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Table S1. The distances between the central metal atoms (dy.) in homo-nuclear BACs and the

distance between two adjacent atoms in bulk metal (by.y), unit in angstrom (A).

Species Bulk BACs
Ag 2.89 2.77
Al 2.86 2.59
Au 2.88 2.70
Ca 3.95 3.08
Co 2.50 2.25
Cr 2.50 2.28
Cu 2.56 2.62
Fe 2.48 2.22
Hf 3.13 2.98
Ir 2.72 2.38
Mg 3.20 2.63
Mo 2.73 2.38
Nb 2.86 2.54
Ni 2.49 2.57
Os 2.68 2.35
Pd 2.75 2.63
Pt 2.78 2.69
Re 2.74 2.35

Rh 2.69 2.36
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Ru 2.65 2.33

Sc 3.25 2.95
Sn 2.81 3.40
Sr 4.30 3.27
Ta 2.86 2.59
Ti 2.89 2.61
W 2.74 241
Y 3.56 3.26
Zn 2.67 2.57
Zr 3.18 2.96
Mn 2.28 2.27
Ga 2.53 2.67
Bi 3.10 3.45

Table S2. The number of electrons (#.) involved in the dissolution for the pure metals, standard

0

dissolution potentials (U diss(metal) » PH = 0), energy of central metal atom (Em), the formation energy,

E¢, and computed dissolution potentials (Uy;ss) for SACs. Some of them refers from the publication

of Guo et al.!

Species 7. Uiy V) B (V) Er(€V)  Us (V)
Ag 1 0.80 2.83 -0.23 1.03

Al 3 -1.66 3.75 -5.04 0.02

Au 3 1.50 -3.90 -0.09 1.53

Bi 1 0.50 -3.90 -1.58 2.08

Ca 2 2.89 -1.96 -4.36 -0.71
Co 2 -0.28 711 3.39 1.41

Cr 2 -0.91 -9.64 3.67 0.92

Cu 2 0.34 -4.10 -1.69 1.19

Fe 2 -0.45 -8.46 -3.50 1.30




Ga

Hf

Ir

Mg

Pd

Pt

Re

Ru

Sc

Sn

Sr

Ta

Ti

-0.55

-1.55

1.16

-2.37

-1.19

-0.20

-1.10

-0.26

0.84

0.95

0.30

0.60

0.46

-2.08

-0.14

-2.90

-0.60

-1.63

-1.18

0.10

-2.37

-3.04

-9.95

-8.86

-0.55

-9.16

-10.86

-10.11

-5.78

-11.22

-5.18

-6.06

-12.44

-7.36

-9.28

-6.34

-4.01

-1.69

-11.86

-7.90

-9.09

-12.96

-6.47

-2.58

-4.20

-2.38

-4.78

-3.96

-2.41

-3.27

-2.95

-2.20

-2.06

-2.11

-2.15

-2.76

-2.65

-5.31

-2.12

-8.62

-2.88

-4.32

-3.73

2.44

-7.33

0.31

-0.50

1.95

0.02

0.79

0.60

-0.01

1.22

1.98

2.24

1.02

1.98

1.78

-0.31

0.92

1.41

0.36

0.53

0.68

0.91

0.07




Zn 2 -0.76 -1.27 -2.16 0.32

Zr 4 -1.45 -8.55 -3.90 -0.48

Table S3. The detailed electronic energy (E+) and binding energy (E) of critical intermediates (*CO,,

*COOH, *CO, and *HCOO) in homonuclear BACs during electrochemical CO,RR.

Species  Ex E.c, Eco, Ewoon Ecoon Exco Eco  Esucoo  Encoo
Bi-Bi -513.98 -537.05 -0.11 -539.23 0.90 -528.85 0.21  -539.89 -0.21
Co-Co  -524.01 -547.09 -0.12 -549.87 0.30 -538.89 0.19 -549.55 0.46
Cr-Cr -529.64 -552.73 -0.13 -556.79 -1.00 -54598 -1.27 -556.83 -1.72
Cu-Cu -514.60 -537.78 -0.22 -539.71 1.04 -52948 0.20 -540.04 0.51
Fe-Fe -526.94 -550.02 -0.13 -553.23 -0.13  -542.46 -0.45 -552.87 -0.21
Ga-Ga  -514.30 -537.41 -0.15 -541.04 -0.59 -529.31 0.07 -541.70 -1.64
Ir-Ir -525.50 -548.62 -0.16 -551.46 0.19 -540.21 036  -550.72 1.01
MnMn  -529.26 -552.33 -0.11 -55594 -0.53 -54538 -1.05 -555.84 -0.72
MoMo  -529.56 -552.61 -0.10 -556.66 -0.95 -546.11 -1.48 -557.36 -2.63
Ni-Ni -520.48 -543.57 -0.13 -545.81 0.83 -535.36  0.20 -545.75 0.93
0Os-Os -529.85 -552.96 -0.16 -556.77 -0.77 -54598 -1.05 -556.13 1.01
Pd-Pd -517.50 -540.81 -0.36 -543.22 0.43 -532.57 0.00 -542.61 0.91
Pt-Pt -519.36  -542.70 -0.39 -545.30 0.22 -53446 -0.03 -54440 1.04
Re-Re -532.17  -555.26 -0.12 -559.01 -0.68 -548.92 -1.67 -559.27 -0.31
Rh-Rh  -523.25 -546.35 -0.14 -548.84 0.56 -538.13  0.20  -548.52 1.03

