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Figure S1. Standard enthalpy of formation and standard Gibbs energy of formation of selected binary oxides in kdJ/mol.
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S2. Hydrogen and CcO reduction reaction Gibbs energy change in kJ/mol of oxide.




Table S1. Energies of formation for several metal oxides calculated using HSC 5.11 software, and enthalpy of
oxygen formation data from literature, indicated in the last column.

AG of Enthalpy of
reduction by oxygen
CO @ 298K vacancy
AH; 298K AG; 298K AG of reduction by H, (kd/mol of formation
Oxides (kJ/mol) (kJ/mol) 298K (kJ/mol of oxide) oxide) (eV/vac) Ref
B,0; -1273.5 -1194.325 508.58 422.773
MgO -601.6 -569.352 340.771 312.168 6 1
AlL,O4 -1675.692 -1582.274 896.529 810.722 7 2
SiO, -910.857 -856.443 399.279 342.075 6.4 2
CaO -634.92 -603.297 374.716 346.113 6.3 1
TiO, -944.747 -889.417 432.254 375.049 5.7 2
VO, -944.747 -658.637 201.474 144.269
V505 -1551 -1418.576 275.667 132.656 4.7 1
Cry,05 -1134.701 -1053.111 367.365 281.558 4.1 s
CrO, -581.576 -529.359 72.195 14.991 3 4
MnO -385.221 -362.834 134.253 105.65
Mn30,4 -1387.799 -1283.042 368.714 254,305 4.9 1
Mn,O3 -956.881 -878.853 193.108 107.301
MnO, -520.029 -465.074 7.911 -49.294 4.5 1
FeO -267.27 -245.724 17.143 -11.46 4.2 2
Fe;04 -1118.383 -1015.226 100.899 -13.51
Fe,O; -823 -741.044 55.298 -30.509 4.38 5
CoO -237.944 -214.198 -14.384 -42.986 4.1 2
Co304 -910.02 -794.901 -119.426 -233.835 4.2 1
NiO -239.7 -211.585 -16.996 -45.599 3.8 1
Cu,O -170.6 -147.844 -80.738 -109.34 3.8 1
CuO -155.8 -128.077 -100.505 -129.107 3.3 1
Zn0O -350.5 -320.374 91.792 63.19 4.2 1
Gay0; -1091 -1000.292 314.546 228.739 4.8 2
GeO, -579.902 -521.307 64.143 6.938 4.4 2
As,03 -654.796 -576.651 -109.094 -194.901
SrO -591 -560.591 332.009 303.407 6.5 2
Y203 -1905 -1816.11 1130.365 1044.558 6.7 2
ZrO, -1100.3 -1042.477 585.313 528.109 6.8 2
NbO, -794.96 -739.235 282.072 224.867 5.6 1
Nb,Os -1899.536 -1765.937 623.028 480.017
MoO, -589.3 -533.487 76.323 19.119
MoO; -744.6 -667.491 -18.254 -104.061 2.48 6
RuO, -305.014 -252.657 -204.507 -261.711
Rh,03 -355.64 -276.761 -408.984 -494.791 3.4 2
PdO -115.478 -85.22 -143.362 -171.964
Ag.0 -31.13 -11.175 -217.406 -246.009
AgO -11.585 14.494 -243.076 -271.678
CdO -258.99 -229.305 0.723 -27.879 2.8 2
In,O3 -923 -827.227 141.482 55.675 3.7 2
SnO -280.709 -251.912 23.33 -5.272 4.1 1
SnO, -577.631 -515.819 58.655 1.451 4 2
Sb,0; -708.547 -628.384 -57.361 -143.168 3.45 6
Sb,0s -971.901 -829.143 -313.766 -456.778
BaO -548 -520.25 291.668 263.066 5.9 2
La,0; -1795.5 -1707.788 1022.042 936.236 6.69 6
CeO;, -1090.4 -1027.102 569.938 512.734 2.87 6
Pr,03 -1809.6 -1720.875 1035.129 949.323
Pro, -949.35 -889.968 432.805 375.6
Nd,O3 -1808.3 -1721.45 1035.705 949.898
HfO, -1115.6 -1059.158 601.994 544.789 7 2



Tazos
WO,
ReO3
0802
OSO4
PtO,
TI,03
PbO
Pb;0,
Bi,O3

-2049
-842.909
-5689.107
-295
-394.099
-133.888
-387
-218.062
-718.686
-578.01

-1913.645
-764.065
-507.132
-239.644
-304.942
-80.894
-304.614
-188.641
-601.591
-497.097

770.736
78.319
-178.614
-217.52
-609.385
-376.27
-381.131
-39.941
-312.736
-188.648

627.725
-7.487
-264.421
-274.725
-723.794
-433.474
-466.938
-68.543
-427.145
-274.455

