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Efficient electrocatalysts for environmentally relevant proton-coupled electron transfer (PCET) reactions must master both favorable reaction kinetics and sufficient supply of protons to the active site. Nature enables that by enzymes being equipped with elaborate coordination environments and proton channels.1 In heterogeneous electrocatalysis, this was recently mimicked in a very simplified manner by using protic polymer-coatings that control the local availability of protons.2 Yet, the mechanisms underlying this promotional effects are not fully understood due to the overlap of several polymer-induced effects including the modulation of local hydrophobicity, ion-environment and local pH.
To deconvolute the effect of local pH in protic polymer-coatings from other contributions we, herein, developed a method for operando determination of in-polymer pH values using electrochemical fluorescence microscopy. Polyethylene imine (PEI) was equipped with a fluorescent pH probe, coated on polycrystalline gold and electrochemical hydrogen evolution was applied as a model reaction. Temporal changes of the average pH values throughout the whole thickness of the polymer film were quantified by widefield microscopy, while the spatial distribution of pH-profiles within the films were determined by confocal laser scanning microscopy (CLSM). Simulating the temporal pH-changes by finite-element modeling validated the method and revealed that the temporal pH-changes in the polymer were more moderate than those at a bare gold electrode. This polymer-induced modulation of the local pH agreed with results from linear sweep voltammetry (LSV), wherein the PEI-coating markedly decreased the onset potential of hydrogen evolution as compared to the bare gold electrodes. We rationalized that by the PEI serving as a highly concentrated, immobilized local buffer. This was supported by the finding that coatings of polyvinyl alcohol (PVA), which cannot be deprotonated in the aqueous pH-window, did not exhibit a promotion of electrocatalysis.
As disentangling of overlapping processes in polymer-promoted PCET-reactions will be essential to understand and optimize bioinspired catalytic systems, our method for in-polymer pH detection bears great potential of being extended to elaborate multielectron reactions (e.g. CO2- or N2 reduction) within and beyond electrocatalysis.  
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