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Experimental

Raman analyses

Fig. S1. FESEMmicrographof the CeQ catalyst in powdefA) andafter compression at 3 b prepare a tabl€B). The
images show no significanorphologicalkchanges due to thapplied pressure



Results and Discussion

Catalyst characterization and activity

Ce95Cu5

Ce95Cu2.5Mn2.5

Fig. 2. Selected area electron diffraction (SAED) patterns of thedifi@rent samplesThe violet lines represent a simulated

patternfor ceria crystal structure

Table S provides results obtained by the analysis of the electron diffraction patterns rep@iitpsih
The diffraction rings wereanalyzedwith the Circular Hough analysis tol] provided in Digital
Micrograpi™ software. The CeQ referencecrystallographicstructure (CeG REF in the table)s
calculated from data provided [B].

Table S1. Summary of the results from SAEDeasurements on the four different classes of samples.

CeO2 REF Miller indices
(111)
(200)
(220)
(311)
(222)

d (&)
3,12
2,70
1,01
1,64
1,56

d/ d(112)

1,00
0,87
0,61
0,52
0,50

Ce95Cub5 ri

Ce02 ring d/ d(111)

1

N

O WONPEFE S OPAMW

1,00
0,86
0,61
0,52
0,49

g d/ d(112)

1,00
0,87
0,61
0,52
0,50

Ce95Mn5 ring d/ d(111)
1 1,00
2 0,87
3 0,61
4 0,52
5 0,50
Ce95Cu2.5Mn2.5ring d/ d(111)
1 1,00
2 0,87
3 0,61
4 0,52
5 0,50
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Fig. S3. XRD diffractograms of the four samples (data, except for Ce95 Mn5, and details about the experimental procedures
previously reported if8]). Powder XRD was performed in a Philips Xo0Pert
(wavelength & = 1.54110A;16tE@ m, 02d5”RarRge i MBAper st e
indexed according to the Powder Datke latabase (PDF 2000, International Centre of Diffraction Data, Pennsylvania). The
crystal average size Dc (nm) reported in the manuscript

0.9 is the shape fucKkbrwdweal esmpdtehwe(@n nne,aifs hiadh ¢t Bea xfiuMulm F
the Bragg angle (rad). The FWHM data were previously corrected comparing them with those of a lanthanum hexaboride
standardThelattice parameter a was predicted using NeRday function.
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Fig. $4. Representative EDX spectra for the pristine and doped ceria powders acquired with parallel beam illumination in the
transmission electron microscope.



Fig. S4 shows representative EDX spectra obtained with parallel beam illumination of the different
pristine and doped ceria powders. These results confirm the presence of the dopant elements, i
accordance with the specific precursors exploited for the synthesis. Au TEM grids were used for the
analysis instead of common Cu grids, in order to avoid the preseref a spuri ous Cu
peaks are due to the pole pieces.

D1 => Intrinsic Frenkel defect D2 => Extrinsic substitutional defect D3 => Oxygen vacancy
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Fig. Sb. Typical literature assignments of the observed Raman components to the different types of defect sites which can be
found in the ceria lattice

In situ Raman analyses adhe CO oxidation reaction
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Fig. S6. Position (A) and full width at half maximum (B) of theglpeak as a function of the temperature. The values were
obtained from the Raman spectra of pure Ce@lected during the ksitu analyses of CO oxidation (FigA) and during
analyses in air floWspectra reported if@] (ref. [37] in the main texf.



Intensity (a.u.)

1000 1100 1200 1300 1400
Raman shift (cm'1)

Fig. S7. Magnification in the 1004550 cm! range of the Raman spectra acquired on the;@&cand Ce95Cu5 (B) samples
while performing the CO oxidation from RT to 580. For each catalyst, the initial (RT) and final (500 °C) spectra are reported,
together with an intermediate spectrum recordetie@temperature at which the most intense polyasesciated bands are
visible (located in the regions highlighted with coloured bands). The dotted lines in tliig/dirst representing the shape of
ceria second order band obtained by deconvolutienewdded to assist the identification ofti€0 cm! band. The asterisks
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in Fig. S7B indicate peaks associated to the presence of contaminants at RT.
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Fig. S8 Magnification in thel450-1650 cm® range of the Raman spectra collected at different temperatures during the CO
oxidation (1000 ppm of CO and 10% of @ N;) ona CeQ samplesThe catalyst tablet was pretreated at 500 °C for 1 h
before starting the analys in order to remove any organic contaminati@espite the absence of carbonaceous species at RT
(no bands were detected in th50-1650cnT? range), thepolyenesrelatedbandlocated at about 1500 chappeasand show

a similar behaviouto that previously observed
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Fig. $9. Position (A) and full width at half maximum (B) of theglpeak as a function of the temperature. The values were
obtained from the Raman spectra collected on Ce95Cu5 during-#itel ianalyses of CO oxidation (FigB) and during
analyses in air flow[spectra reported if#] (ref. [37] in the main é&xt)].
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Fig. S10. Raman spectra collected at different temperatures during the CO oxidation on the Ce95Mn5 (A) and
Ce95Cu2.5Mn2.5 (B) samples. In the insets, the defect region is magnified (the spectra are shown°€vieryesflice the
number ofoverlapping curves).



In situ Raman analyses during reductieaxidation cycles
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Fig. S11.Raman spectra acquired on the Ce95Cu5 sample at 40%€ different atmospherekiring the cycles of reduction

and oxidation. When the sample is exposetid@0 ppm of CO in B the spectral intensity drofimit no bands related to the
formation of soolike species can be detected.
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Fig. S12. Raman spectra acquired on the Ce95Cu2.5Mn2.5 sample during the reducing phas¥ ofdted reduction and
oxidation. The spectra were collected at 400 °C immediately before and 10, 25 and 40 min after the gas chapgetitom N

1000 ppm CO/Mmixture. All the spectra were normalized to the intensity of thg&ak. In the inset a rgaification of the
defect band is shown.



Fig. S13. Raman spectra acquired on the Ce95Cu5 sample at 400 °C during cycles of reduction and oxidation, in which 2000
ppm of CO in Nwas used as reducing mixture. The spectra were collected 40 min aftes tieagge. In the inset the spectra
normalized to the intensity of thedpeak are reported and a magnification of the defect band is shown.
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