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Fig. S1 Top views and the relative energies (shown in parentheses) for Fe,/Cu(100) (
x = 2~3, 5 ~ 9 ) surface. Orange and green spheres stand for Cu and Fe atoms,
respectively.
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Fig. S2 Relationship between the d-band center for alpha orbitals of different
Fe,/Cu(100) surface and the adsorption energies of CO, molecule.
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Fig. S3 (a) Charge density curve of isoluted Fe;/Cu(10) surface, CO,’ moiety and
CO,/Fe /Cu(100) surface. (b) Charge density difference curve of CO,/Fe;/Cu(100)

surface:  Ap(2) = Peo, e cuon) (2) = Peo, (2) = Precuaooy(2) - Fer/Cu(100)  surface

denotes from the CO,/Fe;/Cu(100) system and CO,’ is the bent CO, moiety of the
same CO,/Fe;/Cu(100) system.
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Fig. S4 (a) Charge density curve of isoluted Fe,/Cu(10) surface, CO,’ moiety and
CO,/Fe,/Cu(100) surface. (b) Charge density difference curve of CO,/Fe,/Cu(100)

surface:  Ap(2) = Pco, s re, icu00)(2) = Peo, (2) = Pre,icuaooy(2) - Fea/Cu(100)  surface

denotes from the CO,/Fe,/Cu(100) system and CO,’ is the bent CO, moiety of the
same CO,/Fe,/Cu(100) system.
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Fig. S5 (a) Charge density curve of isoluted Fe;/Cu(10) surface, CO,’ moiety and
CO,/Fe;/Cu(100) surface. (b) Charge density difference curve of CO,/Fe;/Cu(100)

surface:  Ap(2) = Peo, re; 1cuo0) (2) = Peo, (2) = Preycuqony(2) - Fes/Cu(100)  surface

denotes from the CO,/Fe;/Cu(100) system and COy’ is the bent CO, moiety of the
same CO,/Fe;/Cu(100) system.
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Fig. S6 (a) Charge density curve of isoluted Fes/Cu(10) surface, CO,’ moiety and
CO,/Fes/Cu(100) surface. (b) Charge density difference curve of CO,/Fes/Cu(100)

surface:  Ap(2) = Peo, s re,cuio0)(2) = Peo, (2) = Pregcuaony(2) - Fes/Cu(100)  surface

denotes from the CO,/Fes/Cu(100) system and CO,’ is the bent CO, moiety of the
same CO,/Fes/Cu(100) system.
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Fig. S7 (a) Charge density curve of isoluted Fes/Cu(10) surface, CO,’ moiety and
CO,/Fee/Cu(100) surface. (b) Charge density difference curve of CO,/Fegs/Cu(100)

surface:  Ap(z) = Pco, e, icuon (2) = Pco, (2) = Pre,scuony(2) - Feg/Cu(100)  surface

denotes from the CO,/Fes/Cu(100) system and CO,’ is the bent CO, moiety of the
same CO,/Fee/Cu(100) system.
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Fig. S8 (a) Charge density curve of isoluted Fe;/Cu(10) surface, CO,’ moiety and
CO,/Fe;/Cu(100) surface. (b) Charge density difference curve of CO,/Fe;/Cu(100)

surface:  Ap(2) = Peo, s re, 1cu00)(2) = Peo, (2) = Pre,scuony(2) - Fes/Cu(100)  surface

denotes from the CO,/Fe;/Cu(100) system and CO,’ is the bent CO, moiety of the
same CO,/Fe;/Cu(100) system.
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Fig. S9 (a) Charge density curve of isoluted Feg/Cu(10) surface, CO,’ moiety and
CO,/Feg/Cu(100) surface. (b) Charge density difference curve of CO,/Feg/Cu(100)

surface:  Ap(2) = Peo, e, rcua00) (2) = Peo, (2) = Pregscunony(2) - Feg/Cu(100)  surface

denotes from the CO,/Feg/Cu(100) system and CO,’ is the bent CO, moiety of the
same CO,/Feg/Cu(100) system.
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Fig. S10 (a) Charge density curve of isoluted Feo/Cu(10) surface, CO,’' moiety and
CO,/Feo/Cu(100) surface. (b) Charge density difference curve of CO,/Fey/Cu(100)

surface:  Ap(2) = Pco, ey icuqion) (2) = Peoy (2) = Preyscuony(2) - Feo/Cu(100)  surface

