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Supplementary Figure 1. High resolution transmission electron spectroscopy image of Pt/CeO2-rod catalyst.
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Supplementary Figure 2. High resolution transmission electron spectroscopy image of Pt/CeO2-cube catalyst.
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Supplementary Figure 3. High resolution transmission electron spectroscopy image of Pt/CeO2-oct catalyst.

[image: ]
Supplementary Figure 4. (a) Thermodynamic modeling of WGSR in a Gibbs reactor in ASPEN with a stream of CO and H2O (1: 2). (B) CO conversion of the WGSR on CeO2 supported Pt catalysts. Reaction conditions: 50 mg catalyst was pretreated at 400 °C under 50 ml/min O2 flow for 60 min, followed by 15 vol% H2/Ar flow with a flow rate of 100 ml/min for 60 min at 300 °C. The catalyst was cooled down to room temperature under 50 ml/min Ar flow. Then, a stream of 1 vol% CO and 2 vol% H2O balanced with Ar was introduced into the system with a flow rate of 157 ml/min, given a space velocity of 188,400 ml/gcat/h.







[image: ]
Supplementary Figure 5. In situ ambient-pressure X-ray photoelectron spectroscopy. Survey spectra of (a) Pt/CeO2-rod, (b) Pt/CeO2-cube, and (c) Pt/CeO2-oct catalysts under different conditions.
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Supplementary Figure 6. In situ ambient-pressure X-ray photoelectron spectroscopy. (a) Pt 4f spectra of Pt/CeO2-rod catalyst under different conditions; (b) Pt 4f spectra of Pt/CeO2-cube catalyst under different conditions; (c) Pt 4f spectra of Pt/CeO2-oct catalyst under different conditions; Photon energy of 1100 eV was applied. 
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Supplementary Figure 7. (a) oxidation state change of Pt on Pt/CeO2-rod catalyst under different conditions; (b) oxidation state change of Pt on Pt/CeO2-cube catalyst under different conditions; (c) oxidation state change of Pt on Pt/CeO2-oct catalyst under different conditions.

[image: ]

Supplementary Figure 8. Pt 4f core level spectra for Pt/CeO2-oct catalyst after O2 pretreatment for 30 min. 320 eV photon energy was applied to investigate the surface Pt species. 

Under UHV conditions, both Pt2+ and Pt4+ are observed with a ratio of Pt4+/Pt2+ = 0.036. Pt2+ have peaks located at 73.0 and 76.4 eV, while Pt4+ have peaks located at 74.9 and 78.3 eV. After O2 pretreatment, the surface Pt remains oxidized.  The Pt4+/Pt2+ ratio increases from 0.036 to 0.082.
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Supplementary Figure 9. CO adsorption on metallic Pt on Pt/CeO2-oct catalyst in the presence of CO. 320 eV photon energy was applied to investigate the surface information. The peaks located at 71.4 and 74.8 eV correspond to Pt0, while CO adsorption on Pt0 is reflected by peaks located at 72.4 and 75.8 eV.
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[bookmark: _Hlk125197444]Supplementary Figure 10. In situ ambient-pressure X-ray photoelectron spectroscopy. (a) Ce 3d spectra of Pt/CeO2-rod catalyst under different conditions; (b) Ce 3d spectra of Pt/CeO2-cube catalyst under different conditions; (c) Ce 3d spectra of Pt/CeO2-oct catalyst under different conditions; Photon energy of 1100 eV was applied. The solid peaks represent the Ce4+.
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Supplementary Figure 11. (a) oxidation state change of Ce on Pt/CeO2-rod catalyst under different conditions; (b) oxidation state change of Ce on Pt/CeO2-cube catalyst under different conditions; (c) oxidation state change of Ce on Pt/CeO2-oct catalyst under different conditions.

