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1. Characterization methods
The structure and crystallinity of the catalysts were characterized by an X-ray diffraction analysis (XRD, Rigaku Mini Flex 600 with Cu Kα radiation) with Cu Kα radiation operating at 45 kV between 5° and 90°. The microstructures and compositions were examined using transmission electron microscopy (TEM, FEI Talos F200X) operating at an acceleration voltage of 200 kV. The chemical states and oxygen vacancies  were investigated using X-ray photoelectron spectroscopy (XPS, Kratos AXIS Ultra DLD). Electron paramagnetic resonance (EPR) spectroscopic measurements were performed at room temperature using Bruker A2009. 5/12 spectrometer (Germany). The Micrometrics Autochem II 2920 apparatus was employed to conduct Temperature-programmed desorption (TPD) and temperature-programmed reduction (TPR) experiments. 
[bookmark: _Hlk181975160]In situ diffuse reflectance Fourier transform infrared spectroscopy (DRIFTS) was performed on an INVENIO S (BRUKER) equipped with a MCT detector by the following procedures. Before the tests, 20 mg of catalysts were placed in the dry pot and  heated to 200 °C and maintained at this temperature for 30 min under a flow of argon. All of the background spectra were collected at 30 or 100 °C before the measurements.
2. Catalytic production of  dimethyl carbonate (DMC) from CH3OH with CO2
[bookmark: OLE_LINK15]For synthesis of DMC, a mixture containing 10 mL of CH3OH and 20 mg of catalysts was added into a 55 mL autoclave equipped with a pressure detector. Subsequently, the autoclave was purged with CO2 for three times and then pressurized to 1.0 MPa of CO2 before catalytic reactions. The autoclave was then heated to 100 oC and maintained at this temperature under the stirring with a rate of 400 rpm for 1 h. After the reaction, the gas mixture was collected using a gas sampling bag and then analyzed using gas chromatography equipped with TCD and FID. The liquid products were analyzed using gas chromatography equipped with a flame ionization detector. 


[bookmark: _Hlk150455604]The generated amount (n, in mmol) of the DMC and CH3OH is calculated using eqs S1. The generation rate of r (mmol gcat-1 h-1) is calculated using eqs S2. The eqs S3 is used to calculate the generation rate of methanol through two-step synthesis of methanol carbonylation and subsequent DMC hydrogenation.


   (S1)

  (S2)

   (S3)

Where  is the integral area of GC for DMC or MeOH;  is the rate of the curve obtained by the GC test standard solution of DMC or MeOH (as illustrated in following figure);  is calculated by eqs S1; mcat. is the mass of catalysts;  is the reaction time;  is calculated from eqs S2.
The proportion of oxygen vacancies (OV) is calculated by using eqs S4.

  (4)



