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Morphology dependent regulation of oxygen vacancies in CeQO, and its catalytic
performance for toluene oxidation
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Abstract: Efficient elimination of gaseous organic precursors of condensable particulate matter is a major research
focus in environmental catalysis. Herein, using toluene as a model pollutant, CeO, catalysts with distinct exposed
crystal facets were controllably synthesized via a hydrothermal method. This work systematically investigates the
facet—dependent performance in the catalytic oxidation of toluene. Catalytic performance tests show that CeO,
nanorods predominantly enclosed by the (110) and (100) facets exhibit outstanding catalytic activity and stability,
achieving 90% toluene conversion at a relatively low temperature of 225 °C. Notably, CeO, nanorods exhibit a lower
apparent activation energy (71.6 kJ-mol ') and higher specific reaction rates than the (100)—faceted nanocubes and
(111) —faceted nanopolyhedra. The structure—activity relationship analysis indicates that precise control of the
exposed crystal facets effectively regulates the concentration of surface oxygen vacancies. The exposure of high—
energy facets on the CeO, nanorods generates more abundant oxygen vacancies, which not only facilitates the

migration of reactive oxygen species and the formation of highly active surface adsorbed oxygen, but also accelerates
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the redox cycle of Ce*/Ce™, thereby enhancing the toluene oxidation activity.

Keywords: cerium dioxide; crystal facet; oxygen vacancy; toluene; catalytic oxidation
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(a) XRD patterns and (b) partially enlarged view of CeO, catalysts with different morphologies
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Fig.2 (a) N, adsorption—desorption isotherms and (b) pore size distributions of CeO, catalysts with different morphologies
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Table 1 N, adsorption—desorption results for CeO,

catalysts with different morphologies
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Fig.3 TEM images of CeO, catalysts with different morphologies: (a, al) CeO,~R; (b, bl) Ce0,-C; and (c, c1) CeO,-P
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Fig.4 Raman spectra of the CeO, catalysts with different morphologies
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Fig.5 XPS spectra of the CeO, catalysts with different morphologies: (a) O 1s and (b) Ce 3d
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Table 2 XPS analysis results of CeO, catalysts with

different morphologies

Catalysts 0,/(0,,+0,) Ce™'/Ce™
CeO,-R 0.34 0.20
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Fig.6 EPR spectra of CeO, catalysts with different morphologies
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Fig.8 (a) Catalytic activities of CeQ, catalysts with different morphologies for toluene oxidation; (b) Reaction rates normalized by BET

surface area; (c) Apparent activation energies; and (d) Stability test of CeO,~R at 230 °C
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Table3 TheT,, Ty, T,,, E,and specific reaction rates of CeO, catalysts with different morphologies
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Table 4 Comparison of the catalytic activities of different

CeO, catalysts for toluene oxidation
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