
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/275557481

Electropolymerization	of	polyaniline	thin	films

Article		in		High	Performance	Polymers	·	September	2014

DOI:	10.1177/0954008314538081

CITATION

1

READS

60

5	authors,	including:

Ashwini	Rohom

Savirtibai	Phule	Pune	University

10	PUBLICATIONS			9	CITATIONS			

SEE	PROFILE

Priyanka	Londhe

Savirtibai	Phule	Pune	University

12	PUBLICATIONS			20	CITATIONS			

SEE	PROFILE

Sulabha	K.	Kulkarni

Indian	Institute	of	Science	Education	and	R…

223	PUBLICATIONS			5,521	CITATIONS			

SEE	PROFILE

Nandu	Chaure

Savirtibai	Phule	Pune	University

78	PUBLICATIONS			928	CITATIONS			

SEE	PROFILE

All	in-text	references	underlined	in	blue	are	linked	to	publications	on	ResearchGate,

letting	you	access	and	read	them	immediately.

Available	from:	Ashwini	Rohom

Retrieved	on:	01	September	2016

https://www.researchgate.net/publication/275557481_Electropolymerization_of_polyaniline_thin_films?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_2
https://www.researchgate.net/publication/275557481_Electropolymerization_of_polyaniline_thin_films?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_3
https://www.researchgate.net/?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_1
https://www.researchgate.net/profile/Ashwini_Rohom?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Ashwini_Rohom?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Savirtibai_Phule_Pune_University?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Ashwini_Rohom?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Priyanka_Londhe?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Priyanka_Londhe?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Savirtibai_Phule_Pune_University?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Priyanka_Londhe?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Sulabha_Kulkarni?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Sulabha_Kulkarni?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Indian_Institute_of_Science_Education_and_Research_Pune2?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Sulabha_Kulkarni?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Nandu_Chaure?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Nandu_Chaure?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Savirtibai_Phule_Pune_University?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Nandu_Chaure?enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA%3D%3D&el=1_x_7


 http://hip.sagepub.com/
High Performance Polymers

 http://hip.sagepub.com/content/26/6/641
The online version of this article can be found at:

 
DOI: 10.1177/0954008314538081

 2014 26: 641High Performance Polymers
Ashwini B. Rohom, Priyanka U. Londhe, S. K. Mahapatra, S. K. Kulkarni and N. B. Chaure

Electropolymerization of polyaniline thin films
 
 

Published by:

 http://www.sagepublications.com

 can be found at:High Performance PolymersAdditional services and information for 
 
 
 

 
 http://hip.sagepub.com/cgi/alertsEmail Alerts: 

 

 http://hip.sagepub.com/subscriptionsSubscriptions:  

 http://www.sagepub.com/journalsReprints.navReprints: 
 

 http://www.sagepub.com/journalsPermissions.navPermissions: 
 

 http://hip.sagepub.com/content/26/6/641.refs.htmlCitations: 
 

 What is This?
 

- Sep 1, 2014Version of Record >> 

 by guest on September 1, 2014hip.sagepub.comDownloaded from  by guest on September 1, 2014hip.sagepub.comDownloaded from 

http://hip.sagepub.com/
http://hip.sagepub.com/content/26/6/641
http://www.sagepublications.com
http://hip.sagepub.com/cgi/alerts
http://hip.sagepub.com/subscriptions
http://www.sagepub.com/journalsReprints.nav
http://www.sagepub.com/journalsPermissions.nav
http://hip.sagepub.com/content/26/6/641.refs.html
http://hip.sagepub.com/content/26/6/641.full.pdf
http://online.sagepub.com/site/sphelp/vorhelp.xhtml
http://hip.sagepub.com/
http://hip.sagepub.com/


Special Issue Article

Electropolymerization
of polyaniline thin films

Ashwini B. Rohom1, Priyanka U. Londhe1, S. K. Mahapatra2,
S. K. Kulkarni3 and N. B. Chaure1