For peak deconvolution of Ce 3d spectra of Pt/CeO2 catalysts, the binding energies of 880.6 eV (Ce 3d5/2, 0), 885.0 eV (v’), 899.2 eV (Ce 3d3/2, 0), and 903.3 eV (’) are referring to Ce3+, while binding energies of 882.6 eV (Ce 3d5/2, ), 888.2 eV (”), 898.5 eV (’”), 901.2 eV (Ce 3d3/2, ), 907.4 (”) and 916.9 eV (’”) represent Ce4+.1-4 The percentage of each oxidation sate of Ce was calculated by comparing the total peak areas of Ce3+ to the total peak areas of Ce3+ and Ce4+: 
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Supplementary Figure 12. In situ ambient-pressure X-ray photoelectron spectroscopy. (a) O 1s spectra of Pt/CeO2-rod catalyst under different conditions; (b) O 1s spectra of Pt/CeO2-cube catalyst under different conditions; (c) O 1s spectra of Pt/CeO2-oct catalyst under different conditions; Photon energy of 1100 eV was applied. For all the samples, surface oxygen species contain lattice O at 529.5 eV, hydroxyl (OH) group at 531.0 eV and adsorbed oxygen species at 532.5 eV.2, 5-7
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Supplementary Figure 13. (a) oxidation state change of O on Pt/CeO2-rod catalyst under different conditions; (b) oxidation state change of O on Pt/CeO2-cube catalyst under different conditions; (c) oxidation state change of O on Pt/CeO2-oct catalyst under different conditions.
Supplementary Table 1. Percentage of Pt0 on Pt/CeO2 catalysts under different conditions
	Conditions
	Pt/CeO2-rod
	Pt/CeO2-cube
	Pt/CeO2-oct

	After O2 pretreatment for 30 min
	0
	31
	18

	After H2 pretreatment for 30 min
	18
	41
	95

	In the presence of CO for 60 min
	31
	72
	98

	In the presence of CO and H2O for 60 min
	70
	87
	100



Supplementary Table 2. Percentage of Ce3+ on Pt/CeO2 catalysts under different conditions
	Conditions
	Pt/CeO2-rod
	Pt/CeO2-cube
	Pt/CeO2-oct

	After O2 pretreatment for 30 min
	12
	18
	11

	After H2 pretreatment for 30 min
	33
	25
	43

	In the presence of CO for 60 min
	33
	38
	42

	In the presence of CO and H2O for 60 min
	37
	38
	42



Supplementary Table 3. Change of OH group/lattice O on Pt/CeO2 catalysts under different conditions
	Conditions
	Pt/CeO2-rod
	Pt/CeO2-cube
	Pt/CeO2-oct

	After O2 pretreatment for 30 min
	0.25
	0.03
	0

	After H2 pretreatment for 30 min
	0.41
	0.21
	0.17

	In the presence of CO for 60 min
	0.05
	0.19
	0.15

	In the presence of CO and H2O for 60 min
	0.33
	0.45
	0.35







Supplementary Table 4. Parameters used for XPS fitting of Pt4f
	Component
	Position (eV)
	FWHM
	Lineshape

	Pt0
	71.4
	1.0 ± 0.2
	LA(1.2,85,70)

	
	74.8
	1.0 ± 0.2
	LA(1.2,85,70)

	Pt2+
	73.0
	1.0 ± 0.2
	GL(30)

	
	76.4
	1.0 ± 0.2
	GL(30)

	Pt4+
	74.9
	1.4 ± 0.2
	GL(30)

	
	78.3
	1.4 ± 0.2
	GL(30)

	CO-Pt0
	72.4
	1.0 ± 0.2
	LA(1.2,85,70)

	
	75.8
	1.0 ± 0.2
	LA(1.2,85,70)



Supplementary Table 5. Parameters used for XPS fitting of O1s
	Component
	Position (eV)
	FWHM
	Lineshape

	Lattice O
	529.5
	1.5 ± 0.2
	GL(30)

	OH group
	531.0
	1.5 ± 0.2
	GL(30)

	Chemisorbed O species
	532.5
	1.7 ± 0.2
	GL(30)



Supplementary Table 6. Parameters used for XPS fitting of Ce3d
	Component
	Position (eV)
	FWHM
	Lineshape

	Ce4+ ()
	882.6
	1.8 ± 0.2
	GL(30)

	Ce4+ (”)
	889.1
	4.5 ± 0.2
	GL(30)

	Ce4+ (’”)
	898.5
	1.8 ± 0.2
	GL(30)

	Ce4+ ()
	900.9
	1.5 ± 0.2
	GL(30)

	Ce4+ (”)
	907.7
	5.5 ± 0.2
	GL(30)

	Ce4+ (’”)
	916.9
	2.4 ± 0.2
	GL(30)

	Ce3+ (0)
	880.8
	3.0 ± 0.2
	GL(30)

	Ce3+ (’)
	884.4
	3.0 ± 0.2
	GL(30)

	Ce3+ (0)
	899.3
	1.0 ± 0.2
	GL(30)

