of an electrical stimulus. PANI and its
derivative are significant conducting polymers, with several applications such as organic
light-emitting diodes (OLEDs) [12], corrosion inhibition [13], and solar cells. [14]
Table 1.1 Some examples for the conductivity of some conducting polymers

Polymers
Polyacetylene

Structure

Dopants Approximate
Conductivity
(S/cm)

(CH)n

Polypyrrole

I2, Br2,
AsF5
BF4-,
CLO4-

10000

BF4-,
CLO4-,
FeCl4-

1000

BF4-,
CLO4-,
FeCl4-

1000-10000

AsF5

500

500-7500

n

N
H

Polythiophene

S

Poly(3alkylthiophene)

R

S

n

Polyphenylene
sulfide
S

3

n

Polyphenylene
vinylene

AsF5

10000

BF4-,
CLO4-

100

HCl

200

BF4-,
CLO4-

50

AsF5, Li,
K

1000

AsF5

2700

n
Polyfuran

n

O

Polyaniline
N

n

Polyisothianaphene

S

n

Polyphenylene

n
Polythienylene
vinylene

S

n

1.2 TYPES OF CONDUCTING POLYMERS
Conducting polymers can be categorized into different types depending on the
conduction mechanism that renders electrical conductivity to the polymers. A brief
explanation of the conducting materials is given here.
1.2.1 Conducting Polymer Composites
4

Conducting Polymer Composites (CPCs) have attracted scientists since the 1950s.
CPCs can be obtained by blending insulating polymers with conductive particles such as
carbon black [14], carbon fibers or conductive polymers such as PANI, which can be
used for various applications, with the common application for sensors. [15] Conducting
polymer composites (CPCs) have become increasingly valuable for technical
applications. The linked mechanical, thermal and electrical interaction between the filler
particles by their electrical contacts and the polymer host matrix are responsible for the
properties of the composite material. This type has introduced conducting polymers to
practical applications in several fields, containing electromagnetic shielding and
microwave absorption, static electricity dissipation, heating elements, membrane
materials, paint coatings for anticorrosion protection, and sensor materials. [16]
1.2.2.Organometallic Polymeric Conductors
The recent improvement in organometallic and coordination polymers based on
transition metals has become a field of ever-growing interest. Metal-containing polymers
have catalytic, magnetic, optical, electrical, and electrochemical properties, which allow
for a variety of applications. This type of polymer possesses essential properties such as
electrical conductivity, electrochemical activity, and light emitting features. This type of
conducting materials is achieved by combining organometallic groups to polymer
molecules. [17] In this type, the d- orbital of metal may overlap with the orbitals of the
organic structure, thereby enhancing the electron delocalization. The d orbital may also
bridge adjacent layers in crystalline polymers to impart electrical conductivity to them.
[18] Scheme 1.1 shows that organometallic polymeric conductors are classified in three
categories:
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2.2.1. Metals in the Backbone
2.2.2.Metals Pendent to the Backbone
2.2.2. Metals in the Side Chain

Scheme1.1 Types of conducting polymers containing transition metals moieties
1.2.2.1Metals in the Backbone
In this type of polymer, chemical polymerization is much more widespread. [3]
There are three main classes of such polymers, depicted in Scheme 1.2.
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Scheme 1.2 The types of classes metals in the backbone
These types can be either linear or three-dimensional and can be synthesized with a
variety of physical and electronic properties. Polymer chains can be made through direct
metal-metal bonding or through ligand-metal interactions. The conductivities of these
systems range from semi-conducting (10-4 Scm-1 ) to highly conductive (105 S cm-1). [17]
An example of such type of polymer is poly(metal tetrathiooxalates). [18] These types
have special characteristics such as being air stable, insoluble and mainly amorphous
powders containing from three to eight monomer units. The synthetic strategies used to
synthesize MCOPs demand that the metal complex is either:
(1) Constructed during the polymerization event.
(2) Already present in an organometallic monomer.
1.2.2.2 Metals Pendent to the Backbone
Type II (Metals Pendent to the Backbone) are known, including diimine polymers,
pendant

ferrocene

complexes,

pendant

bis(salicylidene)

metal

complexes,

metallorotaxane polymers and complexed polythiophenes. [19]
1.2.2.3 Metals in the Side Chain
A number of complexes and other metal containing groups can be tethered to a
7

conjugated polymer backbone. These include various cyclam and porphyrin complexes,
ferrocene, bipyridyl groups, crown ether complexes and sulfonic acid salts.
1.3. Polymeric Charge Transfer Complexes
Solid polymeric charge-transfer complexes (crystals, films) are semiconducting
materials satisfying the requirements of various branches of science and technology. [20]
Study of such complexes in solution reveals several specific features of complex
formation in polymer systems and approaches an explanation of the electrophysical
characteristics of layers of these complexes regarding the mechanism of complex
formation in solution.
1.4. Conjugated polymers and conventional polymers
The electrical and optical properties of these classes of materials depend on either
the electronic structure and on the chemical nature of the repeated units. However, the
electric conductivity is symmetrical to both density and the drift mobility of the charged
carriers. The carrier drift mobility is described as the proportion of the flow velocity of
the electric field and returns the ease with which carriers are propagated. To improve the
electrical conductivity of polymers, an increase in the carrier mobility and the density of
the charge carriers is required. [21]
1.4.1 Charge Transport in Conducting Polymer
For almost two decades, the charge transport of conducting polymers has been
investigated. Polymers with conjugate bonding systems running through the whole
molecule are regularly electrically conducting. [22] The electrical properties are based on
the electronic band structure of conducting polymers. With a small band gap between
valence band and conduction band, it takes a discrete amount of thermal energy to excite
the electrons from the valence band to conduction band. When the band gap is wide
between the valence and conduction band it is excited electrons. [23] However, when the
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conduction band is unfilled or empty, there is no chance for conduction to occur.
Conductive polymers conduct electricity without having a partially empty or partially
filled band. Their electrical conductivity cannot be explained by simple band theory.
Band theory cannot explain why the charge carriers, electrons or holes, in polymers are
spinless (solitons in polymers with degenerate ground states). The explanation of the
conduction phenomena, when the electron is removed from the highest level in the
valence by oxidation to the lowest level in the conduction band. [24] This creates a hole
in the valence band, and the radical cation is created in the conduction band which is
delocalized. A radical cation that is partially delocalized over some polymer segment is
called a polaron, and higher oxidation levels results in the formation of bipolarons (Two
positive charges acting as a pair). Both polarons and bipolarons are the principal
mechanisms of charge transport in polymers with non-degenerate ground states. [25]
There are several models for electrical conduction. The most one broadly used is the one
electron band model as shown in Figure 1.2. This depends on electron band model for
electrical conduction.

