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The left graphs are based on PBE+U(4.5) 

calculations for CeO2(111) and PBE calculations for 

TiO2(110), Al2O3(0001), and MgO(001) surfaces. 

J. Paier, C. Penschke, J. Sauer, Chem. Rev., 2013, 113, 3949.  

Surface Surface energy (J∙m-2) O-vacancy formation energy (eV) 

(111) 0.68 2.60 

(110) 1.01 1.99 

(100) 1.41 2.27 

Stability and reducibility of ceria surfaces  

Calculated oxygen defect formation energy.  

p(O2) vs T phase diagram. 

Redicibility of ceria (CeO2, cerium dioxide) 

M. Nolan et al., Surf. Sci., 2005, 576, 217. 

M. Nolan et al., Surf. Sci., 2005, 595, 223. 
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Wulff construction 

R. Farra et al., PCCP, 2013, 15, 3454. 
G. A. H. Mekhemer, M. I. Zaki, Adsorpt. Sci. Technol., 1997, 15, 377. 

CO on ceria powders 
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cus CO/Ce3+ other assignments 

Assignments of CO bands of ceria powders 
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UHV-FTIR 

(Bruker Vertex 80v) 

Distribution chambers 

XPS, UPS and AES analyzer 

(VG Scienta R4000) 

Preparation chamber 

with LEED, AES, TDS 

and effusion cells 

Analysis chamber 

Powder IR measurements 
in transmission mode 

Oxide SXs IR measurements 
in reflection mode 

UHV-FTIR apparatus 
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CO on single crystal CeO2(111) 
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C. Yang, C. Wöll et al., PCCP, 2014, 16, 24165. 
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Assignment of CO bands on CeO2(111) surface 

C. Yang, C. Wöll et al., PCCP, 2014, 16, 24165. 

M. V. Ganduglia-Pirovano, J. Sauer et al., PRL, 2009, 102, 026101. 
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CO on oxidized single crystal CeO2(110) 

2300 2200 2100 2000

2154

 
A

b
s

o
rb

a
n

c
e

Wavenumber (cm
-1
)

 clean

 0.01 L

 0.02 L

 0.05 L

0.0002

2170

82 K

p - pol

h//[1-10]

oxidized 



Institute of Functional Interfaces (IFG) 11 

2300 2200 2100 2000

p - pol

h//[1-10]

2182

2177

 

A
b

s
o

rb
a

n
c

e

Wavenumber (cm
-1
)

0.05 L CO

 110 K

 105 K

 100 K

 95 K

 92 K

0.0001

CO on reduced single crystal CeO2(110) 

reduced 



Institute of Functional Interfaces (IFG) 12 

CO on reduced single crystal CeO2(100) 

reduced thermal desorption 
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Compilation of CO frequencies 
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Summary 

1. Using CO as probe molecule, UHV-IRRAS can distinguish ceria surface 

orientations and probe oxygen vacancies.  

2. Based on vibrational frequencies of CO adsorption on oxidized and 

reduced ceria single crystals, the controversial assignments of IR-bands 

of CO adsorption on ceria powders can be clarified.  
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