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Reaction mechanism of CO/CO, photo-conversion into ethylene and propylene using cobalt
metal nanoparticles supported on ZrO: ('‘Graduate School of Science, Chiba University)
Keisuke Hara!, Rumiko Hirayama', Rento Ishii', Kaori Niki', Yasuo Izumi'.

Cobalt nanoparticles were supported on monoclinic ZrO, and the photocatalyst was reduced
under H» at various temperatures. Using the combination of 1*CO,, *CO, H», and/or D,O and
UV-visible light irradiation, ethylene and propylene were major products (Table 1b—d). The
reaction mechanism was investigated by in-situ FTIR measurements and DFT calculations
using VASP. The results demonstrated that both CO, and CO were adsorbed on the ZrO,
surface, then the H-added COH species transferred onto the metallic Co nanoparticle surface
via the interface between them. The CHOH, CH,, and CHjs species were favorable on the
metallic Co surface. Furthermore, the CHOH and CH, species tend to C—C couple resulting
in ethylene and propylene as one of the most favorable reaction pathway. On the other hand,
non-adiabatic molecular dynamics calculations revealed that the excited electrons transfer
owing to light irradiation transferred from ZrO;to CO, and/or CO on the femtosecond scale.
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Table 1. Kinetic Data on Photoconversion of CO, Using the Co (7.5 wt %)—ZrO; Photocatalyst

Treduction formation rate (umol h™! geat™?)
entry  catalyst reactants

(KN BCO  BCHs BGHs BCGHs  BCHs  BCaHs

a - 0.016 <0.002 <0.002 <0.002 <0.002 <0.002
13CO; (2.3 kPa) + H2 (21.7 kPa)

b 11 190 <0.002 3.4 <0.002 0.25
[¢ Co-ZrO2 13C0O; (2.3 kPa) + H2 (2.3 kPa) 40 52 <0.002 1.1 <0.002 0.082

973
d 13CO (2.3 kPa) + H, (21.7 kPa) - 5.2 017 058 072 0.96
e 13CO (2.3 kPa) + H; (2.3 kPa) - 2.2 5.2 017 023 0.024
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