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Abstract—Ionic Polymer-Metal Composites (IPMC’s) are a 

actuator type that have also reported sensitive capabilities. The 

present article aboard a work that show that IPMC’s are not 

capable to work as a pure chemical ionic sensor. With the 

schedules of experiences that had been done, we show that the 

conclusions could be fallacious as soon as we neglect the time 

effect.  
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I. INTRODUCTION 

ONIC POLYMER-METAL COMPOSITES (IPMC’S) are a common 

actuator used in robotics and also used as a sensor [1]. This 

works focus in its applications as a sensor. The main types of 

sensor measure are the strength, when IPMC is used as a 

transducer, and the ion concentrations in a electrolyte solution 

where IPMC is immersed [2][3]. We will only focus on IPMC 

sensor capabilities. As we will show, a major variable had 

been neglected: the time. And neglecting the time that a IPMC 

had worked, we are also avoiding mistakes at conclusions in 

the result analysis and theorization of experimental results. 

II. EXPERIENCES CONDITIONS 

The next experiments were done as contextualization of a 

thesis work. Several Electrochemical Impedance 

Spectroscopy’s (EIS) were done during the development of 

this project [4]. Each EIS was made using a AC voltage with 

50mV of square mean amplitude. From changing the 

frequency and measuring the current, we obtain a impedance 

diagram called EIS. The device measures the current and 

calculate the impedance Z. The impedance Z could be 

separated into amplitude and phase angle as in the equation 1. 
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To improve value quality of the results we impose a structure 

that doesn’t allow IPMC movement. The borders of the IPMC 

were fixed (figure (1)) and a weight was used to minimize 

vertical movement (figure (2)). The weight was the same 

during all the experiences and the IPMC was also the same 

during all the experiences. Some KCl aqueous solutions with 
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drops of 120 µL, with variable concentration values were 

used. After this we had plot the EIS results. The experiences 

were conducted in GECEA labs at Instituto Superior Técnico 

(IST) – University of Lisbon. In both tests (test3 and test4), 

IPMC’s were dry without work for more than 3 day. 

 

 
Figure 1: Prototype of the structure used with IPMC. 

 

 
Figure 2: IPMC with his structure and with the weight. 

III. EXPERIENCES RESULTS 

The EIS done with the differences concentrations had given 

the following diagrams as results of the experiences. The 

following diagrams were done with ZView® certify program. 

In the following results the first experiences are marked with a 
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circle and the second ones are marked with a square. The 

order at the first ones, in time order, is 0 mM, 1 mM, 2 mM, 3 

mM. The order at the second ones is 1 mM, 10 mM, 100 mM, 

1000 mM. The results of the conducted EIS’s are present in 

figures (3), (4) and (5). 
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Figure 3: Impedance module of the experiences. 
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Figure 4: Impedance angle in each experience. 
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Figure 5: Complex diagram representing the impedance 

values of each EIS. Z’ is the impedance real part and Z’’ is the 

impedance imaginary part. 

IV. DATA ANALYSIS 

The tests suggest a co-relationship between the time and 

impedance frequency response. As we had use a program that 

remark the time when each experience was conducted, we can 

assure the time intervals between each EIS that had been done. 

 

TABLE I: Time data of each EIS. 

 

EIS name Day Hours Minutes Seconds 

0mM      

test3 

29Nov2016 15 22 09 

1mM  

test3 

29Nov2016 15 36 04 

2mM  

test3 

29Nov2016 15 49 16 

3mM 

teste3 

29Nov2016 16 03 06 

1mM  

test4 

13Dec2016 15 38 27 

10mM  

test4 

13Dec2016 15 51 28 

100mM  

test4 

13Dec2016 16 03 50 

1000mM    

test4 

13Dec2016 16 16 41 

     

As we can see in table I, the time differences between both 

tests are too close one from another. 
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V. CONCLUSION 

At the mentioned conditions and values, the ion 

concentration of KCl in an aqueous solution does not affect 

the impedance frequency response of the IPMC. 
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