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Figure S1. HAADF-STEM image of fresh CuAlFe and the corresponding elemental maps 
of Cu, Al, and Fe.
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Figure S2. HAADF-STEM image of fresh KCuAlFe and the corresponding elemental 
maps of Cu, K, Al, and Fe.
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Figure S3. Quasi in situ XPS spectrum of the KCuAlFe catalysts showing the K 2p regions. 
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Figure S4. Quasi in situ XPS spectra of the fresh iron-based catalysts showing the Al 2p 
regions. 
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Figure S5. Quasi in situ XPS spectra of the iron-based catalysts showing the O 1s regions. 
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Figure S6. H2-TPR profiles of the fresh nCuAlFe catalysts.
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Figure S7. H2-TPR profiles of the fresh 1KnCuAlFe catalysts.
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Figure S8. H2-TPR profiles of the fresh 3KnCuAlFe catalysts.



 S10 / S25

Figure S9. H2-TPR profiles of the reaction-treated 3K1CuAlFe catalysts.
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Figure S10. CO2-TPD profiles of the reaction-treated AlFe, 3CuAlFe,1K3CuAlFe and 
3K3CuAlFe.
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Figure S11. Actual and fitted reduction peaks for reaction-treated (a) AlFe, (b) 1CuAlFe, 
(c) 2CuAlFe and (d) 3CuAlFe. 
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Figure S12. Actual and fitted reduction peaks for reaction-treated (a) 1KAlFe, (b) 
1K1CuAlFe, (c) 1K2CuAlFe and (d) 1K3CuAlFe. 
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Figure S13. Actual and fitted reduction peaks for reaction-treated (a) 3KAlFe, (b) 
3K1CuAlFe, (c) 3K2CuAlFe and (d) 3K3CuAlFe. 
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Figure S14. In situ DRIFTS spectra of (a) 3CuAlFe and (b) 3K3CuAlFe during the RWGS 
reaction at various temperatures.
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Figure S15. Evolution of CO2 (m/z=44) and H2 (m/z=2) signals during the HCOOH-TPSR 
over the activated 3CuAlFe catalyst.
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Figure S16. Consumption of HCOOH (m/z=31) during the HCOOH-TPSR over activated 
3CuAlFe and 3K3CuAlFe catalysts.
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Table S1. Nominal compositions of the fresh catalysts

Contents (wt.%)
Catalyst K2O CuO Al2O3 Fe2O3

AlFe 0 0 8 92

1CuAlFe 0 1 8 91

2CuAlFe 0 2 8 90

3CuAlFe 0 3 8 89

1KAlFe 1 0 8 91

1K1CuAlFe 1 1 7.8 90.2

1K2CuAlFe 1 2 7.8 89.2

1K3CuAlFe 1 3 7.8 88.2

3KAlFe 3 0 8 89

3K1CuAlFe 3 1 7.8 88.2

3K2CuAlFe 3 2 7.8 87.2

3K3CuAlFe 3 3 7.8 86.2
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Table S2. The BET surface area, Barrett Joiner Halenda (BJH) pore volume, and pore size 
of the fresh CuAlFe and KCuAlFe catalysts.

Catalyst
BET Surface 
Area (m2/g)

Pore Volume
(cm3/g)

Pore Size
(nm)

AlFe 133.2 0.21 4.80

1CuAlFe 152.9 0.20 3.77

3CuAlFe 173.7 0.34 4.35

3KAlFe 108.9 0.18 4.91

3K1CuAlFe 140.0 0.18 3.75

3K3CuAlFe 154.1 0.32 4.66
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Table S3. The BET surface area, Barrett Joiner Halenda (BJH) pore volume, and pore size 
of the reaction-treated CuAlFe and KCuAlFe catalysts.

Catalyst
BET Surface 
Area (m2/g)

Pore Volume
(cm3/g)

Pore Size
(nm)

AlFe 51.8 0.15 8.15

1CuAlFe 47.6 0.13 7.49

3CuAlFe 51.0 0.15 8.41

3KAlFe 58.3 0.14 6.96

3K1CuAlFe 52.0 0.13 8.12

3K3CuAlFe 49.5 0.15 9.93
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Table S4. The crystallite size and lattice parameters of the catalysts according to in situ 
XRD catalysis.

Lattice parameters (Å)
Catalyst Crystallite size(nm)

a b c

AlFe_fresh 8.8 4.9980 4.9980 13.8123

3KAlFe_fresh 15.0 5.0022 5.0022 13.8129

3CuAlFe_fresh 12.5 4.9956 4.9956 13.7774

3K3CuAlFe_fresh 10.8 5.0023 5.0023 13.7851

3CuAlFe_reacted 12.3 8.4000 8.4000 8.4000

3K3CuAlFe_reacted 12.9 8.3819 8.3819 8.3819
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Table S5. Surface atomic ratio of each element in the fresh catalysts according to Quasi in 
situ XPS catalysis.

Catalyst Al Cu Fe K O

1CuAlFe 5.35 2.58 30.00 / 62.05

3CuAlFe 6.46 3.07 31.33 / 59.12

3K1CuAlFe 11.41 1.77 25.20 2.55 59.07

3K3CuAlFe 11.89 2.51 25.55 2.69 57.35
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Table S6. Surface atomic ratio of each element in the reaction-treated catalysts according 
to Quasi in situ XPS catalysis.

Catalyst Al Cu Fe K O

1CuAlFe 5.72 2.34 37.99 / 53.94

3CuAlFe 8.04 2.37 36.08 / 53.49

3K1CuAlFe 12.48 1.87 33.66 1.31 50.67

3K3CuAlFe 15.09 2.27 31.46 1.82 49.36
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Table S7. Number of surface redox oxygens (Nsr) and [kr]350°C after reaction treatment, as 
well as the steady-state RWGS activities of iron-based catalysts.

Catalyst Nsr (×10-4 mol/g) [kr]350°C (s-1)
Activity (μmol 

CO2/s·g)

AlFe 5.1657 0.0174 3.99

1CuAlFe 6.9376 16.3948 13.19

2CuAlFe 7.2962 18.8679 14.83

3CuAlFe 9.3874 19.6605 17.72

1KAlFe 5.6900 0.0028 4.35

1K1CuAlFe 4.8722 10.3688 22.03

1K2CuAlFe 7.1888 12.4245 23.06

1K3CuAlFe 7.2863 14.5106 24.05

3KAlFe 2.7653 0.0012 1.44

3K1CuAlFe 1.1638 4.0361 13.63

3K2CuAlFe 1.1702 4.5632 12.25

3K3CuAlFe 1.0504 5.7299 13.78
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Table S8. Number of weak basic sites (Nswb) and medium basic sites (Nsmb) of iron-based 
catalysts after reaction treatment.

Catalyst Nswb (mmol/g) Nsmb (mmol/g)

AlFe 1.70 --

1CuAlFe 0.95 --

2CuAlFe 1.18 --

3CuAlFe 1.38 --

1KAlFe 1.76 0.53

1K1CuAlFe 2.09 0.66

1K2CuAlFe 1.88 0.56

1K3CuAlFe 1.91 0.67

3KAlFe 3.92 2.51

3K1CuAlFe 3.29 5.75

3K2CuAlFe 3.29 7. 90

3K3CuAlFe 3.27 8.69


