pH at the Interface: 
Operando Mapping During Alkaline Hydrogen Electrocatalysis
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During electrochemical reactions involving protons or hydroxide ions as reactants or products, the pH within the diffusion layer can deviate from the controlled bulk value, and the resulting availability of protons/hydroxide ions in the vicinity of the electrode directly influences reaction kinetics. The hydrogen evolution reaction (HER) and the hydrogen oxidation reaction (HOR) are prominent examples; however, despite extensive research dedicated to these processes, local pH variations are frequently overlooked. 

While kinetic limitations are the primary concern for noble-metal catalysts, non-noble metals such as nickel face an additional challenge: their stability and surface state can be impacted by local pH changes, potentially leading to their dissolution. A deeper understanding of local pH dynamics during proton-generating or consuming reactions could therefore allow to define ways to enhance both the stability and activity of catalysts. Furthermore, tools able to map the local pH are valuable as they provide a direct imaging of the properties of the electrolyte near the electrode.  

[image: ]In this work, we developed an operando spectro-electrochemical platform capable of mapping the pH distribution close to the electrochemical interface. This platform combines confocal laser scanning microscopy (CLSM) with a fluorescent pH probe. The probe exhibits pH-dependent dual emission, enabling highly sensitive pH measurements with very good spatial (< 1µm) and temporal (< 1s) resolutions. We designed a specialized spectro-electrochemical cell for CLSM that allows to probe the diffusion layer while performing electrochemical reactions in a controlled environment (Figure 1a).

Using this setup, it is possible to assess pH changes in the vicinity of a nickel electrocatalyst under potentiostatic and potentiodynamic conditions, while tuning the catalyst’s activity through partial oxidation1,2. In potentiostatic mode, the platform provided direct visualization of the diffusion layer thickness during the HER and the HOR (Figure 1b). In potentiodynamic mode, we captured the complex interplay between the generation and consumption of hydroxide ions and their transport to and from the interface, demonstrating the continuous evolution of the electrochemical interface operation. 
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Figure 1 (2) Schematic view of the setup. (b) pH
distribution in the diffusion layer under HER and
HOR conditions.