Abstract
Polyaniline (PANI) thin films have been electrochemically synthesized onto conducting glass substrates. The current study
demonstrates that the properties of PANI films depend on the concentration of dopant acid. Well-adherent PANI coat-
ings were obtained under potentiodynamic conditions during sequential scanning of the potential region between�0.35 V
andþ1.7 V with respect to silver/silver chloride. The structural, optical, and morphological properties of PANI films were
studied with the aid of X-ray diffraction (XRD), Raman spectroscopy, ultraviolet–visible (UV-Vis) absorption spectro-
scopy, photoluminescence (PL) spectroscopy, and field-emission scanning electron microscopy (FESEM). Current–voltage
(I-V) measurements were performed to study the electrical properties of PANI films. The XRD peaks observed at 2 ¼
15.4�, 24.2�, and 25.1� confirm the synthesis of emeraldine form of PANI. The strong absorption peaks observed in the
UV-Vis absorption spectra at 317 nm (�–�* interband transition), 371–427 nm (polaron band transition), and 750 nm
(bipolaron band transition) confirm the formation of emeraldine oxidation state of PANI. A broad peak attributed in the
PL spectra around 395 nm is related to the transition from polaronic band to the � band. All the intense bands attributed
in the Raman spectra are associated with the emeraldine oxidation state of PANI. FESEM images reveal the formation of
fibers and belts of PANI. Highly conducting thin films of PANI deposited at higher concentrations of dopant acid were
confirmed by I-V measurements.

Keywords
Polyaniline, electropolymerization, Raman spectroscopy, emeraldine salt, FESEM

Introduction

Polyaniline (PANI) is one of the widely studied conducting

polymers due to its high mobility, good environmental and

chemical stability, and its application in various areas like

solar cells,1 sensors,2 electrocatalysis,3 supercapacitors,4

rechargeable batteries,5 electrochromic displays,6 light-

emitting diodes,7 and anticorrosion coating.8 The differ-

ent nanostructures of PANI have been prepared by various

techniques, namely electrodeposition,9 template synth-

esis,10 seeding,11 and interfacial polymerization.12 How-

ever, electrodeposition is the most attractive technique

because of its simplicity and ability to tailor the morpho-

logical and electrical properties of materials either by

varying the condition of bath or growth potential and/or

the dopant acid.9

PANI basically exhibits three allowed oxidation states

characterized by the ratio of imine to amine nitrogens.

Their fully reduced state is leucoemeridine, and fully oxi-

dized state is pernigraniline. The emeraldine form is asso-

ciated with partially oxidized or reduced state. The

emeraldine base (EB) form of polymer is generally an insu-

lator. Among these, the protonated emeraldine has higher

conductivity. The EB form of PANI can be protonated

(doped) to form emeraldine salt (ES) by an acid, and the

EB form can be dedoped back using a base. The doping

process causes a conductivity variation approximately from

10�10 to 10 ��1 cm�1.13 The conductivity of PANI films

mainly depends on the oxidation state, pH of the electro-

lyte, and the type of dopant used for protonation.14
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Here, we report the effect of dopant acid concentra-

tion (pH) on the structural, optical, morphological, and

electrical properties of PANI thin films prepared by

electropolymerization.

Experimental details

Analytical reagent grade aniline and perchloric acid

(HClO4) were used for the electropolymerization of PANI

in an aqueous (double-distilled deionized water) bath.

Three-necked electrochemical cell was employed for the

deposition of PANI thin films. Fluorine-doped tin oxide-

coated glass substrates, silver (Ag)/silver chloride (AgCl),

and platinum were used as working, reference, and

counter electrodes, respectively. The electrolyte used for

electropolymerization was composed of aqueous solution

of 0.05 M aniline and different concentrations of dopant

acid. The protonation process in the benzoid rings was

controlled by HClO4. PANI thin films were electropoly-

merized by sweeping the potential between �0.35 V and

þ1.70 V versus Ag/AgCl reference for 10 numbers of

scans. All the experiments were performed at room tem-

perature without stirring. Well-adherent, greenish-

colored thin films of PANI were deposited for 1 M and

2 M HClO4. The samples were dried in open air, and sub-

sequently, various properties were studied. Cyclic voltam-

metry was carried out using potentiostat/galvanostat

AUTOLAB, m3AUT 70762 (Metrohm, USA). The pre-

pared thin films were characterized by means of X-ray dif-

fraction (XRD), using a Bruker D8 advance

diffractometer (Bruker, Billerica, Massachusetts, USA).

Optical absorption measurements were carried using a

JASCO ultraviolet–visible (UV-Vis) spectrophotometer

(Tokyo, Japan). Photoluminescence (PL) spectra were

recorded using a JASCO photometer. The surface mor-

phology was studied using HITACHI, S 4800 field-

emission scanning electron microscope (FESEM; Tokyo,

Japan). Raman spectra were obtained with Invia Renishaw

Raman microscope (Renishaw Plc, Gloucestershire, UK)

coupled with Philips charge-coupled device camera (Philips,

Amsterdam, The Netherlands) with 785 nm excitation laser.

