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Polymers are huge compounds made up of numerous monomers (repeated 
subunits). They have similar macro and micro properties, as well as 
electrical transport qualities, semiconductive capabilities, and optical 
features. With the advent of conductive polyacetylene, conductive 
polymers have gotten a lot of interest. These conductors have a wide range 
of electrical conductivity, which may be produced by doping, while being 
mechanically flexible and having a high thermal stability. Polymers may be 
created using a variety of methods, including chemical and electrochemical 
polymerization. With advancement in material stability and greater 
property control, an increasing variety of new applications are now being 
investigated.
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1. Introduction

A polymer is a natural as well as manmade substance 
consisting of large molecules called macromolecules that 
are multiples of minor chemical units known as mon-
omers. Polymer is derived from the Greek words Poly, 
means many, and Mers, means parts [1].

Conducting polymers or more precisely, intrinsically 
conducting polymers (ICPs) are organic polymers are that 
conduct electricity as a result of delocalization of elec-
trons. The polymer becomes good conductors of electric-
ity only when one electron is withdrawn from the valence 

band by oxidation process, called p-doping or introduced 
to the conducting band by reduction, called n-doping. The 
concentration of charge carriers i.e. number of charges per 
unit volume and their mobility μ, or how quickly they can 
travel in the material, determine a material’s conductivi-
ty. Temperature has a significant impact on conductivity. 
Conductivity reduces with rising temperature of metals, 
but that increases for semi-conductors. Fine tuning of the 
electrical characteristics is achieved by modified organic 
synthesis and sophisticated dispersion methodology [1].

Conducting polymers have a wide range of applications 
in the field of variety of innovative technical gadgets, in-
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cluding electrochromic displays, photovoltaic devices, and 
biosensors. Conducting polymers or organic metals may 
one day replace traditional inorganic metal in a number of 
key applications [2]. Certain features of inorganic metals, 
such as their lack of environmental friendliness and high 
toxicity, that’s why these organic metals could be useful 
as alternatives. Conducting polymers have light emitting 
properties, for this reason it can be used in LEDs, Diodes, 
Photovoltaic cells etc. In our previous studies, Sardar et 
al. said the light emitting behavior of perovskite was tuned 
and also the water degradability studies reveal that conduct-
ing polymers enhanced the life time of perovskite [3].

Conducting polymers shows high optical and electrical 
properties when it is irradiated with visible light having 
high photon adsorption co-efficiency. Thus, it can be used 
in the degradation of soluble toxic materials present in 
water [4,5]. Midya et al. had synthesized by in-situ carbon 
dot (CDs) deposited functionalized chitosan (polypyrrole 
grafted chitosan) with increased photocatalytic activity 
towards degradation of hazardous 2-chloro phenol (2-CP) 
into tiny molecules [6].

2. History of Conducting Polymers
Conductive polymers are a sub-gathering of a bigger, 

more established gathering of natural and inorganic elec-
trical conductor. Indeed, as soon as 1862 H. Letheby of 
the College of London Hospital, by anodic oxidation of 
aniline in Sulfuric corrosive, got a somewhat conductive 
material which was likely polyaniline [7]. In the mid 1970s, 
it was tracked down that the inorganic explosion polymer, 
poly(sulphur nitride) (SN)x, was superconductive at amaz-
ingly low temperatures (Tc=0.26 K).

Polyacetylene (PA)

Polyacetylene (PA) was unintentionally manufactured 
by Shirakawa in the 70’s. It is the very first polymer pre-
pared to do directing electricity. It is a natural polymer 
with the rehashing unit (C2H2)n. The creation of exception-
ally directing PA prompted the fast mission in research for 
the disclosure of new conductive polymers [8-10].

Poly (thiophene) 

Another Poly (thiophene) subsidiary was created by 
two researchers at the Bayer AG research labs in Germany 
in 1980. Poly (thiophene) (PTh) that makes the naturally 
and thermallystable materials utilized as electrical super 
capacitor, non-straight optics, PLEDs, eletrochromics, 
photo resists, solar cell, antistatic coatings etc. [11-15].

Polypyrrole (PPy) 

Polypyrrole (PPy) is a sort of natural polymer shaped 
by pyrrole polymerization. It was demonstrated to be a 
conductive polymer in 1968. Among the various leading 
polymers, PPy has been generally examined, because of 
its simplicity of readiness, unrivaled redox properties bal-
anced out oxidized structure, ability to give transcending 
conductivity, water dissolvability, industrially available 
and important electrical and optical properties.In 1963 
Weiss and collaborators clarified the pyrolysis of tetraio-
dopyrrole to manufacture shockingly conductive mate-
rials. In 1979, a superior electrochemical procedure was 
utilized to incorporate detached movies with sufficiently 
great mechanical properties to concentrate on this frame-
work as a conductive polymer [16-20].

PEDOT

Poly (3,4ethylenedioxythiophene) (PEDOT) is a di-
recting polymer in view of 3,4 - ethylene dioxylthiophene 
monomer. PEDOT enjoys a few benefits which remembers 
optical straightforwardness for meager, oxidized movies, 
high strength, sensible band hole and low redox potential. 
It has used in many fields like transparent electrodes for 
thick-film electroluminescence, source gate and drain in 
the quickly developing organic semi-conductors [21-24].

Poly (phenylene vinylene) (PPV) 

Poly (phenylene vinylene) (PPV) is a diamagnetic 
substance, equipped for electroluminescence and has 
amazingly low electrical conductivity. PPV is exception-
ally glasslike, precisely solid and naturally steady. The 
conductivity is improved by doping with iodine, ferric 
chloride, soluble base metals or acids however with less 
steadiness [25,26-30].

Polyphenylene and Polyparaphenylene (PPP)

Polyphenylene and Polyparaphenylene (PPP) are pre-
decessors to a rigid-rod polymeric host family conductive 
polymer made up of repeating p-phenylene units that is 
transformed to its conducting state using an oxidant or a 
dopant. PPP was doped in 1980 to achieve conductivity 
equivalent to PA. It’s the first time a nonacetylenic hydro-
carbon polymer has been doped with either an electron 
donor or an electron acceptor to provide conducting char-
acteristics [31-34].

