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Using Ni, Ag, or Au—ZrO», the dissociation of CO» into CO was considered to proceed on the
ZrO; surface, while the activation of H, and/or H>O and the consecutive hydrogenation starting
from CO to CHy etc. proceeded on the metal nanoparticles.” However, the detailed electron
transfer process, reaction mechanism, and catalytic roles are unknown. For this purpose, the
energy change during the reaction path and the local density of states of each atom in each
reaction step were investigated by first-principle calculations using VASP. The vacuum layer was
set to 1.0 nm thick, and 2x2x2 supercell and a slab model was used comprising fcc Ni, Co (1 1 1)
facets, monoclinic ZrO> (0 0 1) and (1 1 1) facets, and Nij9 or Coy9 Cluster with fcc (0 0 1) and (1
1 1) facets.

The O vacancy on the ZrO; (1 1 1) surface were favorable for CO; dissociation, while the Ni
and Co (1 1 1) surfaces were favorable for consecutive hydrogen addition. The CO, adsorption
energy on the O vacancy of ZrO; (1 1 1) surface was —5.6 eV, and the highest activation energy
was 0.9 eV in the series of elementary reactions into CO. The activation energy was significantly
decreased to 0.4 eV when OH species were present on Zr atoms neighboring the surface O defects.
Furthermore, the formation of C—O-H species perturbed the density of state of ZrO, facilitating
the charge separation. Based on these results, dual catalytic mechanism, charge separation to
reduce CO» into CO over ZrO, (0.4 eV) followed by consecutive hydrogen addition into CHs4 (0.5
eV) on metal due to heat transformed from light energy was quantitatively confirmed.
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