Selective Electroreduction of Acetone on PtRu Model Catalysts
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Liquid organic hydrogen carriers (LOHC) enable hydrogen storage in a dense, chemically stable, and easily transportable liquid form. The isopropanol/acetone couple is of particular interest due to its capability to function as an electrochemically active (EC-)LOHC.[1-3] This enables direct electrochemical charging and discharging, in addition to the benefits of conventional LOHCs. However, its practical implementation requires highly active and selective electrocatalysts that can efficiently facilitate both the reduction of acetone to isopropanol and the oxidation of isopropanol to acetone.

In this study, we investigate the electroreduction of acetone on well-defined PtRu/Ru(10-10) model surface alloys, prepared via surface science methods. Precise preparation under ultra-high vacuum (UHV) conditions enables controlled tuning and detailed characterization of the catalyst’s chemical composition and structure at the reaction-relevant solid-liquid interface.[4] This control provides atomistic insight into electrode processes unattainable in conventional, bulk-characterized systems. Our approach combines cyclic voltammetry (CV), ex-situ emersion synchrotron radiation photoelectron spectroscopy (SRPES), electrochemical infrared reflection absorption spectroscopy (EC-IRRAS), and differential electrochemical mass spectrometry (DEMS).

The highly coordinated PtRu/Ru(0001) surface (N = 9), which exhibits low intrinsic catalytic activity, requires activation via a dealloying procedure involving consecutive oxidation–reduction cycles.[5] In contrast, the PtRu/Ru(10-10) surface studied here, with a lower coordination number (N = 8), is intrinsically active toward acetone reduction and does not require dealloying, indicating that lower-coordinated sites are catalytically active. Unlike Pt(110), which predominantly yields the decomposition product propane,[6] the PtRu/Ru(10-10) model catalysts selectively produce isopropanol while effectively suppressing propane formation.
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