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Table S1 Metal contents and textural properties of In2O3-ZrO2 catalysts

In2O3 contenta ZrO2 contenta Porous propertiesb
Catalyst Measured

(mol %)
Measured
(mol %)

SBET
(m2·g-1)

Dpore 
(nm)

100In2O3-0ZrO2 100 0 55 38

75In2O3-25ZrO2 73.6 26.4 60 25

50In2O3-50ZrO2 47.6 52.4 71 15

25In2O3-75ZrO2 23.9 76.2 68 7

0In2O3-100ZrO2 0 100 55 10

aDetermined by ICP.

bMeasured by N2 desorption.



Table S2 Particle sizes and Ov contents of In2O3-ZrO2 catalysts

Catalyst D (nm)a Ov contentb

100In2O3-0ZrO2 15 -

75In2O3-25ZrO2 11 39.8%

50In2O3-50ZrO2 10 17.4%

25In2O3-75ZrO2 11 6.5%

0In2O3-100ZrO2 11 -
aCalculated by In2O3(222) or ZrO2(111) peaks using Scherrer equation.
bMeasured by XPS.



Table S3 Comparison of catalysts used in RWGS reaction
Catalyst T(oC) P(MPa) H2/CO2 XCO2(%) SCO(%) STY Ref

In2O3-CeO2 400 0.1 1:1 5.34 100 0.77 1

Cu5In5/CeO2 400 0.1 4:1 20 100 0.54 2

Cu5In5/ZrO2 400 0.1 4:1 <5 100 ＜0.14 2

Ni/ZrO2-80 400 0.1 4:1 <10 100 0.41 3

Cs-FexC-co 400 0.1 4:1 36 59 0.76 4
10%Cu-
5%Fe/CeO2

450 0.1 1:1 25 100 0.18 5

Cu-Ni/γ-Al2O3 500 0.1 1:1 23.2 75.5 0.11 6

Au/ZrO2 350 0.3 3:1 ~6 100 0.09 7

Au/Al2O3 350 0.1 5:1 20 ＞99 0.24 8

Ag/Al2O3 600 0.1 3:1 14 100 0.8 9

75In2O3-25ZrO2 400 0.1 3:1 28 96 0.81 this 
work
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Table S4 Assignment of absorbance peaks observed in the in-situ FTIR
Frequency (cm-1)

Surface species Vibration 
mode Wavenumber 

(cm-1) Ref

Bidentate formate bi-HCOO* νas(CH) 2969 10
2965 11
2969 12

νs(CH) 2869 10
2872 11
2876 12

νas(OCO) 1561-1581 11, 13-18
1583 19
1585 10
1588 12

νs(OCO) 1346 11
1356-1359 16, 18

Monodentate formate m-HCOO* νs(OCO) 1255 20
1285 12
1295 19
1298 14

Bridged methoxy b-*OCH3 νas(CH3) 2931 10
2926 16
2928 12

νs(CH3) 2836 10
2820 16
2825 12

ν(CO) 1140-1150 12, 18-20
Bidentate bicarbonate bi-HCO3 νas(CO3) 1620 21

1630 14
1636-1650 22

δ(OH) 1225 14, 21
1225-1236 22

Monodentate carbonate m-CO3
2- νas(CO3) 1355 21

1368 22
Bidentate carbonate bi-CO3

2- νas(CO3) 1555 21
1563 23

Polydentate carbonate p-CO3
2- νas(CO3) 1460 14

1474 13
νs(CO3) 1405 23

1406 14
Carbon monoxide CO 2077, 2130 23

2115 10
2129 19

Methane CH4 3016 24, 25
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Figure S1 (a) N2 adsorption-desorption isothermal curves and (b) pore size distribution 

of In2O3-ZrO2 catalysts.

The N2 adsorption and desorption curves of all catalysts belong to IV adsorption 

isotherms, which indicates the mesoporous structure (Fig. S1a). Fig. S1b. shows the 

pore diameter distribution of the catalysts. As can be observed, all catalysts exhibit 

maxima in the mesoporous region.



7

Figure S2 TEM images and particle size distributions of (a) 100In2O3-0ZrO2, (b) 

75In2O3-25ZrO2, (c) 50In2O3-50ZrO2, (d) 25In2O3-75ZrO2, and (e) 0In2O3-100ZrO2 

catalysts.
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Figure S3 (a) HAADF-STEM image, (b) high-resolution TEM image and (c, d) 

corresponding energy-dispersive X-ray (EDX) elemental mappings of 75In2O3-25ZrO2 

catalyst.
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Figure S4 (a) XRD patterns and (b) enlarged parts (28-32o) of In2O3-ZrO2 catalysts.
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Figure S5 The relationship diagram of CO STY and oxygen vacancy concentration of 

In2O3-ZrO2 catalysts.

As shown in Fig. S5, the oxygen vacancy concentration of 25In2O3-75ZrO2, 

50In2O3-50ZrO2 and 75In2O3-25ZrO2 is 6.5%, 17.4% and 39.8%, respectively. And the 

corresponding STY (space-time yield) is 0.4, 0.7 and 0.8, respectively. The STY of the 

In2O3-ZrO2 catalyst has a positive correlation with the oxygen vacancy concentration.
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Figure S6 EPR spectra for 75In2O3-25ZrO2, In2O3 and ZrO2. 
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Fig. S7 (a) H2-TPR profiles and (b) CO2-TPD profiles of In2O3, ZrO2 and 75In2O3-

25ZrO2 catalyst.
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Figure S8 The influence of GHSV on the catalytic performance of 75In2O3-25ZrO2 

(reaction conditions: 400 oC, H2: CO2: Ar ratio = 72: 24: 4, 0.1 MPa).
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Figure S9 In-situ FTIR spectra of the reaction of CO2 and H2 over (a) 75In2O3-25ZrO2, 

(b) In2O3, and (c) ZrO2 (reaction conditions: 400 oC, 0.5MPa).
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Scheme S1 Reaction mechanism catalyzed by 75In2O3-25ZrO2.
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