This article was downloaded by: [University of Haifa Library]
On: 22 August 2012, At: 09:49

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,

UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Two Different Phases of a
Conducting Polymer Film
Formed by Electrocasting
Method

Yongkeun Son # , Junghyeon Kim ? , Su-Jung Suh °
Seung-Bu Jung ® & Youngkwan Lee °

& Department of Chemistry and BK21 School of
Molecular Science, Sungkyunkwan University, Suwon,
Korea

P advanced Materials and Process Research Center
for IT (AMPIT), Sungkyunkwan University, Suwon,
Korea

¢ Department of Chemical Engineering,
Sungkyunkwan University, Suwon, Korea

Version of record first published: 23 Aug 2006

To cite this article: Yongkeun Son, Junghyeon Kim, Su-Jung Suh, Seung-Bu Jung &
Youngkwan Lee (2006): Two Different Phases of a Conducting Polymer Film Formed
by Electrocasting Method, Molecular Crystals and Liquid Crystals, 445:1, 9/[299]-16/

[306]

To link to this article: http://dx.doi.org/10.1080/15421400500366662

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-

and-conditions



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400500366662
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 09:49 22 August 2012

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 09:49 22 August 2012

Mol. Cryst. Lig. Cryst., Vol. 445, pp. 9/[299]-16/[306], 2006 .
Copyright © Taylor & Francis LLC Ijg{/lg;gci:?nas

ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421400500366662

Two Different Phases of a Conducting Polymer Film
Formed by Electrocasting Method

Yongkeun Son

Junghyeon Kim

Department of Chemistry and BK21 School of Molecular Science,
Sungkyunkwan University, Suwon, Korea

Su-Jung Suh

Seung-Bu Jung

Advanced Materials and Process Research Center for IT (AMPIT),
Sungkyunkwan University, Suwon, Korea

Youngkwan Lee
Department of Chemical Engineering, Sungkyunkwan University,
Suwon, Korea

Poly(3-hexylthiophene) has been renowned for having excellent electrochemical
reactivity and optoelectronic functionalities. The existence of a pre-peak pair at
~0.7V in the polymerization CV could be noticed in several references. Because
this pre-peak pair is almost enveloped into the broad main peak pair. Especially
the existence of them in the CV obtained from monomer free electrolyte is hardly
noticed. There have been many different interpretations for the existence of the
pre-peak pair. This research was to examine the appearance of the pre-peak by
using new approach of electrocasting of polymer from solution.
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INTRODUCTION

Conducting polymers are known as functional organic materials
with special chemical and physical functionalities which have been
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understood as characteristics of inorganic semi-conductors [1-5].
Among these conducting polymers, poly(3-alkylthiophenes) (PATSs)
have attracted much attention due to its ease of processing and good
solubility [6-9]. Especially, poly(3-hexylthiophene) shows good solu-
bility to several organic solvents, such as tetrahydrofuran (THF) and
chloroform [9—-11]. The electrochemical properties of this polymer were
examined by means of cyclic voltammetry [10,12,13]. The existence of
a pre-peak pair at ~0.7V in the polymerization cyclic voltammogram
(CV) could be noticed. These pre-peaks are almost enveloped into the
broad main peaks. Many different interpretations have been proposed
for the existence of the pre-peak pair by many different groups,
for example polymer relaxation, adsorption phenomena, different
crystallinity, and etc. [14,15].

Our research is to examine the appearance of the pre-peak by using
new approach of electrocasting method. This method utilized the dra-
matic solubility change of the polymer due to the change of its redox
state. Direct oxidation of the solution species could change the soluble
reduced form into the insoluble oxidized form. Therefore thin film of
the oxidized polymer was formed on the electrode surface. The electro-
casting process could be used in making very thin film with a lower
potential than the one for electrochemical polymerization. The low
potential deposition allowed us to have thin film of the polymer which
has comparable amount of pre-paeak phase species. In this research,
the deposition processes of the electrocasting were studied with CV
and SEM images.

EXPERIMENTAL

Poly(3-hexylthiophene) (P3HT) was obtaied by following the method in
references [16—20]. All chemicals used in this work were ACS grade.
Polymer solution for electrocasting was prepared by dissolving 0.15g
P3HT and 0.1 mole of lithium chloride into 100 ml of THF. Gold film
coated on polyester plate was put into the polymer solution and used
as working electrode. A piece of Pt plate was used as a counter electrode
and an Ag/AgCl (sat’d KCl) electrode was adopted as a reference elec-
trodes. Cyclic voltammetry was adopted for electrocasting the thin film
directly from the polymer solution. Applied potentials could oxidize
conducting polymer, P3HT in the solution. Individual cyclic voltammo-
gram for electrocasted polymer film was obtained in an electrolyte of
0.1M LiClO,/CH3CN. The surface coverage was tested by analyzing
CV obtained in K3Fe(CN)g electrolyte. Electrochemical experiments
were done by EG&G Model 263 or BAS 100/W potentiostats. All



Downloaded by [University of Haifa Library] at 09:49 22 August 2012

Two Phases of a Film Formed by Electrocasting Method 11/[301]

electron microscopic images were obtained by using SEM (JSM 6700 F,
JEOL, Japan).

RESULTS AND DISCUSSION

P3HT film was first prepared by electrochemical polymerization of
monomers (0.1 M 3HT) in electrolyte solution (0.1 M LiClO,/CH3CN).
Figure 1(a) shows the electrochemical polymerization process; the oxi-
dation current of the monomer 3HT increases rapidly at around 1.5V
and this oxidation initiates rapid polymerization. As the potential
cycles repeated, the monomer oxidation rate was increased gradually
at the same potential. This indicates the rapid oxidation of monomer
and polymerization occurred at the same time. After the first cycle,
the CV showed a broad redox current peak pair at about 0.8-1.0V.
The CV shown in Figure 1(b) was obtained from the polymer formed
on the electrode in a monomer free electrolyte of 0.1M LiClO,/
CH3CN. In this CV, no pre-peak was observed because it is very small
in height compared to that of the main peak in polymer CV and thus
it had been readily enveloped into large main peak.

