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Abstract—The objective of this study is to investigate optical
and  electrochemical  characteristics  of  Polyaniline
(PAND)/indium tin  oxide/glass (ITO/Glass) by cyclic
voltammetry and potentiostatic method. The electrochromic
behaviors of the PANI/ITO/Glass were performed in 0.1 M
lithium perchlorate (LiCIO,) /propylene carbonate (PC)
electrolyte. The PANI/ITO/Glass had the best optical
characteristics and electrochemical characteristics when the
deposited cycle and voltage of the PANI thin film were set for 10
times and -0.5 V~ +1.5 V, respectively. The coloration efficiency
() of the PANI/ITO/Glass was 9.35 cm?/C. Furthermore, the
experimental results observed that the color of PANI/ITO/Glass
was changed from Green (oxidation state) to Light Green
(reduction state).

Index Terms—Polyaniline, cyclic voltammetry, potentiostatic
method, electrochromism, coloration efficiency
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. INTRODUCTION

THE conjugated polymers are organic macromolecules,
which consist of one or more backbone chains of
alternating double and single bonds. Conjugated polymers
have been widely used in variety of applications, such as
polymer conductors [1], electronic components [2, 3],
light-emitting diodes [4], batteries [5], and polymer
electrochromic devices (PECDs) [6], because they exhibit
several advantages, such as thermal stability, low cost and
easy preparation.

Various methods have been proposed to deposit the
conjugated polymers thin film, such as chemical and
electrochemical polymerizations. The conjugated polymers
prepared by chemical or electrochemical polymerization have
received significant attention due to the wide range of

electrical, electrochemical, and optical properties [7]. In this
study, the thin film of the conjugated polymers was deposited
on the indium tin oxide/glass (ITO/Glass) substrate by

electrochemical polymerization. The advantages of
electrochemical polymerization comparing with other
methods include rapidity, simplicity, generation of the
polymer directly on the electrode in the doped or undoped
states, and easy controlled synthesis of these compounds [8].
According to these results, the preparation, characterization
and application of electrochemically active and electronically
conjugated polymeric systems are still investigated in
electrochemistry [9].

Polyaniline (PANI) shows yellow color in the reduction
state and green color in the oxidation state [10-13]. It can be
applied to electrochromic displays [14]. According to the
mentioned above, the electrochromic PANI thin film can be
applied in display for green pixel.

In this study, the PANI thin film has been electrodeposited
on the indium tin oxide/glass (ITO/Glass) substrate with the
various deposition charges to optimize electrochromic
property of the PANI thin film. Furthermore, the
electrochromic property of the PANI thin film has been
studied in a 0.1 M lithium perchlorate (LiCIO,)/propylene
carbonate (PC) electrolyte solution, and color of the PANI
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thin film was switched between green (1.0 V (PANI vs.
Platinum (Pt))) and yellow (-0.5 V (PANI vs. Pt)).

Il. EXPERIMENTAL

A. Materials

Indium tin oxide/glass (ITO/Glass) substrate was
manufactured by Sinonar Corp., Taiwan, and its sheet
resistivity is 7 Q/a. Aniline (ANI) solution, hydrogen chloride,
(HCI) solution, lithium perchlorate (LiClO4) powders and
propylene carbonate (PC) solution were all purchased from
Acros Organics Corp., USA.

B. Instrumentation

BioLogic potentiostat/Galvanostat (model SP-150,
France) was used to electrodeposit the PANI thin film on the
ITO/Glass and to perform cyclic voltammetry (CV)
measurements, respectively. OTO Photonic Spectrometer
(model SD1200-LS-HA, Taiwan) was used to measure
transmittance of electrochromic thin film.

C. Preparation of the PANI Thin Film

In this study, the electrochromic PANI thin film have been
deposited on the indium tin oxide/glass (ITO/Glass) substrate
by cyclic voltammetry and potentiostatic method. The PANI
thin film was deposited on the ITO/Glass by cyclic
voltammetry in 1 M ANI and 2 M HCI with deionized (D. 1.)
water, and the potentials were setat-0.5V ~ +1.5 V, the scan
rate is 100 mV s™. The deposited times were controlled for 10,
20, 30, 40, 50 and 60 times, respectively. On the other hand,
the PANI thin film was deposited on the ITO/Glass by
potentiostatic polymerization in 1 M ANI and 2 M HCI with
deionized (D. I.) water, and the potential was set at +1.5 V.
The deposited time were controlled for 400, 800, 1200, 1600,
2000 and 2400 s, respectively. The PANI thin film electrodes
were removed from the monomer/electrolyte solution after
electrochemical polymerization and rinsed with 0.1 M HCI to
produce cleaned surface without monomer. Fig. 1 was the
schematic diagram of the electrochromic PANI device in this
study.
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Fig. 1. Structure of electrochromic PANI device [15].