denotes from the CO,/Feo/Cu(100) system and CO,’ is the bent CO, moiety of the
same CO,/Fey/Cu(100) system.
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Fig. S11 Calculated reaction paths of CO, dissociation on the (a) Fe;/Cu(100), (b)
Fe,/Cu(100), (c) Fes/Cu(100), (d) Fes/Cu(100), (e) Fes/Cu(100), (f) Fe;/Cu(100), (g)
Feg/Cu(100) and (h) Fey/Cu(100) surfaces. The zero of energy is set to the total
energy of the isolated surface and CO, molecule in the gas phase.
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Fig. S12 the relationship between the temperature (K) and energy of the system per fs
as the function of time steps at the simulated temperature from 250 to 950 K.
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Fig. S13 The radial distribution function (g(r)) for (a) Cu—Cu, (b) Fe—Cu, (c) Fe—
Fe and (d) C—O bonds in CO,/Fe,/Cu(100) surface.
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Fig. S14 The distance of (a) C—O1 and (b) C—O0O2 bonds as the function of time
steps at the simulated temperature from 250 to 950 K.
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Fig. S15 The radial distribution function (g(r)) of the (a) C—O, (b) C—H, (c) O—H.



Table S1 Vibration frequencies (units: cm!') for the CO, moiety on the Fe,/Cu(100)
surface.
Model Fe;/Cu Fe,/Cu Fe;/Cu FeyCu Fes/Cu Fes/Cu Fe;/Cu Feg/Cu Fey/Cu
1 1610 1707 1374 1305 1296 1283 1279 1258 1261
1122 1152 1117 1017 1019 1025 989 993 979
680 678 707 669 666 664 681 681 679
359 455 455 413 398 396 427 430 430
348 358 404 396 392 386 406 415 410
293 237 360 306 311 328 338 363 349
234 233 260 285 277 268 285 293 286
233 231 237 244 243 247 249 253 255
231 230 236 239 236 242 246 246 245

O 0 9 &N U B~ W N




Table S2 The entropy and enthalpy corrections for energy barrier (E,” and E,”)
reaction energy (H™ and H™) for CO, decomposition on Fe;/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K)

E* Ht E,~ H-
Temperatur
e ATS A[C,dT aATS A[C,dT aTs A[C,dT aTS A[C,dT
250 2.61 -0.74 0.24 0.69 2.37 -1.42 -0.24 -0.69
300 3.22 -0.82 -0.13 1.07 3.35 -1.89 0.13 -1.07
350 3.87 -0.92 -0.54 1.43 441 -2.35 0.54 -1.43
400 4.57 -1.06 -0.96 1.75 5.53 -2.81 0.96 -1.75
450 5.32 -1.23 -1.38 2.03 6.70 -3.26 1.38 -2.03
500 6.13 -1.44 -1.78 2.27 7.91 -3.70 1.78 -2.27
550 6.99 -1.67 -2.17 2.47 9.16 -4.14 2.17 -2.47
600 7.90 -1.94 -2.54 2.63 10.44 -4.57 2.54 -2.63
650 8.85 -2.22 -2.90 2.78 11.76 -5.00 2.90 -2.78
700 9.85 -2.53 -3.25 2.90 13.10 -5.43 3.25 -2.90
750 10.89 -2.85 -3.59 3.00 14.48 -5.85 3.59 -3.00
800 11.96 -3.18 -3.92 3.09 15.88 -6.27 3.92 -3.09
850 13.06 -3.52 -4.24 3.16 17.30 -6.69 4.24 -3.16
900 14.19 -3.88 -4.56 3.23 18.75 -7.11 4.56 -3.23
950 15.35 -4.24 -4.87 3.29 20.22 -7.53 4.87 -3.29

1000 16.53 -4.61 -5.18 3.34 21.71 -7.94 5.18 -3.34




Table S3 The entropy and enthalpy corrections for energy barrier (E,” and E,”)
reaction energy (H™ and H™) for CO, decomposition on Fe,/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K)

