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IPMC (Ionic Polymer-Metal Composite) materials consist of thin polymer electrolyte 
membrane sheet covered with electrodes from both sides. Small electrical potential (1-5V) 
applied to the electrodes causes ion and solvent migration. As a result, the composite sheet 
bends towards the higher potential side. IPMC also has sensor properties. [1] In this work, 
IPMC constructed of Nafion sheet as polymer membrane with Li+ counter ions and platinum 
electrodes is used. 

The purpose of this work is to specify the equivalent electrical circuit between the electrodes 
of IPMC material. The typical equivalent circuit consist of a capacitor in series with a resistor 
representing ionic conductivity. A shunt resistor is added between electrodes representing 
electrochemical reactions [2].  

In order to convert the impedance spectrum to more convenient frequencies, an extra resistor 
was added in parallel with the IPMC. 

The analysis of Nyqvist plot (fig. 1) revealed two separate processes present in the material. 
The process at higher frequencies (fig 1 region 1) has about ten times smaller capacitance 
than the one at smaller frequency (fig 1 region 2), but causes higher conductivity. The 
presence of two semicircles can be explained by partial ageing of the material investigated, 
which can cause changes in electrolyte membrane and electrode composition. 

Figure 1.  Nyqvist plot 
of IPMC. A 100 ohm 
resistor is added in 
parallel with IPMC. The 
plot can be fitted by two 
semicircles.  
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