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Supplementary Fig. 1 | Photos of (a) TiO2-R and (b) TiO2.




Supplementary Fig. 2 | EPR spectra of TiO2 and TiO2-R.



Supplementary Fig. 3 | H2-TPR curve of TiO2.



Supplementary Fig. 4 | Raman spectra of TiO2 and TiO2-R.




Supplementary Fig. 5 | XRD patterns of all the catalysts.
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Supplementary Fig. 6 | HRTEM image of PtNP/TiO2-R.
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Supplementary Fig. 7 | HRTEM image of PtPt-TiISAA+NP/TiO2-R.
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Supplementary Fig. 8 | HRTEM image of PtNP/TiO2.
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Supplementary Fig. 9 | HAADF-STEM image and the corresponding EDS element mappings of PtNP/TiO2-R.
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Supplementary Fig. 10 | HAADF-STEM image and the corresponding EDS element mappings of PtPt-TiISAA+NP/TiO2-R.
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Supplementary Fig. 11 | HAADF-STEM image and the corresponding EDS element mappings of PtNP/TiO2. 
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Supplementary Fig. 12 | Scanning transmission electron microscope-secondary electron image of PtNP/TiO2-R.
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Supplementary Fig. 13 | Scanning transmission electron microscope-secondary electron image of PtPt-TiISAA+NP/TiO2-R.
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Supplementary Fig. 14 | Scanning transmission electron microscope-secondary electron image of PtNP/TiO2.
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Supplementary Fig. 15 | AC-HAADF-STEM image of PtNP/TiO2.
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Supplementary Fig. 16 | AC-HAADF-STEM image of PtNP/TiO2-R.
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Supplementary Fig. 17 | AC-HAADF-STEM images of (a) PtNP/TiO2-R and (b) PtNP/TiO2.
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Supplementary Fig. 18 | Schematic diagram of Pd–Ti crystal structure.
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Supplementary Fig. 19 | Corresponding FFT patterns for the region d (a) and region e (b) in Fig. 1b.

[image: ]
Supplementary Fig. 20 | (a)–(c) Representative AC-HAADF-STEM images of PtPt-TiISAA+NP/TiO2-R.
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Supplementary Fig. 21 | AC-HAADF-STEM image of PtNP/TiO2-H2.
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Supplementary Fig. 22 | (a) and (b) AC-HAADF-STEM images of 0.5 wt%PtPt-TiISAA+NP/TiO2-R.




Supplementary Fig. 23 | k space EXAFS spectra of Pt foil.



Supplementary Fig. 24 | q space EXAFS spectra of Pt foil.



Supplementary Fig. 25 | R space EXAFS spectra of Pt foil.



Supplementary Fig. 26 | k space EXAFS spectra of PtNP/TiO2-R.



Supplementary Fig. 27 | q space EXAFS spectra of PtNP/TiO2-R.



Supplementary Fig. 28 | R space EXAFS spectra of PtNP/TiO2-R.



Supplementary Fig. 29 | k space EXAFS spectra of PtPt-TiISAA+NP/TiO2-R.



Supplementary Fig. 30 | q space EXAFS spectra of PtPt-TiISAA+NP/TiO2-R.



Supplementary Fig. 31 | R space EXAFS spectra of PtPt-TiISAA+NP/TiO2-R.



Supplementary Fig. 32 | Ti 2p XPS spectra of all the catalysts.



Supplementary Fig. 33 | In situ DRIFTS spectra of the CO adsorption for TiO2 and TiO2-R supports.




Supplementary Fig. 34 | In situ NAP-XPS of O 1s spectra from PtPt-TiISAA+NP/TiO2-R at 150 °C. 




Supplementary Fig. 35 | In situ NAP-XPS of Pt 4f spectra obtained from PtPt-TiISAA+NP/TiO2-R at 150 °C.




Supplementary Fig. 36 | CO conversion of TiO2 and TiO2-R supports as a functional of reaction temperature. (Reaction conditions: 0.4 g of Cat., 1 vol% CO, 16 vol% O2 mix balanced with N2; v = 400 mL min−1, GHSV = 60000 mL g−1 h−1)



Supplementary Fig. 37 | CO conversion as a function of reaction temperature over PtNP/TiO2-H2 and PtNP/TiO2. (Reaction conditions: 0.4 g of Cat., a gas mix containing 1 vol% CO and 16 vol% O2 balanced with N2.)
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Supplementary Fig. 38 | Intermediates and transition states for PtNP/TiO2.