Antibonding
Orbital
Conduction
Band

Valance
Band
Bonding
Orbital

n=1

n=2

n=4

Figure 1.2 One electron band model for electrical conduction
Conductivity changes as temperature varies in metals, semiconductors, and
insulators. [26] In a metal, all the electrons have a chance for conduction, so the
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conductivity is defined by the mobility. Scheme 1.3 exhibits the difference in band gaps
for metals, semiconductors, and insulators

Scheme 1.3 The difference in band gaps for Metals, Semiconductors, and Insulators

When the temperature of a crystal lattice is raised; the atoms vibrate and interact with the
electrons to scatter them. Consequently, in metals, the conductivity decreases with rising
temperature. Figure 1.3 shows the conductivity versus temperature.

Metal

Insulator

10

Semiconductor

Figure 1.3 The conductivity verse temperature
1.4.2 Doping of Polymers
Conductive polymers are commonly poor electrical conductors (σ ≤ 10-12 S/cm) in
the normal (undoped) state. [27] To enhance conductivity to the metallic range, they need
to be treated with a suitable oxidizing or reducing agent. This process is known as
“doping”.
1.4.2.1. Different Types of Doping
•

Redox doping
Redox doping is the most common method of doping. Doping conducting polymers

results in either p-doped or n-doped states of the conjugated polymer main chains. The
phrase 'n-type' comes from the negative charge of the electron whereas 'p-type' refers to the
positive charge of the hole. In the p-doped state, the polymer is oxidized, and

counteranions are injected into the polymer chain to serve as dopants in order to keep the
electron neutrality of the whole molecule. The main chain will consist of lost electrons
(holes) which makes the conducting polymer a p-type conductor. In the n-doped state the
polymer is reduced, and countercations are incorporated into the polymer in order to
maintain electrical neutrality. The presence of electrons in the main chains which make
the conducting polymer n-type conductive. [28, 28]
•

Photo doping
Photo-Doping has a substantial impact on charge transferring properties. Photo-

doping is a process to optimize solid-state dye-sensitized solar cells. [30] The
irradiation of a conjugated polymer macromolecule with a light beam of energy
greater than its band gap could promote electrons from the valence band to the
conduction band.
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•

Charge injection doping
Charge injection doping can be used in a metal/insulator/semiconductor. The

physics of charge injection inorganics is currently receiving a significant amount of
attention. That transport in these materials gets a place in a manifold of localized
states better than in a band of extended states makes the quantitative understanding of
the process difficult. However, strategies to promote injection and raise the efficiency
of devices are being developed. [31]
•

Non redox doping
This type of doping completely differs from redox doping in that the number of

electrons incorporated with the polymer backbone does not change through the
doping process. Doping of the emeraldine base form of PANI by H+ ions was the first
example of non-redox doping of an organic polymer to a highly conductive regime
[32].
1.4.2.2. Types of Doping Agents
Dopants are classified into three types:
a) Neutral dopants are transformed into negative or positive ions with or without
chemical modifications through the process of doping. Examples include I2, Br2,
AsF5, Na, K, H2SO4, FeCl3, etc.
b) Ionic dopants are either reduced or oxidized by an electron removal with the
polymer, and the counter ion persists with the polymer to create the neutral
system LiClO4, FeClO4, CF3SO3Na, BuNClO4, etc.
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c) Organic dopants are anionic dopants, usually incorporated into polymers from
aqueous electrolytes through anodic deposition of the polymer such as
CF3COOH, CF3SO3Na, p-CH3C6H4SO3H
1.4.2.3. Doping Techniques
Doping polymers can be done by following techniques such as:
v Gaseous doping: is commonly used because of the advantage in carrying it out
and its low cost. The polymers are exposed to the vapor of the dopant under
vacuum. Temperature, vacuum, and time of exposure readily determine the
dopant concentration in the polymers [33,34]
v Solution doping: is reported for the reproducible fabrication of low-loss optical
fibers and this method provides great dopant uniformity and is sufficiently
versatile to allow co-doping with different ions.
v Electrochemical doping: is where simultaneous polymerization and doping occur.
However, sometimes this approach is used for doping polymers achieved by other
methods also such as the ionic method.
v Self-doping: in a self-doped conjugated polymer, the charge introduced into the πelectron system is compensated by proton (or Li+, Na+, etc.) ejection, moving
behind the oppositely charged counterion. [35]
v Radiation-induced doping: Irradiation is responsible for developments in the
redox state of traps, dopants or pre-existing optically active centers. These
changes can be assigned to excess optical losses. [36]
v Ion exchange doping is a well-founded method for fabrication of passive and
active integrated photonic devices. For passive devices, the principal benefits of
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ion-exchanged waveguides are slight propagation losses, high mode matching to
an optical fiber and small waveguide birefringence. [37]
1.4.2.4. Effect of Doping on Conductivity
Conducting polymers is a highly active area of research due to its intriguing basic
science and potential for commercial applications. [38] The charge transfer agents
(dopants) create oxidation or reduction of the "conductive polymers" and in doing so the
electrical conductivity of the polymers changes from insulating to the conducting range
with near metallic conductivity in metallic cases. However, it has been observed that
conductivity is increased by doping with an electron acceptor. Doping with acceptor or
donor molecules creates partial oxidation (p-doping) or partial reduction (n-doping) of
the polymer chain. [39, 40] As a result positively or negatively charged quasi-particles
(polarons) are formed in the first step of doping. When doping happens, reactions among
polarons take place, leading to energetically more favorable quasi-particles, i.e. a pair of
charged solitons (bipolarons) in materials with a degenerate ground state. Thus, due to
the differences in the environment of the chains disorders are produced from doping.
Example showing the formation of polarons –bipolarons in PA chain is given in Scheme
1.4. Doping is usually reversible, i.e., removal of dopant or dedoping provides the
original low conducting, semiconducting or insulating polymer, without degradation of
the polymer chain. Doped derivatives of PA are ionic compounds and doping of PA is a
redox reaction, In PA, a conjugated polymer, the spare electrons are carried by the
formation of alternate double bonds and single bonds in the polymer system. [41]
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polyene
(a)