The chemical structures of the mentioned conductive 
polymers were illustrated in Figure 1.
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3. The structures of Conducting Polymers

Conductors or metals, insulators, and semiconductors 
are the three primary categories of materials. They are 
distinguished by their capacity to conduct current or al-
low current to flow through them. The structures of var-
ious conducting polymers have been shown in Figure 2. 
Although certain strongly conducting polymers, such as 
polyacetylene, fall into the metal range, conducting polymers 
are often categorised as semiconductors. The physical char-
acteristics of conducting polymers as follows in Table 1 [2].

Table 1. Properties of conducting polymers

Property Conducting polymers

Electrical conductivity(S/cm) 10–11 - 103

Carriers
Electrons of conjugated double 

bonds

Concentration of carriers per cm3 1012 - 1019

Effect of impurity
Impurities of 0.1% - 1% change 
conductivity by 2 to 3 orders of 

magnitude

Magnetic properties Paramagnets

Figure 2. Chemical structures of conducting polymers

4. What is Electrical Conductivity?

Conductivity defined by the Ohm’s law that is,

Where R is the resistance, I is the current and V is the 
voltage present on the material. The conductivity depends 
on number of charge of the material and their mobility. 

There are three types of conduction.

Figure 1. Proposed photocatalytic degradation mechanism of 2-CP using Ch-g-PPy@CDs under sunlight exposure, 
Reprinted with permission from ref. [6]
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  i) Intrinsic conductivity: conduct electricity in pure 
form by present of electrons and holes.

 ii) Extrinsic conductivity: by adding external impuri-
ties called as doping. Several doping methods have used 
to make conjugated double bonds, like redox doping, non 
redox doping, photo doping, charge injection doping.

iii) Holes: created by removal of electrons on doping [35].

Conducting mechanism

While “doping” refers to the addition of a donor or ac-
ceptor molecules to a polymer, the reaction that occurs is 
really a redox reaction.

The production of a soliton or polaron, which is a cati-
on (or anion) radical, is the first stage.

Pn ⇔ [Pn+ A– ] 
This phase may be referred to as the second electron 

transfer, resulting in the production of a bipolaron dication 
(or dianion).

[Pn+ A–] ⇔ [Pn2+ 2A–]
When feasible, charge transfer compounds may devel-

op between energized and neutral portions of the polymer 
following the initial redox event.

[Pn•+ A–] + Pm → [(Pn Pm)•+ A–]

5. Synthesis of Conducting Polymers
1) Chemical synthesis: Conducting polymers are cre-

ated chemically by oxidising or reducing monomers and 
polymerizing the matching monomers. The main benefit is 
the possibility of mass manufacturing at a reasonable cost. 
Several studies have been conducted to improve the quality 
and quantity of manufactured products produced using the 
oxidative polymerization process. The employment of elec-
trochemical techniques is not mandated by the principles of 
chemical methods. Poly (3-hexylthiophene), for example, 
is the most researched conducting polymer that is virtually 
always made chemically. Chemically, PPy and PANI may be 
synthesized. After conjugation, the most important need for 
chemical polymerization is stability. Oligomers and low mo-
lecular weight polymers must be reactive and soluble enough 
to polymerize for chemical polymerization to be successful. 
If an oligomer precipitates out of solution, polymerization 
should proceed in a heterogeneous manner, which is becom-
ing increasingly implausible as monomer and reactive poly-
mer concentrations decrease.

2) Electrochemical synthesis: Conducting polymers are 
made electrochemically by either anodic oxidation or ca-
thodic reduction of suitable electroactive functional mon-
omers. Because of its simplicity, cost-effectiveness, and 
ability to accomplish the process in a single section glass 
cell, electrochemical synthesis of conducting polymers 
is a very essential approach. Typically, the potential for 

monomer oxidation to lead to polymerization is greater 
than the potential for oligomeric intermediate polymeriza-
tion. Alternate chemical and electrode reaction stages are 
used in a simplified method of electro polymerization of 
an electro active monomer, such as pyrrole or thiophene.

3) Photochemical method: Photochemical preparation 
has been claimed to have a number of advantages as a 
consequence of its rapid and low-cost process, as well 
as the fact that it is not harmful to the environment. The 
process can be used to create certain conductive polymers. 
Pyrole, for example, has been successfully polymerized 
to Poly pyrrole by irradiation with visible light, either as 
the photosensitizer or as an electron acceptor. Currently, 
horseradish peroxide is used to begin aniline polymeriza-
tions in the presence of hydrogen peroxide via oxidative 
free radical coupling reactions. When compared to chem-
ical and electrochemical approaches, aniline polymeriza-
tion may be accomplished under more benign conditions.

4) Metathesis method: Metathesis is a chemical process 
in which one portion of each substance is swapped, result-
ing in the formation of two new compounds. Ring-open-
ing metathesis of cyclo-olefins, acyclic or cyclic metathe-
sis of alkynes, and diolefin metathesis are the three types 
of metathesis polymerization.

5) Concentrated emulsion method: The emulsion tech-
nique of polymerization is a heterophase approach with 
three segments: water, latex particle, and monomer drop-
let. A radical polymerization is the main process at work. 
Bulk and solution polymerization have one segment in 
the arrangement, with the monomer as the solvent and the 
initiator in the same segment. Until significantly changed, 
the produced polymer remains soluble in either the mon-
omer or the solvent. A micelle-forming surfactant, a wa-
ter-soluble initiator, and a water insoluble monomer are 
all used in this method.

6) Inclusion method: At the atomic or molecular level, 
inclusion polymerization creates composite materials. 
This sort of polymerization can pave the way for one-of-
a-kind low-dimensional composite materials with huge 
promise. An electroconductive polymer, for example, may 
be used to make a molecular wire. On this point, organic 
hosts have been used to create composites of such pol-
ymers. This polymerization, according to Miyata et al., 
may be regarded as a common space-dependent polymer-
ization and should not be viewed just through the lens of 
stereoregular polymerization.

