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Electrochemical impedance spectroscopy (EIS) is the most popular technique for analysing 

and diagnosing different types of degradation mechanisms in various electrochemical 

devices such as fuel cells, water electrolysers or batteries. However, EIS often fails to 

separate the contributions of individual processes to the overall performance degradation 

due to the coupling of dynamic phenomena with similar time constants. For this reason, the 

use of EIS as a diagnostic tool for different electrochemical devices could lead to 

misinterpretations of the mechanisms causing specific degradations. In this talk, I show that 

further dynamic methods based on the exploitation of nonlinearities in the system response 

(Nonlinear Frequency Response Analysis (NFRA) [1,2]) or data-driven analysis (Loewner 

Framework [3]) could provide additional information for understanding electrochemical 

conversion processes. I also show that nonlinearities in the system response can influence 

the selectivity towards certain products. This is of particular importance in the field of 

electrosynthesis, where the selectivity of unmodified electrodes is usually an issue. We have 

recently shown that the selectivity of the CO2 reduction reaction towards CO can be tuned 

under dynamic conditions [2]. Our current examples relate to the study of the CO2 reduction 

reaction and water electrolysis using polymer electrolyte membranes. 

 

References 

[1] Vidaković-Koch T., Miličić, T., Živković, L.A., Chan, H.S., Krewer, U., Petkovska, 
M.,(2021) Nonlinear Frequency Response Analysis: A Recent Review and Perspectives, 
Current Opinion in Electrochemistry,100851 

[2] Milicic, T., Sivasankaran, M., Blümner,C., Sorrentino, a., &Vidaković-Koch, T., (2023) 
Pulsed electrolysis – explained, Faradaic Discussions, DOI: 10.1039/d3fd00030c  

[3] Sorrentino, A., Patel, B., Gosea, I.C., AntoulasA.,C., & Vidaković-Koch, T., (2023) 
Determination of the distribution of relaxation times through Loewner framework: A direct 
and versatile approach, J. Power Sources, 585, 233575. 

 

Tanja Vidakovic-Koch is head of the Electrochemical Energy Conversion Group at the Max 

Planck Institute for Dynamics of Complex Technical Systems in Magdeburg, Germany. She 

studied chemical engineering at the Faculty of Technology and Metallurgy in Belgrade, 

Serbia, and received her PhD from Otto von Guericke University (OVGU) in Magdeburg, 

Germany. The focus of her research is on dynamics of different electrochemical processes. 

Some examples are electroenzymatic processes, low temperature fuel cells and water 

electrolysis.  

 