+ e-

Polaron
(radical anion)
(b)

+ e-

bipolaron
(dianion)
(c)

soliton
pair
(d)
Scheme 1.4 description of the formation of polaron, bipolaron, and soliton pair on a
trans-polyacetylene chain by Dekker.

1.5. Electrical Properties of Conducting Polymers
The electrically conducting polymers are identified to hold numerous features,
which allow them to behave as excellent materials for immobilization of biomolecules
and rapid electron transfer for the fabrication of efficient biosensor. [42] Electrically
conducting polymers were discovered by A. J. Heeger, A.G. Mac Diarmid, and H.
Shirakawa (they obtained Nobel Prize in Chemistry in 2000) in 1977 for the
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polyacetylene (PA), an intrinsically insulating polymer, which became extremely
conducting on treatment with oxidizing (electron-accepting) or reducing (electrondonating) agents. The behaviour of PA is thus comparable to that of classical
semiconductors, which upon doping with either donors or acceptors can also be changed
into a conducting state. [43] The value of electrical conductivity of metals is quite high
and is usually in the range 104– 106 S cm-1, e.g. copper and silver have conductivities
close to 106 S cm–1 as shown in scheme 1.5. However, for polymers, which are generally
insulators, their conductivity value does not exceed 10-14 S cm-1, e.g. Teflon and
polystyrene show conductivity values in the order of 10-18 S cm-1. [44] In the last twenty
years scientists, through the simple modification of conventional organic conjugated
polymers, have succeeded in synthesizing polymers with high electrical conductivity.
These polymers are called electrically conducting polymers which combine the electrical
properties of metals with the advantages of polymers such as light weight, great
workability, resistance to corrosion and chemical attack, and the low cost of production.
Chemical reactivity of the dopant is of prime importance to obtain a conducting polymer.
Not all dopants are equally capable of oxidizing a polymer chain. Iodine is a dopant used
to increase the electrical conductivity of polyacetylene (PA) by 13 orders of magnitude.
Doping conditions also play a significant role. [45]
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Scheme 1.5 Electrical property of conducting polymers in comparison with conventional
materials.
Rapid growth in mobility of the charge carriers is responsible for this increase in
conductivity. Electrical conductivity is very much dependent on the process of polymer
synthesis, purification of the polymer, physical treatment of the polymer. [46]
1.6. Conductivity Measurements
Electrical conductivity of a solution is its ability of a solution to carry a current.
Current (I) flows in liquids differ from those in metal conductors in that electrons cannot
pass freely, but must be carried by ions. Ions are created when a solid such as salt is
dissolved in a solvent to form electrical components with opposite electrical charges.
However, conductivity (σ) is known from the resistivity (ρ), where (ρ) is obtained from
the measured resistance (R), and dimensions of the sample, usually length, and crosssectional area. [47] To measure the resistance of a sample, the voltage and current are
measured in Volts and Amperes according to the equation below [E1]. [48]
R=V/I

[E1]

Conductivity measurements on conductive polymers are usually done on pressed pellets
of the samples. However, it is difficult to acquire accurate conductivity values on pressed
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pellets of samples compared to single crystals. A pressed pellet usually consists of grain
boundaries and air pockets, which pose a significant difficulty when it comes to
measuring the conductivity. Grain boundaries and air pockets will reduce the
conductivity of a solid sample because the charge carriers cannot easily move through the
conjugated system as a homogenous path is not available. The amount of grain
boundaries and air pockets between samples give rise to different conductivity values
between pellets of the same material, and to mitigate this issue the conductivity
measurements are done on different pellets of the same sample. [49] Finally, it is more
useful to look at the trends between diverse samples rather than the magnitude of their
conductivities, since all solid state sample pellets will have these grain boundaries. Also,
conductivity measurements involve contact resistance, and this increased resistance is
caused by the transition of current between the sample and the contact probes.
Thermoelectric effects in the sample may contribute to variations in the conductivity
values. Thermoelectric effects produce little differences in conductivity if the sample
experiences small temperature differences due to external forces. Electrical resistivity is
expressed in the unit of ohm meter (Ωm). Electrical conductivity is the reciprocal of
electrical resistivity. Using the units Ω−1m−1, in 1971 the unit “siemens” (S) was selected
by the General Conference on Weights and Measures as an SI derived unit for electrical
conductivity. The Siemens unit is named after Werner von Siemens, the 19th century
German inventor, and entrepreneur in the area of electrical engineering. [50] Table 1.2
shows the measurements with units.
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Table 1.2 The most common measurements with units
Measurement

Units

Resistance

Ohm

Conductance

Siemens. mho

Resistivity

ohm

Conductivity

Siemens. cm-1or Ohm.cm-1

Tow probe

Scheme 1.6 Measuring resistivity by two probes
The resistivity of a material can be obtained by measuring the resistance and
physical dimensions of a solid material as shown in scheme 1.6. In this state, the material
is split into a rectangular bar of length (l), height (h), and width (w). Copper wires are
connected to both ends of the bar. This is called the two-probe technique, since wires are
attached to the material at two points. A voltage source delivers a voltage across the bar,
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which causes a current to flow through the bar. The quantity of current (I) that passes
through the bar is measured by the ammeter, which is connected in series with the bar
and voltage source. The voltage drop across the ammeter should be negligible. The
resistance R of the bar is given by Equation [1]. This method could have some errors in
measuring [51] the resistivity which will usually result in conductivity values that are
non-reliable:
1- There is usually some resistance between the contact wires and the material, or in the
measuring devices themselves. These additional resistances cause the resistivity of the
material to be higher.
2- Modulation of the sample resistivity due to the applied current which is often a
problem encountered for semiconducting materials.
3- the contacts between metal electrodes and a semiconducting sample to have other
electrical properties that provide wrong estimations for the specific sample resistivity.
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Four probe

