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Dueto their properties of being li ghtweight and low
operational voltages, use of conducting paymersin the
development of eledrochemical aduators has been an
attradive topic in recent yeas. Thistype of aduator relies
upon the gplication of an electrochemicd stimuli to
change the oxidation level of the palymer, which results
in the ingressand egress of counterions to satisfy the
neutrality and thereby its volume. The majority of
research into conducting polymer adtuators to date has
been carried out in aqueous eledrolytes. However,
several disadvantages asociated with agueous
eledrolytes (e.g. narrow eledrochemicd window and fast
eledrolyte evaporation) and conducting polymersin
aqueous media (e.g. degradation at high potentials) have
been confirmed to be the main fadors limiting the
lifetime of conducting polymer based eledromechanica
aduators. Therefore, use of non-agueous eledrolytes
with a high baili ng paint, alow vapor presaure, ahigh
dieledric constant and a wide dedrochemicd window
would be advantageous for the fabrication of stable and
durable conducting polymer aduators. In this work, we
investigated the effed of dopant anion on the
eledroadivity and eledro-mechanical bending actuation
of gilded pdyaniline bilayersin propylene cabonate, and
then fabricaed a solid-state polyaniline bending acuator.

Freestanding polyaniline films used to fabricae
the atuators were prepared from emeraldine base
disolved in N-methyl-2-pyrrolidinone (NMP). After add
doping, these films generally have conductivities between
1-10 S/'cm and consequently the gplied voltage would
deaeases along the length of the paymer film. Therefore,
the EB films were gil ded using commercially avail able
gold led (thickness approx. 5um) by applyinga 2 wt %
EB/NMP solution to one side of the palyaniline film and
then carefully applying one layer of the gold led. With
the atachment of athin gold layer on the badk, a uniform
potential distribution in the polyaniline fil ms could be
achieved. The gilded EB films were doped in 1 M addic
aqueous lutions for 24 hours and then dried under
dynamic vacuum for 24 hours to remove any water.

The dedroadivity of conducting palymersin the
eledrolytes used plays an important role in determining
their aduation properties. Eledrochemicd behavior of
gilded doped pdyanilinefilmsin 1 M lithium
perchlorate/propylene cabonate from—-0.4to0 +0.8 V vs
Ag/Ag" was performed using an EcoChemie pgstat30
potentiostat with a three-eledrode system. It was found
that the dedroadivity of doped pdyaniline filmsin
propylene cabonate was grongly determined by the
solubility of dopngacid anionin the dedrolyte. We
investigated arange of adds for the dopng of the
palyaniline films, and acaording we culd classfied the
addsinto two groups based on the solubili ty of the dopant
anion in propylene cabonate. The payaniline films
doped with group 1adds (i.e. HCIO,4, HBF4;, CF;COOH,
HPFg and CH3SO3H) showed well-defined eledroadivity
due to the fad that the dopant anion was luble in the
propylene cabonate dedrolyte. On the other hand, for
adds whose @rresponding anions were insoluble in the
eledrolyte, labeled group 2adds (i.e. HCl, HNOs, H,SO,,

CF3SO3H, CsHsSO3H), showed littl e or no eledroadivity
in the dectrolyte. Thiswas confirmed to be due to the
difficult expulsion of dopant anion into the dedrolyte.

In bending aduation measurements, a gilded
polyaniline film was partially immersed into the
propylene cabonate dedrolyte. The sample was
conneded to the potentiostat using a gold-plated alli gator
clamp without tegh. The polyaniline film was imaged
using avideo camera, and a transparent protrador was
placal over theimage on the TV screen so that bending
angles could be measured (to an acairacy of lessthan 1
degre€). The bending angle was recrded manually
during potentiodynamic stimulation from -0.4 V to 0.8 V
vs Ag/Ag” at ascan rate of 5 mV/s. Asexpeded, the
adion performance of the doped pdyaniline filmsis
related to the dedroadivity of the film in the propylene
carbonate dedrolyte. For the polyaniline films doped
with group 1 adds, goodaduation of the glided film was
observed. The highest bending angle (99°) was obtained
for the CF;SO3H doped pdyaniline film. However, for
films doped with group 2 adds, no bending acuation was
ohserved due to the difficult expulsion of the dopant
anion.

Eledrochemicd AC impedance measurements
were used to investigate the relationship between
polyaniline aduation and its faradic and cgpadtive
behavior for the gilded pdyanili ne films doped with
group ladds. This measurement was performedin1 M
LiClO4/propylene cabonate dedrolyte & different
potentials between 0.05Hz and 1M kHz using an
amplitude of 10 mV for the sine wave. It was found that
the capadtive behavior of the polymer was the major
contributor to bending acduation of polyanilinein non-
aqueous eledrolytes.

Finaly, a solid-state palyaniline bending
aduator was fabricaed from two identical gilded
CF3SO3H doped pdyaniline films, as this material
displayed the highest bending ange. A PMMA/PC/EC/
LiClO, gel eledrolyte was sandwiched between these two
gilded pdyaniline bilayers. The gplied voltage needed to
operate our prototype aduator was around 0.8 V, which
was much lower than that of ~5 V that was used for the
previously reported by Kaneto et a*. Bending was
achieved as soon as the voltage was applied (about 25° for
the first cycle) and then increased dlightly for the
following cycles for our prototype. The bending degree
of our aduator (~40°%) was about the same as that of the
previously reported aduator and the bending time of our
prototype was only 12 to 15seconds even with an applied
voltage of 0.8 V. From the best result obtained for the
previously reported aduator (V4 =5V, bending degree
= 40°, bending time = 2 minutes), the aduation speed can
be estimated as 0.3%/sec, while that of our aduator was
2.5%sec(i.e. 8timesfaster).
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