Ru-Ru  -526.87 -54998 -0.15 -553.65 -0.62 -542.78 -0.83 -553.15 0.09




Sn-Sn -515.29  -53835 -0.11 -541.39 0.05 -530.13  0.23  -541.78 -0.14

Sr-Sr -524.23  -547.51 -0.33 -549.92 0.46 -539.27 0.03  -551.25 -1.40

Ta-Ta -532.50 -557.13  -1.67 -560.22 -1.57 -549.02 -1.44 -561.58 -4.06

Ti-Ti -527.46 -551.27 -0.85 -554.67 -1.05 -54347 -093 -556.11 -3.57

V-V -528.66 -551.85 -0.24 -555.55 -0.74 -54483 -1.10 -556.80 -3.19

W-W -533.81 -556.88 -0.12 -560.49 -0.52 -549.76 -0.88 -561.27 -2.14

Zn-Zn  -509.88 -532.96 -0.12 -535.59 0.44 -524.73 022 -536.06 -0.40

Ag-Ag  -509.14

Al-Al -520.60

Au-Au  -511.00

Ca-Ga -515.65

Hf-Hf  -531.33

MgMg  -513.68

Nb-Nb  -529.77

Sc-Sc -526.32

Y-Y -530.61

Zr-Zr -527.91

Table S4. The detailed electronic energy (E£+) and binding energy (E) of critical intermediates (*CO,,

*COOH, *CO, *H, and *HCOO) in Mo-based heteronuclear BACs during electrochemical CO,RR.

Species Mo-Fe  Mo-Co Mo-Ir  Mo-Rh Mo-Ni  Mo-Cu Mo-Zn Mo-Ga

Ex -528.60 -527.34 -528.41 -527.17 -525.25 -522.24 -520.01 -521.30




Excoz

co,

Excoon

Ecoon

E*CO

Eco

Ey

E+ticoo

Eticoo

-552.32

-0.76

-555.45

-0.70

-545.16

-1.48

-532.59

-0.54

-556.41

-1.65

-550.52

-0.23

-553.26

0.23

-543.94

-1.53

-531.49

-0.71

-555.16

-1.67

-551.50

-0.13

-554.37

0.20

-544.98

-1.50

-532.54

-0.69

-556.17

-1.61

-550.26

-0.13

-552.72

0.60

-543.74

-1.50

-531.31

-0.69

-554.97

-1.64

-548.32

-0.11

-550.65

0.76

-541.96

-1.63

-529.44

-0.74

-553.09

-1.68

-545.31

-0.11

-548.15

0.25

-538.95

-1.63

-526.42

-0.73

-550.05

-1.65

-543.23

-0.26

-546.62

-0.46

-536.67

-1.59

-524.13

-0.68

-548.07

-1.91

-545.26

-1.00

-548.11

-0.65

-537.90

-1.51

-525.35

-0.59

-549.63

-2.17

Table S5. The detailed electronic energy (E+) and binding energy (E) of critical intermediates (*CO,,

*COOH, *CO, *H, and *HCOO) in Ta-based heteronuclear BACs during electrochemical CO,RR.

Species

Ex

Excon

o,

Excoon

Ecoon

E*CO

Evy

Ta-Fe

-530.26

-555.00

-1.79

-558.23

-1.82

-546.77

-1.44

-534.89

Ta-Co

-529.04

-553.49

-1.50

-556.09

-0.89

-545.69

-1.57

-533.68

Ta-Ir

-530.08

-554.35

-1.31

-556.93

-0.69

-546.80

-1.64

-534.66

Ta-Rh

-528.89

-553.14

-1.30

-555.51

-0.47

-545.56

-1.59

-533.44

Ta-Ni

-527.40

-551.98

-1.63

-553.46

0.29

-543.91

-1.43

-532.06

Ta-Cu

-524.33

-548.93

-1.64

-551.29

-0.81

-540.90

-1.49

-528.98

Ta-Zn

-522.05

-546.63

-1.62

-549.28

-1.07

-538.64

-1.51

-526.66

Ta-Ga

-523.37

-548.28

-1.95

-550.89

-1.36

-539.96

-1.51

-527.93




Ey

E+tcoo

Etcoo

-1.19

-559.22

-2.81

-1.19

-558.05

-2.86

-1.12

-559.02

-2.78

-1.10

-557.82

-2.77

-1.22

-556.39

-2.84

-1.20

-553.29

-2.80

-1.16

-550.93

-2.73

-1.11

-552.51

-2.99

Table S6. The detailed electronic energy (£+) and binding energy (£) of critical intermediates (*CO,,

*COOH, *CO, *H, and *HCOO) in V-based heteronuclear BACs during electrochemical CO,RR.