Scheme 1.7 A four point technique
The four-point measurement technique on a bar of material is shown in scheme 1.7.
Four wires are attached to the sample bar as shown. A current source forces a constant
current through the ends of the sample bar. An ammeter is used to measure the amount of
current I passing through the bar. A voltmeter simultaneously measures the voltage V
generated across the inner part of the material. [52,53] The four-point resistivity of the
material is then given by:
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Van der Pauw Method
The Van der Pauw method is one of the most effective and widely used methods of
the four-probe mode for determining the resistivity of materials in the form pellets. It
includes four ohmic contacts, two of them for current (I) and two for voltage (V), which
are attached to the sample and labeled as shown in scheme 1.8. The resistance through
the sample is measured directly in two different configurations, Ra and Rb. Ra and Rb
can then be used to determine the resistivity of the sample by utilizing the Van der Pauw
equation if the thickness of the sample is known. To find Ra and Rb, there are a total of
eight sets of measurements taken: R12,43, R21,34,R43,12, R34,21, R23,14, R32,41,
R41,32, and R14,23. As an example, to measure R12,43, the current flows in at contact 1
and out of contact 2, while the voltage is read across contacts 4 and 3 (4 being the higher
voltage).Lastly, the conductivity of the sample can be found when the resistivity is
known. [54] Conductivity can then be calculated based on thereciprocal of the resistivity.

Scheme 1.8 Van der Pauw Method example

R12,43 = V43/ I12
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R23,14= V14/ I23
R12,43 is the voltage measured between contacts 4 and 3, divided by the current flowing
through contacts 1 and 2
R23,14 is the voltage measured between contacts 1 and 4, divided by the current flowing
through contacts 1 and 2
d is the thickness of the sample
p is measured resisitivity
There are four requirements that must be completed to use this technique:
1. The sample must require being a flat shape of uniform thickness.
2. The sample must not possess holes.
3. The sample has to be homogeneous and isotropic.
4. All four contact points must be located at the edges of the sample.
1.7. Application of conducting polymers
Investigations prove that conducting polymers display conductivity from the
semiconducting range (~10−5 S/cm) right up to metallic conductivity (~104 S/ cm). [55]
With this range of electrical conductivity and low density coupled with low-cost
polymeric conductor threatens the established inorganic semiconductor technology.
There are essentially two groups of applications for organic conducting polymers, which
are defined below: [56]
Group I
In this type, these applications only use the conductivity of the polymers. The
polymers are used because of either their low weight, biological compatibility for ease of
manufacturing or cost. For example for these applications: Electrostatic materials,
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Conducting Adhesives, Electromagnetic shielding, Printed circuit boards, Artificial
nerves, Piezoceramics, Antistatic clothing, Active electronics (diodes, transistors),
Aircraft structures. [57]
Electrostatic materials
By coating an insulator with a pretty thin layer of conducting polymer, it becomes
able to block the buildup of static electricity. This is important as a discharge is
undesirable. Discharge can be risky in an environment with flammable gases, liquids, and
explosives. Bayer uses polythiophene as an anti-static layer in film products. [58]

Conducting Adhesives
By laying a monomer within two conducting surfaces and enabling it to polymerize
which let two conducting surfaces possible to stick together. [59] This is a conductive
adhesive, and this is used to adhere conducting objects together and let an electric current
pass through them. [60]
Electromagnetic shielding
Several electrical devices, especially computers, create electromagnetic radiation,
often radio and microwave frequencies. [61] This can produce malfunctions in nearby
electrical devices. The plastic casing is what most devices to transparent the radiation. By
coating the inside of the plastic casing with a conductive surface this radiation can be
absorbed. The advantages of this are cheap, easy to apply and can be employed with a
broad range of resins.
Group II
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This group utilizes the electroactivity property of the materials such as Molecular
Electronics, Electrical displays, Chemical, Thermal sensors, Biochemical, Rechargeable
batteries, Solid electrolytes, Drug release systems, Optical computers, Ion exchange
membranes, Electromechanical actuators, 'Smart' structures, Switches. [62]

Thermal sensors
Nanostructured conducting polymers (NCPs) featuring high surface area, small
dimensions, and unique physical properties have been extensively used to make different
sensor devices. There are numerous remarkable examples that have been published over
the past decade. The chemical properties of CPs provide applications for sensors. The
uses of such materials are to switch their electrical properties during reaction with
different redox agents (dopants) or by their instability to moisture and heat. The improved
sensitivity

of

conducting

polymer

nanomaterials

(CPsN)

