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1. TEM of PtSn/CeO2 catalyst

Figure S1. TEM images and STEM with EDS mapping of PtSn/CeO; catalyst. EDS: energy-

dispersive X-ray spectroscopy.



2. Textural properties
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Figure S2. (a) N2 adsorption—-desorption isotherms and (b) pore-size distribution of undoped

or RE-doped PtSn/CeO; catalysts.



3. XRD patterns of catalysts
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Figure S3 XRD patterns (a, b) over undoped or RE-doped PtSn/CeO; catalysts.




4. HRTEM of PtSn/CeO2 catalyst
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Figure S4. (a-¢c) HRTEM and (a;-c4) SAED images of PtSn/CeO», PtSn/Nb-CeO, and PtSn/Sm-

CeO,, respectively.



5. Raman spectra of catalysts
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Figure S5. Raman spectra (a, b) over undoped or RE-doped PtSn/CeO> catalysts.



6. TOF of catalyst
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Figure S6. (A)TOFpropylene and (b)TOFco2 of undoped or RE-doped PtSn/CeO: catalysts.



7. The stability of PtSn/Nd-CeO2 catalyst
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Figure S7. The stability of PtSn/Nd-CeO; catalyst for CO2-ODP under the reaction conditions

of T =550 C, mycat) = 0.25 g, Ar/He/C0O2/C3Hs = 1:16:4:4, and total flow = 25 mL-min"?,



8. Results of CO2-ODP over CeO2 and Nd-CeO2 supports
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Figure S8. Time-on-stream C3Hg conversion and COz conversion of CO2-ODP over CeO; and

Nd-CeO; supports under the reaction conditions of T = 550 “C, mycat) = 0.1 g, Ar/He/CO2/C3Hs
= 1:16:4:4, total flow = 25 mL-min".
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9. The PDH and CO2-ODP performance of PtSn/Nd-CeO2 catalyst
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Figure S9. C3Hg conversion over PtSn/Nd-CeO; catalyst for PDH and CO;-ODP reactions.
(Reaction conditions for PDH: T = 550 ‘C, m(cat) = 0.25 g, Ar/He/C3Hg = 1/20/4, total flow = 25

mL-minL; Reaction conditions for CO-ODP: T = 550 ‘C, mycat) = 0.25 g, Ar/He/CO2/C3Hg =
1/16/4/4, total flow = 25 mL-min™?).

11



10. Transient MS responses of consecutive CO2 pulses
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Figure S10. Transient MS responses of consecutive CO2 pulses on the pre-reduced undoped

or RE-doped PtSn/CeO; catalysts at 500 C in 10% H» in Ar for 30 min.

12



11. Reaction mechanism of PtSn/Nd-CeO2 catalyst
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Figure S11. Schematic diagram of the oxidation-reduction cycles of the PtSn/Nd-CeO;

catalyzed CO2-ODP.
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12. Carbon balance of catalysts
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Figure S12. Time-on-stream carbon balance of CO,-ODP over undoped or RE-doped

PtSn/CeO: catalysts under the same reaction conditions to those in Figure 2.
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13. Characterization results of spent catalysts
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Figure S13. Raman spectra (a), TG profiles (b), correlation between relative deactivation rate

and carbon deposition rate (c), Pt 4f XPS (d) and XRD patterns (e) of the spent PtSn/CeO> and
PtSn/Nd-CeO> catalysts after CO,-ODP for a TOS of 200 min.
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14. The regeneration performance of PtSn/Nd-CeO2 catalyst
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Figure S14. Reaction-regeneration performance of the PtSn/Nd-CeO; catalyst for CO>-ODP (a)
and the XRD pattern (b) of the spent catalyst after the last catalytic test. (Conditions for the
regeneration and reduction: T = 500 C, air flow = 30 mL-min, t = 30 min; T = 550 ‘C, H, flow

=30 mL'min!, t = 60 min).
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15. Synthesis conditions and measured CeO2 content of supports

Table S1. Textural and structural properties of PtSn/Ce0O2 and PtSn/RE-CeO; catalysts.

Catalysts CeO particle Specific surface Pore volume Average pore size
size (nm)? area (m2-g1)b (cm3-g e (nm)

PtSn/CeO> 17.8 49.9 0.105 10.0

PtSn/La-CeO; 15.2 59.5 0.124 9.5

PtSn/Pr-CeO; 14.5 56.5 0.118 9.6

PtSn/Nd-CeO; 13.1 66.2 0.137 9.3

PtSn/Sm-CeO; 13.9 64.4 0.133 9.1

a: Calculated from Scherrer’s equation and the [111] diffraction of the cubic CeO; as given in
the XRD patterns; b: Calculated by the BET method; c: Calculated from the cumulative

volume of pores in diameter between 1.7 and 300 nm. BET: Brunauer-Emmett-Teller.
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16. Calculated Ce 3d and O 1s XPS results
Table S2. The relative percent of surface Pt, Sn and Ce with different chemical states derived

from XPS analyses.

