Disentangling Hydrogen Evolution and CO₂-to-CO Faradaic Reduction Currents in RRDE through DEMS
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The use of fossil fuels has been a major driver of global warming and other environmental issues that significantly accelerate climate change and particularly the increasing concentration of greenhouse gases. In this context, the conversion of carbon dioxide through the electrochemical reduction reaction (CO2RR) has emerged as a promising strategy to mitigate this impact [1].
However, this reaction remains experimentally demanding, particularly when product selectivity must be determined at multiple potentials. Conventional gas chromatography analysis requires prolonged electrolysis experiments, gas sampling, and subsequent injections for each investigated potential, considerably limiting experimental throughput. Therefore, the development of faster methodologies capable of resolving the individual contributions of competing reactions is important for the assessment of CO₂RR catalysts.
In this work, a MOF-derived iron carbide catalyst was employed as a model system to develop and validate a combined Rotating Ring-Disk Electrode and Differential Electrochemical Mass Spectrometry (RRDE-DEMS) methodology for the analysis of the CO2RR. This catalyst produces only CO from CO2 [2], and therefore, in a RRDE experiment applying a proper anodic potential, both H2 and CO generated at the disk can be detected at the ring. The complete oxidation currents recorded at the ring during the reaction (see Figure 1a – red line) were disentangled in H2 oxidation and CO oxidation. This was possible by means of the combination with DEMS experiments in argon- and CO2-saturated conditions (Figure 1b) which were used to calculate the partial currents of H2.
[image: ]The proposed methodology enabled the separation of hydrogen evolution reaction and CO₂RR current contributions, providing direct insight into the competition and mechanism between both processes. Excellent agreement with gas chromatography measurements validated the RRDE–DEMS approach as a rapid tool for investigating reaction selectivity and competing cathodic pathways.Figure 1. (a) Currents detected at the ring during the RRDE experiment in a CO2-saturated 0.5 M KHCO3 solution recorded at 2 mV·s-1. The red line represents the experimental currents, while blue and green lines represent mathematical deconvolutions. (b) DEMS experiment recorded in argon- and CO2-saturated 0.5 M KHCO3 solution at 2 mV·s-1.
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