7) Solid state method: Solid State polymerization is a 
process in which the lengths of polymer chains are length-
ened by heat in the absence of oxygen and water, either 
by vacuum or by removing by-products with an inert gas. 
Temperature, pressure, and the diffusion of by-products 
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from the pellet’s core to the shell govern the reaction. It’s 
frequently used after melt polymerization to improve pol-
ymer mechanical and rheological characteristics before in-
jection blow moulding. The solid state approach is widely 
used in the manufacturing of bottle-grade PET, films, and 
sophisticated industrial fibres in industry. The use of sim-
ple and inexpensive apparatus, as well as the avoidance 
of some of the issues associated with traditional polymer-
ization techniques, are the main advantages of solid-state 
polymerization.

8) Plasma polymerization: Plasma polymerization is an 
unique method for producing thin films from a variety of 
organic and organometallic precursors. Plasma polymer-
ized films are insoluble, thermally durable, chemically in-
ert, and mechanically robust because they are pinhole-free 
and strongly cross linked. Such films are also exceedingly 
coherent and sticky to a variety of substrates, including 
traditional polymer, glass, and metal surfaces. They have 
been widely employed in recent years for a variety of ap-
plications, including perm selective membranes, protective 
shells, biological materials, electrical, optical devices, and 
adhesion supports, due to their exceptional qualities [36-38].

9) Vapour phase polymerization: Vapour phase polym-
erization (VPP) is a well-known method for introducing a 
monomer in vapour form to an oxidant-coated substrate. 
At the oxidant vapour contact, polymerization occurs. 
VPP is a method for immobilizing materials on a modified 
electrode surface [39,40].

6. Characterization

Conducting polymers, like many other polymers, may 
be described using a number of analytical methods. There 
are several examples in the literature, including:

a) Cyclic voltammetry - in order to better understand 
redox processes in conjugated polymers and to assess 
prospective cell and electrochromic window component 
choices. Murugappan et al. had synthesized a conducting 
polymer poly (3,4-ethylenedioxythiophene) (PEDOT) by 
electrochemical procedure and characterized by cyclic 
voltammetry method. The decrease of the polymer gener-
ated on the surface as a result of process I causes the peak 
at roughly 0.8 V. A new peak occurs at roughly +0.4 V on 
the second CV scan (red trace). This peak is caused by 
polymer oxidation, which did not occur until after poly-
mer synthesis during the initial CV scan (black) [41]. Li et 
al. in one of their studies revealed the synthesis of three 
3,4-bis(alkylthio)pyrroles by a nonclassical pyrrole ring 
formation reaction followed by alkylation of the dithi-
ol-2-one functional group. The synthesized polymers were 
investigated by cyclic voltammetry study. The CV study 
shows that the monomers have much less oxidation poten-

tials than that of virgin pyrrole [42].
b) Nuclear magnetic resonance - for determining the 

structure of the insoluble organic conducting polymers, 
solid state NMR spectroscopy can be employed. Zujovic 
et al. had studied the molecular dynamics in complex and 
diverse material using solid state NMR (SSNMR) tech-
nology for polyaniline (PANI) SSNMR can offer crucial 
information on the structure and conformation of the 
polymer backbone, as well as the type and distribution 
of charge carriers, when applied to PANI [43]. Wahane et 
al. studied the structure of poly pyrrole by using various 
spectroscopic analysis techniques. High resolution NMR 
Spectroscopic methods have emerged into the most pow-
erful tool for studying the structure of such conducting 
polymers in solution and in solid form. Chemical oxida-
tion polymerization in non-aqueous media was used to 
make several PPy / Metal Oxide composites, which were 
then analysed by NMR [44].

c) Raman analysis - Hiragond et al. synthesized polyth-
iophene (PTh), polypyrrole (PPy) and polyaniline (PANI) 
by oxidative coupling method. CdS/polythiophene (CdS/
PTh), CdS/polypyrrole (CdS/PPy) and CdS/polyaniline 
(CdS/PANI) hybrid nanocomposites had been synthesized. 
The interaction of CdS with these conjugated polymers in 
the current hybrid nanocomposites was further validated 
by Raman spectroscopy of all samples. Raman spectra of 
CdS/PTh, CdS/PPy, and CdS/PANI nanocomposites in the 
range of 100-1800 cm–1. Various peaks of vibrational Ra-
man active modes were identified in all samples, with two 
peaks in the area of 300-400 cm–1 matching to fundamental 
optical phonon modes (LO and 1LO+E2) of CdS QDs [45].  
Xu et al. synthesized PANI/Bi12O17Cl2 composites at room 
temperature via a green and simple approach. The as-pre-
pared PANI/Bi12O17Cl2 composite was also tested using 
Raman spectroscopic technology. The distinctive bands at 
149 cm–1 and 94 cm–1 in the Raman spectra of Bi12O17Cl2 
corresponded to the A1g internal Bi-Cl and Eg internal 
Bi-Cl stretching modes, respectively [46].

d) Electroluminescence - to see if it might be used in 
light-emitting diodes (LEDs). Krishnaswamy et al. had de-
posited high quality P-type Polypyrrole (PPy) on ITO by 
Pulse Laser deposition (PLD) technique. Optical character-
istics were investigated in depth. The thin film had a trans-
mittance of 59.7% and a reduced band gap of 1.73 eV. The 
PPy thin sheet has an optical conductivity of 0.27 S/cm.  
The dielectric characteristics of the PPy thin film were 
thoroughly examined. The photoluminescence spectra of 
a PPy thin film at room temperature showed three peaks 
at 373 nm, 425 nm, and 486 nm, corresponding to elec-
tronic transitions, polarons, and bipolarons, respectively. 
PPy thin films with high luminescence efficiencies can be 
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employed as an excellent hole transport layer [HTL] in 
electroluminescence devices [47].

(e) X-ray analysis, including Rutherford backscattering 
- to acquire insight into the conducting process by un-
derstanding the crystal structure and obtaining elemental 
thickness profiles [2]. Sardar et al. studied the synthesis of 
a smart composite from poly (3-bromothiophene) (PTBr) 
and graphene quantum dot (GQD) through facile in-situ 
and ex-situ routes. The crystallographic structure of the 
composites were analyzed by XRD. The diffraction pat-
tern of neat poly (3-bromothiophene) (PTBr) was broad, 
indicating that it was mostly amorphous (low percentage 
crystallinity of 26 percent). It had a reflection peak at  
2-26 degrees, which corresponded to the reflection from 
the (002) plane. The reflection angle in the in-situ com-
posite was lowered to 24.8 °, whereas it was further re-
duced to 23.4 ° in the ex-situ sample [3].

