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Report:

Gadolinium doped ceria oxides (G&dO..42, CGO) have been intensively studied in the lasryeince
they find application in Solid Oxide Fuel Cells.miof the experiment was to determine the local and
medium range structure of CGO by means of anomaRidis. Seven samples (x=0, 0.125, 0.250, 0.500,
0.750, 0.875, 1) were measured at 90 KAa0.2496 A and some of them (x=0.25, 0.50, 0.75)ewer
measured also a,=0.2475 A. We collected data at two different wawetths just below the Gd-K
absorption edge in order to obtain the so-calleffie@intial Pair Distribution Function, which in pdiple
highlights only the contribution of Gd to the exipsental PDF.

PDF quality data were obtained after summing sésrans for about 8-10 hours of total counting time
reaching a Qmax value of ~ 30'A

The effect of doping on thaveragestructure (i.e. on space groupeanatomic positions and atomic mean
square displacements) was analyzed using the cbomeh Rietveld analysis while Pair Distribution
Function (PDF) Technique was also used to exploxectsiral distortions as well as the spatial extent
disorder in the real space. The reciprocal spaaly/sis has been performed using the software GRA&nd

its graphic interface EXPGUR], while for the real space analysis PDFGd8f{and PDFGUH] were used.

In figure 1 the mean square atomic displacemenss)(as a function of the doping concentration arensho
which clearly indicate the occurrence of disorder.

In order to deepen the description of such disoitterlocal structure has been studied by meaR®&t The
observed @Q( functions are shown in figure 2a. The real sppeaks have been fitted using normalized
gaussian functions and the corresponding metalinmiématomic distances are reported in figure 2b.



The same distances obtained through the recipepzade analysis are also
e plotted in the same figure. Some important diffeesn can be noted.
| . According to the reciprocal space analysis therflizostructure shows one
EY 1 Ce/Gd-Ce/Gd distance whereas in the C-type streictne set of “long” and
08} ] “short” distances are present. By comparing theieslobtained in both
el . | spaces it should be noted that the Ce/Gd-Ce/Gardistin the fluoritic
. | structure decreases by enhancing the doping coatient Moreover the
“long” distances values in the C-type structureaoi#d from theG(r)
functions are clearly overestimated with respectthte reciprocal space
00 o0z 04 06 08 10 analysis. These distances increase as a functitreaferium concentration
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Figurel. Mean square displacements inyhan the structure is long range fluoritic. Thisatjreement between the
doped ceria samples as a functionxof

concentration. short range and the long range structure giveseacel about the presence

of some kind of disorder on the nanoscale: Thellstaicture obtained
through the PDF analysis is not consistent withatherage crystallographic modeht3m for x<0.5 and &-3
for x>0.5) and has been interpreted using a “biphasiceiiode. supposing the formation of @os-rich
droplets extending about 10 A embedded in a fliso®eQ matrix, or vice versa, depending on the overall
composition.
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Figure2a. Observer PDF functions. Figure2b.  Metal-metal  interatomi¢ Figure2c. Experimental PDF (black), Ce-

distances as determined by Rietvel®PDF (blue) and Gd-DPDF (red) for the
(black circles) and PDF (red circles). x=0.25 composition

In order to support the idea that Ce and Gd iotaneheir local environment, a differential PaisBibution
Function study has been performed. The methodtrohas been reported|ib].

In figure2c the experimental PDF for the compogik=0.25 is compared to the Gd - DPDF (red) and the
Ce - DPDF (blue). A hump at about 4.1 is preseht inGd - DPDF: this suggests that only Gd cations
contribute to the corresponding PDF peak.

In order to compare all the samples and to av@da signal to noise ratio, the DPDF have beerutatied
by considering data collected up to a Qmax =24 A
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