I1l. RESULTS AND DISCUSSION

The PANI thin film was obtained by cyclic voltammetry
and potentiostatic method. And the PANI thin film was
obtained by electrochemical polymerization at potential
slightly higher than the monomer oxidation onset potential,
and obtained a homogeneous thin film on the ITO/Glass. The
redox behavior of the ANI monomer was obtained in 1 M
ANI and 2 M HCI with D. I. water by cyclic voltammetry, as
shown in Fig. 2. An oxidation onset potential was obtained
about 1.25 V. Because lower potential could not synthesize
the AN, the potential of polymerization of the PANI thin film
was set at 1.5 V. The CV curves of the PANI thin film
exhibited that the onset potential of oxidation of ANI was at
+1.25Vin1 M ANI and 2 M HCI with D. I. water, as well as,
the oxidation peak of the PANI thin film at +0.75 V and
reduction peak of the PANI thin film was at +0.15 V during
the 20 cycles.

Current Density (mA/cm?)

0.0 0.5 1.0

E (V) vs. Ag/AgCI

Fig. 2. Cyclic voltammograms of PANI thin film during electrodeposition
(scan rate = 100 mV/s).

As shown in Fig. 3, the cyclic voltammetry of the
PANI/ITO/Glass and the maximum current density was
observed when the PANI thin film (the PANI/ITO/Glass with
10 times) was fabricated by cyclic voltammetry. During the
oxidation (anodic peak at 0.75 V), the CIO; ions of
LiClO,4/PC electrolyte solution were injected from the PANI
thin film. During the reduction (cathodic peak at —0.25 V),
the CIO, ions of LiCIO,/PC electrolyte solution were
excluded the PANI thin film. The overall reaction, involving
ion diffusion -in and -out of the polymer matrix to balance the
charge, can be represented as in Eq. (1) for PANI [13],

(ANI),+ny(CIO, )«——[(ANI")+y(CIO, )], +nye~ (1)
(Light Green) (Green)

Where n is the number of repeated units and y is the

stoichiometric number of the counter ion [13].
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Fig. 3. Cyclic voltammograms of the PANI/ITO/Glass in 0.1 M LiCIO4/PC
electrolyte solution with scan rate of 100 mV s? by different
methods : @-Deposited 400 s by constant potential +1.5 V; O
-Deposited 10 times by deposited voltage -0.5 V~  +1.5V.

As shown in Fig. 4, the colored and bleached
transmittances of the PANI/ITO/Glass were studied with 10
times and -0.5 V~ +1.5 V by cyclic voltammetry. The
PANI/ITO/Glass was performed in 0.1 M LiCIO, /PC
electrolyte solution. The potentials were -0.5 V and +1.0 V.
The solid shape and hollow shape were coloring and
bleaching, respectively. The PANI/ITO/Glass has the
maximum optical transmittance variation (AT(%)) which was
20 % at 550 nm.
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Fig. 4. Transmittances of the PANI/ITO/Glass (the PANI/ITO/Glass with 10
times) was immersed in 0.1 M LiClO4/PC electrolyte solution, and the
oxidizing potential and reducing potential were set +1.0 VV and -0.5 V,
respectively.

700

As shown in Fig. 5, the colored and bleached
transmittances of the PANI/ITO/Glass were studied with 400
second and +1.5 V by potentiostatic method. The
PANI/ITO/Glass was performed in 0.1 M LiCIO, /PC
electrolyte solution. The potentials were -0.5 V and +1.0 V.
The solid shape and hollow shape were coloring and
bleaching, respectively. The PANI/ITO/Glass has the
maximum optical transmittance variation (AT (%)) which was
1 % at 550 nm.
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Fig. 5. Transmittances of the PANI/ITO/Glass (the PANI/ITO/Glass with 400
second) was immersed in 0.1 M LiClO4/PC electrolyte solution, and
the oxidizing potential and reducing potential were set +1.0 V and
-0.5 V, respectively.

