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Figure S1. Schematic diagram of experimental device for photocatalytic reduction CO2




Figure S2. Total HCOOH production of different catalysts in 3 h
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Figure S3. TEM image of Pd/H-TiO2 catalyst after reaction
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Figure S4. The models of TiO2, H-TiO2 and Pd/H-TiO2
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Figure S5. The models of Pd/H-TiO2-OV12 and Pd/TiO2
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Figure S6. The charge density difference and Bader charge analysis of models with CO2 adsorption Pd-TiO2 with/without OV. Yellow and cyan represent the electron accumulation and loss, respectively (isosurfaces = 0.0002 e/Bohr3). Note: This section studies the charge transfer between CO2 and Pd/H-TiO2.
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Figure S7. The charge density difference and Bader charge analysis of models with CO2 adsorption Pd-TiO2 with/without OV. Yellow and cyan represent the electron accumulation and loss, respectively (isosurfaces = 0.0002 e/Bohr3). Note: This section studies the charge transfer between CO2-Pd and H-TiO2.
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Figure S8. Thermal infrared image of Pd/H-TiO2 in ultraviolet irradiation process



Figure S9. Performance of photocatalytic CO2 reduction with different carbon sources as raw materials.
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[bookmark: OLE_LINK18]Table S1. The physical characteristics of the noble-loaded and unloaded mesoporous TiO2 sanmples.
	Catalyst
	Theoretical (wt%)
	Actual load (wt%)a
	Crystallite size (nm) b
	CO2 adsorption / mmol/g

	TiO2
	-
	-
	39.8
	0.09

	H-TiO2
	-
	-
	38.2
	0.13

	1 wt%Pd/H-TiO2
	1.00
	1.06
	39.0
	0.18


a The Pd loading amount was measured by ICP-OES;
b Estimated according to the Scherrer’s formula.

Table S2. The selected results for photocatalytic CO2 reduction in recent literature
	[bookmark: _Hlk162103634]Catalyst
	Pressure (MPa)
	Catalyst amount (mg)
	HCOOH production rate (mmol·g-1·h-1)
	Selectivity (%)
	Ref.

	Pd/H-TiO2
	2.0
	40
	14.14
	100
	This work

	Cu@Cu2O
	0.1
	10
	0.067
	100%
	[1]

	Cu2O/TiO2
	0.1
	30
	5.240
	99.67
	[2]

	[bookmark: OLE_LINK1]3% Cu/TiO2
	0.14
	-
	0.026
	90.1
	[3]

	ABU-Co
	0.1
	-
	3.452
	99%
	[4]

	Cu/TiO2
	0.1
	60
	4.03
	-
	[5]

	Pd/TiO2
	3.0
	20
	0.23
	58.5%
	[6]




Table S3. The amount of charge transferred between substances in different systems.
	
	Model
	CO2(Δq)
	Pd(Δq)
	TiO2(Δq)

	CO2-TiO2
	CO2-TiO2
	-0.120
	-
	+0.120

	
	CO2-TiO2-x-v1
	-0.127
	-
	+0.127

	
	CO2-TiO2-x-v2
	-0.170
	-
	+0.170

	
	CO2-TiO2-x-v12
	-0.178
	-
	+0.178

	Pd/H-TiO2
	Pd-TiO2
	-
	+0.597
	-0.597

	
	Pd-TiO2-x-v1
	-
	+0.156
	-0.156

	
	Pd-TiO2-x-v2
	-
	-0.035
	+0.035

	
	Pd-TiO2-x-v12
	-
	-0.302
	+0.302

	CO2-Pd/H-TiO2
	CO2-Pd-TiO2
	-0.359
	+0.931
	-0.572

	
	CO2-Pd-TiO2-x-v1
	-0.461
	+0.521
	-0.06

	
	CO2-Pd-TiO2-x-v2
	-0.404
	+0.249
	-0.155

	
	CO2-Pd-TiO2-x-v12
	-0.405
	-0.221
	+0.626
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