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In the last decade, global climate change has brought unprecedented national threats such as
wildfires, floods, drought, and desertification worldwide (1). Those disasters are no longer minor issues
that a small group of individual leadership would resolve. Our collective intelligence clearly recognizes
that excessive carbon dioxide (CO.) emissions cause the global warming effect due to its highly inactive
characteristic in the atmosphere. So, extensive international efforts have been conducted to capture and
utilize greenhouse gases, and recent advances in clean energy technologies will play a vital role in the
future accomplishments of the “net zero carbon by 2050”. In the surface science realm, we have focused
on the revealing CO; activation process over well-defined model catalysts with considering the pressure
and material gaps issues. Notably, one of the emerging techniques at the synchrotron facility, ambient
pressure X-ray photoemission spectroscopy (AP-XPS) (2), is unveiling the momentous reaction steps of
CO., dissociation and sequentially formed intermediate species at the gas-solid interface. The collected
chemical bonding or binding information probed with AP-XPS provides critical evidence for
understanding CO; activation progress towards the methane or methanol productions at the molecular
level. In this talk, I will discuss in situ/operando surface catalysis studies of CO, conversion over metal or
metal-oxides model catalysts under ambient pressure conditions. In particular, I will highlight the
physical behavior of the vicinal copper (Cu) surface and Cu-based zirconium oxides interfaces during
CO, dissociation at ambient pressures. The characterized real-time morphology analysis results on a
Cu(997) surface point out that the adsorbate-induced geometric alterations at step-edge sites are involved
in the highly enhanced CO- activation phase, which is a significant difference from the Cu(111) surface
consisting of wide terrace morphologies. These features will be compared to the previously observed
physicochemical properties of platinum and rhodium model catalysts, elucidating the nature of the
discrepancy of metallic-bonding strength between Cu and Pt. The vital role of adsorbate intermediates at
step and terrace sites of the catalyst surface could also be discussed regarding changes in electronic
structures. Finally, from the fundamental understanding, we can approach the complex interface
structures such as zirconium-deposited reducible oxides (3) to investigate the catalytic CO, bond-breaking
and atomic oxygen transport at the metal-oxide interface. Our systematic in situ/operando surface
characterizations will shed light on the novel catalyst design and clean energy conversion technology
advances in the future.
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