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Chemistry of CO2 Adsorption and Reaction on the Copper Surfaces
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Many fundamental and practical aspects of CO2 chemistry on metal surfaces attract considerable
attentions due to its important in the industry, energy, and environmental management.
Experimental as well as theoretical studies have been conducted to investigate this issue.
However, many important aspects are still under debate. Dissociative adsorption of COz and its
hydrogenation on metal catalyst are two well-known examples that take considerable researchers
attention. As my contribution in these issues, I studied the dissociative adsorption of CO2 and
formate decomposition in my thesis. The thesis is organized as follows:

Chapter 1: General outlook of CO2 chemistry on Cu surfaces and its important in the industry
application

Chapter 2: Investigation of dissociative adsorption of CO2 on the flat, stepped, and kinked Cu
surfaces. This study is motivated by the experimental evidences of CO2z dissociation at below 150
K on stepped Cu surface. My thorough analysis showed that CO2 does not dissociate on “ideal”
flat, stepped, and/or kinked Cu surfaces at below 150 K. The CO2 dissociation may be attributed
to other factors such as Cu adatoms, gas phase or condensed COz2, or other gas phase molecules.
Thus, I also investigated the effect of Cu adatoms in the CO2 dissociation. Particularly, on the
stepped and/or kinked Cu surfaces, the CO:z dissociation may be followed by the Cu—O—Cu chain
formation.

Chapter 3: Investigation of CO:2 adsorption on the Cu surfaces from density functional theory
calculations as well as the temperature programmed desorption and X-ray photoelectron
spectroscopy studies. Several exchange-correlation functionals have been considered to
characterize COz adsorption on the copper surfaces. I used the van der Waals density functionals
(vdW-DFs), ie., the original vdW-DF (vdW-DF1), optB86b-vdW, and rev-vdW-DF2, as well as the
PBE with dispersion correction (PBE-D2). It is found that vdW-DF1 and rev-vdW-DF2 functionals
slightly underestimate the equilibrium adsorption energy, while PBE-D2 and optB86b-vdW
functionals give better agreement with the experimental estimation for CO2 on Cu(111). The
calculated CO:z adsorption energies on the flat, stepped, and kinked Cu surfaces are 20 — 27
kd/mol, which are compatible with the general notion of physisorbed species on solid surfaces.
Chapter 4: Desorption dynamics of CO: from formate decomposition on Cu(111). Here, I
performed ab initio molecular dynamics analysis of formate decomposition to COz2 and H on the
Cu(111) surface to elucidate the enhancement factors of formate synthesis. I showed that the
desorbed CO:2 has approximately twice larger bending vibrational energy than the translational,
rotational, and stretching vibrational energies. Since formate synthesis, the reverse reaction of
formate decomposition, had been suggested experimentally to occur by the Eley—Rideal
mechanism, I propose that the formate synthesis can be enhanced if the bending vibrational mode
of COz is excited rather than the translational and/or stretching vibrational modes.

Chapter 5: Summary and future works. In the last chapter, I summarized all the achievements
during my doctoral study in this thesis. I also provide some future plans in the related topics.
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