Species

E-

Excon

o,

Excoon

Ecoon

E*CO

Eco

Ey

Exycoo

Excoo

V-Fe

-528.40

-552.25

-0.89

-555.76

-1.21

-544.52

-1.05

-532.00

-0.15

-556.45

-1.89

V-Co

-527.11

-550.86

-0.79

-553.71

-0.45

-543.47

-1.28

-530.78

-0.22

-554.82

-1.56

V-Ir

-528.09

-551.78

-0.73

-554.64

-0.39

-544.46

-1.29

-531.70

-0.17

-555.78

-1.53

V-Rh

-526.82

-550.48

-0.70

-553.21

-0.23

-543.16

-1.26

-530.43

-0.16

-554.54

-1.56

V-Ni

-525.46

-548.54

-0.12

-551.20

0.61

-541.62

-1.08

-529.17

-0.26

-553.24

-1.63

V-Cu

-522.25

-545.31

0.10

-548.14

0.47

-538.45

-1.12

-525.94

-0.24

-550.06

-1.65

V-Zn

-519.85

-542.94

-0.13

-546.57

-0.56

-536.07

-1.14

-523.52

-0.22

-548.03

-2.03

V-Ga

-521.41

-545.31

-0.94

-548.51

-0.94

-537.60

-1.11

-525.08

-0.22

-550.04

-2.48

Table S7. The detailed electronic energy (E+) and binding energy (E) of critical intermediates (*CO,,

*COOH, *CO, *H, and *HCOO) in Ti-based heteronuclear BACs during electrochemical CO,RR.

Species

Ti-Fe

Ti-Co

Ti-Ir

Ti-Rh

Ti-Ni

Ti-Cu

Ti-Zn

Ti-Ga




E-«

Excon

o,

Excoon

Ecoon

E*CO

E«y

Ey

E+tcoo

Etcoo

-527.65

-551.90

-1.30

-555.39

-1.59

-543.54

-0.82

-531.15

-0.06

-555.74

-1.89

-526.44

-550.64

-1.25

-553.70

-1.11

-542.36

-0.85

-529.99

-0.10

-554.57

-1.56

-527.47

-551.55

-1.12

-554.67

-1.04

-543.35

-0.80

-530.94

-0.02

-555.56

-1.53

-526.20

-550.25

-1.09

-553.22

-0.86

-542.09

-0.81

-529.61

0.04

-554.34

-1.56

-524.82

-548.30

-0.52

-551.01

0.17

-540.83

-0.93

-528.56

-0.29

-553.15

-1.63

-521.65

-545.17

-0.57

-548.03

-0.23

-537.65

-0.93

-525.37

-0.27

-549.99

-1.65

-519.31

-542.83

-0.56

-546.29

-0.83

-535.32

-0.94

-523.02

-0.27

-547.84

-2.03

-520.88

-545.19

-1.35

-548.53

-1.50

-537.04

-1.09

-524.91

-0.59

-550.09

-2.48

Table S8. The detailed electronic energy (E£+) and binding energy (E) of critical intermediates (*CO,,

*COOH, *CO, *H, and *HCOO) in Cr-based heteronuclear BACs during electrochemical CO,RR.

Species

E-

Excoz

o,

Excoon

Ecoon

E*CO

Eco

Cr-Fe

-528.19

-551.38

-0.23

-554.77

-0.43

-544.63

-1.05

Cr-Co

-526.94

-550.04

-0.14

-552.72

0.37

-543.49

-0.88

Cr-Ir

-527.81

-550.92

-0.15

-553.73

0.23

-544.41

-0.91

Cr-Rh

-526.56

-549.67

-0.14

-552.32

0.40

-543.12

-0.89

Cr-Ni

-524.73

-547.83

-0.14

-549.94

0.95

-541.52

-0.88

Cr-Cu

-521.57

-544.67

-0.14

-546.68

1.05

-538.29

-0.91

Cr-Zn

-519.20

-542.30

-0.14

-545.34

0.01

-535.88

-1.00

Cr-Ga

-521.30

-544.41

-0.15

-548.00

-0.54

-537.47

-0.87




E«y

Ey

E+tcoo

Etcoo

-532.04

-0.10

-555.99

-1.34

-530.88

0.10

-554.40

-0.71

-531.81

0.06

-555.23

-0.66

-530.53

0.07

-553.98

-0.67

-528.89

0.12

-552.52

-0.80

-525.65

0.10

-549.32

-0.86

-523.21

0.05

-547.44

-1.47

-524.66

0.31

-549.59

-1.91

Table S9. The detailed electronic energy (Ex) and binding energy (E) of critical intermediates (*CO,,

*COOH, *CO, *H, and *HCOO) in Mn-based heteronuclear BACs during electrochemical CO,RR.