E* H E,~ H-

Temperatur

¢ ATS A[C,dT ATS A[C,dT ATS A[C,dT ATS A[C,dT
250 3.88 -1.12 0.76 -0.49 3.12 -0.63 -0.76 0.49
300 4.79 -1.24 0.75 -0.34 4.04 -0.90 -0.75 0.34
350 5.72 -1.37 0.69 -0.17 5.03 -1.20 -0.69 0.17
400 6.70 -1.51 0.60 0.01 6.10 -1.52 -0.60 -0.01
450 7.72 -1.69 0.50 0.18 7.22 -1.86 -0.50 -0.18
500 8.79 -1.88 0.40 0.33 8.39 -2.21 -0.40 -0.33
550 9.90 -2.11 0.30 0.46 9.60 -2.57 -0.30 -0.46
600 11.06 -2.36 0.21 0.57 10.85 -2.93 -0.21 -0.57
650 12.26 -2.62 0.13 0.67 12.13 -3.29 -0.13 -0.67
700 13.49 -2.91 0.05 0.75 13.44 -3.66 -0.05 -0.75
750 14.76 -3.20 -0.02 0.82 14.79 -4.03 0.02 -0.82
800 16.07 -3.52 -0.09 0.89 16.16 -4.40 0.09 -0.89
850 17.41 -3.84 -0.15 0.94 17.55 -4.78 0.15 -0.94
900 18.77 -4.17 -0.20 0.99 18.98 -5.16 0.20 -0.99
950 20.16 -4.51 -0.26 1.03 20.42 -5.54 0.26 -1.03

1000 21.58 -4.86 -0.31 1.06 21.89 -5.92 0.31 -1.06




Table S4 The entropy and enthalpy corrections for energy barrier (E,” and E,”)
reaction energy (H™ and H™) for CO, decomposition on Fes/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K)

E,* Ht E,~ H-

Temperatur

¢ aTS  A[C,dT  ATS  A[C,dT  aTS A[C,dT aTS A[C,dT
250 -1.34 0.50 -1.61 0.90 0.27 -0.40 1.61 -0.90
300 -1.66 0.54 -2.31 1.25 0.65 -0.70 2.31 -1.25
350 -1.92 0.53 -3.04 1.56 1.11 -1.03 3.04 -1.56
400 -2.12 0.46 -3.76 1.84 1.64 -1.38 3.76 -1.84
450 -2.25 0.33 -4.48 2.07 2.23 -1.74 4.48 -2.07
500 -2.31 0.15 -5.17 2.25 2.86 -2.10 5.17 -2.25
550 -2.31 -0.07 -5.84 240 3.54 -2.47 5.84 -2.40
600 -2.25 -0.33 -6.50 2.52 4.25 -2.85 6.5 -2.52
650 -2.15 -0.61 -7.14 2.61 4.99 -3.22 7.14 -2.61
700 -2.00 -0.91 -1.77 2.69 5.77 -3.60 7.77 -2.69
750 -1.81 -1.23 -8.38 2.75 6.57 -3.98 8.38 -2.75
800 -1.58 -1.57 -8.99 2.79 7.40 -4.36 8.99 -2.79
850 -1.32 -1.92 -9.58 2.83 8.26 -4.75 9.58 -2.83
900 -1.03 -2.28 -10.17 2.85 9.15 -5.13 10.17 -2.85
950 -0.71 -2.64 -10.76 2.87 10.05 -5.52 10.76 -2.87

1000 -0.37 -3.02 -11.34 2.89 10.98 -5.91 11.34 -2.89




Table S5 The entropy and enthalpy corrections for energy barrier (E,” and E,”)
reaction energy (H™ and H™) for CO, decomposition on Fe,/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K)

E,* Ht E,~ H-

Temperatur

¢ aTS  A[C,dT  ATS  A[C,dT  aTS A[C,dT aTS A[C,dT
250 -2.78 0.80 -8.11 2.10 5.34 -1.30 8.11 -2.10
300 -3.32 0.78 -10.08 241 6.76 -1.63 10.08 -2.41
350 -3.78 0.70 -12.05 2.68 8.27 -1.98 12.05 -2.68
400 -4.17 0.56 -14.01 2.90 9.84 -2.34 14.01 -2.90
450 -4.48 0.36 -15.94 3.07 11.46 -2.71 15.94 -3.07
500 -4.72 0.12 -17.85 3.20 13.12 -3.08 17.85 -3.20
550 -4.90 -0.16 -19.73 3.29 14.82 -3.45 19.73 -3.29
600 -5.03 -0.47 -21.59 3.35 16.56 -3.83 21.59 -3.35
650 -5.10 -0.81 -23.43 3.40 18.33 -4.20 2343 -3.40
700 -5.13 -1.16 -25.26 3.42 20.13 -4.58 25.26 -3.42
750 -5.12 -1.52 -27.08 3.43 21.96 -4.96 27.08 -3.43
800 -5.07 -1.90 -28.89 3.44 23.82 -5.33 28.89 -3.44
850 -4.99 -2.28 -30.69 3.43 25.70 -5.71 30.69 -3.43
900 -4.88 -2.67 -32.48 3.42 27.60 -6.10 32.48 -3.42
950 -4.75 -3.07 -34.27 3.41 29.53 -6.48 34.27 -3.41

