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Report: 
Yttrium doped ceria oxides (Ce1-xYxO2-x/2, CYO) have been intensively studied in the last years since they 
find application in Solid Oxide Fuel Cells. Aim of the experiment was to determine the local and medium 
range structure of CYO as a function of the doping concentration x. Seven samples (x=0,0.125, 0.250, 0.500, 
0.750, 0.875,1) were measured at 90 K at λ1=0.3099 Å and some of them (x=0.25, 0.50, 0.75) were measured 
also at λ2=0.3070 Å. Data were collected at two different wavelengths just below the Ce-K absorption edge in 
order to get the so-called Differential Pair Distribution Function, which in principle highlights only the 
contribution of Ce to the experimental PDF. PDF quality data were obtained after summing several scans for 
about 8-10 hours of total counting time, reaching a Qmax value of ~ 28.5 Å-1.  
The effect of doping on the average structure (i.e. on space group, mean atomic positions and atomic mean 
square displacements) was analyzed using the conventional Rietveld analysis while Pair Distribution 
Function (PDF) Technique was also used to explore structural distortions as well as the spatial extent of 
disorder in the real space. The reciprocal space analysis has been performed using the software GSAS [1] and 
its graphic interface EXPGUI [2]. It shows that the average structure is fluoritic (space group Fm-3m) for x ≤ 
0.25 and C-type (space group Ia-3) for x ≥ 0.50. Moreover, the increase of the mean square atomic 
displacements (msd) as a function of the doping concentration clearly indicates the occurrence of disorder. In 
the C-type part of the solid solution, the low symmetry allows for the use of anisotropic msds at least for 
cation sites: As an example in figure 1a the ellipsoids related to the anisotropic msds indicate that the disorder 
is strongly localized. The local environment of the two different cation sites (labeled as M1 and M2) is shown 
in figures 1b and 1c. The real space analysis has been performed with the software PDFGetX2 [3] and 
PDFGUI [4]. The high total counting time allows for a sufficiently high signal to noise ratio at high angle, 
thus reducing the amplitude of noise in the real space. The F(Q) function for the sample x=0.25 obtained at λ1 
is shown in figure 2a.  
Due to its noticeable Q resolution, ID31 is the ideal beamline to study both the local and the mesoscopic 
scale. For all the measured samples the real space long range structure is in keeping with the average 



crystallographic model. However, considering the local structure (i.e. r < ~10 Å), this is true only for the end-
members(CeO2 and Y2O3). Indeed the local structure obtained through the PDF analysis is not consistent with 
the average crystallographic model and has been interpreted using a “biphasic model”, i.e. supposing the 
formation of Y2O3-rich droplets embedded in a fluoritic CeO2 matrix, or vice versa, depending on the overall 
composition. 
 

 
 

 

Figure1a. Ellipsoids for x(Y)=0.75. Black: 
M1; blue: M2, red: O1, green: O2. 

Figure1b. Coordination of M1 site. 
Black: M1;  red: O1, green: O2. 

Figure1c. Coordination of M1 site.  
Blue: M2;  red: O1, green: O2. 

 
In figure 2b the local range refinement for the sample x=0.25 is shown: On the left is the fit obtained using a 
biphasic model, while on the right just the average model is applied.  

 
 

Figure2a. F(Q) function for the composition x=0.25 Figure2b. Average (right) and biphasic model (left) in red, 
experimental data in black, difference in green.   

 
The same model apply for the other Yttrium compositions. 
This experiment was also aimed to obtain the Ce - Differential Pair Distribution Function in order to define to 
which atom pair every real space peak is referred. This part of the work is still in progress since a strong 
fluorescence contribution is observed at high Q at λ2, which make difficult the comparison between the two 
data sets.  
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