7. Applications of Conductive Polymers(CP)

Drug delivery

Current drug-delivery technologies are effective in 
delivering pharmaceuticals in a regulated manner. and it 
is depicted in Figure 3. The application, however, is still 
limited to cell clusters instead of individual cells. Devel-
oping innovative medicine delivery methods will open up 
new possibilities that were previously unavailable due to 
the limitations of existing oral formulations. The use of 
conductive polymers in bioanalytical sciences is gaining 
a lot of attention because of their biocompatibility, which 
allows them to be used in in vivo biosensor applications 
for constant monitoring of medications or metabolites in 
bodily fluids.

Figure 3. The mechanism of peptide release from CREKA/
PEDOT NPs. Reproduced with permission from ref. [48]

Tissue engineering

The medical sectorsis one of the sectors that might be 
transformed by the uses of conductive polymers, particu-
larly in tissue engineering and biosensors. Electrospinning 
allows for the creation of 3D scaffolds made of conductive 
polymers. Because conductive polymers are a good bio-
compatible matrix for biomolecules, they’re of particular 
interest.PEDOT, on the other hand, has lately attracted a 

lot of attention due to its improved electrical conductivity 
and chemical stability. Now a days PEDOT uses by grow-
ing neural cells in an in vitro dorsal root ganglion model, 
in film and nanotube morphology.

Bioactuators

Bioactuators are mechanical force-generating gadgets 
that may be utilised to construct artificial muscles. Bioac-
tuators have been built using the phenomena of change in 
the volume of the CP scaffold when electrical stimulation 
is applied. Two layers of CP are used in a triple layer con-
figuration in artificial muscle operations, with the interme-
diate layer consisting of a non-conductive substance.

Smart textiles

Fabrics that can sense exterior situations or stimuli 
such as chemical, thermal, electrical, photonic, magnetic, 
and the like are known as smart textiles. It can intelligent-
ly respond to and adapt to external behaviour. Conductive 
polymers have been intensively studied for smart textiles 
in recent years. There are now around twenty five con-
ducting polymers being investigated for such uses [39,40]. 
Because of their reduced weight, high control can be 
done, cheap cost, tunable electrical conductivity, bio com-
patibility, and customise ability to provide a sensing and 
actuating function, these polymers were chosen [49].

Self-healing conductive material

Self-healing materials are intelligent materials that can 
regain some or all of their properties after being injured 
from the outside. Self-healing properties are a potential 
technique to make materials more durable and depend-
able. Extrinsic and intrinsic self-healing mechanisms 
are two types of self-healing mechanisms. In extraneous 
self-healing instrument, mending process is relying upon 
the microcapsules/pipelines containing recuperating 
specialist and intrinsic self-recuperating component, re-
cuperating process relies upon the powerful reversible 
substance bond making capacity of the framework upon 
the feeling of an outer boost, for example, temperature, 
dampness, light, electrical flow through reversible sol-gel 
progress. The highly conductive PEDOT: PSS is being in-
vestigated as a self-healing conductive material. Adding a 
little quantity of the quasi surfactant plasticizer Triton-100 
(C14H22O[C2H4O]n) to PEDOT (n = 9-10): PSS resulted in 
a high level of self-healing abilities [2].

Conducting polymer as wearable: The need for flexi-
ble and wearable next-generation electronic gadgets that 
can bend and stretch under mechanical deformation is 
increasing. Because of their large-area synthesis, cheap 
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cost, low toxicity, great flexibility, and customizable elec-
tronic characteristics, energy harvesting technologies have 
heavily invested in organic and polymeric semiconducting 
materials. Electrically conductive p-conjugated polymers, 
for example, have been studied in various thermoelectric 
technologies for producing stretchable, wearable, and 
light-weight thermoelectric devices that can harvest en-
ergy from a temperature gradient and produce electricity 
without polluting the environment or requiring moving 
parts [50]. Conducting polymers have also antifouling prop-
erty and the mechanism which it follows is shown in Fig-
ure 4.

Figure 4. Design and classification of conducting pol-
ymers with an antifouling property. Reproduced with 

permission from ref. [51]

Supercapacitors and electrolytic-type capacitors are 
two further possible uses for conductive polymers. As a 
consequence of their multiple protonation and oxidation 
forms, several conductive polymers, including polyani-
line, exhibit a wide range of color. Their electrochromic 
capabilities can be exploited to make “smart windows” 
that absorb solar energy in the summer. Polymers have 
the benefit of being produced in big sheets with limitless 
visual angles, as opposed to liquid crystals [52-55].

Kraft et al. (2019) [56] had synthesized PEDOT: PSS 
conducting polymer which has conductivity of 700 S cm–1.  
The use of printable elastic conductors in large-area fab-
rication of wearable electronics and prosthetics opens 
up new possibilities. Furthermore, by placing sensor ar-
rays close to the skin, they have the potential to advance 
health monitoring and continuous diagnostics. These 
devices must be comfortable to wear and must be able 
to withstand strains and deformations like twisting and 
stretching. The introduction of a conductive polymer ink 
for elastic interconnects and electrodes. Inkjet printing’s 
processability allows for versatile, contactless, and mask-
less large-area processing. The printed PEDOT:PSS-based 
interconnects have conductivities of up to 700 S cm–1, can 
withstand strains of up to 100%, and are stable in air (less 

than 5 percent change in resistance in 1 month). The con-
ductivity is among the greatest recorded for inkjet-printed 
PEDOT:PSS, making it useful not only for stretchy cir-
cuits, but also for printed flexible and rigid PEDOT: PSS-
based applications such solar cells, organic light emitting 
diodes, and electrochemical sensors.