Species

E-

Excon

o,

Excoon

Ecoon

E*CO

Evy

Ey

Exycoo

Excoo

Mn-Fe

-528.19

-551.38

-0.23

-554.77

-0.43

-544.11

-0.85

-531.49

0.15

-554.91

-0.56

Mn-Co

-526.94

-550.04

-0.14

-552.72

0.37

-542.77

-0.75

-530.14

0.25

-553.28

-0.19

Mn-Ir

-527.81

-550.92

-0.15

-553.73

0.23

-543.58

-0.70

-531.01

0.24

-554.08

-0.12

Mn-Rh

-526.56

-549.67

-0.14

-552.32

0.40

-542.38

-0.74

-529.75

0.26

-552.84

-0.12

Mn-Ni

-524.73

-547.83

-0.14

-549.94

0.95

-540.65

-0.84

-528.01

0.17

-551.35

-0.46

Mn-Cu

-521.57

-544.67

-0.14

-546.68

1.05

-537.38

-0.74

-524.75

0.27

-548.23

-0.51

Mn-Zn

-519.20

-542.30

-0.14

-545.34

0.01

-535.04

-0.76

-522.38

0.27

-546.46

-1.11

Mn-Ga

-521.30

-544.41

-0.15

-548.00

-0.54

-537.05

-0.67

-524.47

0.28

-549.04

-1.58

Table S10. The detailed electronic energy (£+), zero-point energy (Ezpg), entropy corrections (T.S),

free energy (G), and Gibbs free energy change (AG) of critical intermediate in Mo-based




heteronuclear BACs during electrochemical CO,RR towards C1 product and competitive HER

product.

Species Ex Excon  Ezpg TS G AG E«coon Ezpg TS G AG
Mo-Fe -528.60 -552.32 032 0.14 -552.15 -033  -55545 0.64 0.16 -55498 0.36
Mo-Co -527.34 -550.52 032 0.16 -550.36 0.18 -553.26 0.62 0.18 -552.81 0.75

Mo-Ir -528.41 -551.50 032 023 -551.41 020 -55437 0.62 0.17 -55391 0.70
Mo-Rh  -527.17 -550.26 032 024 -550.18 0.19 -552.72  0.63 0.16 -552.25 1.13
Mo-Ni  -525.25 -548.32 030 0.19 -54821 025 -550.65 0.61 0.12 -550.17 1.24
Mo-Cu -522.24 -545.31 029 0.18 -54520 025 -548.15 0.62 0.17 -547.69 0.70
Mo-Zn -520.01 -543.23 029 0.15 -543.09 0.13 -546.62 0.63 0.17 -546.16 0.12
Mo-Ga -521.30 -545.26 031 0.15 -545.10 -0.59 -548.11 0.63 0.17 -547.65 0.65

Esco Epsg TS G AG  Ewcoo Egpp TS G AG
Mo-Fe 254516 021 0.3 -545.08 -0.99 -556.41 0.61 0.5 -55596 -0.36
Mo-Co 54394 020 0.13 -543.87 -1.94 -555.16 0.61 023 -55478 -0.98
Mo-Ir 54498 021 013 -54490 -1.88 -556.17 0.60 024 -555.80 -0.94
Mo-Rh 54374 020 014 -543.68 -232  -55497 061 022 -55458 -0.95
Mo-Ni 54196 032 014 -541.78 -249 -553.09 061 023 -552.71 -1.05
Mo-Cu 253895 020 0.15 -538.89 -2.09 -550.05 0.60 0.18 -549.63 -0.98
Mo-Zn -536.67 021 013 -536.60 -132 -548.07 0.64 0.7 -547.60 -1.07
Mo-Ga 253790 020 0.13 -537.82 -1.06 -549.63 0.65 0.15 -549.14 -0.59
Ewicoon  Ezg TS G AG
Mo-Fe -559.17 093 024 -558.48  0.92
Mo-Co 55782 092 025 -557.14  1.09
Mo-Ir 55889 0.92 026 -558.22  1.02
Mo-Rh 255770 092 024 -557.02 1.0l
Mo-Ni 255580 092 025 -555.13  1.03
Mo-Cu 55261 092 025 -551.94 113
Mo-Zn 255029 092 027 -549.64 140
Mo-Ga 55249 093 028 -551.83  0.75
Euy Epsg TS G AG  Eup Epsg TS G AG
Mo-Fe 53259 0.18 0.02 -53242 -037 -53535 029 0.17 -53523  0.64
Mo-Co 53149 0.18 001 -531.32 -0.54 -53409 031 0.8 -533.96 0.82
Mo-Ir -532.54 019 0.01 -53237 -052 -535.16 031 0.19 -535.04 0.78
Mo-Rh 53131 0.18 001 -531.14 -0.52 -53392 031 0.9 -533.80 0.79
Mo-Ni -529.44  0.18 001 -52927 -0.57 -53201 032 002 -531.71 101
Mo-Cu 252642 015  0.01 -52627 -0.58 -52899 037 0.11 -52873 0.9
Mo-Zn 52413 0.18 001 -523.96 -0.51 -52677 027 0.07 -526.57 0.85
Mo-Ga 52535 0.18 002 -525.18 -043 -52806 030 0.14 -527.90 0.73

Table S11. The detailed electronic energy (Ex), zero-point energy (Ezpg), entropy corrections (TS),




free energy (G), and Gibbs free energy change (AG) of critical intermediate in Ta-based

heteronuclear BACs during electrochemical CO,RR towards C1 product and competitive HER

product.

