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Report:

In this experiment we followed in-situ the structural and electronic modification of cerium-oxide nanoparticles
(NP) of different size during reducing thermal treatments. This goal was achieved by acquiring EXAFS and
XANES measurements at the Ce L3 edge, which are very sensitive to to small structural modifications and to
the cerium ion oxidation state.

According to some previous studies, cerium oxide NP show higher reducibility than (111) oriented ultrathin
films with comparable surface to volume ratio [1]; this may be due to dimensional effects and/or to the presence
of surface terminations less stable than the (111). The goal of this experiment was to understand the role of
dimensionality in the modification of the oxide properties.

The CeO2 NPs samples were grown by magnetron sputtering and inert gas aggregation in mixture of Ar and
He gases. The NP were selected in mass with a quadrupole filter and deposited on a Si/SiOx substrate. The size
of the obtained NP was checked by TEM after the growth. In the present experiment we investigated films with
different NP diameter: 3 nm and 4.5 nm. Two 3 nm diameter NP films with different nominal thickness - 5
nm and 10 nm - were prepared, the thicker one was expected to give a better signal, altough it could be affected
by more severe aggregation effects induced by the thermal treatment. The samples were prepared in our
laboratories and carried to the ESRF in a non reactive atmosphere.

A microtomo furnace was used to perform the reducing thermal treatments in high vacuum (P=10"" mbar). We
measured each sample before and after thermal treatment at 1025 K for 30 min in high vacuum. The heating
and cooling rates, controlled by a PID, were set to 7 K/min for all samples. The Ce Ls-edge spectra were
acquired in the fluorescence yield mode with a 13-element Ge detector. Two reference samples containing only
Ce*" (CeOs powders) and Ce*" ( cerium (III) nitride powders) were also measured in the transmission mode.
Fig.1 reports the Ce Ls-edge XANES spectra acquired on the three samples before and after the thermal
treatments. The XANES of a fourth film made of NP with 9 nm diameter and with a nominal thickness of 10
nm, prepared and treated in a similar way in a prevoius beamtime (HC 1848), is also shown for comparison.
The figure also reports the fitting obtained with a combination of Pearson curves, with position and widths
determined by fitting the refecence samples, and an arctangent function for the background. The XANES are
dominated by Ce*'-related spectral features and a mild increase of Ce*" concentration can be detected after the
thermal treatment.



Fig.2 shows the imaginary part of the Fourier transform of the EXAFS signal in a k=2.5-7.5 A™! range for the
three NP samples before and after the thermal treatment, compared with the CeO» reference. A contraction of
the first shell Ce-O distance in the NP with respect to the bulk value is clearly visible. The thermal treatment
induces a relaxation of the Ce-O distance. We ascribe the observed contraction to dimensionality-induced
effects, as predicted by previous theoretical work [2]. A first shell data analysis confirms the qualitative
observations and gives the Ce-O distances reported in Fig.3.

[1] M. C. Spadaro, et al. "Morphology, structural properties and reducibility of size-selected CeO2— x
nanoparticle films." Beilstein Journ. Nanotechnol. 6, 60 (2015).

[2] C. Loschen, et al. "Understanding ceria nanoparticles from first-principles calculations." J.Phys. Chem. C
111 10142 (2007).
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Fig. 1 Ce L;-edge XANES of NP with different size
and thickness (T=10 nm, t= Snm). Dashed lines are
the best fit of the spectra obtained using the Ce**
and Ce*" components shown at the bottom.
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Fig. 2 Imaginary part of the Fourier transform of the EXAFS
signal in the k =2.5,7.5 A-! range for the NP of different size
and thicnkess (T=10 nm, t=5 nm), before and after the thermal
treatments, in comparison with the CeO, reference sample.
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Fig. 3 First shell Ce-O distances evaluated
from the fitting of the EXAFS spectra of
the NP of different size before and after the
thermal treatments, in comparison with the
CeO; reference sample.