Potential cycles of narrow potential windows (0.3V—(0.7~1.1)V)
were used to induce slower deposition of the polymer compared to
the electrochemical polymerization. Ten cycles for each electrocasting
were performed at the scan rate of 10 mV/sec. Direct electrolysis of the
polymer dissolved in solution induced the polymer film deposition on
the electrode substrate at the lower potentials compare to those of
polymerization. The film deposition procedure is shown in the CV in
Figure 2. In this electrocasting process, potentials of 0.7V can induce
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FIGURE 1 CV for the electrochemical polymerization (a), and CV of P3HT in
monomer free solution (b). Electrolytes; 0.1M LiClO,/CH3CN. Scan rate;
50mV/sec.
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FIGURE 2 Electrocasting CV of solution species of PSHT with 0.3~0.7V
(a) and with 0.3~1.0V (b). Scan rate; 10 mV/sec.

low anodic current due to slow oxidation of the polymer occurred only
at the energetically preferred positions of the electrode. When the
switching potential was changed to higher ones up to 1.1V, anodic
pre-peaks appeared in all CV’s. One of them was shown in Figure 2(b).
As the potential cycle repeated, the redox peaks were regularly
increased due to the film growth. Anodic pre-peak appearing in near
0.7V is now observable in this CV, because the elecrocasting of
low potential allowed slow deposition reaction of polymer onto the
electrode compared to the rapid deposition of monomer polymeriza-
tion. And this pre-peak could not be enveloped into the main peak.
Thus the cathodic pre-peak is observable.

Electrochemical analysis in polymer free electrolyte and coverage
test were done on the polymer films obtained by the electrocasting
method. Current responses for polymer redox reaction are appeared
in Figure 3(a). Peak positions were a little different from the ones in
Figure 2(b) because of using different electrolyte (the polymer free
electrolyte of ACN). The polymer formed by the lowest 0.7V shows
very low response compared to others. When the switching potential
is changed to higher values, the current peaks were appearing at
0.45V and 0.8 V. Figure 3(b) shows the pre-peaks are appeared almost
at the same position of 0.45V and their hysteresis is almost negligible.
This implies that the redox species (E° = 0.45V) had been formed
almost thin layer phase rather than vertically grown one [21]. CV
for 1.1V in the same figure did not show the pre-peaks. Because the
potential was high enough to cause fast oxidation rate of the polymer
and results in three-dimensional growth preferring in vertical direc-
tion. Fast oxidation of polymer near the electrode makes fast depletion
of the oxidizing species and this causes the growth preferring in
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FIGURE 3 CV of electrocasted PSHT with different potential window of
0.3~0.7, 0.8, 0.9, 1.0, and 1.1V (a) and window of 0.3~1.0V in polymer free
solution (b). Scan rate; 50 mV/sec.

vertical direction. In this case, the rate for lateral growth is relatively
slower than the vertical one. Scan rate dependent current test is
illustrated in Figure 4(a). The anodic pre-peak current varies linearly
with respect to the scan rate, v as in Figure 4(b). But, the current of
main peak does not vary linearly. Therefore, the pre-peak is due to
the redox of the adsorbed phases of PSHT on gold electrode. The main
peaks are of course due to the redox of vertically grown thick polymers
[22,23].

Coverage tests were done by performing CV test for these films
in 5mM in K3Fe(CN)g solution, and results are in Figure 5, [24]. In
this experiment reversible redox property of Fe(CN)2z~ species was
used. The electrode prepared with 1.0V switching potential gave the
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FIGURE 4 CV of electrocasted P3HT in 0.1M LiClO4/CH3CN (0.3~1.0V)
(a), and scan rate dependent peak current (b).
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FIGURE 5 Coverage test of electrocasted P3HT in 5 mM K3Fe(CN)g/0.1 M
KCl1/H30, scan rate; 50mV/sec.

NONE S| 5.0 X10000 Tgm  WD7.1mm

FIGURE 6 SEM image of (a) bare gold electrode, (b) PSHT formed with
0.3~0.7V, (¢) 0.3~1.0V, (d) 0.3~1.1V.
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smallest current response, because the substrate surface is almost
covered with polymer. The reason for electrode prepared at 0.9V
showing quasi-reversible response is that some part of the substrate
surface is exposed to the reacting species. The electrode of 1.1V
appears to be like bare electrode because the deposited polymer is
mainly in vertically grown phase.

SEM images of the polymer films are obtained to confirm the depo-
sition procedure. Figure 6(a) is for the bare gold electrode, and (b) is
the image for electrocasted film with 0.7V switching potential. Only
adsorbed small points are formed all over the Au surface. In higher
potentials, vertically growing centers begin to appear. Switching
potential of 1.0V shown in (c) produced polymer covered surface with
vertical growing centers on it. And 1.1V allowed fast growing rate, so
the vertically preferred growing on the substrate electrode was the
dominate phase as in (d).

CONCLUSION

The electrocasting process could be used in preparing thin film with a
lower potential than the one for electrochemical polymerization. The
film deposition with low potential electrocasting allowed film growth
preferred in lateral direction and produced adsorbed phase. The main
peaks of the polymer CV are usually responsible for polymer of the
three-dimensional growth phase preferring in vertical direction. These
ultra thin films of conducting polymers could be applied to the
nano/micro device fabrication.
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