Catalyst Ce species (%) O species (%)
Ce3"/(Ce3*+Ce?) Ce3"/Ce* 0p/(0,+0p+0,)
PtSn/CeO; 13.4 15.5 24.1
PtSn/La-CeO» 19.7 24.5 33.2
PtSn/Pr-CeO2 21.3 271 36.7
PtSn/Nd-CeO; 26.7 36.4 44.6
PtSn/Sm-CeO; 23.4 30.5 39.9
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17. Synthesis conditions and measured CeO2 content of supports

Table S3. Textural and structural properties of PtSn/Ce0O; and PtSn/RE-CeO; catalysts.

Catalysts Pt dispersion (%) Pt loading (wt.%)2
PtSn/CeO> 221 0.99
PtSn/La-CeO, 24.6 0.98
PtSn/Pr-CeO,  25.7 0.97
PtSn/Nd-CeO, 30.4 0.98
PtSn/Sm-CeO, 28.5 0.97

a: Determined by ICP-MS
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18. Calculated Pt 4f and Sn 3d XPS results

Table S4. The relative percent of surface Pt and Sn with different chemical states derived

from XPS analyses.

Catalyst Pt species (%) Sn species (%)
Pt/ (PtO+Pt?)  PtO/Pt?* Sn® Sn° Sn2+/4* Snz/4  Sn%/(Sn%+Sn?/%)  Sn%/Sn2"/4*
(ev)  Peak (eV) Peak
area area

PtSn/CeO> 30.5 43.9 484.7 80.8 486.4 636.2 11.3 12.7
PtSn/La- 34.8 53.4 484.6 90.1 486.3 566.7 13.7 15.9
CeO2
PtSn/Pr- 36.7 58.0 484.8 84.9 486.2 485.1 14.9 17.5
CeO2
PtSn/Nd- 38.9 63.7 484.6 721 486.2 346.6 17.2 20.8
CeO2
PtSn/Sm- 37.8 60.8 484.6 76.8 486.3 400.1 16.1 19.2
CeO2
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19. Reaction conditions and main results of CO2-ODP over different catalysts

Table S5. Reaction conditions and main results of CO2-ODP over different CeOz-containing

catalysts.
Catalyst T Reaction conditions Initia Initia CO2 Ref..
(C  Gas feed Total Catalys  TOS 1 1 conversio
) ratio flow t (min CsHe¢ STY? n (%)
(ml'min loading ) yield
1) s (g) (%)
FesNi/CeO; 55 C3Hs: CO2: 40.0 0.1 600 1.60 0.18 12.0-5.7 [1]
0 He=1:1:2
FeCeO» 55 CsHs: CO2: 30.0 0.2 1200 8.40 0.07 N/A [2]
0 He=5:5:90
FeNi/Ceria-Vo-R 55 CsHs: CO2: 17.2 1.0 180 9.66 0.03 N/A [3]
0 He=2.4:4.8:10
5% Cr/Ceo.2Z10.802 60 CszHs: CO2: 20.0 0.2 360 49.7 0.14 31.2 [4]
0 He=0.5:1:18.5
5C rOy/e0.5Zr0.502/Si 67 CzHs: 30.0 0.5 N/A 29.0 N/A [5]
0O2-wet 5 CO2=1:2
5Pd/CeZrAlOx 50 CsHs: CO2: 15.0 0.2 8400 13.0 0.41 N/A [6]
0 He=37:37:26
3%Pt-Co-In/CeO; 55 C3Hs: CO2: 20.0 0.1 1200 47.0 2.64 40-50 [7]
0 He=1:1:2
HEI/CeO2 60 CszHs: CO2: 20.0 0.1 3000 28.2 1.58 53-24 [8]
0 He=1:1:2
PtSn/Ce-DMSN-0.5 55 CszHs: CO2: 25.0 0.1 2000 38.3 3.45 21.7-12.2 [9]
0 He:Ar=8:8:8:1
1Pt5Sn/CeO> 50 CzHs: CO2: 50.0 0.50 80 15.9 0.03 N/A [10]
0 Na:
Ar=4:4:16:1
PtSn/SH-CeO2 55 C3Hs: CO2: 25.0 0.25 200 39.4 0.71 42.3-22.3 [11]
0 He:Ar=4:4:16:
1
PtSn/Nd-CeO> 55 C3Hs: CO2: 25.0 0.25 200 45.3 0.82 31.6-15.7 This
0 He:Ar=4:4:16: wor
1 k

a: STY is for the space-time yield of propene with the unit of kg (c3ne»’kg t(can-h L.
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