1000 -4.59 -3.47 -36.06 3.39 31.48 -6.86 36.06 -3.39




Table S6 The entropy and enthalpy corrections for energy barrier (E,” and E,”)
reaction energy (H™ and H™) for CO, decomposition on Fes/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K)

E,* Ht E,~ H-

Temperatur

¢ aTS  A[C,dT  ATS  A[C,dT  aTS A[C,dT aTS A[C,dT
250 -2.85 0.75 -8.18 2.28 5.33 -1.53 8.18 -2.28
300 -3.39 0.73 -10.21 2.64 6.82 -1.92 10.21 -2.64
350 -3.85 0.63 -12.24 2.95 8.39 -2.31 12.24 -2.95
400 -4.24 0.48 -14.26 3.20 10.02 -2.71 14.26 -3.20
450 -4.56 0.28 -16.25 3.39 11.69 -3.11 16.25 -3.39
500 -4.80 0.03 -18.21 3.54 13.41 -3.51 18.21 -3.54
550 -4.98 -0.25 -20.15 3.65 15.16 -3.91 20.15 -3.65
600 -5.11 -0.57 -22.07 3.73 16.95 -4.30 22.07 -3.73
650 -5.19 -0.90 -23.97 3.79 18.78 -4.69 23.97 -3.79
700 -5.22 -1.25 -25.85 3.83 20.63 -5.08 25.85 -3.83
750 -5.22 -1.62 -27.72 3.86 22.50 -5.48 27.72 -3.86
800 -5.18 -1.99 -29.59 3.87 24.41 -5.87 29.59 -3.87
850 -5.11 -2.38 -31.44 3.88 26.34 -6.26 31.44 -3.88
900 -5.00 -2.717 -33.29 3.88 28.29 -6.65 33.29 -3.88
950 -4.88 -3.17 -35.14 3.88 30.26 -7.04 35.14 -3.88

1000 -4.72 -3.57 -36.98 3.87 32.26 -7.43 36.98 -3.87




Table S7 The entropy and enthalpy corrections for energy barrier (E,” and E,”)
reaction energy (H™ and H™) for CO, decomposition on Fes/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K)

E,* Ht E,~ H-

Temperatur

¢ aTS  A[C,dT  ATS  A[C,dT  aTS A[C,dT aTS A[C,dT
250 -3.75 0.80 -9.32 2.09 5.56 -1.29 9.32 -2.09
300 -4.47 0.77 -11.51 240 7.04 -1.62 11.51 -2.40
350 -5.12 0.68 -13.71 2.66 8.59 -1.97 13.71 -2.66
400 -5.69 0.53 -15.9 2.87 10.21 -2.34 15.9 -2.87
450 -6.19 0.33 -18.06 3.03 11.87 -2.71 18.06 -3.03
500 -6.61 0.08 -20.19 3.15 13.58 -3.08 20.19 -3.15
550 -6.97 -0.21 -22.30 3.24 15.33 -3.45 223 -3.24
600 -7.28 -0.52 -24.39 3.30 17.11 -3.82 24.39 -3.30
650 -7.54 -0.86 -26.46 3.33 18.93 -4.20 26.46 -3.33
700 -1.75 -1.21 -28.52 3.36 20.77 -4.57 28.52 -3.36
750 -7.92 -1.58 -30.57 3.36 22.64 -4.94 30.57 -3.36
800 -8.06 -1.96 -32.60 3.36 24.54 -5.32 32.6 -3.36
850 -8.17 -2.35 -34.63 3.35 26.47 -5.70 34.63 -3.35
900 -8.24 -2.74 -36.66 3.34 28.41 -6.08 36.66 -3.34
950 -8.29 -3.13 -38.68 3.33 30.38 -6.46 38.68 -3.33

1000 -8.32 -3.54 -40.69 331 32.37 -6.84 40.69 -3.31




Table S8 The entropy and enthalpy corrections for energy barrier (E,” and E,”)
reaction energy (H™ and H™) for CO, decomposition on Fe;/Cu(100) surface at

temperature from 250 to 1000 K. (Energy: kJ/mol

Temperature: K)

