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Figure S1. XRD patterns of spent a) WO3, b) MoO3, c) V2O5, d) Cr2O3, e) ZrO2, f) TiO2, g) Nb2O5 catalysts.
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Figure S2. XRD patterns of reduced a) WO3, b) MoO3, c) V2O5, d) Cr2O3, e) ZrO2, f) TiO2, g) Nb2O5 catalysts.
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Figure S3. XPS spectra for a) survey spectrum and (b) V 2p spectrum of spent V2O5 catalyst, (c) survey spectrum and (d) Cr 2p spectrum of spent Cr2O3 catalyst, (e) survey spectrum and (f) Zr 3d spectrum of spent ZrO2 catalyst, (g) survey spectrum and (h) Ti 2p spectrum of spent TiO2 catalyst, (i) survey spectrum and (j) Nb 3d spectrum of spent Nb2O5 catalyst.
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Figure S4. a) CO2 conversion over 8.4 wt% W/SiO2 and Mo/SiO2 catalysts as a function of TOS, b) Forward rate of CO formation (rf, molCO/molmetal/h) over unsupported MoO3 and WO3, and supported Mo/SiO2 and W/SiO2 catalysts. (Reaction conditions: mcat = 60 mg, H2/CO2/N2=3/1/1, WHSV = 100,000 mL/gcat/h, 550 °C, 1×105 Pa)
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Figure S5. Long-term stability test of 8.4 Mo/SiO2. (Reaction conditions: mcat = 60 mg, H2/CO2/N2=3/1/1, WHSV = 100,000 mL/gcat/h, 550 °C, 1×105 Pa)
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Figure S6. a) CO2 conversion over Mo/SiO2 catalysts with different Mo loadings as a function of TOS (Reaction conditions: mcat = 60 mg, H2/CO2/N2=3/1/1, WHSV = 100,000 mL/gcat/h, 550 °C, 1×105 Pa), b) XRD patterns of calcined Mo/SiO2 catalysts with different Mo loadings.
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Figure S7. CO2 conversion of different supported Mo catalysts as a function of TOS. (Reaction conditions: mcat = 60 mg, H2/CO2/N2=3/1/1, WHSV = 100,000 mL/gcat/h, 550 °C, 1×105 Pa)
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Figure S8. TEM and the corresponding EDX elemental mapping images of calcined a) Mo/SiO2, b) Mo/ZrO2, c) Mo/TiO2, d) Mo/γ-Al2O3, e) Mo/CeO2, f) Mo/MgO catalysts.
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Figure S9. N2 adsorption-desorption isotherms of different supported Mo catalysts.
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Figure S10. Correlation between rf and specific surface area of different catalysts.
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Figure S11. XRD patterns of calcined and reduced a) Mo/SiO2, b) Mo/ZrO2, c) Mo/TiO2, d) Mo/γ-Al2O3, e) Mo/CeO2, f) Mo/MgO catalysts and the bare supports. (Mo/support-C represents catalyst calcined in air at 500 °C, Mo/support-H represents catalyst reduced in H2 at 500 °C)
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[bookmark: _Hlk217402159]Figure S12. XRD patterns of spent a) Mo/SiO2, b) Mo/ZrO2, c) Mo/TiO2, d) Mo/γ-Al2O3, e) Mo/CeO2, f) Mo/MgO catalysts and the bare supports.
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Figure S13. XPS survey spectra and high-resolution spectra of support elements of spent supported Mo catalysts transferred under inert atmosphere protection.
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Figure S14. Correlation of RWGS activity with the surface atomic percentages of a) Mo4+, b) Mo5+ and c) Mo6+ derived from Mo 3d XPS spectra transferred under inert atmosphere protection.
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Figure S15. XPS survey spectra and high-resolution spectra of support elements of spent supported Mo catalysts. 
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Figure S16. XPS spectra for a) Mo 3d and b) C 1s of different supported Mo catalysts after reaction shown in Figure S6, c) the correlation between RWGS activity and Mo2C surface content calculated from the Mo 3d XPS spectra.
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Figure 17. Correlation of RWGS activity with the surface atomic percentages of a) Mo4+, b) Mo5+ and c) Mo6+ derived from Mo 3d XPS spectra.
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Figure S18. Arrhenius plots of various supported Mo catalysts with different loadings.
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Figure S19. Reaction order with respect to a) CO2 (Reaction conditions: 550 °C, 0.4×105 Pa H2, 0.05~0.3×105 Pa CO2, N2 used as balance gas in the tests to maintain the total pressure of 1×105 Pa) and b) H2 (Reaction conditions: 550 °C, 0.4×105 Pa CO2, 0.05~0.5×105 Pa H2, N2 used as balance gas in the tests to maintain the total pressure of 1×105 Pa), c) Ea of MoO3 catalysts. (Reaction conditions: H2/CO2/N2=1/3/1, 100 mL/min in total, 470~550 °C, 1×105 Pa)

