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The excited electronic state and its time evolution of CO adsorbed on
LiC1(001)-(1X1)

CHEN Wuchao, WANG Nengping”
( School of Physical Science and Technology, Ningbo University, Ningbo 315211, China )

Abstract: The many-body perturbation theory is used to study the properties of excited electronic states of the
CO molecule adsorbed on LiCIl(001)-(1X1) surface, and further investigate the time evolution of the CO exciton
state as well as the lifetime of the exciton state. At first, density-functional theory within local density
approximation is used to calculate the ground state geometry of CO adsorbed on LiCI(001)-(1X1) surface. Next,
the quasiparticle band structures of bulk LiCl, of the LiCI(001)-(1X1) surface, and of CO adsorbed on the
surface are evaluated within the GW approximation. Moreover, by taking the electron-hole interaction into
consideration, the electron-hole excitation states and their optical spectra are obtained from the solution of the
Bethe-Salpeter equation within the theory of the two-particle Green function. The obtained optical spectra are
compared with available experimental results. Finally, based on the solution of the BSE for the adsorbate system
CO:LiC1(001)-(1X1), the time evolution of the CO exciton state is studied using the time-dependent Schrodinger
equation. At the initial stage, the CO exciton state exhibits a very fast decay due to the coupling of the adsorbate
with the substrate, and the lifetime of the CO exciton state is only 0.75 fs. The electron of the molecule exciton
state remains on the molecule while its hole is mostly transferred into the LiCl substrate.

Key words: quasiparticle band structure; GW approximation; excited electronic states; BSE; time evolution



