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Table S1. Catalytic activities of different catalysts for soot combustion.

Catalyst:soot ~ Contact

Catalyst Catalytic activity / °C Reaction gas
weight ratio mode
5wt% Cu/CeQ,this work Tyo/263 10:1 tight 0.5% Oy/N,
5wt% Rh/CeQ,this work Tyo/265 10:1 tight 0.5% Oy/N,
5wt% Ag/CeO,! To/525 4:1 loose 1% O,/N,
Lay ¢Sr94MnOj3 perovskite? Ts /427 4:1 tight 1% O,/He
5wt% Ag/CeO,? Tso /333 20:1 tight 6% O0,/N,
4.5wt% Ag/CeO, nanofibers* Tig / 292 19:1 tight 21% O,/He

Tig: Temperature at which the soot combustion begins.

Table S2. H, consumption (50-250 °C) of CeO, and Cu-based catalysts.

Catalyst H, consumption (50-250 °C) / mmol g'!
CeO, 0
Cu/SiO, 0.32
CuO+CeO, 0.36
Cu/CeO;, 0.44,1.1°

alow-temperature reduction peak at 84 °C, Phigh-temperature reduction peak at 148 °C.



Table S3. H, consumption of M/CeQ,.

Catal H; consumption Reduction reaction of H; consumption of the H; consumption of
atalyst
Y (<550 °C)*/ mmol g! the supported metal supported metal® / mmol g-! CeO,¢ / mmol g!
CeO, 0.19 - - -

1/2Mn*3,05 + 1/2H,
Mn/CeO, 0.37 0.46 -0.09
— Mn*20+ 1/2H,0

1/2Fe+3203 + 1/6H2

Fe/CeO, 0.95 0.15 0.80
— 1/3Fe+2Fe+3204+ 1/6H20
1/3Co0*2Co*3,04 + 4/3H,
Co/CeO, 1.77 1.13 0.64
— Co® +4/3H,0
Ni*20 + H,
Ni/CeO, 1.30 0.85 0.45
5 Ni® + H,0
Cu?0 + H,
Cu/CeO, 1.54 0.79 0.85
— Cuo + Hzo
1/2Rh*3,053 + 3/2H,
Rh/CeO, 0.64 0.73 -0.09
— Rh%+ 3/2H,0
Pd*?0 + H,
Pd/CeO, 0.51 0.47 0.04
— PdO + Hzo
12AgH0 + 1/2H,
Ag/CeO, 0.19 0.23 -0.04

— Ag'+ 1/2H,0

@ Calculated by integrating of the reduction peak (< 550 °C).
b Theoretical value calculated based on assumptions that the supported metal species was reduced according to the reduction
reaction equation. It is reported that Mn’ and Fe® oxide species are not reduced to metal below 550 °C .

¢ Calculated by subtracting (b) from (a). Positive values indicate that the reduction from CeO; occurs below 550 °C.
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Figure S1. TEM image of the model soot (PrintexV).
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Figure S2. (a) Mn 2p, (b) Fe 2p, (c) Co 2p, (d) Ni 2p, (e) Cu 2p, (f) Rh 3d, (g) Pd 3d, and (h) Ag 3d XPS spectra of as-

prepared M/CeO,.
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Figure S3. (a) Ce 3d and (b) O 1s XPS spectra of as-prepared M/CeQO,.
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Figure S4. TEM image of as-prepared Cu/CeQ, catalyst.

(a) Rh/CeO, (b) Pd/CeO,

Figure S5. Low-magnification STEM-EDX mapping images of as-prepared (a) Rh/CeO,, (b) Pd/CeO,, and (c) Ag/CeO,.
Red: Rh, Pd, and Ag, Blue: Ce. High-magnification images (Figure 2) are taken in the white frame.
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Figure S6. Raman spectra of as-prepared M/CeO,.
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XAFS measurement

The structure and oxidation sate of Cu species on Cu/CeO, were investigated by Cu K-edge XAFS measurement. Figure
S9 shows the Cu K-edge XANES spectra and the fourier transformed (FT)-EXAFS spectra of Cu/CeO, after each treatment
and Cu reference compounds. Since Cu/CeO, showed the two reduction peaks at 84 °C and 148 °C in H,-TPR (Figure S6),
Cu/CeO, was reduced by H, at 100 °C and 200 °C. The Cu K-edge XANES spectra clearly demonstrate the presence of Cu?*
species in Cu/CeO, (Fresh). The Cu K-edge FT-EXAFS spectra exhibited the peaks due to Cu—O contribution at 1.5 A and
due to Cu—Cu in copper oxide contribution at 2.5 A. The intensity of peak due to the Cu-Cu contribution of Cu/CeQ, (Fresh)
was lower than that of the reference CuO. Thus, Cu species on Cu/CeO; exist as small CuOy clusters, which is consistent with
XRD, STEM-EDX, and Raman results. The Cu K-edge XANES spectra of Cu/CeO, (Red. 100 °C) showed no change
compared to Cu/CeO; (Fresh). On the other hand, Cu species on Cu/CeO, (Red. 200 °C) were reduced to metallic Cu. It was

indicated that the reduction of Cu?* species occurred mainly at 100-200 °C.
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Figure S9. Cu K-edge (a) XANES and (b) FT-EXAFS spectra of Cu/CeQ,. Fresh: as-prepared, Red. 100 and 200 °C: after

H, reduction at 100 and 200 °C.
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The oxidation state of Ce was also investigated by Ce Ly-edge XAFS measurement. Figure S8 shows the Ce Ljj-edge
XANES spectra and FT-EXAFS spectra of Cu/CeQ, after the reduction at 100 °C or 200 °C and Ce reference compounds.
As the reduction temperature increased, the broad peak at 5720-5730 eV in Ce Ly-edge XANES spectra of Cu/CeQ; shifted
to lower energies. By linear combination fitting (LCF) analysis, the ratios of reduced Ce were estimated to be 1.2% at 100 °C
(Red. 100 °C) and 3.2% at 200 °C (Red. 200 °C). In the Ce Lj-edge EXAFS spectra, the intensity of the peak due to the first
shell of Ce—O contribution at 1.9 A was also lower. This means that oxygen was released from CeO, surface as the reduction

temperature increased, i.e., a part of Ce** was reduced to Ce3*.
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Figure S10. Ce Ljj-edge (a) XANES and (b) FT-EXAFS spectra of Cu/CeQ,. Fresh: as-prepared, Red. 100 and 200 °C:
after H, reduction at 100 and 200 °C.
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Figure S11. Relationship between soot combustion activity under 0.5% O,/N; and BET surface area of M/CeO,.
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Figure S12. Weight change of Cu/CeO, under switching a flowing gas between 5% H,/N, and 10% O,/N, at 300°C.
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Figure S13. Relationship between soot combustion activity under 0.5% O,/N, and OSC of M/CeO,. The coefficient of
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Figure S14. Relationship between soot combustion activity under 10% O,/N, and oxygen release rate of M/CeQO,. The

coefficient of determination R* = 0.69.
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Figure S15. H,-TPR profiles of M/CeO..
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Figure S16. Raman spectra of M/CeQ, after H, reduction at 300 °C
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Figure S17. Relationship between peak temperature of H,-TPR and metal-oxygen bond energy.
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