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[bookmark: _Hlk141902365]Supplementary Figure 1. HAADF-STEM image of 2% Cr-In2O3.
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Supplementary Figure 2. SEM and EDS elemental mapping of (a) 1% Cr-In2O3 and (b) 5% Cr-In2O3.




[image: ]
Supplementary Figure 3. (a) N2 adsorption-desorption isotherms and (b) BJH pore size distribution curves of In2O3 and Cr-In2O3 samples with different Cr contents.
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Supplementary Figure 4. XRD patterns for the 1% Cr-In2O3, 5% Cr-In2O3 and In2O3.
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Supplementary Figure 5. Cr K-edge EXAFS spectra in K space for Cr-doped samples.
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Supplementary Figure 6. Comparison of Cr K edge EXAFS spectral data and fitting data of (a) 2% Cr- In2O3, (b) Cr2O3, (c) Cr foil in K space and R space, respectively.
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Supplementary Figure 7. Catalytic performance of 5% Cr-In2O3, P = 5 MPa, CO2/H2 = 1/3, and WHSV = 3000 mL·gcat-1·h-1.
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Supplementary Figure 8. H2-TPR profiles of In2O3 and Cr-In2O3 samples.
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Supplementary Figure 9. The Electron Localization Function (ELF) contours and bader charge analysis for oxygen atoms in region I of Initial-In2O3 (111) (a) and Initial-Cr-In2O3 (111) (b). The number in the color bar represents the degree of electron localization in atomic units (a.u.).
Note: After Cr doping, the green area in the circle becomes more delocalized, specifically, around the In atom for Initial-In2O3 (111) and the Cr atom for Initial-Cr-In2O3 (111). This delocalization corresponds to a decrease in the charge of these oxygen atoms.
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Supplementary Figure 10. The Crystal Orbital Hamilton population (COHP) and the Integrated values (-ICOHP) of the O-In bond for Initial-In2O3 (111) (a), and O-Cr bond for Initial-Cr-In2O3 (111) (b) in region I, respectively. Considering that the three oxygen atoms in region I are equivalent, for simplicity in explanation, we selected only one of the oxygen atoms as a representative, indicated by the triangles in local structures for the COHP analysis.
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Supplementary Figure 11. The COHP analysis and -ICOHP of O-In bond for (a) Initial-In2O3 (111), and O-Cr bond for (b) Initial-Cr-In2O3 (111) in region II, respectively. Considering that the three oxygen atoms in region II are equivalent, for simplicity in explanation, we selected only one of the oxygen atoms as a representative, indicated by the triangles in local structures for the COHP analysis.
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[bookmark: _Hlk168605557]Supplementary Figure 12. The ELF contours and bader charge analysis for oxygen atoms in region II for (a) Initial-In2O3 (111) and (b) Initial-Cr-In2O3 (111), respectively. The number beside the color bar represents the degree of electron localization in atomic units (a.u.).
Note: As shown by contours in region II, after Cr doping, the electron localization degree of In atoms was enhanced and the electron density of the In-O-In pair was also increased, which shows stronger electron donating capability of In atoms during the bonding process with oxygen atoms. This is consistent with the conclusion of the COHP analysis in Supplementary Figure 11 that the In-O-In bonds are strengthened.
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Supplementary Figure 13. CO2-TPD profiles of In2O3 and Cr-In2O3 samples.
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[bookmark: _Hlk148906668]Supplementary Figure 14. TEM image of In2O3 after 300 h stability test.
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Supplementary Figure 15. The crystallinity of the sample calculated by the XRD Rietveld method.
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[bookmark: _Hlk147998703]Supplementary Figure 16. TEM image of (a) fresh 2% Cr-In2O3, (b) 2% Cr-In2O3 after 500 h stability test.
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Supplementary Figure 17. HRTEM image of (a) fresh 2% Cr-In2O3, (b) 2% Cr-In2O3 after 500 h stability test.
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Supplementary Figure 18. In 3d XPS spectra of the fresh 2% Cr-In2O3, In2O3 and catalysts after stability test.
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[bookmark: OLE_LINK129][bookmark: OLE_LINK130]Supplementary Figure 19. O 1s XPS spectra of the fresh 2% Cr-In2O3, In2O3 and catalysts after stability test.
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Supplementary Figure 20. TG of fresh and stability-tested 2% Cr-In2O3 and In2O3.
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Supplementary Figure 21. Optimized transient states of the elementary steps involved in CO2 hydrogenation to methanol on Cr-In2O3 (111) and In2O3 (111) surface. Chromium (green), Oxygen (red and pink), Indium (blue), Carbon (black) and Hydrogen (white).
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Supplementary Figure 22. Optimized intermediate structures involved in CO2 hydrogenation to methanol on Cr-In2O3 (111) surface. Chromium (green), Oxygen (red and pink), Indium (blue), Carbon (black) and Hydrogen (white).
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Supplementary Figure 23. Optimized intermediates structures involved in CO2 hydrogenation to methanol on In2O3 (111) surface. Oxygen (red and pink), Indium (blue), Carbon (black) and Hydrogen (white).
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Supplementary Figure 24. Free energy diagram of the hydrogenation of CO2 to methanol on In2O3 (111) at 523 K and 5 MPa.



