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ABSTRACT 

The implication of the conducting polymers (CPs) for various technological applications rapidly increased. 
Owing to the electrical conductivity approaching those of metallic conductors and other extra ordinary 
properties makes it distinguishable from the other synthesized materials. Herein, we discussed a broad 
overview of recent advances in the applications of CPs for the supercapacitor. We first focus the fundamentals 
of CPs, synthesis techniques and properties. We then highlight the potential supercapacitor applications of CPs, 
specifically polyaniline, polypyrrole and its nanocomposites with various other materials. Finally, we conclude 
present study by offering our perspectives on the current challenges and future opportunities for the CPs in 
supercapacitor applications. 
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I. INTRODUCTION 

Recently, improved and advanced technologies have been changes the human life and make it lavish and 
comfortable. Worldwide, various scientific, academic and industrial groups are devoted their research work to 
develop new technologies.However, no advanced technology can work without the use of energies such as 
mechanical, chemical, electrical and thermal etc. As a result, more research into energy harvesting and storage 
is required for advancement in a variety of fields.Recently, the developed world has faced a number of serious 
global issues, including insufficient energy production, the availability of portable water, global warming, and 
so on. [1, 2]. The main cause of these serious issues is the rapidly increasing population and human standard of 
living. Electrical energy has become a part of everyday life. The production of electrical energy and its long-
term reserves is a major and serious impediment to research. Solar energy, wind energy, tidal energy and 
biomass energy production are considered worrisome options.  However, it has many flaws, including a large 
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workforce, a large land business, accuracy, inefficiency, and high costs. As a result, scientists are looking for 
alternatives to traditional global energy sources such as super capacitors, batteries, fuel cells, and so on. [3, 4]. 
Recently, energy production from renewable energy sources has been increased rapidly. However, its 
contribution to global energy production is only low or less than 1%. The energy generated from the power 
plant is used for various applications such as direct lighting, cooling and communication devices [5]. Saving 
energy through storage devices in the absence of renewable sources requires a variety of applications. But 
nowadays there are insufficient efficient storage devices that can store a large number of charges and distribute 
them as needed. Thus, storage systems such as batteries and electrochemical capacitors (ECs) have taken more 
interest in saving the energy produced and have played an important role in storing maximum energy [6]. 
The improvement in the available storage devices with new designs and techniques are not helping to store the 
energy to the desired level. Therefore, utilizing new advanced technology and with new materials the 
properties of energy storage devices can be enhanced in desired performance. The selection of the novel 
materials and techniques can give us the user friendly, light weight, less hazardous, economically cheap and 
highly efficient energy storage devices. Concerned to the storage of energy in electrochemical form have many 
superior advantages such as direct energy conversion, portability, absence of moving parts and convenient for 
mass production. However still it has some critical issues in the developments of electrochemical energy storage 
devices such as environmental security, light weight, portability, efficiency and low cost etc. [7]. 
From the last decades the huge efforts are devoted by the many scientists and researchers to develop and 
enhanced the physical and chemical properties of electrochemical storage system.  Electrochemical energy 
storage systems are broadly classified in three major types based on their properties i.e. (I) batteries, (II) fuel 
cells and (III) supercapacitors. 
Super capacitor is an emerging and become the most promising energy storage device in recent years. Basically, 
the same principles are used in supercapacitors as conventional capacitors. Supercapacitors are distinguished 
with high surface area electrodes and thin dielectrics by conventional capacitors to obtain more capacitances. 
Super capacitors fall between the battery and the capacitor i.e., energy density greater than conventional 
capacitors and higher energy density than batteries [8]. 
Supercapacitors have better option for energy storage devices than batteries and fuel cells. However, it faces the 
challenges such as low energy density, high cost, high self-discharging rate and practical use. Thus, the 
researchers have scope to enhance the performance, modified electrode structure, achieved the desired 
thickness of the electrode layer, and porosity. Recently, carbon species (activated carbon, graphene, carbon 
nanotubes, etc.), metal compounds and conducting polymers are the three main types used as electrode 
materials for energy storage devices. As well as transition metal oxide (RuO2, NiO, MnO2, Co3O4, IrO2 Mn3O4,) 
nanomaterials, carbon nanomaterials, binary, ternary nanocomposites, conducting polymers and conducting 
polymers nanocomposites and so on. Carbon species-based electrodes with high conductivity and stability 
usually have excellent cycling stability and high-power density as supercapacitor electrodes. However, carbon-
based electrodes for supercapacitors are usually exhibits low energy density because of the limitation in energy 
storage mechanism. Metal compounds owing to high activity and good intrinsic electrochemical properties in 
supercapacitors still they have problems like low conductivity, high cost and limited natural abundance [9]. 
Conducting polymers (CPs), like Poly (3,4- ethylenedioxythiophene) (PEDOT), polypyrrole (Ppy) and 
polyaniline (PANi), have gained more attention as promising candidates for energy storage devices. CPs has the 
excellent and unique electronic, optoelectronic, and electrochemical features. As well as CPshave 
pseudocapacitive features, facile synthesis protocol, good environmental and chemical stability, tunable 
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conductivity, low production cost, etc.Their simple components (C, H, N or S) also indicate the high 
affordability. CPs based devices show high specific capacitance compared with electrochemical double-layer 
supercapacitors, and has faster kinetics than most inorganic batteries, which can narrow the gap between 
inorganic batteries and carbon-based capacitors. The combination of conducting polymers and carbon materials, 
metal compounds is quite popular with excellent performance taking advantage of each component, shown 
superior performance in asymmetric supercapacitor [10, 11]. 
The superiority of supercapacitors decides by cyclic life which depends upon the stability of the electrode 
materials during charge/discharge cycles. Conducting polymers incorporated with nanomaterials attain higher 
stability of the electrode material in terms of cyclic life. Also, the decoration of polymer nanocomposites with 
nanomaterials enhances the electrochemical conductivity, thermal stability and optical and mechanical 
properties and large surface area to stored charges [12]. 
The recent development concern to the supercapacitors have been discussed in the following headings using 
the polyaniline and its nanocomposites as well as polypyrrole and its nanocomposites.  

