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A Study on the Electrical Circuit Model of the Electrode/Electrolyte Interface for
Improving Electrochemical Impedance Fitting

e B A B
(Jong-hyeon Chang - Jungho Pak)

Abstract - Exact impedance modeling of the electrode/electrolyte interface is important in bio-signal sensing electrode
development. Therefore, the investigation of the equivalent circuit models for the interface has been pursued for a long
time by several researchers. Previous circuit models fit the experimental results in limited conditions such as frequency
range, type of electrode, or electrolyte. This paper describes a new electrical circuit model and its capability of fitting the
experimental results. The proposed model consists of three resistors and two constant phase elements. Electrochemical
impedance spectroscopy was used to characterize the interface for Au, Pt, and stainless steel electrode in 0.9% NaCl
solution. Both the proposed model and the previous model were applied to fit the measured impedance results for
comparison. The proposed model fits the experimental data more accurately than other models especially at the low
frequency range, and it enables us to predict the impedance at very low frequency range, including DC, using the
proposed model.
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Fig. 4 Experimental results of impedance magnitude and phase with respect to the frequency, and Nyquist diagram; (a) Au, (b)
Pt, and (c) SUS wire electrodes in 0.9% NaCl with fitting by modified Randles model(dashed line) and new model(solid
line)
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Table 1 Fitting parameters for the electrode/electrolyte interface

Au/0.9% NaCl Pt/0.9% NaCl SUS/0.9% NaCl
Parameter Previous model New model Previous model New model Previous model New model
Rs [Q] 88.0 87.3 83.7 83.8 90.6 91.1
Deviation 1.59 1.13 0.807 0.926 1.23 1.43
Ry [2] co 1.62E+07 o] 1.27E+06 o0 8.45E+04
Deviation - 2.07E+07 - 1.00E+06 - 4.18E+04
Ret or Ra [2] 3.52E+03 7.54E+06 1.56E+06 1.34E+06 5.24E+04 4.93E+04
Deviation 1.56E+06 3.19E+06 1.14E+05 4.46E+05 8.71E+02 3.03E+03
k or B [S-s"] 3.36E-07 1.09E-06 5.53E-06 4.80E-06 1.12E-04 8.06E-05
Deviation 4.10E-08 1.61E-06 9.77E-07 7.49E~-06 5.76E-06 1.99E-05
b 05 0.888 05 0.767 05 0.543
Deviation - 5.14E-01 - 4.43E-01 - 1.25E-01
A [S-s7] 2.22E-06 2.42E-06 5.54E-06 5.49E-06 3.68E-06 3.57E-06
Deviation 1.51E-07 3.74E-08 6.40E-08 1.01E-07 7.78E-08 1.14E-07
a 0.876 0.865 0.893 0.895 0.772 0.776
Deviation 1.55E-02 2.65E-03 2.23E-03 3.43E-03 3.08E-03 4.40E-03
Goodness of fit 6.67E-04 1.96E-04 1.11E-03 1.06E-03 6.92E-04 1.64E-04
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