Species Ex Excon  Ezpg TS G AG  E«coon FEzpp TS G AG
Ta-Fe -530.26 -555.00 031 0.16 -554.85 -1.39 -55823 0.63 0.17 -557.77 0.28
Ta-Co -529.04 -55349 031 017 -553.35 -1.10 -556.09 0.61 0.19 -555.66 0.88

Ta-Ir -530.08 -55435 032 015 -554.17 -0.88 -556.93 0.64 0.16 -556.46 091
Ta-Rh  -528.89 -553.14 032 0.15 -55297 -0.87 -55551 0.63 0.16 -555.05 1.12
Ta-Ni  -527.40 -551.98 030 0.19 -551.86 -1.26 -553.46 0.63 0.16 -552.99 2.07
Ta-Cu -524.33 -548.93 030 0.19 -548.82 -1.28 -551.29 0.62 0.17 -550.84 1.18
Ta-Zn -522.05 -546.63 030 0.18 -546.51 -1.25 -549.28 0.62 0.18 -548.84 0.87
Ta-Ga -523.37 -548.28 030 0.16 -548.14 -1.56 -550.89 0.63 0.18 -550.44 0.89

Esco Epsg TS G AG  Ewcoo Ezpp TS G AG
Ta-Fe 54677 0.19 010 -546.69 0.19 -55922 0.63 0.14 -558.73 -0.43
Ta-Co 254569 0.19  0.09 -54559 -0.81 -558.05 0.60 025 -557.71 -0.91
Ta-Ir 54680  0.19 0.6 -54676 -1.19 -559.02 0.61 023 -558.64 -1.02
Ta-Rh 54556 0.19 0.5 -54552 -136 -557.82 0.60 024 -557.45 -1.04
Ta-Ni 54391 020 014 -54386 -1.75 -55639 0.61 024 -556.02 -0.71
Ta-Cu -54090 023 015 -54082 -0.86 -55329 0.61 024 -552.93 -0.66
Ta-Zn -538.64 019  0.04 -53849 -0.54 -550.93 0.63 0.18 -550.47 -0.51
Ta-Ga -539.96  0.19  0.09 -539.86 -0.30 -552.51 0.64 0.16 -552.03 -0.45
Ewicoon  Ezp TS G AG
Ta-Fe -561.63 091 025 -560.97 121
Ta-Co 56043 091 024 -559.76 140
Ta-Ir 56152 093 024 -560.84 125
Ta-Rh 56031 0.92 025 -559.63 127
Ta-Ni -558.65  0.90 025 -558.00 147
Ta-Cu -55557  0.88 020 -554.89 149
Ta-Zn 55328 091 024 -552.61 131
Ta-Ga 55444 089 014 -553.69 1.79
Euy Epsg TS G AG  Eup Epsg TS G AG
Ta-Fe 53489 0.18 002 -53473 -1.03 -537.11 029 0.1 -53693 125
Ta-Co -533.68  0.18  0.02 -53352 -1.03 -53579 032 0.5 -535.63 134
Ta-Ir -534.66  0.18 001 -53449 -0.96 -536.84 030 0.14 -536.69 125
Ta-Rh 53344 018 001 -53328 -0.94 -53565 031 0.14 -53548 125
Ta-Ni -532.06 018 002 -53190 -1.05 -534.15 032 0.16 -533.99 135
Ta-Cu 52898  0.18 0.01 -52881 -1.03 -531.08 033 0.16 -53092 134
Ta-Zn -526.66  0.18 002 -52650 -1.00 -528.80 031 0.17 -528.66 129

Ta-Ga -527.93  0.18 0.02 -527.77 -095 -530.12 030 0.19 -530.01 1.21




Table S12. The detailed electronic energy (£x), zero-point energy (Ezpg), entropy corrections (TS),

free energy (G), and Gibbs free energy change (AG) of critical intermediate in V-based

heteronuclear BACs during electrochemical CO,RR towards C1 product and competitive HER

product.