Jeong et al. (2019) [57] synthesized organic and per-
ovskite light-emitting diodes (LEDs), an ideal conducting 
polymer anode (CPA) requires a high electrical conduc-
tivity k, a high work function WF, and the avoidance of 
exciton quenching between the anode and the overlaying 
emitting layer. Due to their trade-off connection, boost-
ing the k and WF at the same time has been a difficult 
unresolved challenge. Previous efforts to increase the WF 
have lowered the films’ k and vice versa. To tackle this 
basic problem, careful molecular scale control of conduct-
ing polymer compositions is necessary. They presented a 
molecular scale control approach for decoupling the WF 
from k in a CPA while keeping exciton quenching block-
ing capabilities. In green polycrystalline perovskite LEDs, 
this adjustment resulted in a high current efficiency of 
52.86 cd A-1 (10.93 percent ph el-1). Their findings offer 
valuable insight into the development of effective CPAs 
for high-efficiency organic and perovskite LEDs.

Bilal et al. (2014) [58] synthesized poly (o-toluidine) 
(POT), a methyl-substituted derivative of PANI, by in-
verse emulsion polymerization. The dispersion media was 
a combination of 2-butanol and chloroform, the oxidant 
was benzoyl peroxide, and the dopant and surfactant 
was dodecylbenzenesulfonic acid (DBSA). POT was 
collected in its salt form and found to be totally soluble 
in a variety of organic solvents, including DMSO, chlo-
roform, toluene, THF, acetonitrile, and ethanol (so far 
the most solvents). Cyclic voltammetry, in situ UV-Vis 
spectroelectrochemistry, viscosity and in situ conductance 
measurements, FTIR, and TGA were used to characterise 
the produced polymer. POT has a high conductance that 
is comparable to electrochemically synthesised POT, ac-
cording to conductance measurements. The electrochemi-
cal activity of the POT film dip-coated on a gold electrode 
was very stable in air; even after 14 days in the open, 
there was no discernible decline in the film’s electrochem-
ical activity. Thermal analysis reveals a very good ther-
mal stability up to 513 °C. POT works as a very efficient 
corrosion protection layer on steel, according to potentio 
dynamic polarisation studies, with a 77 percent protection 
efficiency.

Tuken et al. (2004) [59] in a LiClO4 containing acetoni-
trile solution, electrochemical polymerization of polythio-
phene (PTh) was examined on a nickel covered mild steel 
(MS) electrode. A 1 mm thick nickel coating was depos-
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ited galvanostatically from a suitable bath solution. The 
PTh film was then synthesised using the cyclic voltamme-
try technique in 0.1 M thiophene containing ACN-LiClO4. 
Electrochemical impedance spectroscopy (EIS) and anod-
ic polarisation curves were used to study the corrosion 
performance of nickel coated samples with and without 
polymer top coatings in a 3.5 percent NaCl solution. MS 
was protected from corrosion by the nickel coating, which 
acted as a physical barrier. However, its barrier proper-
ties deteriorated with time, and it was unable to protect 
MS patients. The PTh top coat significantly increased the 
barrier performance, and good protection against MS cor-
rosion was achieved over a long period of time in such a 
hostile environment.

Marzocchi et al. (2015) [60] synthesized poly (3,4-eth-
ylenedioxythiophene) poly (styrene sulfonate) (PEDOT: 
PSS). Conducting polymers are interesting materials for 
tissue engineering applications because of their electrical 
conductivity and reversible doping, they may both offer a 
biocompatible scaffold for physical support of live cells 
and convey electrical and mechanical stimuli. Thin films 
of poly (3,4-ethylenedioxythiophene) poly (styrenesul-
fonate) (PEDOT: PSS), one of the most promising mate-
rials for bioelectronics applications, are prepared using 
two different techniques, spin coating and electrochemical 
polymerization, and their oxidation state is then changed 
electrochemically with the application of an external bias.

Figure 5. Structure of oxidized and reduced form of PE-
DOT. Reproduced with permission from ref. [60]

The electrochemical characteristics of the various kinds 
of PEDOT are as follows: The efficacy of the oxidation 
process and its stability over time are assessed using cy-
clic voltammetry and spectrophotometry on PSS. Their 
physical qualities on the surface and their relationship to 
PEDOT’s redox state: Atomic force microscopy (AFM), 
water contact angle goniometry, and sheet resistance 
measurements are used to investigate PSS. The structure 
of the oxidized and reduced form of PEDOT is shown in 
Figure 5. Finally, primary human dermal fibroblasts (hDF) 
and human glioblastoma multiforme cells (T98G) are 
cultivated on PEDOT: PSS films with various oxidation 
states, revealing that the influence of the substrate on cell 

growth rate is substantially cell-dependent: T98G growth 
is aided by reduced samples, but hDF development is 
aided exclusively by oxidised substrates with significant 
chemical interactions with the cell culture medium.

8. Conclusions

In this paper we have described a variety of conductive 
polymers, as well as new synthetic processes that have 
been developed to synthesize those polymers. Among all 
the routes of synthesis of conducting polymers it can be 
concluded that chemical polymerization techniques are 
beneficial from the standpoint of mass manufacturing, 
but we must also limit by-products and waste materials in 
order to maintain a clean and healthy global environment. 
The characterization along with some vivid examples has 
been incorporated to have a better clarity in this regard. 
It has also been found that the conducting polymers have 
better light emitting properties. The electrical properties 
have been showcased by cyclic voltammetry study by 
scientists around the world. The wide range of applica-
tions has been included in this review. It can be said that 
in future these conducting materials could find its way in 
this smart world as we have seen that no one can think 
of storing for security purpose in storage device which is 
nothing but the contribution of these conducting materials. 
The LEDs have already replaced the power giant 100 W 
bulb and more to see in future. The smart material could 
also find its way into medical fields. The catalytic polym-
erization technique is a desirable candidate for an environ-
mentally friendly reaction mechanism. At this moment, 
catalytic studies should be enhanced in order to get a more 
accurate conducting polymer. The authors anticipate that 
this study will spur more research into conductive poly-
mers and new catalytic methods for their production.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Awuzie, C.I., 2017. Conducting Polymers. Materials 
Today: Proceedings. 4, 5721-5726. 

 DOI: https://doi.org/10.1016/j.matpr.2017.06.036.
[2] Harun, M.H., Saion, E., Kassim, A., et al., 2007. 

Conjugated Conducting Polymers : A Brief Over-
view, Sensors Peterbrgh. NH. 2, 63-68. http://sedaya.
edu.my/jasa/2/papers/08I.pdf.