As shown in Fig. 6, the coloration efficiency (i) of the
PANI/ITO/Glass with different fabricated parameters. The
PANI/ITO/Glass had the best transmittance variation (20 %)
when the deposited cycle and voltage of the PANI thin film
were set for 10 times and -0.5 V~ +1.5 V, respectively. The
coloration efficiency of the PANI/ITO/Glass was 9.35 cm?/C.
Compared with the above results, the coloration efficiency of
the PANI/ITO/Glass was higher than other literatures [16-18],
as summarized in TABLE I.
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Fig. 6. Transmittance variation and coloration efficiency of the
PANI/ITO/Glass in 0.1 M LiClO4/PC electrolyte solution
between oxidizing potential (+1.0 V) and reducing potential
(-0.5V).

The variational colors of the electrochromic thin film
were observed by the chromaticity coordinates of the
commission internationale de 1’Eclairage 1931 (CIE 1931).
Fig. 7 shows the chromaticity coordinates of CIE of
PANI/ITO/Glass (the colored and bleached transmittances of
the PANI/ITO/Glass were studied with 10 times and -0.5 V~
+1.5 V by cyclic voltammetry) were performed in 0.1 M
LiCIO4 /PC electrolyte solution. The PANI/ITO/Glass in
yellow color state (reduction state) was at —0.5 VV (PANI vs.
Pt), and the chromaticity coordinate of the PANI/ITO/Glass
was (0.28, 0.48). Green color state (oxidation state) of PANI
thin film was at +1.0 V (PANI vs. Pt), and the chromaticity
coordinate of the PANI/ITO/ Glass was (0.14, 0.54).
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TABLE |. COMPARISON OF THE COLORATION EFFICIENCY OF THE PANI/ITO/GLASS IN THIS STUDY AND PREVIOUS LITERATURES

FOR ELECTROCHROMIC DEVICE.

. Coloration Transmittance .
Electrochromic L. Wavelength L Time of Cost of
Device Method Efficiency (nm) Variation Manufacture Manufacture Ref.
(cm?/C) (AT(%0))
PANI/ITO/Glass Electrochemistry 9.35 550 20 short low In this study
PANI/ITO/Glass Chemistry 42.80 550 41 long high (2[3319)
PANI/G/Glass Chemistry 39.60 550 45 long high (Z%g!))
PANI/ITO/Glass Screen-Printed 52.00 550 N/A long high (2[3(7)3))
POSS-PANI/ITO/Glass Screen-Printed 69.00 550 N/A long high (2[3(7)!))
PANI/ITO/Glass Electrochemistry 6.20 550 N/A short low (2[3319)
N/A: Not Applicable
CIE 1931 Diagram ,CIE1931 D_,iigré,m, EEHTS.

0.8 sy

Fig. 7. Chromaticity coordinates of CIE of PANI/ITO/Glass (the colored and
bleached transmittances of the PANI/ITO/Glass were studied with 10
times and -0.5 V~ +1.5 V by cyclic voltammetry) were performed in
0.1 M LiClOg4 /PC electrolyte solution.

Fig. 8 shows the chromaticity coordinates of CIE of
PMeT/ITO/Glass (the PANI/ITO/Glass were studied with
400 second and +1.5 V by potentiostatic method) was
performed in 0.1 M LiCIO, /PC electrolyte solution. The
PANI /ITO/Glass in light green color state (reduction state)
was at —0.5 V (PANI vs. Pt), and the chromaticity coordinate
of the PANI/ITO/Glass was (0.16, 0.42). When dark green
color state (oxidation state) of PANI thin film was at +1.0 V
(PANI vs. Pt), and the chromaticity coordinate of the
PANI/ITO/ Glass was (0.04, 0.44).
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(1] S

Fig.8.Chromaticity coordinates of CIE of PANVITO/Glass (the
PANI/ITO/Glass were studied with 400 second and +1.5 V by
potentiostatic method) were performed in 0.1 M LiClOs /PC
electrolyte solution.

IV. CONCLUSIONS

The electrochromic PANI thin film has been successfully
deposited on ITO/Glass by cyclic voltammetry and
potentiostatic method. The PANI/ITO/Glass had the best
transmittance variation (20 %) when the deposited cycle and
voltages of the PANI thin film were set for 10 times and
-0.5V ~+1.5V, respectively. The coloration efficiency of the
PANI/ITO/Glass was 9.35 cm?%C. According to the
experimental results, the electrochromic PANI thin film was
prepared by cyclic voltammetry, which has the best
transmittance variation and current density. Furthermore, the
experimental results obtained the colors of the
PANI/ITO/Glass were from Green (oxidation state) to Light
Green (reduction state). According to the above results, the
electrochromic PANI/ITO/Glass can be applied in display for
green pixel.
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