Application of Impedance Spectroscopy Genetic Programming for DFRT Analysis of Anion Exchange Membrane Oxygen Separator
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Anion-exchange membrane oxygen separator (AEMOS) is a novel electrochemical technology that operates in an all-solid-state, liquid-electrolyte-free, gas-fed configuration, enabling on-demand production of high-purity oxygen (>99%) in a compact and portable device1. Understanding its operation under different gas compositions and applied voltages is essential for improving performance and efficiency. Electrochemical impedance spectroscopy (EIS) is a powerful, non-destructive technique for investigating electrochemical kinetics and transport processes. However, EIS interpretation is challenging due to its ill-posed inverse problem. The distribution function of relaxation times (DFRT, a.k.a DRT) facilitates EIS analysis by transforming impedance data from the frequency domain into the relaxation-time domain, allowing individual electrochemical processes to be distinguished. Nevertheless, determining the DFRT still represents a challenging inverse problem2. To overcome this issue, we developed a modified Genetic Programming (GP)-based approach using either MATLAB or Python for impedance spectroscopy analysis, termed Impedance Spectroscopy Genetic Programming (ISGP). ISGP provides an analytical representation of the DFRT, enabling the extraction of effective resistance and effective capacitance associated with each electrochemical process2,3. In this approach, the DFRT is expressed as a linear combination of mathematical peaks characterized by their central relaxation time, height, and width. Importantly, ISGP can resolve negative loops into negative peaks in the DFRT, corresponding to negative effective resistances and capacitances3. These negative resistances have been suggested to originate from competing electrochemical reactions occurring during operation. This capability makes ISGP a valuable tool for investigating interfacial and transport phenomena in AEMOS and related anion-exchange membrane electrochemical systems.[image: ]
Figure 1. Example of DFRT inversion in a case with a negative loop. (a) Experimental results, and (b) DFRT based on two positive and a negative peak.
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