toward

various

chemical/biological species and outer stimuli make them ideal candidates for
incorporation into the design of sensors. [63,64]
Ion exchange membranes
Ion exchange membranes are divided into anion exchange membranes and cation
exchange membranes, depending on the type of ionic groups connected to the membrane
matrix. Cation exchange membranes contain negatively charged groups, such as –SO32−,
–COO−, –PO32−, –HPO3−, –C6H4O−, fixed to the membrane backbone and enable the
passage of only cations, whereas anion exchange membranes hold positively charged
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groups, such as –NH3+, –NRH2+, –NR2H+, –NR3+, –PR3+, –SR2+, fixed to the membrane
backbone and allow the passage of anions but not cations. Depending on the way of
attachment of the charge groups to the matrix or their chemical structures, ion exchange
membranes can be further classified into homogenous and heterogeneous layers, where
the charged groups are chemically bonded to or physically mixed with the membrane
matrix, respectively. Nevertheless, most of the practical ion exchange membranes are
rather homogenous and composed of either hydrocarbon or fluorocarbon polymer films
hosting the ionic groups [65,66].
Solid electrolytes
Solid electrolytes or superionics are materials which show unusually high values of
ionic conductivity due to the rapid diffusion of one ionic species within a lattice formed
by immobile counterions. Studied by Faraday in the 1830s, and for various years
regarded little more than scientific curiosities, ionically conducting solids are a widely
studied class of materials with critical technological applications in solid state batteries,
gas sensors, and fuel cells. [67, 68] All-solid-state batteries built using solid electrolytes
exhibit excellent properties, including high power and high energy densities, and could be
utilized in long-distance electric vehicles.
Drug release systems
CPs-based drug delivery systems (DDSs) have been improved rapidly in prior
decades. The advantages of conducting polymers as potential candidates for application
in DDSs are due to their ease of preparation, inherent electroactivity, and applicability to
a broad spectrum of dopants, including cationic, anionic and neutral biomolecules.
Moreover, due to the changing property of the redox states external electrical
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stimulations can be applied to alter the electronegativity, doping level, conductivity and
volume of CPs. Furthermore, the structure and surface morphology of CPs can be tailored
by incorporating various dopants or carbon nanotubes (CNTs) as well as by using many
synthetic techniques. Capitalizing on the unique properties, CP-based DDSs can afford
high drug load, trigger release of the incorporated drugs, control drug release and modify
the release rate of the drugs. [69,70]

Rechargeable Batteries
Rechargeable batteries are one of the most important applications of conductive
polymers. The charge capacity of metal is lower than conducting polymers per unit of
mass, and this is due to the polymer charge being located in three or four adjacent
monomeric units. Conductive polymers and metals such as lithium can be used to
produce high power densities because of the large potential variation between the
materials. Cellular phone, computers, and laptops are potential applications of
rechargeable batteries. [72,72]

Conclusion
Conducting polymers have an enormous advantage of being simple to synthesize,
with their chemical structure can be tailored to change their physical properties, such as
their band gap. They present a broad range of electrical conductivity and can show
insulating to metallic properties (10-9- 105 S/cm). In addition to their ease of synthesis and
low cost, they are recognized to have low poisoning effects.
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Project Goals
The aim of this project is to synthesize various conductive polymers containing
sulfur in the backbone and enhance their conductivity. Conjugated polymers have been a
significant improvement for the efficiency of conductive organic polymers. Also,
compounds that have sulfur, nitrogen or oxygen in the backbone would have an effect on
the properties. Several diimine and sulfur have attracted chemists due to their widespread
chemical and biochemical applications such as the carcinostatic, antitumor, antiviral and
antimalarial activity of the complexes derived from them. The disulfide group is known
as a potential binding site for metal ions in biological systems because of the high affinity
to invite heavy metals. We have synthesized several compounds that can have biological
activity and optical properties. Moreover, these compounds can be the ligand for some
metals, which will be our next step. Then these polymers will be analyzed with different
techniques such as FT-IR, XRD, TGA and Van Dar Pauw.
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CHAPTER II: DESIGN AND CHARACTERIZATION OF POLYAZOMETHINE
CONDUCTING POLYMERS
2.1 Introduction
Conjugated polyazomethines, which are also Schiff bases [73,74], are aromatic
polymers with an extensively conjugated system and possess a CH=N group and a
benzene ring in the backbone alternately [75,76]. For many years, these polyazomethines
have been of interest due to their excellent thermal stability and fascinating
optoelectronic properties [76,77,78]. The electrical conductivity and other properties of
polyazomethines can be modified by their proper protonating or doping [79,80]. The
impression of chlorine doping on the optical properties of polymer films [81,82] and
iodine-doped polymer films, which are used in light-emitting diodes or solar cells
[83,84,85], have been studied for over 10 years. Moreover, the iodine or iodide-free dyesensitized solar cells with polymeric hole-transport materials seem to be suitable for
photovoltaic applications [85, 86]. All these optoelectronic and photovoltaic devices are
shown to be the consequence of higher temperatures. Nitrogen atoms are incorporated
into the conjugated arrangement in CH=N and CH=CH, which are isoelectronic, and PPI,
which refers to isoelectronic with polyphenylene vinylene (PPV), and possess a potential
use in solar cells, light emitting diodes (LED’s), thin-film transistors (TFT), and nonlinear optics devices. Most of the polyimines (PPI) are insoluble in common organic
solvents so, to prepare PPI in the form of thin films, doped and protonated imine
polymers have been studied by various authors. [75,87,89] However, we worked in this
area because conjugated polymers are well known for their exceptional electrical
conductivities in a doped state. Furthermore, the recent development of processable
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conducting polymers has opened the route for large-scale industrial applications. [89]
According to previous research, azomethine has been shown in some therapeutic
applications to exert anti-tumor activity. [90,91] Polyozmethines, as conducting
polymers, seem potentially useful for electronic applications since they are
environmentally stable with good mechanical and electrical properties. The presence of
heteroatoms such as the nitrogen and sulfur in their backbone makes them
environmentally stable. Factors such as conjugation, crystallinity, linearity and doping
are increasing the electrical conductivity of polymers. [92] In this chapter, we will exhibit
our efforts in investigating azomethine-based condensation polymers. [93,94]
2.2 Experimental Section
Materials
All chemicals were purchased from Sigma-Aldrich, Alfa Aesar, or VWR, and used
without further purification. Terephthaldehyde, o-Tolidine, iodine, and anhydrous ethanol
were bought from Sigma-Aldrich and used as received.
Instrumentation
Thermogravimetric analysis (TGA) was performed on a TA Instruments TGA
Q500 in dry or nitrogen purged air. For measurements performed under nitrogen, the
furnace was allowed to purge for 10-15 minutes using a 60.00mL/min purge flow rate
before the measurement was started. The heating rate used was 10˚C. The range of
heating used was from 20˚C to 1000˚C. Attenuated total reflections Fourier transform IR
(ATR-FTIR) absorption spectroscopic measurements were acquired on a Bruker Alpha
FTIR spectrometer A. -P. Powder X-ray diffraction (XRD) was performed using a Bruker
AXS D8 Advance instrument. Samples were prepared using double-sided tape to adhere
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the solid onto a glass plate, which was then mounted on the instrument and run in air
from 2-60˚ (2θ).