[image: ]
Figure S20. Raman spectra for the calcined catalysts with different Mo loadings of a) Mo/SiO2, b) Mo/ZrO2, c) Mo/TiO2, d) Mo/γ-Al2O3, e) Mo/CeO2, f) Mo/MgO.
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Figure S21. Raman spectra of a) 21 Mo/SiO2, b) 21 Mo/ZrO2, c) 21 Mo/TiO2, d) 21 Mo/γ-Al2O3, e) 21 Mo/CeO2, f) 21 Mo/MgO catalyst after CO-TPSR tests shown in Figure 7.
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Figure S22. H2-TPR profiles of calcined Mo/SiO2, Mo/ZrO2, Mo/TiO2, Mo/γ-Al2O3 and MoO3 catalysts.
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Figure S23. TG-DSC curves of uncalcined a) Mo/SiO2, b) Mo/ZrO2, c) Mo/TiO2, d) Mo/γ-Al2O3, e) Mo/CeO2, f) Mo/MgO samples.
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Figure S24. a) CO2 conversion (Reaction conditions: mcat = 60 mg, H2/CO2/N2=3/1/1, WHSV = 100,000 mL/gcat/h, 550 °C, 1×105 Pa), b) XRD patterns, c) apparent activation energy of 8.4 Mo/SiO2-500 °C and 8.4 Mo/SiO2-300 °C catalysts (Reaction conditions: H2/CO2/N2=1/3/1, 100 mL/min in total, 470~550 °C, 1×105 Pa, 0.04g 8.4 Mo/SiO2-500 °C, 0.02g 8.4 Mo/SiO2-300 °C).
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[bookmark: _Hlk219471823][bookmark: _Hlk219471864]Figure S25. a) CO2 conversion (Reaction conditions: mcat = 60 mg, H2/CO2/N2=3/1/1, WHSV = 100,000 mL/gcat/h, 550 °C, 1×105 Pa), b) XRD patterns, c) apparent activation energy of 8.4 Mo/ZrO2-500 °C and 8.4 Mo/ZrO2-300 °C catalysts (Reaction conditions: H2/CO2/N2=1/3/1, 100 mL/min in total, 470~550 °C, 1×105 Pa, 0.04g 8.4 Mo/ZrO2-500 °C, 0.02g 8.4 Mo/ZrO2-300 °C).
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Figure S26. a) CO2 conversion (Reaction conditions: mcat = 60 mg, H2/CO2/N2=3/1/1, WHSV = 100,000 mL/gcat/h, 550 °C, 1×105 Pa), b) XRD patterns, c) apparent activation energy of 8.4 Mo/TiO2-500 °C and 8.4 Mo/TiO2-300 °C catalysts (Reaction conditions: H2/CO2/N2=1/3/1, 100 mL/min in total, 470~550 °C, 1×105 Pa, 0.06g 8.4 Mo/TiO2-500 °C, 0.02g 8.4 Mo/TiO2-300 °C).
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Figure S27. a) CO2 conversion (Reaction conditions: mcat = 60 mg, H2/CO2/N2=3/1/1, WHSV = 100,000 mL/gcat/h, 550 °C, 1×105 Pa), b) XRD patterns, c) apparent activation energy of 8.4 Mo/γ-Al2O3-500 °C and 21 Mo/γ-Al2O3-300 °C catalysts (Reaction conditions: H2/CO2/N2=1/3/1, 100 mL/min in total, 470~550 °C, 1×105 Pa, 0.01g 21 Mo/γ-Al2O3-500 °C, 0.01g 21 Mo/γ-Al2O3-300 °C).
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Figure S28. a) CO2 conversion (Reaction conditions: mcat = 60 mg, H2/CO2/N2=3/1/1, WHSV = 100,000 mL/gcat/h, 550 °C, 1×105 Pa), b) XRD patterns, c) apparent activation energy of 21 Mo/MgO-500 °C and 21 Mo/MgO-300 °C catalysts (Reaction conditions: H2/CO2/N2=1/3/1, 100 mL/min in total, 470~550 °C, 1×105 Pa, 0.02g 21 Mo/MgO-500 °C, 0.02g 21 Mo/MgO-300 °C).
Table S1. Chemical equations for the carbonization of early transition metal oxides shown in Figure 1b in the main text.
	Equation
	
