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Sum Frequency Generation Spectroscopy of CO on Ir(111): Coverage-Induced Orientation Change
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Abstract 
[bookmark: _GoBack]The adsorption of CO on single-crystal metal surfaces, which is used as a model of “real-world” catalysts, has attracted widespread experimental attention in the past decades. However, most data are acquired under ultrahigh vacuum (UHV) and low temperature conditions, whereas typical catalytic processes operate at high temperatures (e.g. > 300 K) and pressures above one atmosphere, arising the problem of “pressure-gap”. Reliable (in-situ/operando) characterization under reaction conditions is essential for studying surfaces and interfaces. The basic adsorption properties (structures/adsorption sites) of CO on Ir(111) have been previously investigated by low energy electron diffraction (LEED), temperature-programmed desorption (TPD), and Fourier transform infrared reflection-adsorption spectroscopy (FT-IRAS), however, information regarding molecular orientation is still lacking due to technical limitations. Sum frequency generation (SFG) vibrational spectroscopy, a photon-in and photon-out technique, can be combined with a UHV-high pressure cell and it has been established as a powerful tool to obtain valuable information about adsorption sites and molecular orientation and polarizability in the field of heterogeneous catalysis.
In my presentation, polarization-dependent sum frequency generation (SFG) spectroscopy is applied to study the adsorption of carbon monoxide (CO) on “well-ordered” (annealed) Ir(111) surfaces at different gas pressures (10-7 to 1 mbar) and substrate temperatures (100 to 600 K). Molecular tilting angle () and hyperpolarizability ratio (R) are quantitatively analyzed by experimental spectra and theoretical modeling (simulations). It shows that not only the vibrational frequency but also the tilt angles of on-top CO have significant coverage dependence. The higher the coverage is, the larger the vibrational frequency and the tilting angle are. In addition, R is determined to be 0.08.
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