Supplementary Table 1. Cr content, specific surface area and total pore volume of Cr-In2O3 samples
	Catalysts
	Cr content
(wt.%)a
	SBET (m2·g-1)b
	Vpore (10-2 cm3·g-1)c

	1% Cr-In2O3
	1.23
	69.9
	22.6

	2% Cr-In2O3
	2.04
	56.2
	25.2

	5% Cr-In2O3
	4.76
	65.9
	29.2

	In2O3
	-
	10.1
	4.42


aCr content determined by ICP-AES.
bSpecific surface area calculated by the BET method.
cTotal pore volume determined at P/P0 = 0.99.


Supplementary Table 2. EXAFS fitting parameters at the Cr K-edge for various samples. (Ѕ02=0.724)
	Sample
	Shell
	CNa
	R (Å)b
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK12]σ2 (Å2)c
	ΔE0 (eV)d
	R factor

	Cr foil
	Cr-Cr
	8*
	2.495±0.007
	0.0055±0.0009
	5.2±1.2
	0.0020

	
	Cr-Cr
	6*
	2.876±0.006
	0.0048±0.0012
	
	

	Cr2O3
	Cr-O
	6.0±0.7
	1.995±0.009
	0.0049±0.0010
	3.4±1.7
	0.0191

	
	Cr-O-Cr
	4.1±0.4
	2.897±0.012
	0.0116±0.0010
	-2.6±3.1
	

	
	Cr-O-Cr
	3.2±0.3
	3.472±0.034
	
	1.0±2.3
	

	2% Cr-In2O3
	Cr-O
	3.7±0.3
	1.983±0.004
	0.0018±0.0008
	2.1±0.9
	0.0067

	
	Cr-O-In
	5.9±0.4
	3.603±0.011
	0.0071±0.0021
	-10.1±1.4
	


aCN: coordination number.
bR: the distance to the neighboring atom.
cσ2: the Mean Square Relative Displacement (MSRD).
dΔE0: inner potential correction, R factor indicates the goodness of the fit. S02 was fixed to 0.724, according to the experimental EXAFS fit of Cr foil by fixing CN as the known crystallographic value. 
[bookmark: OLE_LINK127][bookmark: OLE_LINK128]*This value was fixed during EXAFS fitting, based on the known structure of Cr. Fitting range: 3.0 ≤ k (Å) ≤ 12.5 and 1.0 ≤ R (Å) ≤ 3.0 (Cr foil), 2.0 ≤ k (Å) ≤ 10.5 and 1.0 ≤ R (Å) ≤ 4.0 (2% Cr-In2O3). A reasonable range of EXAFS fitting parameters: 0.700 < Ѕ02< 1.000, CN > 0; σ2 > 0 Å2, |ΔE0| < 10 eV, R factor < 0.02.






	Catalysts
	P
[MPa]
	T
[℃]
	WHSV
[mL·gcat-1·h-1]
	[bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK122]XCO2a
[%]
	[bookmark: OLE_LINK123][bookmark: OLE_LINK124]SMeOHb
[%]
	H2/CO2
	Ref.