E,* Ht E,~ H-

Temperatur

¢ aTS  A[C,dT  ATS  A[C,dT  aTS A[C,dT aTS A[C,dT
250 -1.46 0.52 -4.84 1.52 3.38 -1.00 4.84 -1.52
300 -1.74 0.51 -6.19 1.86 4.45 -1.36 6.19 -1.86
350 -1.95 0.43 -1.54 2.16 5.59 -1.73 7.54 -2.16
400 -2.07 0.28 -8.87 240 6.80 -2.11 8.87 -2.40
450 -2.12 0.08 -10.18 2.59 8.06 -2.50 10.18 -2.59
500 -2.10 -0.16 -11.46 2.73 9.36 -2.89 11.46 -2.73
550 -2.01 -0.45 -12.71 2.83 10.70 -3.27 12.71 -2.83
600 -1.86 -0.76 -13.94 2.90 12.08 -3.66 13.94 -2.90
650 -1.67 -1.10 -15.15 2.95 13.49 -4.05 15.15 -2.95
700 -1.43 -1.45 -16.35 2.98 14.92 -4.43 16.35 -2.98
750 -1.15 -1.82 -17.54 3.00 16.39 -4.82 17.54 -3.00
800 -0.83 -2.2 -18.72 3.01 17.88 -5.21 18.72 -3.01
850 -0.48 -2.59 -19.89 3.01 19.40 -5.60 19.89 -3.01
900 -0.11 -2.98 -21.05 3.00 20.94 -5.98 21.05 -3.00
950 0.30 -3.38 -22.21 2.99 22.51 -6.37 22.21 -2.99
1000 0.73 -3.78 -23.37 2.98 24.09 -6.77 23.37 -2.98




Table S9 The entropy and enthalpy corrections for energy barrier (E,” and E,”)
reaction energy (H™ and H™) for CO, decomposition on Feg/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K)

E,* Ht E,~ H-

Temperatur

¢ aTS  A[C,dT  ATS  A[C,dT  aTS A[C,dT aTS A[C,dT
250 -2.37 0.61 -7.92 1.90 5.55 -1.29 7.92 -1.90
300 -2.80 0.58 -9.89 2.25 7.08 -1.68 9.89 -2.25
350 -3.17 0.48 -11.86 2.55 8.69 -2.07 11.86 -2.55
400 -3.46 0.33 -13.80 2.79 10.34 -2.46 13.80 -2.79
450 -3.68 0.13 -15.72 297 12.05 -2.85 15.72 -2.97
500 -3.83 -0.12 -17.61 3.11 13.78 -3.23 17.61 -3.11
550 -3.92 -0.40 -19.48 3.20 15.56 -3.60 19.48 -3.20
600 -3.96 -0.70 -21.32 3.27 17.36 -3.97 21.32 -3.27
650 -3.95 -1.03 -23.14 3.31 19.19 -4.34 23.14 -3.31
700 -3.90 -1.37 -24.94 3.33 21.04 -4.70 24.94 -3.33
750 -3.81 -1.73 -26.73 3.34 22.92 -5.07 26.73 -3.34
800 -3.69 -2.09 -28.51 3.34 24.83 -5.43 28.51 -3.34
850 -3.53 -2.46 -30.29 3.34 26.76 -5.80 30.29 -3.34
900 -3.35 -2.84 -32.06 3.32 28.71 -6.17 32.06 -3.32
950 -3.14 -3.23 -33.82 3.31 30.68 -6.54 33.82 -3.31

1000 -2.90 -3.62 -35.58 3.29 32.68 -6.91 35.58 -3.29




Table S10 The entropy and enthalpy corrections for energy barrier (E," and E, ")
reaction energy (H™ and H™) for CO, decomposition on Feo/Cu(100) surface at

temperature from 250 to 1000 K. (Energy: kJ/mol

Temperature: K)

E* Ht E,~ H-
Temperatur
e ATS  A[C,dT  ATS  A[C,dT ATS A[C,dT  aTS  A[C,dT
250 -4.36 0.78 -4.52 1.62 0.17 -0.84 4.52 -1.62
300 -5.19 0.74 -5.82 1.98 0.64 -1.24 5.82 -1.98
350 -5.94 0.64 -7.12 2.28 1.18 -1.64 7.12 -2.28
400 -6.63 0.49 -8.40 2.53 1.78 -2.04 8.40 -2.53
450 -7.24 0.28 -9.65 2.72 2.42 -2.44 9.65 -2.72
500 -7.78 0.03 -10.88 2.86 3.10 -2.83 10.88 -2.86
550 -8.26 -0.25 -12.07 2.96 3.81 -3.21 12.07 -2.96
600 -8.69 -0.56 -13.24 3.03 4.56 -3.60 13.24 -3.03
650 -9.07 -0.89 -14.40 3.08 5.33 -3.97 14.40 -3.08
700 -9.41 -1.24 -15.53 3.11 6.13 -4.35 15.53 -3.11
750 -9.71 -1.60 -16.66 3.12 6.96 -4.72 16.66 -3.12
800 -9.97 -1.97 -17.78 3.13 7.81 -5.10 17.78 -3.13
850 -10.21 -2.35 -18.89 3.13 8.68 -5.48 18.89 -3.13
900 -10.41 -2.73 -19.99 3.12 9.58 -5.85 19.99 -3.12
950 -10.59 -3.12 -21.09 3.11 10.50 -6.23 21.09 -3.11
1000 -10.74 -3.51 -22.19 3.10 11.44 -6.61 22.19 -3.10




