Live imaging electrochemistry using liquid phase electron microscopy: in situ Ag dissolution at open-circuit potential
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Understanding the degradation mechanisms of electrodes during operation has relied on initial and post-mortem characterizations obtained under accelerated-stress conditions. Their results raise awareness of different degradation routes associated with specific operational protocols [1]. Electrochemical liquid phase electron microscopy (EC-LP-EM) is an emerging operando technique that aims to provide new insights into the highly dynamic electrode-electrolyte interface by directly observing structural changes correlated to electrochemical footprint changes [2]. Like synchrotron experiments, it relies on exposing the sample to a high-energy irradiation source, which, depending on the irradiation dose rate, generates radiolytic products resulting from beam-electrolyte interactions [3,4]. Thus, careful handling of beam effects and data interpretation is important to isolate the events under investigation. Here, we studied the in situ electrodeposition of silver (Ag) onto platinum (Pt) electrodes, followed by its immediate dissolution at open-circuit potential (OCP). We conclude that this dissolution results from system equilibration driven by the oxygen reduction reaction at the newly formed Ag-Pt interface, accompanied by bimetallic corrosion driven by the difference in oxidation preferences of Ag over Pt under acidic conditions and low oxygen concentrations. These assumptions were validated via ex situ experiments using a scanning flow cell-inductively coupled plasma-mass spectrometry (SFC-ICP-MS) setup [5]. Furthermore, we ensured a net-neutral-beam-damage environment by applying experimental parameters previously validated [6]. The study shows how macroscopic electrochemical responses reflect nanoscale dynamics and identifies opportunities for in situ accelerated stress testing under harsh conditions [4].
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Figure 1. Electrodeposition of Ag on Pt, and its immediate dissolution at OCP driven by system equilibration: a) in situ observations using LP-EM, b) ex situ observations using SFC-ICP-MS.
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