3.5

29

3.76

3.12
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Table S2. Reported band gaps for several metal oxides.
Oxides Band Gap (eV) Ref
8

B,0O; 6.2

MgO 7.8 9
Al,O3 8 10
SiO, 9 "
CaO 7 12
TiO, 3.05 3
VO, 0.7 14
V5,05 2.2 15
Cr203 3.4 16
CrO, 0 7
MnO 3.7 18
Mn304 2.27 19
Mn203 41 18
MnO, 1.3 18
F6304 0.1 20
F8203 2.3 21
CoO 1.95 22
CO304 1.6 23
NiO 3.4 24
CuO 217 24
CuO 1.79 19
Zn0O 3.4 24
G3203 5.3 25
GeOQ 4.7 25
ASzO3 415 %6
SrO 6.14 2
Y,0; 6 28
ZrO, 5 21
NbO, 0.5 29
Nb,Os 3.4 29
MoO, 2.83 30
MoO; 3.36 31
RuO, 2.26 82
Rh,03 1.2 33
PdO 213 34
Ag,O 13 35
AgO 1.1 3535
CdO 2.16 3636
|n203 2.9 24
SnO 2.8 24
SnO, 3.7 25
Sb,0; 3.54 37
Sb,05 0.76 37
BaO 3.7 38
L8203 3.61 39
0602 2.8 21
Pr203 3.7 40
PrO, 4.5 40
Nd,O; 4.1 41
HfO, 5.8 "
T8205 4.5 4242
WO, 2.8 21
ReO; 0 43
PtO, 1.49 44

T1,0; 1.4 45



PbO
Pb3O4
Bi,Os

21
2.3
2.91

46
46
47




Table S3. A collection of relevant turnover frequencies (TOFs) values along with catalytic conditions for thermocatalytic CO, hydrogenation over different metal
catalysts.

WE M CBM Eg - d- ' Reac Me_tal TOF (mol .
Metal MO (eV) ('\é'\cl’) ?!://s n?c\anl)EF oonter | Eo (@) L((\)Nat%g “(‘?,E)T Tare pr%gjg;)s  Log(TOF) gt &
(eV) (nm) s)
Rh ALO; 4.98 228 27 4.98 671  -173  1.00 150  3.60 0.0009  -3.03621 CH, 8
Rh ALO; 4.98 228 27 4.98 671  -173 150 150 4.50 0.0012  -2.9393 CH, 8
Rh ALO, 4.98 228 27 4.98 671  -173 200 150 6.10 0.0023  -2.64207 CH, 8
Rh ALO, 4.98 228 27 4.98 671  -173  3.00 150 1540 00033  -2.47756 CH, 8
Rh ALO; 4.98 228 27 4.98 671  -173 500 150 1510  0.0020  -2.6925 CH, 8
Ni SiO, 5.2 0.2 5 5.2 649 129 1180 200  3.50 0.0006  -3.19654 CH, 49
Ni SiO, 5.2 0.2 5 5.2 649 129  6.70 200 250 0.0007  -3.17005 CH, s
Ni Si0, 5.2 0.2 5 5.2 649 129 500 200 1.60 0.0008  -3.10458 CH, 48
Ni SiO, 5.2 0.2 5 5.2 649 129 1950 200  5.00 0.0014  -2.86012 CH, 49
Ni SiO, 5.2 0.2 5 5.2 649  -129  1.00 200 1.0 0.0004  -3.45593 CH, s
Ni Si0, 5.2 0.2 5 5.2 649 129  60.00 200 690 0.0037  -2.43415 CH, 48
Rh ALO, 4.98 228 27 4.98 671  -173 1.0 200 3.60 0.0172  -1.76447 CH, 8
Rh ALO, 4.98 228 27 4.98 671  -173 150 200 450 0.0124  -1.90658 CH, 8
Rh ALO; 4.98 228 27 4.98 671  -173 200 200  6.10 00152  -1.81816 CH, 8
Rh ALO, 4.98 228 27 4.98 671  -173  3.00 200 1540 00188  -1.72584 CH, 8
Rh ALO, 4.98 228 27 4.98 671  -173 500 200 1510 00119  -1.92445 CH, 8
Ni ALO; 5.2 228 292 52 649 129 2000 220 1430 00005  -3.30103 CH, 50
Ni 26’3'203' 5.2 228 292 52 649 129 2000 220 6.80 00012  -2.92082 CH, 50
Ni E6€'2O3' 5.2 228 292 52 649  -129 2000 220 4.60 0.0024  -2.61979 CH, 50
Cu SiO, 475 0.2 455 475 742 267 370 230 2.10 0.0006  -3.25964 CHOH
Ni ALO; 5.2 228 292 52 649 129 1000 250 3.70 0.0800  -1.09691 CH, 52
Ni ZSM-5 52 228 292 52 649  -129 1000 250 1430 00076  -2.1209 CH, 5