Species Ex Es«wcon  Ezpg TS G AG  Escoon Ezpr TS G AG
V-Fe -528.40 -552.25 032 0.15 -552.08 -0.48 -55576 0.64 0.15 -55527 0.01
V-Co -527.11 -550.86 032 0.11 -550.65 -0.34  -553.71 0.63 0.16 -553.24 0.61

V-Ir  -528.09 -551.78 033 0.16 -551.62 -0.32 -554.64 0.64 0.16 -554.15 0.66
V-Rh -526.82 -55048 033 0.15 -550.31 -0.28  -553.21 0.64 0.16 -552.73  0.78
V-Ni  -525.46 -548.54 032 023 -548.44 022 -551.20 057 0.22 -550.84 0.80
V-Cu -522.25 -545.31 033 022 -545.21 025 -548.14 0.62 0.18 -547.70 0.70
V-Zn -519.85 -542.94 028 0.17 -542.83 023 -546.57 0.62 0.18 -546.12 -0.09
V-Ga -521.41 -545.31 031 0.15 -545.15 -0.53  -548.51 0.63 0.18 -548.06 0.29

E«co Ezprg TS G AG Ewicoo Ezpg TS G AG
V-Fe -544.52 020 0.14 -54447 -0.09 -55645 0.61 0.14 -55598 -0.45
V-Co -543.47 020 0.10 -54338 -1.02 -554.82 0.62 0.19 -55438 -0.28
V-Ir -544.46 020 0.16 -54442 -1.16 -55578 0.61 022 -55539 -0.33
V-Rh -543.16 020 0.16 -543.12  -1.28 -554.54 0.60 0.24 -554.17 -041
V-Ni -541.62 020 0.15 -541.57 -1.61 -553.24 0.61 0.22 -552.85 -0.96
V-Cu -538.45 022 0.10 -53833  -1.52 -550.06 0.61 0.22 -549.67 -1.02
V-Zn -536.07 020 0.10 -53597 -0.74 -548.03 0.63 0.19 -547.60 -1.32
V-Ga -537.60 020 0.09 -537.50 -0.32 -550.04 0.64 0.17 -549.57 -0.97
Esicoon  Ezpg TS G AG
V-Fe -559.18 094 025 -558.50 0.93
V-Co -558.04 094 024 -557.34 0.49
V-Ir -559.07 094 023 -558.36 0.49
V-Rh -557.78 094 023 -557.07 0.55
V-Ni -556.01 093 025 -55533 0.97
V-Cu -552.78 092 020 -552.06 1.06
V-Zn -550.40 092 020 -549.68 1.37
V-Ga -551.85 092 020 -551.13 1.89
Esy Ezprg TS G AG Esmn Ezxpg TS G AG
V-Fe -532.00 0.17 0.02 -531.84 0.00 -535.15 030 0.21 -535.05 024
V-Co -530.78  0.18 0.02 -530.62 -0.06 -533.86 031 0.19 -533.74 0.33
V-Ir -531.70  0.18 0.02 -531.54 -0.01 -534.85 032 0.15 -534.67 032
V-Rh -530.43  0.17 0.02 -530.27 0.00 -533.58 032 0.16 -533.43 0.30
V-Ni -529.17  0.18 0.01 -529.00 -0.10 -53221 029 0.1 -532.03 0.42
V-Cu -525.94  0.17 0.01 -52578 -0.08 -52898 0.28 0.09 -528.79 0.43
V-Zn -523.52 0.17 0.02 -52336 -0.07 -526.60 030 0.10 -526.40 041

V-Ga -525.08 0.17 0.02 -52492  -0.06 -528.17 030 0.13 -528.00 0.37




Table S13. The detailed electronic energy (Ex), zero-point energy (Ezpg), entropy corrections (TS),

free energy (G), and Gibbs free energy change (AG) of critical intermediate in Ti-based

heteronuclear BACs during electrochemical CO,RR towards C1 product and competitive HER

product.

Species Ex E«wcon Ezpp TS G AG  E«coon Ezpg TS G AG
Ti-Fe -527.65 -551.90 032 0.16 -551.74 -0.89 -55539 0.64 0.16 -55491 0.03
Ti-Co -526.44 -550.64 032 0.17 -550.49 -0.85 -553.70 0.64 0.16 -553.23 0.46

Ti-Ir  -527.47 -551.55 033 0.15 -55138  -0.69 -554.67 0.64 0.16 -554.18 0.40
Ti-Rh  -526.20 -550.25 032 0.17 -550.10 -0.69 -55322 0.64 0.16 -552.74 0.56
Ti-Ni  -524.82 -548.30 029 023 -548.24 -0.21 -551.01 0.59 0.21 -550.63 0.81
Ti-Cu -521.65 -545.17 032 0.09 -544.95 -0.09 -548.03 0.60 0.21 -547.65 0.50
Ti-Zn -519.31 -542.83 029 023 -542.77  -0.25 -546.29 0.62 0.17 -545.84 0.13
Ti-Ga -520.88 -545.19 030 0.16 -545.05 -096  -548.53  0.63 0.18 -548.08 0.16

