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Figure S1. Schematic illustration of photoinduced PdNPs/TiO2 to Pd1/TiO2.
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Figure S2. EDS mapping of Pd1/TiO2.
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Figure S3. (a)-(c) HAADF-STEM images of PdNPs/TiO2 after photoinduced treatment for 0 min.
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Figure S4. (a)-(c) HAADF-STEM images of PdNPs/TiO2 after photoinduced treatment for 15 min.
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Figure S5. (a)-(c) HAADF-STEM images of PdNPs/TiO2 after photoinduced treatment for 30 min.
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Figure S6. (a)-(c) HAADF-STEM images of PdNPs/TiO2 after photoinduced treatment for 60 min. 
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Figure S7. XANES spectra at the Pd K-edge of PdNPs/TiO2 after different photoinduced treatment times and referenced standards of Pd foil and PdO. 
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Figure S8. Pd K-edge EXAFS spectra in the q space of (a) PdO, (b) Pd foil. Red lines are for the fitted curves.
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Figure S9. (a-d) Pd K-edge EXAFS spectra in the q space of PdNPs/TiO2 after photoinduced treatment for 0, 15, 30, and 60 min, respectively. Red lines are for the fitted curves.
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Figure S10. N 1s XPS spectra of Pd1/TiO2.
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Figure S11. (a)-(c) HAADF-STEM images of PdNPs/TiO2 by photoinduced treatment without UV.

[image: image12.png]



Figure S12. (a)-(c) HAADF-STEM images of PdNPs/TiO2 by photoinduced treatment without CH3CN.
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Figure S13. (a)-(c) HAADF-STEM images of PdNPs/TiO2 by photoinduced treatment without Cl-.
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Figure S14. (a)-(c) HAADF-STEM images of PdNPs/TiO2 by photoinduced treatment without O2.
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Figure S15. EPR spectra of TEMPO consumption in the CH3CN on TiO2.
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Figure S16. (a)-(c) HAADF-STEM images of PdNPs/TiO2 by photoinduced treatment under conditions of capture •O2-.

[image: image17.png]



Figure S17. (a)-(c) HAADF-STEM images of PdNPs/TiO2 by photoinduced treatment under conditions of capture e-.
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Figure S18. (a)-(d) HAADF-STEM images and PdNPs particle size distributions of PdNPs/TiO2 by photoinduced treatment under conditions of capture h+.
[image: image19.png]CIC,

1.0 +

0.8

0.6

0.4 4

0.2

0.0

50

160 | 1é0
Time (min)

I
200

250




Figure S19. Adsorption of H2PdCl4 by TiO2 in acetonitrile.
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Figure S20. The model of PdNPs/TiO2 (a) before and (b) after being attacked by •Cl. The dark green, light green, grey, red, and blue spheres represent Pd, Cl, Ti, O, and N atoms.
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Figure S21. (a) The model of PdNPs/TiO2 attacked by •Cl. (b) Charge density difference of PdNPs/TiO2 being attacked by •Cl, with the isovalue of 0.0008 a.u.
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Figure S22. (a)-(d) The -COPH plots of the two Pd-Cl and two Pd-N bonds in Pd-N2Cl2 on structure IV from Figure 4, respectively. The -IpCOHP values are shown in the upper right corner of the plots.
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Figure S23. (a)-(b) HAADF-STEM images and (c) PdNPs particle size distributions of PdNPs/TiO2. 
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Figure S24. (a)-(b) HAADF-STEM images of PdNPs/TiO2 after photoinduced treatment. 
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Figure S25. (a)-(b) HAADF-STEM images and (c) PtNPs particle size distributions of PtNPs/TiO2. 

[image: image26.png]



