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Abstract: Polyindole (PIND) in current times is one of the chiefly studied conductive 

material and is being used in numerous electrical and electrochemical field. However the 

conductivity of any conducting polymer chiefly affected by its polymerization technique. 

Various polymerization techniques viz. Chemical oxidative polymerization, 

Electrochemical polymerization, Interfacial/Emulsion polymerization, etc. are employed 

for the same. Each technique used by researcher do have its own pros and cons which 

further depends upon the chemical (solvent, oxidants, surfactants, concentration etc.) and 

physical (temperature, pressure, etc.) condition to be implied.  
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Introduction:  
 

Polyindole (PIND, benzopyrrole) had been designated as one of the most common studied 

conducting polymer. Various researchers had presented numerous methods of synthesis of 

PIND, the several synthetic procedure are able to generated nano and micro sized PIND 

particles which had been earlier employed for their several applications in diverse areas. 

Phasuksom, and Sirivat et al. 2016, describes that the 2nd and 3rd position of 5 member ring 

(Pyrrole) in PIND are the real sites of polymerization while nitrogen (N) and phenyl ring 

does not take part in the process of polymerization [1]. It had been observed that the site of 

substitution and the solvent being used for the process of polymerization do had a significant 

effect on the monomer’s polymerization [2, 3]. Various solvents had been used by 

researchers as to fabricate PIND from monomer, Soylu et al 2011, describes the effect 

of solvents like BF3 and HClO4 on the polymerization of the conducting polymer, it was 

suggested that BF3 (being an electrophile) fastens to N atom and it does not have any affect 

over the polymer chain conjugation whereas H+ of HClO4 adds to 3rd carbon of the monomer 

(Indole) and discontinue the conjugation. 

 
Fig. 1: Benzopyrrole (Polyindole)) 

 As discussed PIND can be generated via numerous ways viz. Chemical oxidative 

polymerization, Electrochemical polymerization, Interfacial/Emulsion polymerization, etc. 

This document is a brief attempt to put forward these various method of polymerization of 

PIND. 

Electrochemical polymerization method: This method is significant and comparably newer, 

firm, and rapid way of synthesizing polymer.  Electrochemical polymerization method is 

supported with excellent thermal stability, high redox behavior, and slow degradation kinetics 
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of conductive material. For this method three-electrode system are of prime importance 

where a conjugation between galvanostatic, potentiodynamic or potentiostatic is required. As 

the method is electrochemical hence involvement of ionic solution (electrolytes) viz. ethanol, 

HClO4, BF3, ionic liquids etc. is there. The electrochemically fabricated π-conjugated 

backbone of polymers in respective electrolytic solutions demonstrate some more improved 

and rapid cycle with minimum loss of polymeric material.  

It had been observed by various researchers that various substitutions present on 

PIND effect the electrochemical polymerization and onset oxidation potential [2]. For three 

different aminoindoles (viz, 4-substituted, 5- substituted, and 6- substituted) in 0.5 M H2SO4 

the onset oxidation potential was found to be ranged from 0.4 to 0.54 V against standard 

calomel electrode [3-6]. A cyclic voltammetry (CV) method was employed by Sarac and 

Ozkara, 2004 for effective polymerization of indole over the surface of Platimum in NaClO4 

(0.1 M) [7]. BF3-diethyl etherate-was used as an electrolyte for electrosynthetic 

polymerization of indole and its derivatives over stainless steel surface [8]. Stable and 

homogenous PIND thinfilms were made to appear over Platinum and mild steel/Nickel 

electrodes in containing Acrylonitrile–Lithium chlorate electrolytic medium [9-13].  

The method of electrochemical polymerization is blowed by certain disadvantages 

such as hydrolysis of polymeric chains and over-oxidation that can bring down significant 

electroactivity and conductance of the synthesized polymer [14]. 

Chemical oxidative polymerization: For fabrication of polymer via chemical oxidative 

method there is requirement of monomer along with a suitable oxidsing and doping agent. 

Though various studies suggest the use of various oxidants but FeC13, H2O2, APS, CuCl2 etc 

are the most commonly used one. Also use of certain solvents viz. ethanol, methanol, 

ethanol-water, water, phenol etc. are used as to make the effective medium of monomer, 

oxidant, surfactant (SDS, CTAB, SLS, TW-80 etc.) and dopant (most commonly acidic). The 

nature oxidants, used solvent, applied temperature, concentration of reagents strongly affects 

the polymerization [2].  

Indole along with citric acid (dopant) was sonicated in methanol and then added with 

oxidant (CuCl2); to produce green-black polymeric product [15]. Similarly FeCl3 was used as 

an oxidant for polymerization of Indole on DNA template by [16]. FeCl3 (as an oxidant) and 

Indole were allowed to heat at 15 °C in 1:5 concentration with continuous stirring to produce 

PIND as to be used as cathode for Li-ion [17, 18].  

However, this polymerization method is limited with certain drawbacks viz. difficult 

to fabricate regular polymer, tough to limit the molecular weight (hence degree of 

polymerization) or dispersity, polymer end group can’t be regulated, along with this the 

purification of final finished product is not easy. 

Interfacial polymerization method: In this mode of polymerization oxidative 

polymerization takes place at the interface of organic monomer and aqueous solvent 

(containing oxidant) biphase [2], due to this monomer get self-assemble at the monomer-

solvent interface. It is a rapid method of polymerization where polymer of low dispersivty 

with high molecular mass can be fabricated and can be extracted without any problem due to 

its minimum viscosity [14]. Varity of oxidants and surfactants are require which can further 

effect the electrical properties of the as synthesized material [14]. 

 PIND nanofibers were synthesized at the stationary interface of aqueous solvent 

containing FeCl3 [17].  Interfacial polymerization was carried by An et al, 2008, synthesized 

PIND (100-200 nm) at the interface of (NH4)2S2O8 aqueous solution/indole chloroform 

solution. Nano PIND (60.3 ± 10.8 nm) were synthesized by Phasuksom, and Sirivat 2016, at 

room temperature with oxidising agent FeCl3 and ammonium persulphate in acidic (HCl) 

condition [1]. PIND with greater surface area and number of pores was generated from its 

monomer by sonication of aqueous solution of Ethylene glycol dimethacrylate and TW-60. 



European Journal of Molecular & Clinical Medicine 
                                                                                        ISSN 2515-8260                 Volume 07, Issue 07, 2020 
 

3772 
 

The as prepared ppolymer was found to follow both Langmuir and Freundlich isotherm 

models [19]. 

Though the method is significant and rapid still it is affected with some of the 

limitations viz. the presence of emulsifier in finished material, cogulation in obtained 

polymer which can make it difficult to get the good yield a of polymer and also prove costly. 

Conclusion: PIND is one of the chiefly studied conductive material to be used in numerous 

field of electrical and electrochemical field. However the conductivity of any conducting 

polymer chiefly affected by its polymerization technique. Each technique used by researcher 

do have its own pros and cons which further depends upon the chemical (solvent, oxidants, 

surfactants, concentration etc.) and physical (temperature, pressure, etc.) condition to be 

implied. Before using a particular method of polymerization one should make a thorough 

study to get a material to be used significantly in various filed of interest. 
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