	ZnZrOx
	5
	250
	24000
	0.8
	88.2
	4
	1

	NiO-In2O3
	3
	250
	60000
	2.8
	53.1
	3
	2

	Ni/In2O3
	5
	250
	21000
	5.4
	85.0
	4
	3

	Ni/In2O3
	5
	280
	24000
	8.1
	71.9
	4
	4

	Ir-In2O3
	5
	250
	21000
	6.2
	89.3
	4
	5

	In2O3
	5
	250
	21000
	2.2
	83.6
	4
	5

	Au-In2O3
	5
	250
	21000
	3.9
	83.8
	4
	6

	Ag-In2O3
	5
	250
	21000
	2.9
	73.9
	4
	7

	Pt-In2O3
	5
	250
	21000
	6.8
	83.0
	4
	8

	In2O3/m-ZrO2
	5
	280
	24000
	4.8
	84
	4
	9

	In2O3/t-ZrO2
	5
	280
	24000
	0.5
	83
	4
	9

	Cu/m-ZrO2
	5
	250
	7200
	3.5
	50
	4
	10

	ZnO-ZrO2
	5
	250
	24000
	1.6
	98.22
	4
	11

	CuO/ZnO
	5
	250
	-
	11.7
	36.1
	3
	12

	Co3O4-In2O3
	5
	250
	7500
	6.2
	92
	3
	13

	Co3O4-In2O3
	5
	250
	7500
	4.2
	90
	3
	13

	Pd0.1Zn1/CNTs
	5
	250
	1800
	6.22
	95.2
	3
	14

	PdZn/ZnO/SiO2
	5
	260
	30000
	3.6
	49.8
	3
	15

	2Pd-ZnO
	5
	260
	120000
	2.8
	66.5
	3
	15

	N-In2O3
	5
	250
	21000
	1.1
	80.6
	4
	16

	Cr-In2O3
	5
	250
	3000
	9.4
	92
	3
	This work

	In2O3
	5
	250
	3000
	2.2
	56
	3
	This work



Supplementary Table 3. Comparison of catalytic performance.
[bookmark: OLE_LINK125][bookmark: OLE_LINK126]aXCO2: CO2 conversion.
bSMeOH: methanol selectivity.



Supplementary Table 4. Structural information obtained from XRD Rietveld refinement of the fresh and used samples.
	Samples
	2% Cr-In2O3
	2% Cr-In2O3 500
	In2O3
	In2O3 300

	Space group
	[bookmark: OLE_LINK16]I a -3
	I a -3
	I a -3
	I a -3

	a(=b=c) (Å)
	10.08 (192)
	10.06 (214)
	10.08 (192)
	10.12 (162)

	α(=β=γ) (°)
	90
	90
	90
	90

	Rwp
	4.59%
	5.42%
	7.17%
	4.05%

	Rp
	3.37%
	3.38%
	4.97%
	2.77%

	V(Å3)
	1028.33(5)
	1018.82(6)
	1026.44(5)
	1037.16(2)

	Microstrain (%)
	0.238
	0.221
	-0.097
	-0.027





Supplementary Table 5. The catalytic performance of CO hydrogenation for samples with different Cr contents.
	Catalysts
	Products
	Conv. CO (%)a

	1% Cr-In2O3
	CO2, CH4
	0.65

	2% Cr-In2O3
	CO2, CH4
	0.52

	5% Cr-In2O3
	CO2, CH4
	0.76

	In2O3
	CO2, CH4
	0.99


aConv.CO represents the conversion of CO. 
Reaction conditions: CO/H2=1/1, T=250 oC, P = 5 MPa, WHSV = 3000 mL·gcat-1·h-1.




Supplementary Table 6. The coordinated-oxygen vacancy formation energy (eV) on experimentally observed surfaces.
	In2O3 facets
	Without Cr doping
	With Cr doping

	(111)
	2.17
	2.03 (↓)

	(211)
	2.10
	2.34 (↑)

	(100)
	3.20
	3.79 (↑)
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