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Why is ceria (CeO,, cerium dioxide) interesting” A\‘(IT
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Oxygen partial pressure (atm)

Ceria has low oxygen vacancy formation energy ﬂ("'
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6.2 Stability and reducibility of ceria surfaces
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Calculated oxygen defect formation energy.
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From single crystals to commercial powders AT
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UHV-FTIR apparatus ﬂ(“
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UHV-FTIR XPS, UPS and AES analyzer
(Bruker Vertex 80v) (VG Scienta R4000)
Analysis chamber

Powder IR measurements
in transmission mode

Preparation chamber
with LEED, AES, TDS

Oxide SXs IR measurements
and effusion cells in reflection mode

Distribution chambers



CO on ceria powders
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How to assign the CO IR-bands?
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Controversial assignments of CO IR-bands on ceria powders &(IT
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Surface structure of ceria (110) single crystal

CO adsorption IRRAS
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{111}-faceting of ceria (110) surface
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Spectral evolution of the faceted ceria (110) surfacek\‘("'
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with increasing temperature

with increasing CO coverage
2210 2160 2110 2060 1125 K

2170 - “*’\/\/\’W
2163 p-pol 2153 spul 105 K

/s 95 K
85 K

80 K
77K

Absorbance

Absorbance

2154

' 2162'\}/ 2154
2260 2210 2160 2110 e i

2240 2200 2160 2120 2080

Wavenumber (cm-) Wavenumber (cm™)

10 C.Yang, X. Yu, S. Heil3ler, A. Nefedov, S. Colussi, J. Llorca, A. Trovarelli, Y. Wang, C. Wo6ll, Angew. Chem. Int. Ed.,
2017, 56, 375.



Surface structure of ceria nanorods
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Summary ﬂ("
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1. Using CO as probe molecule, IR spectroscopy can distinguish ceria surface orientations
and probe oxygen vacancies.

2. We have presented, for the first time, a thorough IRRAS study on the atomic structure
evolution of the catalytically most active CeO,(110) single-crystal surface.

3. By calibrating the stretch frequency of adsorbed CO for various single crystal surfaces,
we are able to demonstrate that the rod-shaped ceria NPs which previously were
assumed to expose a (110)-terminated surface essentially restructure and the {111}-
type faceting is an intrinsic property of the ceria (110) surface.
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