Where , andrepresent the O1s of XPS peak area, respectively.
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Standard curve. (a) Relationship between the concentrations of DMC and integrated peak areas of GC (Solvent: MeOH). (b) Relationship between the concentrations of MeOH and integrated peak areas of GC (Solvent: DMC).
3. DFT calculations
All periodic DFT calculations were performed using the Vienna Ab Initio Simulation Package (VASP).1-3 The projector augmented wave (PAW)4 method was used for the interaction between the core and valence electrons. The valence electron density was described by a plane wave basis set with an energy cut-off of 400 eV.2 
Previous studies have demonstrated that the In2O3(111) facet was more stable than other low-index facets.5 The In2O3(111) crystal plane has a four-layer O-In-O three-layer facet simulation with (1x1) unit cells. In a unit cell, there are 12 oxygen atoms in each In-O layer, containing a total of 96 O and 64 In atoms, which are denoted as In2O3(111). The surface slab was separated by a vacuum height of 15 Å in the z-direction to eliminate unphysical interactions between periodic surface plates. Brillouin-zone integrations were performed using a Γ-centered (2 × 2 × 1) k-point mesh.
The calculated lattice constant (a=b=c=10.2886 Å) and In-O bond length (2.164 Å) of the In2O3 block are consistent with the experimental results. During the optimization process, the atoms in the bottom three layers of the surface facet are fixed, while the remaining atoms are allowed to relax. The thresholds for converging the electronic wavefunctions and atomic structures are 10-4 eV for the energy and 0.02 eV/Å for the maximal force, respectively.
Adsorption energy (*Eads) is defined as, *Eads=Etotal-Eslab-(aEH+bED), where Etotal and Eslab are the total energies of a surface with an adsorbate and a clean surface, respectively. The elemental energies of H and D refer to the gas phases H2 and DMC, respectively. a and b represent the number of H2 and DMC, respectively. 
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Figure S1. Optimized In2O3(111) crystal face. (a) Unit cell and (b) side view of the optimized In2O3(111) crystal face. (c) One layer of In atoms with four different layers of oxygen atoms of In2O3(111) crystal face.
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Figure S2. Optimized adsorption configuration of H2. H2 adsorption behaviors on In6, In5, In4+1 and In4···In4 sites on the In2O3(111) surface.
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Figure S3. Optimized adsorption configurations of the active hydrogen species. The optimized adsorption structures of the reaction intermediates of H2 dissociation on In5, In4+1 and In4···In4 sites of the In2O3(111) surface.
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Figure S4. Optimized adsorption configurations of DMC. DMC adsorption behaviors on In6, In5, In4+1 and In4···In4 sites on the optimized In2O3(111) surface.
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Figure S5. XRD patterns of the In(OH)3 precursors and PC-In2O3 catalysts.
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[bookmark: OLE_LINK3]Figure S6. Structural characterizations of the In(OH)3 precursors. (a) TEM images and (b) size distribution of the In(OH)3 precursors. (c) High-resolution TEM image and (d) Intensity profiles crystal plane spacing of the In(OH)3 precursors.
[image: ]
[bookmark: OLE_LINK6]Figure S7. The EPR spectrum of the PC-In2O3 catalysts
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[bookmark: _Ref14185405][bookmark: _Hlk119507285]Figure S8. Structural characterizations of NP-In2O3. (a, b) TEM and (c) HRTEM images of NP-In2O3. (d) HAADF-STEM image and corresponding EDS elemental mappings of (e) In and (f) O elements for NP-In2O3.
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Figure S9. Product analysis. (a) The 1H-NMR spectra of the liquid phase products. (b) Gas chromatography analysis of gas phase products.
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[bookmark: _Hlk170895458][bookmark: OLE_LINK1][bookmark: _Hlk121947480]Figure S10. Structural characterizations of the spent PC-In2O3 catalysts. 
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Figure S11. Electronic structures and oxygen vacancy characterizations of NP-In2O3 and PC-In2O3. (a) In 3d and (b) O1s XPS spectra of the NP-In2O3 and PC-In2O3 catalysts. (c) EPR spectra of the NP-In2O3 and PC-In2O3 catalysts at room temperature.
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Figure S12. XRD patterns of the PC-In2O3-350, PC-In2O3-450 and PC-In2O3-H2 catalysts.
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Figure S13. Structural characterizations of PC-In2O3-350. (a, b) TEM and (c) HRTEM  images of the PC-In2O3-350 catalysts. (d) HAADF-STEM image and EDS elemental mappings of (e) In and (f) O elements for the PC-In2O3-350 catalysts.
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[bookmark: OLE_LINK9]Figure S14. Structural characterizations of PC-In2O3-450. (a, b) TEM and (c) HRTEM  images of the PC-In2O3-450 catalysts. (d) HAADF-STEM image and EDS elemental mappings of (e) In and (f) O elements for the PC-In2O3-450 catalysts.
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Figure S15. Oxygen vacancy characterizations. XPS analysis of O 1s profiles of the (a) PC-In2O3, (b) PC-In2O3-350 and (c)PC-In2O3-450 catalysts.
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Figure S16. Kinetics analysis of In2O3 for the DMC hydrogenation. (a) MeOH production rates at various temperatures. (b) Corresponding Arrhenius curves.  Reaction conditions: catalysts (20 mg), DMC (5 mL), 1 h, 100 ℃ and 2 MPa H2.
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Figure S17. CV plots of PC-In2O3, PC-In2O3-350, and PC-In2O3-450. All CVs plots were collected in an H2-saturated 0.1 M KOH electrolyte at a scan rate of 20 mV s−1 at room temperature.
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Figure S18. Characterizations of PC-In2O3-H2. (a) EPR spectra of the PC-In2O3 and PC-In2O3-H2 catalysts. (b) XPS of O1s spectum for the PC-In2O3-H2 catalysts.
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[bookmark: OLE_LINK2]Figure S19. Catalytic performance of PC-In2O3-H2. (a) H2-TPR curves of the PC-In2O3 and PC-In2O3-H2 catalysts. (b) The CH3OH generation rates of PC-In2O3 and PC-In2O3-H2 for the DMC hydrogenation. 
[image: ]
[bookmark: _Hlk182130769]Figure S20. In situ DRIFTS measurements. In situ DRIFTS spectra of various catalysts of (a) PC-In2O3, (b) PC-In2O3-450, (c) PC-In2O3-H2 under a flowing of DMC. Experiment condition: The catalysts were pretreated by a flow of Ar at 100 ℃ for 1 h. Subsequently, a flow of Ar was passed through a DMC solution at room temperature and then introduced into the in situ cell. The DRIFTS signals were recorded every 30 s.
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Figure S21. In situ DRIFTS measurements. In situ DRIFTS spectra of various catalysts of (a) PC-In2O3, (b) PC-In2O3-450, (c) PC-In2O3-H2 with the saturated adsorption of DMC under a flowing of H2. Experiment condition: After the saturation adsorption of DMC, a pure Ar flow was switched to remove the physically adsorbed DMC. Then, a flow of 50 vol.% H2/Ar gas was introduced and maintained for another 30 min to collect the DRIFTS signal every 30 s.