The electrical measurements, that is, current–voltage (I-V)

characteristics, were performed by two-point probe measure-

ment with Ag wires attached to the Ag contacts made on

PANI film by thermal evaporation.

Results and discussion

The PANI films electropolymerized in the presence of 1 M

and 2 M concentration of HClO4 were characterized using a

range of characterization techniques to study the structural,

optical, morphological, and electrical properties.

Figure 1(a) and (b) shows the cyclic voltammograms

(CVs) of electrolyte containing aniline monomer with

1 M and 2 M concentrations of HClO4. The CVs were

recorded for 10 successive cycles at a scan rate of 5 mV

s�1 for potential range from �0.35 to 1.70 V. The redox

peak attributed around �1.30 V and �1.20 V for the first

cycle of CV in the presence of 1 M and 2 M HClO4

are associated with the oxidation of aniline oligomers.15

The decrease in growth rate upon repeating the potential

cycle is explained by the poor electrochemical activity of

the PANI film formed on the electrode surface due to the

difficulty in maintaining the protonated and doped struc-

tures of the polymers.16 The successive anodic scan shows

the presence of three distinct peaks marked as ‘‘a’’, ‘‘b’’,

and ‘‘c’’ are assigned to the oxidation of fully reduced form

of PANI (leucoemeridine) to its polaron form, oxidation of

intermediate species, and final transition from delocalized

polaronic state to bipolaron or quinoid form, respectively.15

The peak potential of peak a is shifted toward higher anodic

side with successive scanning could be due to the
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Figure 1. CVs (10 scans) recorded for polyaniline thin films in the
presence of (a) 1 M and (b) 2 M concentrations of HClO4 with
respect to Ag/AgCl reference electrode. HClO4: perchloric acid;
CV: cyclic voltammogram; Ag: silver; AgCl: silver chloride.
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degradation of PANI deposited in the previous scan. After

completing 10 cycles, greenish-colored thin films were

deposited which confirms the formation of ES of PANI.

Figure 2 shows XRD pattern of doped PANI thin film

obtained from different concentrations of dopant acid.

Intense bands observed approximately at 2� of 15.4�,

24.2�, and 25.1� confirm the synthesis of ES of PANI.17 The

crystallinity of PANI thin film deposited in the presence of 2

M HClO4 was found to be improved due to the change in

surface morphology and compactness. The values of full

width half maximum, 0.06� and 0.04�, were calculated for

PANI thin film deposited with 1 M and 2 M HClO4. Indeed,

we observed the change in the morphology as well as com-

pactness for the film grown at 1 M and 2 M concentration of

HClO4. The optical absorption spectra are useful in order to

investigate the oxidation state of PANI. Figure 3 depicts the

optical absorption spectra of PANI films obtained during the

electropolymerization at (a) 1 M and (b) 2 M concentrations

of HClO4 at a fixed scan speed of 5 mV s�1. Three strong

absorption peaks attributed at 317, 371–427, and >750 nm

correspond to the formation of PANI in ES form.

The peak observed at 317 nm is attributed to the transi-

tion of electrons from the highest occupied molecular orbi-

tal to the lowest unoccupied molecular orbital which is

related to the �–�* electronic transition.18 The other two

absorption peaks observed at about 371–427 nm and above

798–887 nm are associated with the polaron and bipolaron

band transitions of PANI, respectively.18 Basically the

polaron and bipolaron are the charge carriers in conducting

PANI. In our study, it is observed that at 1 M and 2 M con-

centration of the dopant acid features related to both the

polaron and the bipolaron are attributed, while at 2 M

dopant concentration the formation of bipolaron increases

due to availability of more hydrogen ions required for the

protonation. This indicates that the optical properties of

PANI are affected by dopant ions. Figure 4 demonstrates

the PL spectra of PANI thin films electropolymerized for

(a) 1 M and (b) 2 M concentration of HClO4. The samples

were excited at 270 nm wavelength. In both PL spectra,

four peaks are attributed with slight variation in wave-

length. The peak centered around 395–397 nm and 463–

466 nm originated due to �*–� transition of the benzoid

units and de-excitation from polaron band, respectively.19

The origin of the peak attributed at 607–613 nm is

unknown. The weak peak appeared at 722 nm is associated

with the bipolaron de-excitation. As the concentration of

dopant acid increases, the relative intensity of the peak ori-

ginated due to the de-excitation from polaron band also

increases.