II. SUPERCAPACITOR APPLICATIONS OF CONDUCTING POLYMERS AND ITS NANOCOMPOSITE 

Payami, E., et. al; developed ternary nanocomposite consisting of modified GO (GO-Fc), Mn3O4 nanoparticles, 
and polyaniline (PANI) via a simple physically mixing procedure. As synthesized ternary nanocomposite 
further used as a battery-type supercapacitor and obtained results reveals the promising ability via 
supercapacitor parameters high power density and cyclic stability [13].Röse, P. et.al; synthesized polyaniline 
(PANI) nanofibers via chemical oxidative synthesis route using sodium phytate as a plant derived dopant.  
Electrochemical properties of the synthesized PANI as electrode material for supercapacitors shows the high 
specific capacitance analyzed by galvanostatic charge/discharge (GCD) curves. The PANI electrode shows the 
capacitance retention of 67.6% of its initial value, low solution resistance (Rs) value of 281×10-1 Ohm and 
charge transfer resistance value (Rct) of 7.44 Ohm. As well as after 1000 charge discharge cycles retained 95.3% 
in coulombic efficiency without showing any significant degradation of the material [14].Deshmukh, P. R. et. al; 
prepared the polyaniline-ruthenium oxide (PANI-RuO2) nanocomposite thin films by a chemical bath 
deposition (CBD) method. The PANI RuO2 exhibits specific capacitance of 830 Fg-1 with 216 Whkg-1 and 4.16 
kWkg-1 specific energy and power respectively [15].Gui, D., et.al; synthesized three polyaniline 
(PANI)/grapheneoxide (GO) nanocomposite electrode materials by chemical polymerization with the mass 
ratio (mANI:mGO) 1000:1, 100:1, and 10:1 in ice water, respectively. The electrochemical behavior of the 
PANI/GO with the mass ratio (mANI:mGO)1000:1 possessed excellent capacitive behavior with a specific 
capacitance as high as 355.2 F g 1at 0.5 A g 1 in 1 mol L 1H2SO4electrolyte  and after 1000 cycles, the specific 
capacitance of the composite still has 285.8 F g 1 [16].Mishra, A. K. et.al; synthesized graphene via hydrogen-
induced exfoliation and functionalized to decorate with metal oxide (RuO2, TiO2, and Fe3O4) nanoparticles and 
polyaniline using the chemical route. Electrochemical performance of as-prepared nanocomposites is examined 
using cyclic voltammetry and galvanostatic charge discharge techniques for supercapacitor applications. A 
maximum specific capacitance of 80, 125, 265, 60, 180, and 375 F/g for HEG, f-HEG, RuO2-f-HEG, TiO2-f- HEG, 
Fe3O4-f-HEG, and PANI-f-HEG nanocomposites, respectively, is obtained with 1 M H2SO4 as the electrolyte at 
the voltage sweep rate of 10 mV/s. The specific capacitance for each nanocomposite sustains up to 85% even at 
higher voltage sweep rate of 100 mV/s [17].Khalid, M., et.al; using electrodeposition process synthesized 
composite thin films of polyaniline (PANI) nanofibers and graphene oxide (GO) nanoplatelets for 
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electrochemical capacitors. An electrochemical property of thin films shows capacitance of 662 F g-1 at a low 
current density of 0.025 mA cm2 with simultaneous high energy density (64.5 Wh kg-1) and high-power density 
(1159 Wh kg-1) [18].Viswanathan, A., et.al; synthesized reduced graphene oxide, copper oxide and polyaniline 
(GCP) nanocomposites by facile in-situ single step chemical method by varying the weight percentage of each 
of the constituent materials. The weight percentage of composites G12%: Cu2O/CuO 40%: P48% (G12CP) 
exhibits the maximum specific capacitance of 684.93 Fg-1, specific capacity of 821.91 Cg-1, energy density of 
136.98Wh kg-1, and power density of 1315.76Wkg-1 at the current density of 0.25 Ag-1. The composite shows 
the retention of 84% of its initial capacitance up to 5000 cycles at a scan rate of 700mVs-1 [19].Devadas, B., et al; 
Synthesized the polymer@Cdots composites by in situ chemical oxidative polymerization method and studied 
the specific capacitances. The specific capacitances of composites were 676 and 529 F/g for PPy@ Cdots and 
PANI@Cdots, respectively, at current density of 1 A/g [20].Ashokkumar, S. P., et al; reported the 
electrochemical performance of polyaniline (PANI)/copper oxide (CuO) nanocomposites (PCN) for energy 
storage device applications. The Cyclic Voltametry (CV) result shows the specific capacitance PANI is 294 F/g 
and 424 F/g for highest concentration PCN2 nanocomposites and GCD reveals the cyclic stability up to 4000 
cycles [21]. 

III. CONCLUSION 

In this review paper, we have discussed recent progress in the development of conducting polymers-based 
supercapacitor.Owing to the excellent properties of the conducting polymers it is employed for the 
supercapacitor applications. Worldwide various research groups devoted their research to improve the super 
capacitive performance of the conducting polymers. The mainly polyaniline and polypyrrole were highly 
studied due to some exceptional qualities compared to the other conducting polymers. We have thoroughly 
summaries the recent development in the fields of supercapacitor using polyaniline and polypyrrole. Finally, 
we conclude that the present work may be highly useful for the upcoming researcher.   
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