The electronic structure of 1D Pd@Ni nanospikes and their electrochemical activity in oxidation of ethanol
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The world's sustained high demand for electricity requires the development of ever more efficient, cost-conscious catalysts for its production. Among the many catalysts based on Pd, combination of PdNi electrocatalyst has gained the great attention. Due to the nano-structural architecture plays a crucial role in the catalytic activity, we synthesized novel Pd@Ni unsupported with carbon black catalyst in form of one-dimensional nickel nanospikes (Ni NSs) decorated by palladium nanoparticles. In this work, the impact of the changing in electronic structure of Pd@Ni catalysts on their catalytic properties was studied in details (XANES, EXAFS, XPS, TEM, in situ FTiR). For small Pd crystals surrounded by a large dispersion of Ni substrate atoms, can refer to an increased metal-substrate interaction, which is associated with an increase in d-state vacancies in the Pd@Ni catalyst [1]. This may imply a greater susceptibility to chemisorption of unsaturated hydrocarbons (acetylene, ethylene), which may be electron donors. The higher number of d-state vacancies in material may indicate greater susceptibility to chemisorption of ethanol molecules, which further improves its catalytic activity. By using two different concentrations of Pd catalyst (0.5 mM and 0.75 mM), an attempt was made to determine the optimal electronic structure for the Pd@Ni system. By using synchrotron X-ray absorption spectroscopy, it was possible to determine the differences in the density of unoccupied Pd d-state in the produced materials, as well as changes in the local structure of the used support - 1D Ni nanospikes. Analysis of valence spectra from X-ray photoelectron spectroscopy (XPS), in turn, confirmed differences in density of states at the Fermi level between the samples and determined d-band center and its width (d width) for each. The conclusions obtained on the correlation between structure and activity can be used in the design of working metal-to-metal supported catalysts used in catalytic oxidation and reduction reactions.
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