[3] Sardar, S., Roy, I., Chakraborty, S., et al., 2021. A 
selective approach towards synthesis of poly (3-bro-
mo thiophene)/graphene quantum dot composites via 
in-situ and ex-situ routes: Application in light emis-



9

Organic Polymer Material Research | Volume 04 | Issue 01 | June 2022

sion and photocurrent generation. Electrochimica 
Acta. 365. 

 DOI: https://doi.org/10.1016/j.electacta.2020.137369.
[4] Shirzad, M., Karimi, M., 2020. Statistical analysis 

and optimal design of polymer inclusion membrane 
for water treatment by Co(II) removal. Desalination 
and Water Treatment. 182, 194-207. 

 DOI: https://doi.org/10.5004/dwt.2020.25214.
[5] Shirzad, M., Karimi, M., Abolghasemi, H., 2019. 

Polymer inclusion membranes with dinonylnaphtha-
lene sulfonic acid as ion carrier for Co(II) transport 
from model solutions. Desalination and Water Treat-
ment. 144, 185-200. 

 DOI: https://doi.org/10.5004/dwt.2019.23575.
[6] Midya, L., Chettri, A., Pal, S., 2019. Development of 

a Novel Nanocomposite Using Polypyrrole Grafted 
Chitosan-Decorated CDs with Improved Photocat-
alytic Activity under Solar Light Illumination. ACS 
Sustain. Chemical Engineering. 7, 9416-9421. 

 DOI: https://doi.org/10.1021/acssuschemeng.9b00615.
[7] Heeger, H., MacDiarmid, Alan J., Shirakawa, Alan 

G., 1974. Advanced Information - The Nobel Prize in 
Chemistry 2000. Nobel Media AB 2019. pp. 1-16. 

 DOI: https://doi.org/10.1007/978-1-84996-290-2.
[8] Zhang, C., Liu, L., Okamoto, Y., 2020. Enantiosepa-

ration using helical polyacetylene derivatives. Trac-
trends In Analytical Chemistry. 123, 115762. 

 DOI: https://doi.org/10.1016/j.trac.2019.115762.
[9] Miao, Z., Gonsales, S.A., Ehm, C., et al., 2021. Cy-

clic polyacetylene. Nature Chemistry. 13, 792-799. 
 DOI: https://doi.org/10.1038/s41557-021-00713-2.
[10] Wang, S., Sun, Q., Gröning, O., et al., 2019. On-sur-

face synthesis and characterization of individual pol-
yacetylene chains. Nature Chemistry. 11, 924-930. 

 DOI: https://doi.org/10.1038/s41557-019-0316-8.
[11] Husain, A., Ahmad, S., Mohammad, F., 2020. Syn-

thesis, characterisation and ethanol sensing appli-
cation of polythiophene/graphene nanocomposite. 
Materials Chemistry and Physics. 239,122324. 

 DOI: https://doi.org/10.1016/j.matchemphys.2019. 
122324.

[12] Shiraishi, Y., Matsumoto, M., Ichikawa, S., et al., 
2021. Polythiophene-Doped Resorcinol-Formalde-
hyde Resin Photocatalysts for Solar-to-Hydrogen 
Peroxide Energy Conversion. Journal of the Ameri-
can Chemical Society. 143, 12590-12599. 

 DOI: https://doi.org/10.1021/jacs.1c04622.
[13] Wang, Q., Qin, Y., Li, M., et al., 2020. Molecular 

Engineering and Morphology Control of Polythio-
phene:Nonfullerene Acceptor Blends for High-Per-
formance Solar Cells. Advanced Energy Materials. 

10, 1-26. 
 DOI: https://doi.org/10.1002/aenm.202002572.
[14] Liang, Z., Li, M., Wang, Q., et al., 2020. Optimiza-

tion Requirements of Efficient Polythiophene: Non-
fullerene Organic Solar Cells. Joule. 4, 1278-1295. 

 DOI: https://doi.org/10.1016/j.joule.2020.04.014.
[15] Lu, Y., Wang, S., Xiong, C., et al., 2020. Synthesis 

and characterization of a liquid-like polythiophene 
and its potential applications. Synthetic Metals. 270, 
116603. 

 DOI: https://doi.org/10.1016/j.synthmet.2020.116603.
[16] Pang, A.L., Arsad, A., Ahmadipour, M., 2021. Syn-

thesis and factor affecting on the conductivity of 
polypyrrole: a short review. Polymers for Advanced 
Technologies. 32, 1428-1454. 

 DOI: https://doi.org/10.1002/pat.5201.
[17] Maruthapandi, M., Nagvenkar, A.P., Perelshtein, 

I., et al., 2019. Carbon-Dot Initiated Synthesis of 
Polypyrrole and Polypyrrole@CuO Micro/Nano-
particles with Enhanced Antibacterial Activity. ACS 
Applied Polymer Materials. 1, 1181-1186. 

 DOI: https://doi.org/10.1021/acsapm.9b00194.
[18] Sahu, S., Kar, P., Bishoyi, N., et al., 2019. Synthesis 

of Polypyrrole-Modified Layered Double Hydroxides 
for Efficient Removal of Cr(VI). Journal of Chemical 
& Engineering Data. 64, 4357-4368. 

 DOI: https://doi.org/10.1021/acs.jced.9b00444.
[19] Wang, C., Yang, M., Liu, L., et al., 2020. One-step 

synthesis of polypyrrole/Fe2O3 nanocomposite and 
the enhanced response of NO2 at low temperature. 
Journal of Colloid and Interface Science. 560, 312-
320. 

 DOI: https://doi.org/10.1016/j.jcis.2019.10.076.
[20] Yi, T.F., Mei, J., Peng, P.P., et al., 2019. Facile syn-

thesis of polypyrrole-modified Li5Cr7Ti6O25 with 
improved rate performance as negative electrode 
material for Li-ion batteries. Composites Part B-En-
gineering. 167, 566-572. 

 DOI: https://doi.org/10.1016/j.compositesb.2019.03. 
032.