	

	
	-223.1
	-137.2

	
	-108.4
	-27.5

	
	69.4
	238.0

	
	-5.7
	185.6

	
	163.0
	305.8

	
	18.4
	170.4

	
	111.2
	275.5

	[bookmark: _Hlk224336481]a 550 °C, 1×105 Pa




Table S2. Comparison of catalytic performance with reported literatures.
	Catalysts
	H2: CO2
	Temperature
(°C)
	WHSV
(mL/gcat/h)
	P
(MPa)
	X(CO2)
(%)
	S(CO)
(%)
	CO formation rate
(μmolco/gcat/s)
	Ref.

	25.2 Mo/SiO2
	3:1
	550
	100000
	0.1
	46.5
	100
	107.5
	this work

	8.4 Mo/SiO2
	3:1
	550
	100000
	0.1
	31.8
	100
	78
	

	8.4 Mo/SiO2
	3:1
	600
	100000
	0.1
	38.4
	100
	126.6
	

	MoCx@Al2O3
	4:1
	400
	24000
	0.1
	35
	98.3
	20.8
	[1]

	MoCx/SiO2
	3:1
	400
	/
	0.1
	27.5
	98.5
	12.8
	[2]

	MoCx/Al2O3
	3:1
	400
	/
	0.1
	23.5
	94.5
	11.3
	[2]

	MoCx/TiO2
	3:1
	400
	/
	0.1
	8
	97
	3.8
	[2]

	MoOx
	1:1
	400
	30000
	0.1
	13.7
	97.8
	25
	[3]

	Cu/MoOx
	4:1
	400
	60000
	0.1
	35.9
	99
	24.2
	[4]

	MoO3/Ti3AlC2
	4:1
	560
	30000
	0.1
	18
	89
	10.9
	[5]

	MoO3/TiO2
	4:1
	560
	30000
	0.1
	18
	84
	10.3
	[5]

	MoO3/Al2O3
	4:1
	560
	30000
	0.1
	18
	85
	10.4
	[5]

	MoOx/Mo2N
	3:1
	600
	200000
	0.1
	50.8
	100
	290
	[6]

	MoO3
	3:1
	600
	200000
	0.1
	5.9
	100
	34
	[6]

	Co/Mo2C
	2:1
	300
	36000
	0.1
	9.5
	98.1
	12.7
	[7]

	MoO2
	3:1
	500
	10000
	0.1
	28
	100
	1
	[8]

