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Deepening the knowledge of the reactivity of surface dynamics such as hopping, rotation, and dissociation, the study of surface dynamics at a single-molecule level is indispensable. This investigation will give the insight to improve reactivity not only in fundamental study but also in macroscopic research. The systematical investigation of the mechanism at the single-molecule level is conducted by the combination of spectroscopy with scanning tunneling microscopy (STM) and density functional theory (DFT) calculations. This allows us to interpret the interfacial interaction between molecule and surface. Moreover, this provides an efficient reaction pathway of a surface reaction. 
The geometrical structure and electronic structure of a model system are studied before and after the reaction for dissociation of chemisorbed O2 molecule on Ag(110) and hopping of CO molecule on MgO/Ag(100). In addition, single-molecule vibrational spectroscopy techniques with STM, such as inelastic electron tunneling spectroscopy with STM (STM-IETS) and action spectroscopy with STM (STM-AS), provide detailed information about the reaction mechanism. Efficient reaction pathways of two different surface dynamics were revealed as unusual vibrational excitation based on a comprehensive study of low-temperature STM and DFT calculations. This mechanistic study of single-molecule surface dynamics suggests various possibilities for designing reactive catalyst/device systems and broadening the understanding of surface science.
