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Electrochemical motors
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Abstract:

The gynthesis of molecular movers and their design
inty devices that mimic biological structures such
as amificial muscles have created an increasing
scientific and techinological interest for many vears.
Slow movements in conducting polvmer actuators
are electrochemical motors, actuators based in
conducting polviners and working art low frequency

Intraduction

Gireat efforis are being done in order to describe and
o develop theoretical models quantifying the
those devices are considered to work under control
of physical processes wery complex equations are
obtained to describe the movements, accounting the
mechanical, electrical or chemical properies and
geometric parameters of conducting polymer films
raking part of hilayer [1, 2] or wilayers devices [3-8].
Volume variation in films of conducting polymers
and the subsequent development of actuators are
expected to be under conral of the driving
electrochemical reactions.

For those conducting polymers interchanging anions
during reactions, for charge balance, berween the
film and the solution, the polymer film swells during
oxidation and shrinks during reduction according
with reactions:

(pPY*), + n{C1) = mH 0
= [{pPY" HCT ) (Healge + (0 8 kot (1)
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Those materials with prevailing cation interchange,
the film shrinks during oxidation and swells during
reduction according with the reaction:

[{pBy"i[aiMA (T )] g =
=[PPy T IHMAT] + 00 g (08 e (2]
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are electrochemical motors and are emerging
technologies  aplied w  differents areas. The
electrochemical  stimulation of conformational
movements in polymeric chains constitutes the
bagic molecular motor Macroscopic  bending
movement rates, direction of the movement,
described angles and final position are under
faradic control of the invalved current and charge,
as corresponds 1o any electrical machine. Angular
movement  rates  and  described angles  are
quantitatively controlled by the oxidation rate per
unit of weight, as it corresponds 10 electrochemical
devices working under faradic conditions.

Keywords: angles, angular rates, conducting
palymer motors, electrochemical motors polymeric
ACIuatnrs.

Where s means solid and ag, aqueous solution, MA-
represents  any  charge balancing macro-anion
trapped ingide the CP during polymerization, pPy
represent the polypyrrole (or any other CF) chains
and C7 represent & cation.

Agcepting as initial hypothesis that both, linear and
bending mowvement of arificial muscles  are
originated by the driving electrochemical reaction,
very single equations derived from the Faraday laws
are expected to describe and quantify the movements,

In this work we will characterize the angular
movement generated on bilavers constituted by
polypyrrole-DEE-CH0, ape in agueous solutions of
LICIs by flow of anodic and cathodic currents.

Experimental

Chemlcals

Pyrrole (Fluka) was purified by distllation under
vacuum using a diaphragm vacuum pump MZ IC
SCHOTT and stored under nitrogen amaosphere ar -
10°C. Anhydrous lithium perchlorate salt (Fluka)
and dodecylbenzenesulfonic acid solution (70 wt %
in Z-propanal) (DBSA) (Aldrich) were used as
received. Ulirapure water from Millipore Milli-Q
equipment was used.

Fllm preparation

Palvpyrrole  films  were  prepared at  room
temperature {20 £ 2°C) in dark conditions in a one-
compariment  elecirochemical cell from 0.1M
LiCI0s, 00M DBSA and 0.0M pyrrole aquecus



