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Table S1. Relative compositions of surface species determined by deconvolution of

the corresponding XPS spectra.

Sample State Cr Mn Fe Co Ni P
(%) (%) (%) (%) (%) P-Me P-O
(%) (%)
FeP,/SiO> +2 - - 80 - - 22 78
+3 - - 20 - -
CoP,/SiO> Co—P - - - 39 - 48 52
+2 - - - 61 -
NiP,/SiO2 Ni-P - - - - 43 41 59
+2 - - - - 57
FeCoNiP,/SiO2 Me-P - - 0 44 32 31 69
+2 - - 59 56 68
+3 - - 41 - -
CrMnFeCoNiP,/SiO2 Me-P - - 0 39 42 57 43
+2 - 100 66 61 58
+3 100 - 34 - -
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Table S2. Selective studies of metal phosphide-based catalysts in RWGS.

Catalyst T P Feed GHSV Xco2 Sco Ea Ref
(°C)  (MPa) (Lgeat*h™) (%) (%) (kJ mol)

NiP/CeO2 500 0.1 CO2:H2:N2 150.0 29 86 - !

=1:2:2

Ni12Ps/Al203 600 0.1 CO2:H2 = 12.0 58 35 - 2

Ni12Ps/Ce02/Al203 1:4 64 54 -

Mo-P/SiO, 550 0.1 COz2:H2 = 12.0 21 100 - 3

Mo-P/Al,03 1:4 26 83 -

Mo-P/Ce02/Al,03 25 88 -

Nii2Ps/SiO; 700 0.1 CO2:H2:N2 12.0 62 100 55.0 4

Ni,P/SiO, =1:4:5 57 100 39.0

NiP/SiO, 19 96 84.0

NiP,/SiO, 2 91 78.2

Ni12Ps/SBA-15 550 0.1 CO2:Ha:N2  43.2 24 100 - >

Ni12Ps@SBA-15 =1:4:1 31 100 -

RuP (1:1) 400 0.1 CO2:H2:N2  30.0 2 100 6

RuP (5:1) =1:1:1 15 84

RuP (10:1) 15 62

FeCoNiPy/SiO: 700 0.1 CO2:H2z:N2 7.2 51 100 63.4 This

CrMnFeCoNiPx =1:3:4 42 100 75.6 work

/SiO;
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Figure S1. N isotherms of tested catalysts. SiO, was also included as reference.
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(a) Randomly selected spots

% |1 2 3 4 5

P |29.0 |29.5|26.4|25.6 |30.3
Fe | 22.2 |22.1 | 255 |26.7 | 21.8
Co [27.1 257|245 |23.6 |22.4

Ni | 21.7 |22.7 | 23.6 | 24.1 | 25,5

! 250nm !

(b)

Randomly selected spots

% 1 2 3 4 5

P 36.2 | 36.2 | 36.8 | 36.5 | 35.0

Ni |12.4 |11.8 | 10.8 | 13.1 | 10.5

Co | 140 |12.6 |13.6 | 15.0 | 17.0

Fe |13.8 [ 13.7 | 14.1 | 13.5 | 14.0

Mn |70 (94 |93 |95 |10.0

Cr |16.6 | 16.3 | 15.4 | 12.4 | 135

! 500nm .

Figure S2. The elemental composition (atom%) of EDS mapping results by randomly

selected 5 spots of (a) FeCoNiP/SiO2 and (b) CrMnFeCoNiP«/SiO;.
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Figure S3. XPS spectra of Fe 2p for (a) FePx/SiO2, (b) FeCoNiP/SiO2, and (c) CrMnFeCoNiP/SiO2; Co 2p for (d) CoP4/SiO>, (e) FeCoNiP,/SiO2, and
(f) CrMnFeCoNiP4/SiO2; and Ni 2p for (g) NiP«/SiO2, (h) FeCoNiPx/SiO2, and (i) CrMnFeCoNiPx/SiO2; (j) Cr and (k) Mn 2p XPS spectra of
CrMnFeCoNiPy/SiO.
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Figure S4. XPS spectra of P 2p for (a) FeP4/SiO3, (b),CoP«/SiOz (c), NiPx/SiO2, (d)
FeCoNiPyx/SiO2, and (e) CrMnFeCoNiPx/SiO,.
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Figure S5. CO,-TPO profiles of tested catalysts. SiO2 was also tested for comparison.
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Figure S6. The 1°t derivatives of (a, b) Fe (c, d) Co, and (e, f) Ni K-edge spectra of
FeCoNiPy/SiO2 and CrMnFeCoNiPy/SiOz in the forms of fresh, CO;-oxidized, and H»-

reduced after CO, oxidation. Ni foil (Ni®) and NiO were included as references.

S10



CO, conversion (%)

70

60

50

40

30

20

10

®

CrMnFeCoNiP,/SiO, 40/80 mesh
—&— CrMnFeCoNiP,/SiO, 100/200 mesh

500

650 700 750 800

T (°C)

550 600

Figure S7. Conversions of CO, of CrMnFeCoNiP«/SiO; by using 40-80 mesh and 100-

200 mesh particle sizes (All catalysts had CO selectivity >99.9%). Reaction condition:
P =0.1 MPa, H/CO; = 3, and GHSV = 7200 mL geatt ht.
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Figure S8. XRD patterns of the post-reaction silica-supported metal phosphide

catalysts.
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Figure S9. 100-h durability test for FeCoNiPx/SiO2 and CrMnFeCoNiPy/SiO at 700 °C.
Reaction condition: P = 0.1 MPa, H,/CO; = 3, and GHSV = 7200 mL geat* h'™.

S13



References

S. Cui, X. Wang, L. Wang and X. Zheng, Dalton Trans., 2021, 50, 5978-5987.
Q. Zhang, L. Pastor-Pérez, J. J. Villora-Pico, M. Joyce, A. Sepulveda-Escribano,
M. S. Duyar and T. R. Reina, Fuel, 2022, 323, 124301.

3. Q. Zhang, M. Bown, L. Pastor-Pérez, M. S. Duyar and T. R. Reina, Ind. Eng.
Chem. Res., 2022, 61, 12857-12865.

4, G. Hameed, A. Goksu, L.-P. Merkouri, A. Penkova, T. R. Reina, S. C. Ruiz and M.
S. Duyar, J. CO2 Utiliz., 2023, 77, 102606.

5. S. Bao, T. Liu, H. Fu, Z. Xu, X. Qu, S. Zheng and D. Zhu, ACS Appl. Mater.
Interfaces, 2023, 15, 45949-45959.
6. G. lJi, C. Li, B. Fan, G. Wang, Z. Sun, M. Jiang, L. Ma, L. Yan and Y. Ding, ACS

Catal., 2024, 14, 1595-1607.

S14