[21] Petsagkourakis, I., Kim, N., Tybrandt, K., et al., 
2019. Poly(3,4-ethylenedioxythiophene): Chemical 
Synthesis, Transport Properties, and Thermoelectric 
Devices. Advanced Electronic Materials. 5, 1-20. 

 DOI: https://doi.org/10.1002/aelm.201800918.
[22] Jiang, Y., Liu, T., Zhou, Y., 2020. Recent Advances 

of Synthesis, Properties, Film Fabrication Methods, 
Modifications of Poly (3,4-ethylenedioxythiophene), 
and Applications in Solution-Processed Photovolta-
ics. Advanced Functional Materials. 2006213, 1-46. 

 DOI: https://doi.org/10.1002/adfm.202006213.



10

Organic Polymer Material Research | Volume 04 | Issue 01 | June 2022

[23] Rahimzadeh, Z., Naghib, S.M., Zare, Y., et al., 2020. 
An overview on the synthesis and recent applications 
of conducting poly (3,4-ethylenedioxythiophene) 
(PEDOT) in industry and biomedicine. Journal of 
Materials Science. 55, 7575-7611. 

 DOI: https://doi.org/10.1007/s10853-020-04561-2.
[24] Hui, Y., Bian, C., Xia, S., et al., 2018. Synthesis and 

electrochemical sensing application of poly(3,4-eth-
ylenedioxythiophene)-based materials: A review. An-
alytica Chimica Acta. 1022, 1-19. 

 DOI: https://doi.org/10.1016/j.aca.2018.02.080.
[25] Namsheer, K., Rout, C.S., 2021. Conducting poly-

mers: a comprehensive review on recent advances in 
synthesis, properties and applications. RSC Advanc-
es. 11, 5659-5697. 

 DOI: https://doi.org/10.1039/d0ra07800j.
[26] Zhang, Y., Ye, J., Liu, Z., et al., 2020. Red-emissive 

poly(phenylene vinylene)-derivated semiconductors 
with well-balanced ambipolar electrical transport-
ing properties. Journal of Materials Chemistry C. 8, 
10868-10879. 

 DOI: https://doi.org/10.1039/d0tc01174f.
[27] Elacqua, E., Geberth, G.T., Vanden Bout, D.A., et al., 

2019. Synthesis and folding behaviour of poly(p-phe-
nylene vinylene)-based β-sheet polychromophores. 
Chemical Science. 10, 2144-2152. 

 DOI: https://doi.org/10.1039/c8sc05111a.
[28] Rodrigues, A.C.B., Geisler, I.S., Klein, P., et al., 

2020. Designing highly fluorescent, arylated 
poly(phenylene vinylene)s of intrinsic microporosity. 
Journal of Materials Chemistry C. 8, 2248-2257. 

 DOI: https://doi.org/10.1039/c9tc06028f.
[29] Hsu, T.W., Kim, C., Michaudel, Q., 2020. Stereor-

etentive Ring-Opening Metathesis Polymerization 
to Access All- cis Poly(p-phenylenevinylene)s with 
Living Characteristics. Journal of the American 
Chemical Society. 142, 11983-11987. 

 DOI: https://doi.org/10.1021/jacs.0c04068.
[30] Zhang, H., Zhong, H., Dou, F., et al., 2021. Electros-

pinning bifunctional polyphenylene-vinylene/heated 
graphene oxide composite nanofibers with lumines-
cent-electrical performance. Thin Solid Films. 725. 

 DOI: https://doi.org/10.1016/j.tsf.2021.138636.
[31] Ikizer, B., Lawton, C.W., Orbey, N., 2021. Poly 

(para-phenylene) fibers - Characterization and pre-
liminary data for conversion to carbon fiber. Polymer 
(Guildf). 228, 123945. 

 DOI: https://doi.org/10.1016/j.polymer.2021.123945.
[32] Pavlović, D., Cohen, S., 2020. Controlled synthesis 

of unsubstituted high molecular weight poly(: Para 
-phenylene) via Suzuki polycondensation-thermal 

aromatization methodology. Polymer Chemistry. 11, 
2550-2558. 

 DOI: https://doi.org/10.1039/d0py00001a.
[33] McBrearty, J., Barker, D., Damavandi, M., et al., 

2018. Antimicrobial synergy of cationic grafted 
poly(para-phenylene ethynylene) and poly(para-phe-
nylene vinylene) compounds with UV or metal ions 
against Enterococcus faecium. RSC Advances. 8, 
23433-23441. 

 DOI: https://doi.org/10.1039/C8RA02673D.
[34] Lobo, L.S., Matsumoto, K., Jikei, M., et al., 2021. 

Hyperbranched Polyphenylene as an Electrode for 
Li-Ion Batteries. Energy Technology. 9, 1-7. 

 DOI: https://doi.org/10.1002/ente.202100374.
[35] Zhou, W.X., Cheng, Y., Chen, K.Q., et al., 2020. 

Thermal Conductivity of Amorphous Materials. Ad-
vanced Functional Materials. 30, 1-17. 

 DOI: https://doi.org/10.1002/adfm.201903829.
[36] Iqbal, S., Ahmad, S., 2018. Recent development in 

hybrid conducting polymers: Synthesis, applications 
and future prospects. Journal of Industrial and Engi-
neering Chemistry. 60, 53-84. 

 DOI: https://doi.org/10.1016/j.jiec.2017.09.038.
[37] Han, Y., Dai, L., 2019. Conducting Polymers for 

Flexible Supercapacitors. Macromol. Chemical Phys-
ics. 220, 1-14. 

 DOI: https://doi.org/10.1002/macp.201800355.
[38] Tomczykowa, M., Plonska-Brzezinska, M.E., 2019. 

Conducting polymers, hydrogels and their compos-
ites: Preparation, properties and bioapplications. Pol-
ymers (Basel). 11, 1-36. 

 DOI: https://doi.org/10.3390/polym11020350.
[39] Yildiz, Z., Usta, I., Gungor, A., 2013. Investigation 

of the Electrical Properties and Electromagnetic 
Shielding Effectiveness of Polypyrrole Coated Cot-
ton Yarns. Fibres & Textiles in Eastern Europe. 98, 
32-37.

[40] Yildiz, Z., Usta, I., Gungor, A., 2012. Electrical prop-
erties and electromagnetic shielding effectiveness of 
polyester yarns with polypyrrole deposition. Textile 
Research Journal. 82, 2137-2148. 