Table S11 The forward and inverse corrected activatin energy barrier (AE," and
AE,™) and equilibrium constants (k+ , k&~ and K) for CO, on Fe;/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K  k: s™)

Temperature B

AE, T AE, k+ k— K(k4/ k=)
(K)
250 42.98 50.93 8.50x103 9.54x10! 8.91x10!
300 43.51 51.45 2.16x10° 4.60x103 4.69%10!
350 44.06 52.04 2.16x10° 7.14x10% 3.03x10!
400 44.62 52.70 1.21x107 5.47x10° 2.22x10!
450 45.20 53.42 4.61x107 2.63x10°6 1.75%10!
500 45.80 54.19 1.34x108 9.11x10° 1.47x10!
550 46.42 55.00 3.17x108 2.49x107 1.27x10!
600 47.07 55.85 6.49x103 5.73x107 1.13x10!
650 47.74 56.74 1.19x10° 1.15x108 1.03x10!
700 48.43 57.66 1.98x10° 2.08x108 9.51x10°
750 49.15 58.61 3.07x10° 3.46x108 8.89x10°
800 49.88 59.59 4.50%10° 5.37x108 8.38x10°
850 50.64 60.60 6.28x10° 7.89x108 7.97x10°
900 51.42 61.63 8.43x10° 1.11x10° 7.62x10°
950 52.22 62.68 1.09x1010 1.49x10° 7.32x10°

1000 53.04 63.75 1.38x101° 1.95x10° 7.07x10°




Table S12 The forward and inverse corrected activatin energy barrier (AE," and
AE,™) and equilibrium constants (k+ , k&~ and K) for CO, on Fe,/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K  k: s™)

Temperature AE, T AE,~ ki k— K(ky/ k-)
250 57.83 102.15 3.79x100 1.95x10°? 1.95x10°
300 58.62 102.79 2.85x10? 5.41x10° 5.27x107
350 59.42 103.49 6.20x103 1.54x1073 4.04x10°
400 60.25 104.23 6.20x104 1.05x10! 5.92x103
450 61.10 105.01 3.70x103 2.76x10° 1.34x10°
500 61.97 105.83 1.54x10° 3.76x10! 4.09x10*
550 62.86 106.69 4.91x10° 3.15x102 1.56x10%
600 63.77 107.58 1.29x107 1.84x103 6.98x103
650 64.70 108.50 2.89x107 8.17x103 3.54x103
700 65.65 109.44 5.78x107 2.91x10* 1.98x103
750 66.63 110.42 1.05x108 8.73x10% 1.20x103
800 67.62 111.41 1.76x108 2.27x10° 7.74x102
850 68.63 112.43 2.77x108 5.27x103 5.26x102
900 69.67 113.48 4.14x108 1.11x106 3.73x102
950 70.72 114.54 5.92x108 2.15x10° 2.75x10?

1000 71.79 115.63 8.14x108 3.90x10° 2.09x102




Table S13 The forward and inverse corrected activatin energy barrier (AE," and
AE,™) and equilibrium constants (k+ , k&~ and K) for CO, on Fe;/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K  k: s™)

Temperature AE, T AE,~ ki k— K(ky/ k-)
250 56.98 96.44 7.64x10! 1.11x107 6.86x108
300 56.71 96.52 8.22x103 2.46x10% 3.34x107
350 56.43 96.66 2.33x103 5.91x1072 3.93x106
400 56.16 96.84 2.85x10° 3.56x10° 8.00x103
450 55.90 97.07 1.99x107 8.51x10! 2.34x103
500 55.66 97.33 9.40x107 1.07x103 8.80x104
550 55.44 97.64 3.33x108 8.40x103 3.97x104
600 55.24 97.98 9.53x108 4.65x10* 2.05x10%
650 55.07 98.35 2.31x10° 1.97x10° 1.17x10%
700 5491 98.74 4.90x10° 6.74x105 7.27x103
750 54.78 99.17 9.40x10° 1.95x1096 4.81x10°
800 54.67 99.62 1.65x1010 4.93x10° 3.36x103
850 54.58 100.09 2.72x1010 1.11x107 2.44x103
900 54.51 100.59 4.21x1010 2.29x107 1.84x103
950 54.47 101.11 6.21x1010 4.34x107 1.43x103