Esco Ezprg TS G AG Ewicoo Ezpg TS G AG
Ti-Fe -543.54  0.18 0.17 -543.53 0.50 -55581 0.63 0.17 -55535 -0.16
Ti-Co -542.36  0.19 0.18 -54235 -0.01 -554.66 0.62 0.21 -55426 -0.32
Ti-Ir -54335 0.19 0.16 -54333 -0.03 -555.62 0.60 0.25 -55527 -0.44
Ti-Rh -542.09 0.19 0.16 -542.06 -0.21 -55434 0.60 0.25 -553.98 -0.43
Ti-Ni -540.83  0.19 0.16 -540.80 -1.06 -553.13 0.61 0.24 -552.77 -1.09
Ti-Cu -537.65 0.19 0.17 -537.64 -0.88 -54994 0.60 0.18 -549.52 -1.13
Ti-Zn -53532  0.18 0.18 -53531 -036 -547.61 0.63 0.18 -547.16 -0.95
Ti-Ga -537.04  0.19 0.16 -537.02 0.18 -54946 0.64 0.16 -548.98 -0.48
Esicoon  Ezpg TS G AG
Ti-Fe -558.71 093 029 -558.07 0.73
Ti-Co -557.55 093 027 -556.89 0.82
Ti-Ir -558.60 093 025 -557.92 0.79
Ti-Rh -557.33 093 026 -556.65 0.78
Ti-Ni -55595 093 025 -55527 0.95
Ti-Cu -552.79 093 024 -552.10 0.87
Ti-Zn -550.44 093 025 -549.76 0.85
Ti-Ga -552.07 091 0.18 -551.34 1.09
Esy Ezprg TS G AG Esmn Ezxpg TS G AG
Ti-Fe -531.15  0.15 0.02 -531.02 0.07 -53440 029 0.11 -53422 0.25
Ti-Co -529.99  0.15 0.02 -529.86 0.03 -533.19 031 0.13 -533.01 0.29
Ti-Ir -530.94 0.15 0.02 -530.81 0.11 -53423 032 0.17 -53409 0.17
Ti-Rh -529.61  0.15 0.02 -529.48 0.17 -53296 032 0.17 -532.82 0.11
Ti-Ni -528.56  0.16 0.02 -52843 -0.16 -531.58 031 0.14 -531.41 046

Ti-Cu -52537 0.15 0.02 -52524  -0.14 -52840 031 0.14 -52823 046




Ti-Zn -523.02  0.15 0.02 -52289 -0.14 -526.06 030 0.16 -52592 041
Ti-Ga -52491 0.15 0.02 -52478 -046 -527.64 031 020 -527.53 0.70

Table S14. The detailed electronic energy (E£+), zero-point energy (Ezpg), entropy corrections (TS),

free energy (G), and Gibbs free energy change (AG) of critical intermediate in Cr-based

heteronuclear BACs during electrochemical CO,RR towards C1 product and competitive HER

product.

Species Ex E«con  Ezpg TS G AG E«coon Ezpg TS G AG
Cr-Fe -52849  -55191 032 0.15 -551.73 -0.03 -55526 0.64 0.15 -554.77 0.16
Cr-Co -527.53  -550.63 032 0.25 -550.56 0.18 -55345 0.64 0.16 -55297 0.78

CrIr -52842  -551.54 032 0.24 -551.46 0.17 -55457 0.63 0.22 -554.16 0.50
Cr-Rh -527.15 -55026 032 0.23 -550.17 0.19 -553.11 0.63 021 -552.70 0.67
Cr-Ni -525.56  -548.65 0.32 0.25 -548.58 0.19 -550.63 0.57 0.23 -55029 1.49
Cr-Cu -52230  -54538 032 022 -54528 023 -54775 0.62 0.17 -54730 1.17
Cr-Zn -519.81 -542.89 031 0.19 -542.77 025 -546.09 0.63 0.17 -545.63 034
Cr-Ga -521.52  -544.65 032 0.15 -544.49 0.24 -54838 0.60 0.20 -547.98 -0.29

Evco Eps TS G AG  Ewcoo Ezpp TS G AG
Cr-Fe -544.63 021 012 -544.54 065 -55599 0.62 0.19 -555.55 -0.37
Cr-Co -543.49 035 023 -54337 -128 -55440 0.61 0.15 -553.94 0.06
Cr-Ir 54441 019 010 -54432 -1.05 -55523 0.60 0.17 -55480 0.10
Cr-Rh 54312 0.14 023 -54321  -140 -553.98 0.61 022 -553.59  0.03
Cr-Ni 54152 014 018 -541.57 217  -552.52  0.61 021 -552.12 -0.09
Cr-Cu -53829 015 0.9 -53833  -191 -54932 0.63 0.16 -548.84 -0.11
Cr-Zn -535.88 015 022 -53596 -122 -547.44 064 0.17 -54697 -0.76
Cr-Ga 53747 015 018 -537.49 040 -549.59 0.64 0.16 -549.11 -1.18
Ewicoon  Egzpg TS G AG
Cr-Fe -558.75  0.94 022 -558.03 097
Cr-Co -557.62 091 027 -556.97  0.42
Cr-Ir -558.55 091 026 -557.90  0.35
Cr-Rh 55727 091 027 -556.62  0.41
Cr-Ni -555.62 091 020 -55491  0.66
Cr-Cu 255240 090 022 -551.72 057
Cr-Zn -549.98 091 020 -54928  1.14
Cr-Ga -551.81 091 0.0 -551.01  1.55
Ewy Eps TS G AG  Eup Eps TS G AG
Cr-Fe -532.04 019 001 -531.87 007 -53537 030 0.16 -53523  0.08
Cr-Co -530.88 020 0.01 -530.69 029 -53428 030 0.14 -53411 0.03
Cr-Ir 53181 0.19 001 -531.63 024 -535.18 032 0.17 -535.03  0.05

