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Conducting polymers and ionic polymer—metal composites (IPMCs) are among those electro-active polymer
materials that have shown tremendous potential to make efficient actuators. The volume change that a

conducting polymer undergoes upon electrochemical oxidation and reduction

is used to make

microactuators, which find various biomedical applications and can be used for manipulation of particles of
micrometre dimensions. IPMCs undergo strong bending on application of an electric field. Actuators using
IPMCs have space applications. Further development of IPMCs is being done to make it overcome the
present obstacles. Conducting polymers and IPMCs have gained recognition due to their low cost, low
operating potential and high efficiency.

Since ages, man has tried to imitate
nature. He has tried to make materials
that emulate the working of a biological
muscle, since it is a highly optimized
system. Materials that come close to
working like a muscle are ferroelectric
polymers, piezoelectric polymers, electro-
static polymers, ionic polymer—metal
composites and conducting polymers'.
All these are collectively known as
electro-active polymers (EAP). These
show a change in shape or size or both
upon application of electrical voltage.
The use of conducting polymers and
ionic polymer—metal composites as actu-
ators in the microscale and the macro-
scale respectively, will now be discussed.
An actuator is a device that communi-
cates motion. A prerequisite for these
materials is that they should bend and
straighten as and when required, thus
resembling a biological muscle.

Conducting polymers

Conducting polymers are conjugated
polymers, namely organic compounds
that have an extended p-orbital system,
through which electrons can move from
one end of the polymer to the other.
Polyacetylene is the conducting polymer
with the simplest structure (Scheme 1).
The most common conducting polymers
are polyaniline (Scheme 2) and poly-
pyrrole (Scheme 3).

Suppose polypyrrole is in an ele-
ctrolytic solution. Let the electrolyte
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C*A™ be in contact with polypyrrole. On
application of electric current, poly-
pyrrole is oxidized (Scheme 4).

To maintain charge neutrality, the
anion enters the polymer. This increases
the volume. During reduction, the anions
leave the polymer, thus resulting in
contraction of the polymer. It is the redox
reaction that brings about volume change.
When the anion A is small, it is the
mobile ionic species.
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However, if the anion A is large
and bulky, then it is immobile and
it is the cation C* that enters to main-
tain charge neutrality upon reduction,
resulting in volume expansion. In
this case the anion A resides in
polypyrrole and the cation moves in
and out. Usuvally NaDBS is used as
an electrolyte, where DBS™ (dode-
cylbenzenesulphonate) is the large
immobile anion (Scheme 5).
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Both processes may occur simul-
taneously for an intermediate-size anion,
which makes bad actuators because the
volume change is not predictable. In the
oxidized state, the anion resides in
polypyrrole and this is called the doped
state. Correspondingly, the neutral state
of polypyrrole is called the undoped
state.

Bilayer

If a film of volume-changing material
(like a polymer) is attached to a film
that does not change its volume, then it
forms a bilayerz’s, which will bend on
oxidation and reduction of the polymer
film.

Dodecylbenzenesulfonate — DBS

Scheme 5.
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