Supplementary Table 1. Structural parameters extracted from the Pt L3-edge EXAFS fitting. (S02=0.85)
	sample
	Scattering pair
	CN
	R(Å)
	σ2(10-3Å2)
	ΔE0(eV)
	R factor

	PtNP/TiO2-R
	Pt-O
	1.1
	1.98
	4.5
	2.0
	0.008

	
	Pt-Pt
	8.3
	2.72
	5.7
	2.0
	

	PtPt-TiISAA+NP/TiO2-R
	Pt-O
	1.3
	1.97
	5.8
	1.5
	0.006

	
	Pt-Ti
	5.6
	2.57
	6.7
	1.5
	

	
	Pt-Pt
	3.8
	2.75
	5.6
	1.5
	


S02 is the amplitude reduction factor; CN is the coordination number; R is interatomic distance (the bond length between central atoms and surrounding coordination atoms); σ2 is Debye-Waller factor (a measure of thermal and static disorder in absorber-scatterer distances); ΔE0 is edge-energy shift (the difference between the zero kinetic energy value of the sample and that of the theoretical model). R factor is used to value the goodness of the fitting. 
Error bounds that characterize the structural parameters obtained by EXAFS spectroscopy were estimated as N ± 20%; R ± 1%; σ2 ± 20%; ΔE0 ± 20%.


Supplementary Table 2. T50, T100, and turnover frequencies (TOFs) of some typical catalysts reported in the literature.
	Catalyst
	Metal loading
(wt%)
	Reaction condition
	Temp. (°C)
	TOFPt
(s–1)
	Space Velocity (mL/(gcat.h))
	T50 (°C)
	T100 (°C)
	Ref.

	PtPt-TiISAA+NP/TiO2-R
	0.15
	1.0 vol% CO, 16.0 vol% O2
	80
	11.59
	60,000
	~88
	~120
		This work




	PtPt-TiISAA+NP/TiO2-R
	0.15
	1.0 vol% CO, 4.0 vol% O2
	80
	5.94
	60,000
	~106
	~140
		This work




	Pt NP/TiO2
	1.00
	0.1 vol% CO, 5.0 vol% O2
	115
	0.01
	60,000
	~78
	~120
	1

	Pt/CNT-600
	1.00
	1.0 vol% CO, 20.0 vol% O2
	100
	0.05
	60,000
	120
	140
	2

	Ptn/CeCu
	1.77
	1.0 vol% CO, 10.0 vol% O2
	80
	0.26
	120,000
	~34
	~40
	3

	Pt1/CeOx-TiO2
	0.25
	1.0 vol% CO, 4.0 vol% O2
	200
	0.09
	60,000
	~170
	190
	4

	Pt/Sn0.2Ti0.8O2
	0.50
	1.0 vol% CO, 1.0 vol% O2
	100
	0.30
	60,000
	75
	120
	5

	Pt1/CeO2
	1.00
	0.4 vol% CO, 10.0 vol% O2
	n.a
	n.a
	200,000
	~140
	~148
	6

	Pt/CeO2
	17.00
	10.0 vol% CO, 5.0 vol% O2
	285
	1.05
	~
	~270
	~310
	7

	Pt/CeO2
	1.00
	1.0 vol% CO, 1.0 vol% O2
	n.a
	n.a
	400,000
	~180
	~250
	8

	Pt-O-Pt/CeO2
	0.27
	0.1 vol% CO, 5.0 vol% O2
	150
	1.97
	2,400,000
	~120
	~170
	9

	Pt/m-Al2O3
	0.20
	2.5 vol% CO, 2.5 vol% O2
	200
	0.02
	24,000
	~260
	~300
	10

	Au-SA/Def-TiO2
	0.30
	1.0 vol% CO, 16.0 vol% O2
	n.a
	n.a
	30,000
	~100
	~120
	11
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