	Ce3+ (’)
	902.3
	3.0 ± 0.2
	GL(30)
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Supplementary Figure 14. In situ transmission infrared (TIR) spectroscopy. (a) In situ TIR spectra of Pt/CeO2-rod catalyst under different conditions; (b) In situ TIR spectra of Pt/CeO2-cube catalyst under different conditions; (c) In situ TIR spectra of Pt/CeO2-oct catalyst under different conditions; (d) Normalized peak areas of different species on Pt/CeO2-rod catalyst under different conditions; The catalyst was pretreated under 0.4 Torr O2 at 400 °C for 30 min, followed by pretreatment under 0.4 Torr O2 at 300 °C for 30 min. Then, the spectrum of catalyst collected at 300 °C under vacuum conditions was used as background before introducing CO and H2O into the system. 
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Supplementary Figure 15. In situ transmission infrared (TIR) spectroscopy. (a) In situ TIR spectra of Pt/CeO2-rod catalyst under different conditions; (b) In situ TIR spectra of Pt/CeO2-cube catalyst under different conditions; (c) In situ TIR spectra of Pt/CeO2-oct catalyst under different conditions; (d) Normalized peak areas of different species on Pt/CeO2-rod catalyst under different conditions; (e) Normalized peak areas of different species on Pt/CeO2-cube catalyst under different conditions; (f) Normalized peak areas of different species on Pt/CeO2-oct catalyst under different conditions. The catalyst was pretreated under 0.40 Torr O2 at 400 °C for 30 min, followed by pretreatment under 0.40 Torr H2 at 300 °C for 30 min. Then, the spectrum of catalyst collected at 300 °C under vacuum conditions was used as background before introducing 0.05 Torr CO. After 60 min, 0.10 Torr H2O was introduced into the system. The full spectra (4000-1000 cm-1) are shown in supplementary Figure 10. The normalization of peak areas was calculated by comparing the peak areas of each species with that of 3 min spectra. It should be noted that the in situ TIR experiments were performed in a sealed chamber, the pressure of CO and H2O change with time.
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Supplementary Figure 16. In situ ETEM images of Pt/CeO2-rod catalyst. (a and b) snapshots of catalyst after 0.40 Torr O2 pretreatment at 400 °C for 30 min. (c and d) snapshots of catalyst after 0.40 Torr H2 pretreatment at 400 °C for 30 min. (e and f) snapshots of catalyst under reaction conditions with 0.10 Torr CO and 0.20 Torr H2O at 300 °C. The snapshots were selected when the structural reconstruction occurred. Therefore, the 0 s and 10 s do not represent starting time and 10 s of the reaction. The supplementary movies 1-9 show the dynamics of active sites on Pt/CeO2 catalysts under different conditions.
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Supplementary Figure 17. In situ ETEM images of Pt/CeO2-cube catalyst. (a and b) snapshots of catalyst after 0.40 Torr O2 pretreatment at 400 °C for 30 min. (c and d) snapshots of catalyst after 0.40 Torr H2 pretreatment at 400 °C for 30 min. (e and f) snapshots of catalyst under reaction conditions with 0.10 Torr CO and 0.20 Torr H2O at 300 °C. The snapshots were selected when the structural reconstruction occurred. Therefore, the 0 s and 10 s do not represent starting time and 10 s of the reaction. The supplementary movies 1-9 show the dynamics of active sites on Pt/CeO2 catalysts under different conditions.
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Supplementary Figure 18. In situ ETEM images of Pt/CeO2-oct catalyst. (a and b) snapshots of catalyst after 0.40 Torr O2 pretreatment at 400 °C for 30 min. (c and d) snapshots of catalyst after 0.40 Torr H2 pretreatment at 400 °C for 30 min. (e and f) snapshots of catalyst under reaction conditions with 0.10 Torr CO and 0.20 Torr H2O at 300 °C. The snapshots were selected when the structural reconstruction occurred. Therefore, the 0 s and 10 s do not represent starting time and 10 s of the reaction. The supplementary movies 1-9 show the dynamics of active sites on Pt/CeO2 catalysts under different conditions.
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Supplementary Figure 19. In situ ETEM images of Pt/CeO2-rod catalyst after 0.40 Torr O2 pretreatment at 400 °C for 30 min, followed by 0.40 Torr H2 pretreatment at 300 °C for 30 min. 
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Supplementary Figure 20. In situ ETEM images of Pt/CeO2-rod catalyst after exposing to 0.10 Torr CO and 0.20 Torr H2O at 300 °C for 90 min with electron beam off. 
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