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Decades of research have been dedicated to improving the activity of catalysts for the kinetically slow anodic half reaction of water electrolysis, the oxygen evolution reaction (OER). The best practice for benchmarking OER catalysts is to measure the activity under constant current or potential.1 This ubiquitous approach, however, probes a steady state condition in which the OER rate is not necessarily the maximum achievable rate due to a non-ideal coverage of adsorbed intermediates2 and/or interfacial solvent structuring.3 Here, we explore an alternative approach where we manipulate the applied potential to dynamically change the adsorbate speciation, coverage, and solvent structure. Pulsed water electrolysis has previously been investigated in the context of promoting gas bubble desorption, improving energy efficiency, and accelerated stress testing.4 Unfortunately, the interpretation of such results in the absence of direct product measurement is often limited because the OER current is convoluted with non-faradaic charge from rapid capacitive charging and discharging of the electrical double layer (EDL). 

To overcome this challenge, we utilize in situ electrochemical mass spectrometry (EC-MS) to directly measure volatile products in real time with 100% collection efficiency, reproducible mass transport, and a sub-picomolar s-1 detection limit.5 Our results demonstrate that dynamic applied potentials increase the time averaged rate relative to the potentiostatic control near the OER onset. To probe the time scale and potential dependence of square potential waveform profiles, we vary the frequency, duty cycle, amplitude, and waveform center. We find that not only the timescale (frequency) but also the asymmetry (duty cycle) impacts the time-averaged enhancement factor of OER rate. We contextualize our findings with recent experiments showing high coverage of adsorbed *O activates the rate-determining O-O coupling step of OER, even in the absence of applied potential and suggest pulsing is efficiently promoting high *O surface coverage.2 In addition, we find the time-averaged OER rate is strongly potential dependent, with larger amplitudes and waveform centers below the steady state OER detection limit maximizing OER rate enhancement. This is consistent with recent work showing that (dynamic) solvent pre-organization controls the activation energy at low overpotential.3 We leverage operando attenuated total reflection surface enhanced infrared absorption spectroscopy (ATR-SEIRAS) to address open questions about potential-dependent changes to the interfacial water structure in the EDL under potentiodynamic conditions. Together, this work demonstrates that increased electrocatalytic rates can be achieved beyond steady state conditions, offering new strategies to interrogate and overcome rate limiting processes near the reaction onset.
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