Controlling the O-Vacancy Formation and Performance of
Au/ZnO Catalysts in CO2 Reduction to Methanol
by the ZnO Particle Size

Shilong Chen,'* Ali M. Abdel-Mageed,'* Chihiro Mochizuki,? Tamao Ishida,? Toru
Murayama,? Jabor Rabeah,® Angelika Briickner,® R. Jiirgen Behm*

YInstitute of Surface Chemistry and Catalysis, Ulm University, 89069 Ulm, Germany
Research Center for Gold Chemistry, Department of Applied Chemistry for Environment,
Graduate School of Urban Environmental Sciences, Tokyo Metropolitan University,
192-0397 Tokyo, Japan

3eibniz Institute for Catalysis (LIKAT Rostock), 18059 Rostock, Germany

ABSTRACT: In a systematic approach to control and improve the performance of Au/ZnO catalysts in
methanol synthesis from CO,, we have studied the effect of varying the ZnO particle size. We show that
with increasing ZnO particle size (22 — 103 nm), while keeping the Au loading / Au particle size
constant, the activity for methanol formation passes through a maximum in a volcano-shaped relation,
while the selectivity increases steadily. This is explained by a competition between structural SMSI
effects and electronic metal-support interactions (EMSIs): /n-situ FTIR during CO adsorption at -140°C
revealed a significant decrease of the accessible Au surface area, most likely due to partial overgrowth
of the Au NPs by a layer of ZnOy during reaction, which is more pronounced for smaller ZnO particle
sizes. EPR spectroscopy indicates the formation of O-vacancy defects during reaction, whose
concentration increases with increasing ZnO particle size, modifies the EMSIs via charge transfer to the
Au NPs. Optimization of the support particle size is proposed as an attractive approach for controlling

the performance of supported catalysts.

KEYWORDS: CO- hydrogenation, green methanol, O-vacancy, selectivity control, support particle size
effect
Submitted: 20. 01. 2021

* Authors to whom correspondence should be addressed. Email: shilong.chen@uni-ulm.de, ali.abdel-
mageed@uni-ulm.de, juergen.behm@uni-ulm.de



mailto:shilong.chen@uni-ulm.de
mailto:ali.abdel-mageed@uni-ulm.de
mailto:ali.abdel-mageed@uni-ulm.de
mailto:juergen.behm@uni-ulm.de