2.3 Results and Discussion
2.3.1 Synthesis of polymer 2.1
This polymer was synthesized through the condensation polymer method.
Terephthaldehyde (0.1 mole) was dissolved in a minimum amount of absolute ethanol
(15ml). In a 100 ml round-bottom flask, o-Tolidine (0.1 mole) was added in a minimum
amount of ethanol (15ml) and then added the terephthaldehyde to the diamine dropwise.
Then, the mixture was left to reflux under air for 8 to 10 hours. The synthesized polymers
were filtered and washed three times with water and once with dichloromethane. Then,
the product was left to allow to air-dry for 48 hours.
Synthesis of polymer 2.2
The same procedure as for the synthesis of polymer 2.1 was used. Dissolving
terephthaldehyde (0.1 mole) in an absolute ethanol (15ml). In 100 ml round bottom flask
added 4, -Aminophenyl disulfide (0.1 mole) also in a minimum amount of ethanol (15ml)
and then added the terephthaldehyde to the diamine dropwise. Then left the mixture
refluxed under air for 8 to 10 hours. The synthesized polymers were filtered and washed
three times with water and once with dichloromethane. Then allowed the product to dry
in air for 48 hours.

Synthesis of polymer2.3

31

Using the same procedure as the synthesis of polymer 2.1. Dissolving
terephthaldehyde (0.1 mole) in a minimum amount of absolute ethanol (15ml). In 100 ml
round bottom flask added 2- Aminophenyl disulfide (0.1 mole) also in a minimum
amount of ethanol (15ml) and then added the terephthaldehyde to the diamine dropwise.
Then left the mixture refluxed under air for 8 to 10 hours. The synthesized polymers were
filtered and washed three times with water and once with dichloromethane. Then allowed
the product to dry in air for 48 hours. Scheme 2.1 shows the polymer synthesis.
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Scheme 2.1 Synthesis of polyazmothine conducting polymers
Doping
Doping was done by the addition of 5% I2 (w/w) to the polymer or, mixing. H2SO4
a drop was added to the polymer (-200mg), or immersed in HCl for 4 hours then filtered.
Then left to dry in an oven at 60°C overnight, then pressed under 104 Kgcm-2 pressure
and subjected to measurements and then pressed to a pellet. [87,95]
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2.3.2 Characterization
2.3.2.1 FT-IR
The IR spectra of all the polymers recorded the disappearance of the aldehyde
carbonyls, the diamines of the origin materials and the presence of absorption bands, with
absorption at 810-1160 cm-1. All three polymers showed absorption bands of C=N and
C=C at 1559 to 1620 cm-1, the out-of-plane bands of C=C-H at 800 to 1200 cm-1 and the
polymers containing sulfur of C-S at 749 to 705 cm-1. Table 2.1 exhibits the percentage
yield, color and important IR spectral data of the polyazomethines.

Table 2.1 The % yield, color and important IR spectral data of the polyazomethines
Polymer

Yield (%)

IR (cm-1)

Color
C=N

C=C

C=C-H

C-S

1124
971
2.1

2.2

93

90

Yellowish green

Yellow

1579

1620

812

1618

1167

1580

965

-

750

835
1192
2.3

78

Yellow

1559

1622

965
830
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749

2.3.2.2 Powder XRD
Characterization of the complexes 2.1, 2.2 and 2.3 involved the use of powder X-ray
diffraction. The XRD spectrum shown in Figure 2.1 is of a polymer. 2.1, 2.2, 2.3 and the
sample were cast onto a glass slide. It can clearly be seen that the resulting XRD
spectrum showed that the material was highly amorphous and showed a small, sharp
diffraction peak in polymers 2.2 and 2.3, typically present in spectra, which refers to the
sulfur in the compounds. [96] Figure 2.1, 2.2 and 2.3 show the XRD for polymers.
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Figure 2.1 The XRD of polymer2.1
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Figure 2.2 The XRD of polymer2.2
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Figure 2.3 The XRD of polymer2.3

2.3.2.3 TGA
The TGA thermograms showed a significant difference in the amount of
decomposition of the materials. TGA measurements were performed in nitrogen and
heated to 1000˚C at a rate of 10˚C/min. Samples exhibited fields of important weight loss
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at approximately 300°C. TGA experiments in this series showed one-step weight loss at
219°C and massive weight loss, in the degradation of backbones, completed at 400°C for
polymer 2.1. Figure 2.4 shows the TGA of polymer 2.1. Figure 2.4 shows the TGA of
polymer 2.1
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Figure 2.4 The TGA curve of polymer2.1
Polymer 2.2 began decomposition around 380°C and completed the degradation
around 800°C. Polymer 2.3 decomposed from 400°C until complete degradation at
650°C. Both polymers 2.2 and 2.3 started to decompose at around 400°C due to the sulfur
in their backbone. Figure 2 shows the TGA of complexes. [91,97] Figure 2.2 and 2.3
show the TGA of polymer 2.2 and 2.3, respectively.
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Figure 2.5 The TGA curve of polymer 2.2
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Figure 2.6 The TGA curve of polymer 2.3
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2.3.2.4 Solubility
The solubility characteristics of the synthesized polymers are shown in Table 2.2.
A 10% (w/v) solution was chosen as a standard for solubility [96]. The solubility
behavior is very valuable for the processing of these materials for technological
applications [99]. The low solubility of polymers is due to their hard linear backbone. In
other words, the relatively high solubilities of the polymers arise from the kinked
backbone structure and the bulky lateral substituent, respectively. The polymer 1 and 2
are relatively linear, and hence, poorer solubility would be anticipated. [99]

Table 2.2 Solubility characteristics of the polyazomethines at romm tempreture. S:
soluble, I: insoluble and P: partially soluble.
Polymer

Polymer 2.1

Polymer 2.2

Polymer 2.3

Water

I

I

I

Acetone

I

I

P

DMF

P

P

P

DCM

P

I

I

Benzene

I

P

P

Ethanol

I

I

P

Methanol

I

I

P

Chloroform

I

P

P

DMSO

P

P

P
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2.3.2.5 Van der Pauw Conductivity Measurements
Electrical conductivity measurements were achieved using the four probes of the
Van der Pauw technique on pressed pellets of polyazomethines. The measurements
demand that the four-point contacts be made as near the edge of the sample as possible,
separated by 90 arcs around its circumference. Room temperature conductivity values
were also collected for all the polymers. Polymer 2.1 showed conductivity 1X10-4 S/cm,
whereas polymer 2.2 and polymer 2.3 exhibited conductivity 1.5X10-5 S/cm and 3.9X10-5
S/cm, respectively.