[image: ]
Figure S22. The catalytic performance of PC-In2O3 for DMC synthesis through CH3OH carbonylation. Reaction conditions: catalysts (20 mg), MeOH (10 mL), 1 h, 100 ℃ and 1 MPa CO2.


Table S1. XPS of O 1s of various In2O3 catalysts.
	Sample
	PC-In2O3
	PC-In2O3-350
	PC-In2O3-450
	PC-In2O3-H2
	NP-In2O3
	Used PC-In2O3

	
	B.E. (eV)
	Peak area
	B.E. (eV)
	Peak area
	B.E. (eV)
	Peak area
	B.E. (eV)
	Peak area
	B.E. (eV)
	Peak area
	B.E. (eV)
	Peak area

	Lattice Oxygen (OI)

	OI
	529.7
	38943
	529.8
	65633
	529.9
	74889
	529.6
	95008
	529.7
	23513
	529.4
	45044

	Oxygen Vacancy (OII)

	OII
	531.3
	24415
	531.5
	33493
	531.6
	31680
	531.6
	192275
	531.3
	10626
	531.0
	27604

	Hydroxide Groups (OIII)

	OIII
	532.8
	2504
	532.9
	3551
	533.0
	3191
	533.2
	14853
	533.1
	1812
	532.6
	2314



Table S2. Summary of catalytic performance of recents heterogeneous catalysts for CO2 hydrogenation to methanol.
	[bookmark: OLE_LINK4]Entry
	Catalyst
	GHSV
(mL gcat-1 h-1)
	H2:CO2
(MPa)
	Temperature
(°C)
	rMeOH
(mmol gcat-1 h-1)
	Ref.

