Decoding Dehydrogenation Dynamics: An In-Situ Rotating Ring-Disk Probe of Oscillatory Ethanol Electro-Oxidation Reaction in Alkaline Media
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Operando access to the dehydrogenation step of the ethanol electro-oxidation reaction (EEOR) on platinum is obscured in alkaline media: the protons released at each electron transfer are almost entirely scavenged by hydroxyl ions before they can be detected, masking the kinetic signatures of parallel pathways and dynamic surface poisoning. Here we deploy a Rotating Ring-Disk Electrode (RRDE) as an in-situ probe of interfacial proton dynamics during the EEOR on polycrystalline Pt (0.1 mol L⁻¹ NaOH + 1 mol L⁻¹ EtOH). With the ring polarized at 0.0 V vs. RHE, the surviving proton flux is converted into a directly measurable, time-resolved Faradaic signal, turning a transient interfacial event into an observable kinetic readout.
[image: ]Three results define the approach. First, under voltammetric control the apparent proton collection efficiency (NH⁺) stays below 2% across all rotation rates (0–900 rpm); a Damköhler-type analysis shows that homogeneous alkaline neutralization dominates over convective transport, so the near-invariance is an intrinsic interfacial feature rather than a geometric limitation [1]. Second, driving the system far from equilibrium into the oscillatory regime unmasks dehydrogenation events inaccessible under steady state: phase-synchronized proton bursts at the ring coincide instantaneously with the potential drops at the disk (Fig. 1, a1–a2), each burst marking an explosive reactivation of the poisoned surface. The static (0 rpm) and convective regimes display qualitatively distinct oscillatory signatures, offering a handle on the surface processes that govern poisoning and reactivation. Third, a microkinetic simulation [2] reproduces these dynamics: the topological correspondence between experimental and simulated limit cycles (Fig. 1, a3–b3) confirms that the alkaline gap attenuates signal amplitude without distorting the underlying nonlinear kinetics [3], and begins to disentangle the elementary steps behind each reactivation event. The RRDE thus operates as a kinetically resolved, in-situ strategy for decoding interfacial dehydrogenation dynamics of the EEOR far from equilibrium.
Fig. 1. Oscillatory dynamics of the EEOR. (a) Experimental ring-disk response at 900 rpm (0.1 mol L⁻¹ NaOH + 1 mol L⁻¹ EtOH); (b) microkinetic simulation [2] (note distinct current scales). (a1,b1) Extended time series; (a2,b2) zoom on reactivation events; (a3,b3) phase portrait.
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