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The XPS fit of the Ce 3d region in CeO2 and Ce2O3 oxides has been crucial in 
characterizing catalysts for various processes, including automotive exhaust 
treatment in three-way catalysts, hydrogen production via thermochemical water 
splitting, methane reforming, the water-gas shift reaction, oxidation of volatile 
organic compounds, and CO2 conversion. In all cases, the relative amounts of 
Ce3+ and Ce4+ cations—directly related to the concentration of oxygen 
vacancies—are directly linked to catalyst performance. Therefore, XPS has 
become a standard tool for determining the chemical oxidation state of cerium 
cations across many fields, most of which are not fully familiar with the details of 
XPS analysis. This has led to the spread of poor-quality XPS fitting routines that 
often ignore basic physical constraints and overlook the efforts of the 
experimental and theoretical XPS communities over the past few decades to 
develop more accurate, physically meaningful fit models [1].  
 
Here, we discuss three approaches for Ce3+/Ce4+ quantification in detail: XPS 
peak fitting, linear combination fitting of Ce2O3 and CeO2 reference spectra, and 
factor analysis. In the first case, we account for background correction when Al 
Kα, the most extensively employed anode, is used, extracting the Ce MNN 
Auger signal that partially overlaps with the Ce 3d region around 915 eV [2]. We 
also compare our fit model with the theoretical work of Kotani [3] and the 
experimental models developed by Romeo [4] and Skala [5], showing that a 
proper background correction can affect the absolute value of the extracted 
Ce3+/Ce4+ ratio and the associated error. The advantages and disadvantages of 
the linear combination and factor analysis methods are discussed, 
demonstrating their usefulness in situations requiring quantitative, robust routine 
analysis. For comparison purposes, the XPS fit of the O 1s regions to effectively 
extract the Ce3+/Ce4+ ratio is also compared to the Ce 3d results. 
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