	1
	Cu-N3
	H2O
	3:1
(4 MPa)
	70
150
	0.19
0.45
	[6]

	2
	FL-MoS2
	1500
	3:1
(5 MPa)
	60, 80, 100, 120
	0.03, 0.06, 0.13, 0.28
	[7]

	3
	N-In2O3
	21000
	4:1
(5 MPa)
	200
	1.56
	[8]

	4
	Cu-In-Zr-O
	18000
	4:1
(2.5 MPa)
	210, 230, 250
	0.09, 1.56, 2.5
	[9]

	5
	Cu/ZnOx@MOF
	18000
	3:1
(4 MPa)
	250
	0.081
	[10]

	6
	h-In2O3-R
	9000
	H2:CO2:N2
72:24:4
	240
	3.2
	[11]

	7
	Cu/Zn/Ga-LDH
	18000
	4:1
(4.5 MPa)
	210
	0.84
	[12]

	8
	h-MoS2/ZnS
	H2O
	4:1
(5 MPa)
	160, 260
	0.003, 0.029
	[13]

	9
	In2O3/ZrO2
	21000
	4:1
(4 MPa)
	200, 230
	0.03, 1.25
	[14]

	10
	Cu/BaTiO2.8H0.2
	20 mL/min
	24 %/72 %/4 % CO2/H2/Ar
(3 MPa)
	250
	4.7 mmol gCu-1 h-1
	[15]

	11
	h-PdMo/Mo2N
	
	
	60, 80, 100, 120, 140, 160
	0.005, 0.01, 0.015, 0.02, 0.035, 0.05
	[16]

	12
	MOF-808-Zn
	9000
	3:1
(4 MPa)
	250
	5.96
	[17]

	13
	Cu/Zr-UiO66-COOH (Zr4+)
	140 sccm
	5:1
(0.2 MPa)
	220
	0.4
	[18]

	14
	ZnZrOx
	24000
	4:1
(5 MPa)
	320
	14.1
	[19]

	15
	Cu-ZnO/amUiO-66
	120 sccm
	5:1
(0.2 MPa)
	220
	0.7
	[20]

	16
	c-In2O3-S
	9000
	H2/CO2/N2 = 73/24/3
	240, 260, 280, 300, 320, 340, 360
	4.2, 5, 5.9, 7.8, 8.9, 6.8, 4.3
	[21]

	17
	Cu/ZrO2-SiO2
	4000
	3:1
(3 MPa)
	190, 210, 230
	0.025, 0.053, 0.042
mmol m-2 h-1
	[22]

	18
	Pt/HxMoO3−y
	1,4-dioxane
15 mL
	3:1
(3 MPa)
	200
	1.53
	[23]

	19
	95In2O3-5Al2O3
	30000
	H2/CO2/N2 = 30/10/10
(3 MPa)
	260
	2.8
	[24]

	20
	5%Ni/In2O3
	-
	CO2/H2/N2 = 10:30:10 mL/min.
(3 MPa)
	250
	7.8
	[25]

	21
	Co@Si0.95
	6000
	3:1
(2 MPa)
	260, 280, 300, 320, 340, 360, 380
	0.9, 1.5, 2.5, 3.0, 2.8, 2.6, 2.5
	[26]

	22
	Re(1)/TiO2
	1,4-dioxane (1 mL)
	5:1
(6 MPa)
	150
	1.8
	[27]

	23
	ZnO-ZrO2
	24000
	3:1
(5 MPa)
	340
	0.5 mmol m-2 h-1
	[28]

	24
	Cu/MoS2@SiO2
	24000
	4:1
(5 MPa)
	260
	6.11 molMeOH molMo–1 h–1
	[29]

	25
	2Pd/CeO2-R
	2000
	3:1
(3 MPa)
	240
	1.4
	[30]

	26
	UiO-67-Pt
	0.01 gcat min mL–1
	3:1
(0.8 MPa)
	170
	2.16
	[31]

	27
	PtGa-GaOx
	6-100 mL/min
	2.5 MPa
	230
	7.2 molCH3OH h–1 molPt–1
	[32]

	28
	Cu/ZnO2/Al2O3
	-
	CO2 (1 MPa)
H2 (2 MPa)
	100
	1.4
	This work

	29
	NP-In2O3
	-
	CO2 (1 MPa)
H2 (2 MPa)
	100
	1.1
	This work

	30
	PC-In2O3
	-
	CO2 (1 MPa)
H2 (2 MPa)
	70, 80, 90, 100
	0.76, 1.80, 3.9, 6.5
	This work
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