2.4. Conclusion
We succeeded synthesizing three polymers that show conductivity. A significant
amount of information was generated on the synthesized conducting polyazomethines.
All the polymers exhibit amorphous behaviors in XRD, and polymer 2.2 and 2.3 show
small sharp peaks in the same place, which indicates the sulfur in the backbone. The
polyazomethines are known to have poor solubility, which we approved in this paper for
all the polymers. Thermal gravimetric analysis showed that the decomposition of all the
polymers started around 400oC, and polymers 2.2 and 2.3 completely decomposed at
about 600oC, whereas polymer 1 completely decomposed at about 450oC and these
polymers can be used in some applications depend on the decomposition. Electrical
conductivity measurements were performed by using the four probes of the Van der
Pauw technique, and conductivity after doping increased by 5 to 6 digits, and the
conductivity of all polymers was in the range of 10-5 to 10-4S/cm.
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CHAPTER III: SYNTHESIS OF CONJUGATED POLYMERS COORDINATED
TO TRANSITION METAL MOIETIES
3.1 Introduction
Over the past few decades, there has been significant synthetic research on
conjugated polymers [100,101] with the aim of improving the efficiency of conductive
organic polymers [102,103]. The design of every structural change has one or more
additional alterations in polymer properties with sometimes unexpected results [104,105].
Also, we were expecting that the sulfur in the backbone would have an effect on the
properties [106,107,108]. Some effects can result from interactions between different
compounds, while other effects can result from electronic interactions between donor and
acceptor units [109,110], bond length differences, or other unforeseen issues. Since the
research field in organic electronics is maturing, it will be increasingly important to
consider as many factors as possible in order to map the full impact of a structural
modification done on a polymer regarding its efficiency [111]. Some diimine and diimine
containing metal complexes have attracted chemists, and this is due to their extensive
chemical and biochemical applications. [112,113,114] There has been essential
engagement in the chemistry of compounds containing sulfur, nitrogen or oxygen donor
atoms [115,116], owing to the industrial, carcinostatic, antitumor, antiviral, and
antimalarial activity of the complexes derived from them. [117] The disulfide group is
well recognized as a potential binding site for metal ions in biological systems [118] due
to the high affinity to attract heavy metals. Recently, research has been directed toward
an understanding of reactions of metals with ligands containing the disulfide group.
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Conductive polymers containing metal are a new and exciting field of materials that
combine some of the redox properties of the conductive polymer and some of those of the
metal ions. There are several ways of synthesizing these polymers. These include ring
opening metathesis, electropolymerization, and condensation.

3.2 Experimental Section
Experimental Setup
In this chapter, materials and instruments used to carry out this research are
presented. The materials used for synthesis of conjugated polymers as well as the detailed
procedure of the synthesis technique are given in separate sections. Finally, the
equipment used for their characterization is listed at the end.
3.3 Materials and Synthesis of Conjugated Polymers
3.3.1 Materials
All chemicals were purchased from Sigma-Aldrich, Alfa Aesar, or VWR, and used
without

further

purification.

bis(aminophenyl)disulfide,

2,2

bis(aminophenyl)disulfide,

2-chlorobenzaldehyde,

K2CO3,

4,4

4,4-bisbenzenthiol,

terephthaldehyde, iodine, DMF, ZnCl2, AsCl2, CoCl2, and anhydrous ethanol were
bought from Sigma-Aldrich and used as received. Anhydrous ethanol was purchased
from Sigma-Aldrich and used as received.
3.4 Results and Discussion
3.4.1 Synthesis
Synthesis of polyazomethine Ni, Zn and As.
Polymers 2.2, and 2,3 was dissolved in 30 mL methanol and 10 mL CHCl3
containing nickel(II) chloride or zinc(II) chloride (0.5 mmol). The reaction mixture was
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heated to reflux for 4 hours at 70°C, and then cooled to room temperature. Distilled water
(60 mL) was added to the mixture, and chloroform and methanol were evaporated under
reduced pressure. The product was filtered to give either brownish or green-yellowish
crystals. Scheme 3.1 shows synthesize polymers 3.1, 3.2, 3.3, 3.4, 3.5 and 3.6.
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Scheme 3.1 Synthesis of polymers containing transition metal moieties
Doping
Doping was done by the addition of 5% I2 (w/w) to the polymer and mixing. Then
left to dry in an oven at 60°C overnight, then pressed under 104 Kgcm-2 pressure and
subjected to measurements and pressed to a pellet.
3.4.2 Characterization
3.4.2.1 FT-IR
The I.R. of the diimine ligands showed strong bands at range 1550-1580 cm-1 that
were assigned to the C=N stretching frequency. Also, the C=N peak in the metal
complexes showed red shifts of 10–25 cm-1 compared to the free diimines, indicating
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coordination of the imine nitrogen to the metal centre. The C-S appeared at 730–750 cm1

, a higher frequency compared to the free diimines (752–756 cm-1), which indicated M-S

coordination. Table 3.1 shows the FT-IR spectrum.
Table 3.1 FT-IR spectrum of polymers Coordinated to transition metal moieties
Polymers
3.1

C=N

C=C

C=C-H

C-S

(cm-1)

(cm-1)

(cm-1)

(cm-1)