1000 54.44 101.65 8.80x101'0 7.72x107 1.14x103




Table S14 The forward and inverse corrected activatin energy barrier (AE," and
AE,™) and equilibrium constants (k+ , k&~ and K) for CO, on Fe,/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K  k: s™)

Temperature AE, T AE,~ ki k— K(ky/ k-)
250 26.02 99.44 3.61x108 2.25x107 1.60x1017
300 25.46 100.54 3.63x10° 4.21x10° 8.62x1014
350 24.92 101.70 1.88x1010 8.98x10 2.10x1013
400 24.39 102.90 6.45x1010 4.93x102 1.31x1012
450 23.88 104.15 1.67x10! 1.10x10° 1.52x10H1
500 23.39 105.45 3.55x10!1 1.30x10! 2.73x1010
550 22.93 106.78 6.54x1011 9.76x10! 6.70x10°
600 22.50 108.14 1.08x1012 5.20x102 2.09x10°
650 22.09 109.54 1.65x1012 2.13x103 7.77x108
700 21.71 110.96 2.36x1012 7.09x103 3.33x108
750 21.36 112.41 3.21x1012 2.00x10* 1.60x108
800 21.03 113.89 4.17x1012 4.95x10* 8.44x107
850 20.73 115.39 5.25%1012 1.10x10° 4.79%107
900 20.44 116.91 6.41x1012 2.21x10° 2.90x107
950 20.18 118.46 7.65x1012 4.14x10° 1.85x107

1000 19.94 120.02 8.95x101"2 7.26x103 1.23x107




Table S15 The forward and inverse corrected activatin energy barrier (AE," and
AE,™) and equilibrium constants (k+ , k&~ and K) for CO, on Fes/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K  k: s™)

Temperature AE, T AE,~ ki k— K(ky/ k-)
250 28.57 99.86 1.07x108 1.66x10 6.48x1016
300 28.01 100.97 1.33x10° 3.20x10° 4.17x10M4
350 27.45 102.14 8.03x10° 6.95x10* 1.16x1013
400 26.91 103.36 3.07x1010 3.86x102 7.95x1011
450 26.39 104.64 8.67x1010 8.68x10°! 9.99x1010
500 25.89 105.96 1.98x10! 1.04x10! 1.91x10'0
550 25.43 107.32 3.86x10!! 7.81x10! 4.94x10°
600 24.99 108.71 6.69x10! 4.17x10? 1.61x10°
650 24.58 110.14 1.06x1012 1.71x103 6.21x108
700 24.19 111.60 1.57x1012 5.71x103 2.75x108
750 23.83 113.09 2.20x1012 1.62x10% 1.36x108
800 23.49 114.60 2.93x1012 4.00x10* 7.33x107
850 23.18 116.14 3.77x1012 8.86x10% 4.26x107
900 22.89 117.70 4.70x1012 1.79x10° 2.62x107
950 22.62 119.28 5.72x1012 3.36x10° 1.70x107

1000 22.38 120.88 6.79x10'2 5.89x103 1.15x107




Table S16 The forward and inverse corrected activatin energy barrier (AE," and
AE,™) and equilibrium constants (k+ , k&~ and K) for CO, on Fe¢/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K  k: s™)

Temperature AE, T AE,~ ki k— K(ky/ k-)
250 32.01 112.17 3.16x107 4.45x1012  7.12x10'8
300 31.26 113.31 5.56x108 2.26x108 2.46x1016
350 30.52 114.51 4.30x10° 9.87x10° 4.35x10M4
400 29.80 115.77 1.98x1010 9.27x10* 2.14x1013
450 29.10 117.06 6.46x1010 3.13x10%? 2.06x1012
500 28.42 118.40 1.65x10! 5.19x10°! 3.19x10!1
550 27.78 119.78 3.55x101 5.12x10° 6.94x1010
600 27.16 121.19 6.67x10! 3.42x10! 1.95x10'0
650 26.56 122.63 1.13x1012 1.70x10? 6.66x10°
700 26.00 124.10 1.77x1012 6.67x102 2.66x10°
750 25.46 125.60 2.60x1012 2.17x103 1.20x10°
800 24.94 127.12 3.63x1012 6.09x103 5.96x108
850 24.45 128.66 4.85x1012 1.51x10% 3.22x108
900 23.98 130.23 6.26x1012 3.36x10% 1.86x108
950 23.53 131.82 7.84x1012 6.86x10% 1.14x108

