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Atomic-level understanding of catalytic reaction processes by operando
observation of 3D active structures and surface-adsorbed species
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Oxide-supported metal catalysts, in which active metal species (monatomic or
nanoparticles) are supported on oxide surfaces, are the most widely used in practical applications.
In order to understand catalytic reaction processes and to provide guidelines for further

improvement of catalytic performance, it is essential to clarify factors affecting catalytic
performance (electronic state and 3D structure of active metal sites and behavior of surface
adsorbed species) under reaction conditions, and then to obtain information on precise
structure-activity relationships and reaction mechanisms. In this study, the operando
polarization-dependent total reflection fluorescence XAFS (PTRF-XAFS) technique developed in the
18H01864 project was upgraded and improved, and a new operando-polarized-modulation infrared
reflection absorption spectroscopy was developed to evaluate all the factors affecting catalytic

performance.
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