1559

1626

1119

750

965
832
3.2

1555

1619.5

1008

743

955
835
3.3

1576

1620

1110

740

950
820
3.4

1558

1620

1160

748

966
830
3.5

1560

1617

1130

745

995
790
3.6

1559

1610

1119
953
817
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3.4.2.2 Powder XRD
Characterization of complexes 2.1 to 2.6 involved the use of powder X-ray diffraction.
The XRD spectrum exhibited in the figures is of all polymers and the sample cast onto a
glass slide. It can be noticed clearly that the resulting XRD spectrum showed that the
material was highly amorphous.
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Figure 3.1 The XRD of polymer3.1
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Figure 3.2 The XRD of polymer3.2
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Figure 3.3 The XRD of polymer3.3
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Figure 3.4 The XRD of polymer 3.4
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Figure 3.5 The XRD of polymer 3.5
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Figure 3.6 The XRD of polymer 3.6
3.4.2.3 TGA
The TGA thermograms showed a significant difference in the decomposition of the
polymers. TGA measurements were performed in nitrogen and heated to 1000˚C at a rate
of 10˚C/min. Samples exhibited fields of significant weight loss at approximately 300˚C.
TGA experiments of these series showed a tow-weight loss at 280 and 350 oC and
massive weight loss in the degradation of backbones complete at 900 oC for the polymer
3.1. Polymers 3.2 and 3.3 were almost the same and showed three steps of degradation;
the first began decomposition at around 200 oC and the second one started at around 280
o

C and completed the degradation at around 900 oC. Polymer 3.5 decomposed from 400

o

C until complete degradation, at 950 oC. Both polymers, 3.4 and 3.6, start to decompose

at around 500C and experienced complete decomposition around 900oC.
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Figure 3.7 The TGA curve of polymer 3.1
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Figure 3.8 The TGA curve of polymer 3.2
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Figure 3.9 The TGA curve of polymer 3.3
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Figure 3.10 The TGA curve of polymer 3.5
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Figure 3.11 The TGA curve of polymer 3.6

3.4.2.4 Van der Pauw Conductivity Measurements
Electrical conductivity measurements were achieved using the four-probe van der
Pauw technique on pressed pellets of polyazomethines containing transition metals
moieties. The measurements demand that the four-point contacts be made as near the
edge of the sample as possible, separated by 90° arcs around its circumference. Room
temperature conductivity values were also collected for all the polymers and various
temperatures. Polymer 2.4 exhibited the highest conductivity in room temperature at
4X10-5 S/cm. Polymer 2.6 was shown to have good conductivity, and when the
temperature decreased, the conductivity enhanced from 5.4 X10-7 Scm-1to 1.9 X10-7 Scm1

at 300 K. Polymer 2.5 had a conductivity of 1.2X10-6 Scm-1. However, polymer 2.1

shows a good conductivity of 7.6X10-6 Scm-1. Table 3.2 summarizes the conductivity of
the polymers.
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Table 3.2 summarizes the conductivity of the polymers.
Polymers

Thickness
(cm)

3.1
3.2
3.3
3.4
3.5
3.6

0.285
0.087
0.069
0.090
0.077

Conductivity
(Scm-1) in air
293K
7.6X10-6
4.0 X10-5
1.2 X10-6
8.8 X10-7

Conductivity
(Scm-1) in air
293K
-

Conductivity
(Scm-1) in air
310K
-

Conductivity
(Scm-1) in air
300K
-

5.4 X10-7

4.3 X10-7

1.9 X10-7

Conclusion
Conjugated polymers have been shown to significantly improve of conductive organic
polymers. Also, sulfur, nitrogen or oxygen in the backbone of compounds would have an
effect on their properties. The disulfide group is well known as a potential binding site for
metal ions in biological systems because of their high affinity with heavy metals.
Moreover, these compounds have an affinity with certain metals (Zn, Co, and Sn), which
will improve their conductivity. The conducting polymers synthesized by the chemical
route are generally semicrystalline in nature, whereas prepared conducting polymers are
usually amorphous in nature.
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CHAPTER IV: FUTURE WORK AND CONCLUSION

An elaborate strategy has been developed to synthesize some polymers containing
sulfur in the backbone. Several characterization techniques, such as FTIR, TGA, and
XRD, were employed to provide the proof of the success of chemical bonding, their
particle size and morphology, structure, and properties. Electrical conductivity
measurements of the polymers were carried out using the Van Der Paw method.
Disulfides with a covalent sulfur -sulfur bond are essential for crosslinking in
biochemistry for the folding and balance of some proteins and the polymer chemistry for
the crosslinking of rubber. Organic compounds that contain sulfur in the chains are also
known, such as in the natural product variac, which holds a unique pentathiepin ring (5sulfur chain cyclized onto a benzene ring). Conjugated polymers coordinated to transition
metal moieties enhanced the conductivity, and when the temperature increased, the
conductivity decreased due to increases the lattice vibrations of atoms, which reduce the
freedom of electrons to move through the lattice of the solid.
Future work
Conducting polymers have emerged as a new class of materials of current research of
worldwide interest. We also make the recommendation that further research remains to
be carried out to explore different synthesis techniques yielding different structures and to
fully understand the relationship between structure and properties. The main goal is to
create an extended monomer containing at least four sulfur atoms, which can help to
enhance the electrical properties and increase the biological activity. Characterization
using TEM, AFM may give a better description of the degree of dispersion. Mechanical
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properties including tensile strength and impact resistance should be studied to verify the
improvements.
The catalytic activity of polymers toward the oxidation and reduction process can be
explored. Also, Metal oxalate complexes, which are inorganic in nature, can be used as
dopants, and their effect on polymers can be studied. In addition, Polymers can be doped
with various lithium salts other than LiClO4, LiPF6, LiAsF4, and LiBF4. By doping with
these salts, polymers can become applicable for lithium batteries. Also, we are planning
to use different characterizations technique like XPS, ESR, UV-Vis spectroscopy, and
GPC can be done.
Aim of the Present Work
The purpose of this investigation research is to make and understand conducting polymer
materials containing sulfur having enhanced conductivity so that they can be applied in
electrical and electronic devices. We have focused on the novel polymers that have sulfur
and nitrogen in the backbone and characterized them for structural and electrical
properties to validate the theoretical results.
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