Ni SBA-15 52 0.2 -5 5.2 6.49 -1.29 10.00 250 19.50 0.0059 -2.22768 CH,4 s



Ni
Co
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Ni
Co
Pt
Ru
Pt
Pt
Co
Pt
Pt
Co
Pt
Rh
Rh
Rh
Rh
Rh
Rh
Rh
Rh
Rh

MCM-41
SiO,
SiO,
SiO,
SiO,
SiO,
SiO,
SiO,
Al;,O4
Al-c
Al-p
Al;,O4
SiO,
Al,O4
SiO,
SiO,
Al,O4
SiO,
SiO,
Al,O4
SiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,

5.2

5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2

54
4.71
54
54

54
54

54

4.98
4.98
4.98
4.98
4.98
4.98
4.98
4.98
4.98

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
2.28
2.28
2.28
2.28
0.2
2.28
0.2
0.2
2.28
0.2
0.2
2.28
0.2
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52

-2.72
-5.2
-5.2
-2.72
-5.2
2.54
2.54
2.54
2.54
2.54
2.54
2.54
2.54
2.54

5.2

5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2
5.2

54
4.71
54
54

54
54

54

6.25
6.25
6.25
6.25
6.25
6.25
6.25
6.25
6.25

6.49
6.17
6.49
6.49
6.49
6.49
6.49
6.49
6.49
6.49
6.49
6.17
7.65
5.85
7.65
7.65
6.17
7.65
7.65
6.17
7.65
7.98
7.98
7.98
7.98
7.98
7.98
7.98
7.98
7.98

-1.29
-1.17
-1.29
-1.29
-1.29
-1.29
-1.29
-1.29
-1.29
-1.29
-1.29
-1.17
-2.25
-1.14
-2.25
-2.25
-1.17
-2.25
-2.25
-1.17
-2.25
-1.73
-1.73
-1.73
-1.73
-1.73
-1.73
-1.73
-1.73
-1.73

10.00
10.00
11.80
6.70
5.00
19.50
1.00
60.00
10.00
15.00
15.00
1.00
1.67
5.00
1.67
1.67
1.00
1.67
1.67
1.00
1.67
0.50
0.80
1.00
2.00
3.00
5.00
0.50
0.80
1.00

250
250
300
300
300
300
300
300
300
300
300
300
300
300
310
320
325
330
340
350
350
135
135
135
135
135
135
150
150
150

30.30
10.00
3.50
2.50
1.60
5.00
1.10
6.90
3.70
5.10
5.60
10.00
2.00
7.10
2.00
2.00
10.00
2.00
2.00
10.00
2.00
2.00
4.00
5.00
7.00
17.00
19.00
2.00
4.00
5.00

0.0034
0.0070
0.0201
0.0259
0.0245
0.0404
0.0154
0.0403
0.0800
0.0413
0.0970
0.0105
0.5800
0.3800
0.7400
0.9100
0.0212
1.1000
1.3200
0.0300
1.5500
0.0006
0.0017
0.0020
0.0028
0.0053
0.0044
0.0002
0.0008
0.0010

-2.46597
-2.1549
-1.6968
-1.5867
-1.61083
-1.39362
-1.81248
-1.39469
-1.09691
-1.38405
-1.01323
-1.97881
-0.23657
-0.42022
-0.13077
-0.04096
-1.67366
0.041393
0.120574
-1.52288
0.190332
-3.18842
-2.78252
-2.6968
-2.54821
-2.27491
-2.36051
-3.6216
-3.10403
-2.99568

CH,4
CO/CH,
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CO/CH,
CO

CH,4

CO

CO
CO/CH,
CO

CO
CO/CH,
CO

CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4

53

54

49

49

49

49

49

49

52

55

55

56

57

58

57

57

56

57

56

56

57

59

59

59

59

59

59

59

59

59



Rh
Rh
Rh
Rh
Rh
Rh
Rh
Rh
Rh
Ni

Ru
Ru
Ru
Rh
Rh
Rh
Rh
Rh
Rh
Ni

Ru
Ru
Cu
Ni

Ni

Ni

Co
Cu

Cu

TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,-200
TiO,-300
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
ZrO,
ZrO,-P
ZrO,-C
TiO,
TiO,
TiOo-x-
500
TiO,

4.98
4.98
4.98
4.98
4.98
4.98
4.98
4.98
4.98
5.2

4.71
4.71
4.71
4.98
4.98
4.98
4.98
4.98
4.98
5.2

4.71
4.71
4.75
5.2

5.2

5.2

4.75
4.75

7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
6.86
6.86
6.86
7.52
7.52

7.52
7.52

2.54
2.54
2.54
2.54
2.54
2.54
2.54
2.54
2.54
2.32
2.81
2.81
2.81
2.54
2.54
2.54
2.54
2.54
2.54
2.32
2.81
2.81
2.11
1.66
1.66
2.32
2.52

