SECM Analysis of Electrode Processes Occurring at Highly Negative Potentials in Aqueous Electrolytes
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Electrode processes occurring at highly negative potentials in aqueous electrolytes are of significant importance in numerous electrochemical technologies, including hydrogen production, electrodeposition, electrosynthesis, and carbon dioxide reduction. In many cases, these processes are accompanied by hydrogen evolution, substantial local pH changes, and coupled homogeneous reactions, which complicate mechanistic investigations and hinder quantitative kinetic analysis.[1-3] The spatially resolved characterization of electrochemical activity under such conditions is therefore essential for understanding reaction pathways and identifying active surface sites and intermediates.
Scanning electrochemical microscopy (SECM) is a versatile tool for investigating electrochemical processes at solid–liquid interfaces. Previous studies employed SECM to investigate hydrogen evolution through mediated feedback, hydrogen oxidation detection, and localized imaging of catalytic activity.[4-7] However, the application of SECM to processes driven at highly negative substrate potentials remains challenging due to interference from gas evolution, changes in local electrolyte composition, and competing homogeneous reactions.
This presentation will discuss the use of feedback mode SECM for the investigation of electrode reactions occurring at highly negative potentials in aqueous electrolytes. Particular attention will be devoted to the influence of hydrogen evolution and local pH gradients on the measured feedback response, as well as to the role of homogeneous reactions coupled to the tip and substrate processes. Experimental results obtained for metallic substrates polarized under bipotentiostatic control will be presented together with kinetic analysis based on SECM approach curves and imaging experiments. The methodology enables localized characterization of electrocatalytic activity and provides insight into reaction mechanisms occurring under conditions relevant to electrochemical conversion processes.

References
[1] Katsounaros, I.; Cherevko, S.; Zeradjanin, A.; Mayrhofer, K. Angew. Chem. Int. Ed. 2014, 53, 102.
[2] Zhu, S.; Qin, X.; Xiao, F.; Yang, S.; Xu, Y.; Tan, Z.; Li, J.; Yan, J.; Chen, Q.; Chen, M.; Shao, M. Nat. Catal. 2021, 4, 711.
[3] Michalak, M.; Roguska, A.; Nogala, W.; Opallo, M. Nanoscale Adv. 2019, 1, 2645.
[4] Zhou, J.; Zu, Y.; Bard, A. J. Electroanal. Chem. 2000, 491, 22.
[5] Selzer, Y.; Turyan, I.; Mandler, D. Phys. Chem. B 1999, 103, 1509.
[6] Li, F.; Ciani, I.; Bertoncello, P.; Unwin, P.; Zhao, J.; Bradbury, C.; Fermin, D. J. Phys. Chem. C 2008, 112, 9686.
[7] Liang, Z.; Ahn, H. S.; Bard, A. J. Am. Chem. Soc. 2017, 139, 4854.