 DOI: https://doi.org/10.1177/0040517512449046.
[41] Murugappan, K., Castell, M.R., 2018. Bridging 

electrode gaps with conducting polymers around the 
electrical percolation threshold. Electrochemistry 
Communications. 87, 40-43. 

 DOI: https://doi.org/10.1016/j.elecom.2017.12.019.
[42] Li, H., Lambert, C., Stahl, R., 2006. Conducting pol-

ymers based on alkylthiopyrroles. Macromolecules. 
39, 2049-2055. 

 DOI: https://doi.org/10.1021/ma0601868.



11

Organic Polymer Material Research | Volume 04 | Issue 01 | June 2022

[43] Zujovic, Z., Kilmartin, P.A., Travas-sejdic, J., 2020. 
Polymers. The Special Case on Polyaniline. Mole-
cules. 25, 1-20.

[44] Wahane, D.S., Khobragade, Y.F., Gholse, S.B., et al., 
2012. Synthesis and Structural Characterization of 
Polypyrrole / Metal Oxide Composite by NMR Spec-
troscopy. Journal Chemical Science. 2, 148-153.

[45] Hiragond, C.B., Khanna, P.K., More, P.V., 2018. 
Probing the real-time photocatalytic activity of CdS 
QDs sensitized conducting polymers: Featured PTh, 
PPy and PANI. Vacuum. 155, 159-168. 

 DOI: https://doi.org/10.1016/j.vacuum.2018.06.009.
[46] Xu, Y., Ma, Y., Ji, X., et al., 2019. Conjugated con-

ducting polymers PANI decorated Bi12O17Cl2 photo-
catalyst with extended light response range and en-
hanced photoactivity. Applied Surface Science. 464, 
552-561. 

 DOI: https://doi.org/10.1016/j.apsusc.2018.09.103.
[47] Krishnaswamy, S., Ragupathi, V., Raman, S., et al., 

2019. Optical properties of P-type polypyrrole thin 
film synthesized by pulse laser deposition technique: 
Hole transport layer in electroluminescence devices. 
Optik (Stuttg). 194, 163034. 

 DOI: https://doi.org/10.1016/j.ijleo.2019.163034.
[48] Puiggalĺ-Jou, A., Del Valle, L.J., Alemán, C., 2020. 

Encapsulation and Storage of Therapeutic Fi-
brin-Homing Peptides using Conducting Polymer 
Nanoparticles for Programmed Release by Electrical 
Stimulation. ACS Biomaterials Science & Engineer-
ing. 6, 2135-2145. 

 DOI: https://doi.org/10.1021/acsbiomaterials.9b01794.
[49] Poddar, A.K., Patel, S.S., Patel, H.D., 2021. Synthe-

sis, characterization and applications of conductive 
polymers: A brief review. Polymers for Advanced 
Technologies. 32(2021), 4616-4641. 

 DOI: https://doi.org/10.1002/pat.5483.
[50] Prunet, G., Pawula, F., Fleury, G., et al., 2021. A re-

view on conductive polymers and their hybrids for 
flexible and wearable thermoelectric applications. 
Materials Today Physics. 18, 100402. 

 DOI: https://doi.org/10.1016/j.mtphys.2021.100402.
[51] Wu, J.G., Chen, J.H., Liu, K.T., et al., 2019. Engi-

neering Antifouling Conducting Polymers for Mod-
ern Biomedical Applications. ACS Applied Materials 
& Interfaces. 11, 21294-21307. 

 DOI: https://doi.org/10.1021/acsami.9b04924.

[52] Talikowska, M., Fu, X., Lisak, G., 2019. Application 
of conducting polymers to wound care and skin tis-
sue engineering: A review. Biosens. Bioelectron. 135, 
50-63. 

 DOI: https://doi.org/10.1016/j.bios.2019.04.001.
[53] Trojanowicz, M., 2003. Application of Conducting 

Polymers in Chemical Analysis. Microchimica Acta. 
143, 75-91. 

 DOI: https://doi.org/10.1007/s00604-003-0066-5.
[54] Gereadr, M., Choubey, A., Malhotra, B., 2001. Re-

view: Application of Conducting Polymer to Biosen-
sors, Biosens. Bioelectron. 17, 345-359.

[55] Guo, X., Facchetti, A., 2020. The journey of conduct-
ing polymers from discovery to application. Nature 
Materials. 19, 922-928. 

 DOI: https://doi.org/10.1038/s41563-020-0778-5.
[56] Kraft, U., Molina-Lopez, F., Son, D., et al., 2020. Ink 

Development and Printing of Conducting Polymers 
for Intrinsically Stretchable Interconnects and Cir-
cuits. Advanced Electronic Materials. 6, 1-9. 

 DOI: https://doi.org/10.1002/aelm.201900681.
[57] Jeong, S.H., Kim, H., Park, M.H., et al., 2019. Ideal 

conducting polymer anode for perovskite light-emit-
ting diodes by molecular interaction decoupling. 
Nano Energy. 60, 324-331. 

 DOI: https://doi.org/10.1016/j.nanoen.2019.03.030.
[58] Bilal, S., Farooq, S., Shah, A.U.H.A., et al., 2014. 

Improved solubility, conductivity, thermal stability 
and corrosion protection properties of poly(o-tolui-
dine) synthesized via chemical polymerization. Syn-
thetic Metals. 197, 144-153. 

 DOI: https://doi.org/10.1016/j.synthmet.2014.09.003.
[59] Tüken, T., Yazici, B., Erbil, M., 2005. Electrochemi-

cal synthesis of polythiophene on nickel coated mild 
steel and corrosion performance. Applied Surface 
Science. 239, 398-409. 

 DOI: https://doi.org/10.1016/j.apsusc.2004.06.006.
[60] Marzocchi, M., Gualandi, I., Calienni, M., et al., 

2015. Physical and Electrochemical Properties of 
PEDOT:PSS as a Tool for Controlling Cell Growth. 
ACS Applied Materials & Interfaces. 7, 17993-
18003. 

 DOI: https://doi.org/10.1021/acsami.5b04768.


