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Electromechanically active polymers (EAP) are composite materials that exhibit changes in their mechanical properties when introduced to an electric field. In this paper EAPs that consist of polymer membrane covered with a kind of conductive material are considered. Relatively low electric potential between the layers of conductive material causes transverse dislocation of ions in the polymer membrane, forcing an actuator made of this type of material to bend. Some of these materials have also sensor properties, i.e. external mechanical deformation causes movement of ions which can, for example, be registered as short-circuit current.
The paper at hand considers two different types of bending EAPs: ionic polymer-metal composite (IPMC) and polymer-carbon composite (PCC). IPMC consists of thin ionic polymer membrane (typically Nafion®) which is covered by inert metal electrodes from both sides. The ionic membrane contains suitable counter-ions (Na+ or Li+) and solvent (traditionally water). A comprehensive review of IPMC’s operating principles can be found in [Shahinpoor 2001] and sensorial properties of IPMCs are overviewed in [Pugal 2010]. In recent years, there has been more development in polymer-carbon composite materials. PCC sheet is built using two layers of electrodes containing nanoporous carbon separated by thin ion-permeable polymer film; ionic liquid is used as electrolyte [Torop 2010].
Introduced EAPs possesses unique properties in comparison with conventional electro-mechanical actuators – they are soft, simple in construction, quiet in operation and easily made smaller in size. Therefore, they are considered attractive for development of actuators in the area of e.g. medical, space, military, or MEMS applications. Moreover, due to the sensor properties, research of self-sensing actuators and energy harvesting devices is also a great interest in the field of electromechanically active polymers.
Electrochemical Impedance Spectroscopy (EIS) offers vast oportunities for investigation of fundamental processes inside IPMC and PCC actuators and sensors. EIS  data can be used to determine energy storage (capacitive behaviour) and dissipation (resistance) properties simultaneously on the same scale and to describe electrical properties of these composite materials by developing complex equivalent circuit models. One of the basis of current paper is the approach that an IPMC strip can be modelled as a distributed lossy RC line [Punning 2009].
Though there are papers where impedance spectroscopy is used to characterize the composition and behaviour of IPMCs[Kruusamae, Leary, Chen, Takagi, Nakamura], the amount of papers regarding this subject remains still relatively low. Moreover, the fundamental processes of actuation in PCCs and IPMCs are still a debate and subject for further investigation. Therefore it is the intention of current paper to present a systematic approach for the impedance study of these materials.

In this work, impedance characteristics of IPMC and PCC materials are presented. Equivalent schematics of both types of actuators are specified by measuring impedances between and along the surface electrodes. Cross-electrode impedance helps determination of energetic efficiency of these actuators. For better utilization of materials’ sensory properties, behavior of surface electrode impedance during bending motion is also investigated. In case of IPMC, special attention is paid on effects caused by material degradation after standing unused for a long time or after a large number of working cycles. Identifying the electrical behavior and changes, occurring in the material during aging processes, can help to further characterize these materials and to specify their working mechanism.
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