Figure S26. (a)-(b) HAADF-STEM images of PtNPs/TiO2 after photoinduced treatment. 
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Figure S27. (a)-(b) HAADF-STEM images and (c) RhNPs particle size distributions of RhNPs/TiO2. 
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Figure S28. (a)-(b) HAADF-STEM images of RhNPs/TiO2 after photoinduced treatment. 
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Figure S29 HAADF-STEM images and EDS elemental mappings of (a) Comm.Pd/C and (b) Ind.W.Pd/C.  
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Figure S30. DRIFTS spectra of CO adsorption at saturation coverage and followed by Ar flushing on (a) Comm.Pd/C, (b) Pd1/C&TiO2(Comm.), (c) Ind.W.Pd/C, (d) Pd1/C&TiO2(Ind.W.).
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Figure S31. The Enlarged photoinduced atomic dispersion process. Continuous photoinduced treatment of Ind.W.Pd/C using a peristaltic pump and UV-flow reactor enables the large-scale preparation of Pd1/C&TiO2(Ind.W.). The experimental conditions were scaled up by 50 times compared to the lab-scale synthesis.
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Figure S32. (a) DRIFTS spectra of CO adsorption at saturation coverage and followed by Ar flushing on Pd1/C&TiO2(Ind.W.) prepared by UV-flow reactor. (b) Catalytic performance of Pd1/C&TiO2(Ind.W.) prepared by UV-flow reactor in styrene hydrogenation.
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Figure S33. (a) Practical illustration of sunlight-induced atomic dispersion of PdNPs/TiO2. (b) DRIFTS spectra of CO adsorption at saturation coverage and followed by Ar flushing on Pd1/TiO2 prepared by sunlight-induced PdNPs/TiO2. (c) Catalytic performance of Pd1/TiO2 prepared by sunlight-induced PdNPs/TiO2 in styrene hydrogenation.
Supplementary Tables 1

Table S1. ICP-OES measurement of PdNPs/TiO2 and Pd1/TiO2
	Sample
	Content (wt.%)

	PdNPs/TiO2
	0.350

	Pd1/TiO2
	0.349


Supplementary Tables 2

Table S1. EXAFS fitting parameters at the Pd K-edge for various samples
	Sample
	Shell
	 CN[a]
	R (Å)[b]
	σ2 (Å2·10-3)[c] 
	ΔE0 (eV)[d]
	R factor (%)[e]

	Pd foil
	Pd-Pd
	12*
	2.74
	5.61
	4.57
	0.2

	PdO
	Pd-O
	4*
	2.02
	1.51
	-1.74
	0.8

	PdNPs/TiO2-0 min
	Pd-O/N
	0.9
	2.03
	12.31
	9.98
	0.6

	
	Pd-Pd
	9.8
	2.73
	3.06
	-5.82
	

	PdNPs/TiO2-15 min
	Pd-O/N
	2.0
	2.01
	3.16
	0.63
	0.6

	
	Pd-Cl
	0.6
	2.27
	4.70
	-0.18
	

	
	Pd-Pd
	3.7
	2.74
	3.61
	0.70
	

	PdNPs/TiO2-30 min
	Pd-O/N
	2.0
	2.04
	12.13
	9.89
	0.4

	
	Pd-Cl
	1.6
	2.16
	6.84
	-8.87
	

	
	Pd-Pd
	2.7
	2.74
	3.80
	7.10
	

	PdNPs/TiO2-60 min

(Pd1/TiO2)
	Pd-O/N
	3.0
	1.98
	3.85
	9.04
	1.8


[a] CN, coordination number; [b] R, the distance between absorber and backscatter atoms; [c] σ2, Debye-Waller factor to account for both thermal and structural disorders; [d] ΔE0, inner potential correction; [e] R factor indicates the goodness of the fit. S02 was fixed to 0.86, according to the experimental EXAFS fit of Pd foil by fixing CN as the known crystallographic value. Fitting range: 3.0 ≤ k (/Å) ≤ 12 and 1.0 ≤ R (Å) ≤ 3.0 (Pd foil); 3.0 ≤ k (/Å) ≤ ~12.0 and 1.0 ≤ R (Å) ≤ ~3.2 (Pd1/TiO2). A reasonable range of EXAFS fitting parameters: 0.700 < Ѕ02 < 1.000; CN > 0; σ2 > 0 Å2; │ΔE0│< 10 eV; R factor < 0.02. *fitting with fixed parameters.

Supplementary Tables 3

Table S3. ICP-OES measurement of PdNPs/TiO2 after photoinduced treatment under different control experimental conditions. 
	Sample
	Content (wt.%)

	without UV
	0.350

	without CH3CN 
	0.350

	without Cl-
	0.349

	without O2
	0.348


Supplementary Tables 4

Table S4. ICP-OES measurement of PdNPs/TiO2 after photoinduced treatment under different capture conditions. 
	Sample
	Content (wt.%)

	capture •O2- 
	0.347

	capture e- 
	0.213

	capture h+ 
	0.350
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