	Ru-Mo-Ox
	3:1
	500
	10000
	0.1
	49
	99
	2
	[8]

	Cu/β-Mo2C
	2:1
	600
	300000
	0.1
	29
	100
	473
	[9]

	α-Mo2C
	3:1
	600
	100000
	0.1
	58
	100
	131.5
	[10]

	Ni1Mo/SiO2
	4:1
	400
	100000
	0.1
	23.6
	93.8
	22.4
	[11]

	Ir-MoO3
	3:1
	600
	100000
	0.1
	51
	100
	138.9
	[12]

	Mo2N
	3:1
	550
	24000
	0.1
	55.9
	99.9
	19.9
	[13]

	0.5Pt-MoO3/Mo2N
	3:1
	300
	300000
	0.1
	~20
	100
	172
	[14]


	Catalysts
	CO2 Conversion
(%)
	CO selectivity
(%)
	SBET
(m2/g)

	Mo/SiO2
	31.3
	100
	46.5

	Mo/ZrO2
	27.6
	100
	7.5

	Mo/TiO2
	22.0
	100
	47.9

	Mo/-Al2O3
	17.4
	100
	135.5

	Mo/CeO2
	9.4
	100
	20

	Mo/MgO
	7.9
	100
	9.6

	SiO2
	0.5
	100
	64.8

	ZrO2
	3.3
	100
	7.1

	TiO2
	2.2
	100
	53.4

	-Al2O3
	2.2
	100
	148.6

	CeO2
	6.5
	100
	39.8

	MgO
	0.8
	100
	7.0


[bookmark: _Hlk217651839]Table S3. CO2 conversion, CO selectivity and BET surface area (SBET) of the different supported Mo catalysts and bare supports.

Table S4. The binding energy position of Mo species with different valence states on the catalyst surface corresponding to Figure 4a.
	Catalysts
	Binding Energy (eV)

	
	Mo6+
	Mo5+
	Mo4+
	Mo2+

	Mo/SiO2-spent
	232.9
	231.1
	229.5
	228.5

	Mo/ZrO2-spent
	232.8
	231.2
	229.6
	228.6

	Mo/TiO2-spent
	232.8
	231.2
	229.4
	228.4

	Mo/γ-Al2O3-spent
	232.6
	231.2
	229.6
	228.5

	Mo/CeO2-spent
	232.8
	231.3
	229.6
	228.6

	Mo/MgO-spent
	232.8
	231.3
	229.6
	228.6




Table S5. The content of Mo species with different valence states on the catalyst surface shown in Figure 4a.
	Catalysts
	atomic percentage on the surface (%)

	
	Mo6+
	Mo5+
	Mo4+
	Mo2+

	Mo/SiO2-spent
	20.3
	21.3
	26.4
	32.0

	Mo/ZrO2-spent
	33.0
	7.5
	29.0
	30.5

	Mo/TiO2-spent
	20.7
	8.8
	45.8
	24.7

	Mo/γ-Al2O3-spent
	44.4
	15.5
	26.4
	13.7

	Mo/CeO2-spent
	41.3
	36.7
	14.5
	7.5

	Mo/MgO-spent
	37.0
	34.1
	22.8
	6.1



	Catalysts
	CO2 Conversion (%)
	Onset Temperature (°C)
	Integral area

	21 Mo/SiO2
	41.5
	226
	2.924e-9

	21 Mo/ZrO2
	41.4
	240
	2.066e-9

	21 Mo/TiO2
	36.2
	260
	2.591e-9

	21 Mo/γ-Al2O3
	36.5
	248
	4.5653e-9

	21 Mo/CeO2
	5.2
	305
	1.451e-9

	21 Mo/MgO
	19.3
	314
	1.113e-9

	21 Mo/CeO2-300 °C
	29
	273
	1.738e-9


Table S6. Onset temperature and integral area of CO-TPSR profiles for the 21 wt% Mo catalysts on different supports.
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