1000 23.11 133.43 9.57x10'2 1.30x10° 7.35%107




Table S17 The forward and inverse corrected activatin energy barrier (AE," and
AE,™) and equilibrium constants (k+ , k&~ and K) for CO, on Fe;/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K  k: s™)

Temperature AE, T AE,~ ki k— K(ky/ k-)
250 29.38 155.77 3.76x107 9.26x102! 4.06x10%7
300 29.09 156.48 4.46x108 1.85x1015  2.41x10%
350 28.81 157.25 2.60x10° 1.11x101 2.35x10%0
400 28.54 158.07 9.72x10° 7.41x107 1.31x10!8
450 28.29 158.94 2.69x1010 1.15x10° 2.33x1016
500 28.07 159.86 6.05x1010 6.48x10°3 9.34x10'4
550 27.87 160.82 1.17x101 1.73x1073 6.73x1013
600 27.70 161.81 2.01x10H1 2.66x102 7.53x1012
650 27.56 162.83 3.16x10! 2.67x10! 1.18x1012
700 27.45 163.88 4.64x101 1.92x10° 2.42x101
750 27.36 164.96 6.44x1011 1.05x10! 6.11x1010
800 27.29 166.06 8.55x10!! 4.67x10! 1.83x1010
850 27.25 167.19 1.10x1012 1.73x10? 6.34x10°
900 27.24 168.35 1.36x1012 5.51x102 2.47x10°
950 27.24 169.52 1.65x1012 1.55x103 1.06x10°

1000 27.27 170.72 1.95x10!2 3.93x103 4.96x10%




Table S18 The forward and inverse corrected activatin energy barrier (AE," and
AE,™) and equilibrium constants (k+ , k&~ and K) for CO, on Feg/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K  k: s™)

Temperature AE, T AE,~ ki k— K(ky/ k-)
250 33.51 164.28 8.18x10° 5.66x1023 1.44x10%
300 33.04 165.43 1.45x108 1.88x10°17  7.71x10%
350 32.58 166.64 1.13x10° 1.62x10713 6.98x102!
400 32.13 167.91 5.22x10° 1.42x1010  3,68x10"
450 31.71 169.22 1.71x1010 2.72x108 6.28x1017
500 31.32 170.58 4.38x1010 1.81x10° 2.43x1016
550 30.95 171.98 9.43x1010 5.55x10° 1.70x1015
600 30.60 173.41 1.78x10! 9.57x10* 1.85x10™4
650 30.29 174.87 3.02x10H1 1.06x102 2.85x1013
700 29.99 176.36 4.73x101 8.27x1072 5.72x1012
750 29.73 177.88 6.97x1011 4.89x101 1.42x1012
800 29.49 179.42 9.73x10!1 2.31x10° 4.22x101
850 29.27 180.98 1.30x1012 9.04x10° 1.44x10!1
900 29.07 182.56 1.68x1012 3.03x10! 5.55x1010
950 28.89 184.17 2.11x1012 8.94x10! 2.36x1010

1000 28.74 185.79 2.58x10!2 2.36x102 1.10x10'°




Table S19 The forward and inverse corrected activatin energy barrier (AE," and
AE,™) and equilibrium constants (k+ , k&~ and K) for CO, on Feo/Cu(100) surface at
temperature from 250 to 1000 K. (Energy: kJ/mol Temperature: K  k: s™)

Temperature AE, T AE,~ ki k— K(ky/ k-)
250 26.44 159.14 6.28x108 8.53x1072! 7.36x10%8
300 25.57 159.21 7.41x10° 2.89x1015  2.57x10%
350 24.71 159.35 4.30x1010  2.51x10!! 1.71x10%!
400 23.87 159.55 1.60x10! 2.22x108 7.20x1018
450 23.05 159.79 4.42x101 4.30x10° 1.03x1017
500 22.26 160.08 9.89x10! 2.87x10* 3.45x1015
550 21.50 160.41 1.90x1012 8.85x1073 2.15x10M4
600 20.76 160.78 3.26x1012 1.53x10°! 2.13x1013
650 20.05 161.17 5.13x1012 1.70x10° 3.02x1012
700 19.37 161.60 7.52x1012 1.33x10! 5.66x10!!
750 18.71 162.05 1.04x1013 7.87x10! 1.33x10!!
800 18.07 162.52 1.38x1013 3.72x102 3.72x10'0
850 17.46 163.02 1.77x1013 1.46x103 1.21x10'0
900 16.87 163.54 2.20x1013 4.90x103 4.49x10°
950 16.30 164.09 2.66x1013 1.44x10% 1.84x10°

1000 15.76 164.65 3.15x1013 3.81x104 8.26x108