2.77
2.77

6.25
6.25
6.25
6.25
6.25
6.25
6.25
6.25
6.25
6.36
6.115
6.115
6.115
6.25
6.25
6.25
6.25
6.25
6.25
6.36
6.115
6.115
5.805
6.03
6.03
6.36

6.135
6.135

7.98
7.98
7.98
7.98
7.98
7.98
7.98
7.98
7.98
7.65
7.26
7.26
7.26
7.98
7.98
7.98
7.98
7.98
7.98
7.65
7.26
7.26
8.48
7.32
7.32
7.65
6.17

8.81
8.81

-1.73
-1.73
-1.73
-1.73
-1.73
-1.73
-1.73
-1.73
-1.73
-1.29
-1.14
-1.14
-1.14
-1.73
-1.73
-1.73
-1.73
-1.73
-1.73
-1.29
-1.14
-1.14
-2.67
-1.29
-1.29
-1.29
-1.17

-2.67
-2.67

2.00
3.00
5.00
0.50
0.80
1.00
2.00
3.00
5.00
5.00
0.50
2.30
2.30
6.00
0.50
2.00
3.00
4.00
6.00
5.00
0.50
0.50
0.80
8.70
10.00
5.00
10.00

5.90
5.90

150
150
150
165
165
165
165
165
165
200
200
200
200
200
200
200
200
200
200
225
225
225
230
235
235
250
250

250
250

7.00
17.00
19.00
2.00
4.00
5.00
7.00
17.00
19.00
9.40
2.10
1.70
2.20
2.50
0.94
1.40
2.10
1.60
2.50
9.40
2.10
2.10
2.20
9.30
16.00
9.40
10.00

5.50
5.00

0.0016
0.0033
0.0025
0.0001
0.0004
0.0006
0.0009
0.0018
0.0015
0.0042
0.0150
0.0420
0.0960
0.0095
0.0137
0.0178
0.0215
0.0191
0.0232
0.0056
0.0327
0.0368
0.0016
0.0580
0.0400
0.0106
0.0200

0.0141
0.0017

-2.7986

-2.4828

-2.5986

-4.0000

-3.41341
-3.24033
-3.03245
-2.73755
-2.81816
-2.37986
-1.82391
-1.37675
-1.01773
-2.02228
-1.86328
-1.74958
-1.66756
-1.71897
-1.63451
-2.25493
-1.48545
-1.43415
-2.79588
-1.23657
-1.39794
-1.97469
-1.69897

-1.85078
-2.76955

CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CH,4
CO/CH,
CO/CH,
CO/CH,
CO/CH,
CO/CH,
CO/CH,
CH,4
CH,4
CH,4
CH5;OH
CH,4
CH,4
CH,4
CO/CH,

CH5;OH
CH3;O0H

59

59

59

59

59

59

59

59

59

60

61

62

62

63

63

63

63

63

63

60

61

61

51

64

64

60

54

65

65



TiO,
TiO,
TiOo-x-
500
TiO,
TiO,
TiO,
ZrO,
ZrO,
ZrO,
ZrO,
ZrO,
ZrO,
ZrO,
ZrO,
TiO,
TiO,
TiOo-x-
500
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,
TiO,

4.71
4.71

4.75

4.75
54
54
4.7
4.7
4.7
4.7
4.7
4.7
4.7
4.7
54
4.71

4.75

4.75
54
54
54
54
54
54
54
4.71
5.3
5.3
5.3

7.52
7.52

7.52

7.52
7.52
7.52
6.86
6.86
6.86
6.86
6.86
6.86
6.86
6.86
7.52
7.52

7.52

7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52
7.52

2.81
2.81

2.77

2.77
2.12
2.12
2.16
2.16
2.16
2.16
2.16
2.16
2.16
2.16
2.12
2.81

277

2.77
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.81
2.22
2.22
2.22

6.115
6.115

6.135

6.135
6.46
6.46
5.78
5.78
5.78
5.78
5.78
5.78
5.78
5.78
6.46
6.115

6.135

6.135
6.46
6.46
6.46
6.46
6.46
6.46
6.46
6.115
6.41
6.41
6.41

7.26
7.26

8.81

8.81
8.71
8.71
6.70
6.70
6.70
6.70
6.70
6.70
6.70
6.70
8.71
7.26

8.81

8.81
8.71
8.71
8.71
8.71
8.71
8.71
8.71
7.26
8.52
8.52
8.52

-1.14
-1.14

-2.67

-2.67
-2.25
-2.25
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