The resonance Raman spectra of PANI at different

dopant acid concentrations were recorded using 785 nm

excitation are shown in Figure 5. The bands that appeared

in the wave number range of 1100–1700 cm�1 correspond

to the stretching modes of different bonds. Raman band at

1600 cm�1 is assigned to the C–C stretching vibration of

benzene ring. The band at 1510 cm�1 is assigned to N–H

deformation vibrations. The band at 1341–1352 cm�1

yields information about carrier vibrations in PANI in

C–Nþ polaronic structure. The band at 1245 cm�1 can

be assigned to the C–N stretching mode of polaronic unit.

The intense band observed at 1170 cm�1 is related to C–H
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Figure 2. XRD pattern for polyaniline thin film electropolymer-
ized in the presence of 1 M and 2 M concentrations of HClO4.
XRD: X-ray diffraction; HClO4: perchloric acid.

400 600 800 1000

0.6

0.9

1.2

1.5

1.8
(a)

427

317

887

A
bs

or
ba

nc
e 

(a
rb

. u
ni

t)

Wavelength (nm)

0.10

0.15

0.20
(b)

371

317

798

Figure 3. Optical absorption spectra of polyaniline thin films
recorded in the presence of (a) 1 M and (b) 2 M concentrations of
HClO4. HClO4: perchloric acid.
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vibrations of aromatic rings. The band from 1000 to 400

cm�1 gives information about deformation vibrations of

the benzene rings. The bands at 874, 812, and 424 cm�1

are in plane and out of plane vibrations of ring of

protonated emeraldine form of PANI.20 The band

observed at 1375 cm�1, is generally present in the less

conducting form of PANI, which disappeared for the

PANI films deposited with higher (2 M) concentration

of HClO4. The morphology of the PANI electropolymer-

ized in the presence of 1 M and 2 M concentrations of

dopant acid is shown in Figure 6(a) and (b), respectively.

Long fibers with few microns length and approximately

50–100 nm diameter are observed in SEM micrographs

of PANI films electropolymerized in the presence of 1

M dopant acid, whereas the microbelts and microrods of

diameter approximately 300 nm are formed in the pres-

ence of 2 M dopant acid concentration. Both films were

compact; however, the only film grown at 2 M dopant acid

concentration fully deposited all over the substrate could

be due to the high current flow from electrolyte to the

electrode.

Figure 7 shows the current density–voltage (J-V) curves

of PANI films electropolymerized in 1 M and 2 M concen-

trations of dopant acid. The J-V characteristics of the PANI
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Figure 4. PL spectra of polyaniline thin films electropolymerized
in presence of (a) 1 M and (b) 2 M dopant acid concentrations. PL:
photoluminescence.
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Figure 5. Raman spectra of polyaniline thin films electropoly-
merized in the presence of (a) 1 M and (b) 2 M dopant acid
concentrations.

Figure 6. SEM images of polyaniline thin films deposited in the
presence of (a) 1 M and (b) 2 M HClO4. HClO4: perchloric acid;
SEM: scanning electron microscopy.
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films recorded at room temperature were shown to be

ohmic in nature. The values of conductivity calculated for

PANI film electropolymerized with 1 M and 2 M HClO4

were 1.89� 10�5 and 2.11� 10�3 ��1 cm�1, respectively.

Conclusion

PANI nanofibers and belts were successfully electropolymer-

ized in the presence of HClO4. The effect of concentration of

HClO4 on various properties of PANI was extensively stud-

ied. The XRD peaks observed at approximately15.4�, 24.2�,
and 25.1� confirm the formation of ES PANI. Highly crystal-

line PANI films were electropolymerized in the presence of 2

M dopant acid. Optical absorption spectra showed absorption

peak for �–�*, polaron, and bipolaron transitions. A broad

peak attributed in the PL spectra around 395 nm is related

to the transition from polaronic band to the � band. All the

intense bands attributed in the Raman spectra are associated

with the emeraldine oxidation state of PANI. FESEM images

reveal that the formation of two distinct morphology long

fibers and belts of PANI depend on the dopant acid concentra-

tion. Highly conducting thin films of PANI are obtained at

higher concentration of dopant acid.
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