Cr-Rh -530.53  0.19 0.01 -530.35 025 -53391 032 0.17 -533.76 0.03




Cr-Ni -52889 020 0.01 -528.71 030 -532.30 028 0.10 -532.13 0.03

Cr-Cu -525.65  0.19 0.01 -525.47 0.28 -529.05 028 0.09 -528.86 0.06
Cr-Zn -523.21  0.19 0.01 -523.03 023 -52649 032 0.10 -526.27 0.20
Cr-Ga -524.66  0.19 0.01 -524.48 0.49 -52827 029 0.12 -528.11 -0.18

Table S15. The detailed electronic energy (E+), zero-point energy (Ezpg), entropy corrections (TS),

free energy (G), and Gibbs free energy change (AG) of critical intermediate in Mn-based

heteronuclear BACs during electrochemical CO,RR towards C1 product and competitive HER

product.

Species Ex E«con  Ezpg TS G AG E«coon Ezpg TS G AG
Mn-Fe -528.19  -551.38 0.39 0.15 -551.14 026 -55477 0.61 0.16 -55433 0.01
Mn-Co -526.94  -550.04 032 0.24 -549.96 0.19 -55272  0.62 0.17 -55227 0.88
Mn-Ir  -527.81  -550.92  0.32 0.24 -550.83 0.18 -553.73 0.63 0.16 -55326 0.77
Mn-Rh -526.56  -549.67 032 0.23 -549.58 0.19 -552.32 0.62 0.17 -551.87 091
Mn-Ni -524.73  -547.83 032 0.24 -547.76 0.18 -54994 0.59 0.18 -549.54 141
Mn-Cu -521.57  -544.67 032 0.23 -544.58 020 -546.68 0.58 0.20 -546.30 1.48
Mn-Zn -519.20  -542.30 0.31 0.19 -542.17 023 -54534 0.60 0.19 -54493 044
Mn-Ga -521.30  -54441 032 024 -54434 0.17 -548.00 0.61 0.19 -547.58 -0.04

Exco Ezpr TS G AG Ewqicoo Ezpg TS G AG
Mn-Fe -544.11 029 0.07 -54390 -0.46 -55454 0.60 0.17 -554.11 0.48
Mn-Co -542.77 022 0.13 -542.68 -129 -553.17 0.61 0.17 -552.72 0.68
Mn-Ir -543.58 021 0.09 -54346 -1.09 -554.01 0.61 0.22 -553.62 0.66
Mn-Rh -542.38 022 0.14 -54230 -1.32  -55278 0.61 022 -55240 0.63
Mn-Ni -540.65 021 0.08 -540.51 -1.86 -551.21 0.61 0.22 -550.82 0.38
Mn-Cu -537.38 023 0.07 -537.23 -1.82 -54796 0.61 0.14 -547.49 054
Mn-Zn -535.04 020 0.03 -53487 -0.82 -54571 0.63 0.18 -54526 0.36
Mn-Ga -537.05 023 0.08 -53690 -0.21 -547.88 0.63 0.18 -547.43 036
Esacoon  Ezpg TS G AG
Mn-Fe -558.42 091 026 -557.77 -0.21
Mn-Co -557.07 091 028 -556.44  -0.27
Mn-Ir -557.95 091 027 -557.32 -0.25
Mn-Rh -556.73 091 026 -556.07 -0.23
Mn-Ni -55486 091 022 -554.17 0.10
Mn-Cu -551.74 094 023 -551.04 -0.10
Mn-Zn -549.42 091 027 -548.77  -0.07
Mn-Ga -551.49 092 0.18 -550.76 0.12
Esxy Ezpr TS G AG Eup Empg TS G AG
Mn-Fe -531.49 020 0.01 -531.29 034 -535.03 032 0.17 -53489 -0.15

Mn-Co -530.14  0.20 0.01 -529.94 0.44 -533.68 029 0.05 -53345 -0.06




Mn-Ir -531.01  0.20 0.01 -530.81 0.44 -53456 029 0.05 -53431 -0.05

Mn-Rh -529.75 020 0.01 -529.56 045 -53332 029 0.11 -533.14 -0.13
Mn-Ni -528.01 020 0.01 -527.82 036 -531.49 030 0.04 -531.24 0.03
Mn-Cu -52475 020 0.01 -524.55 046 -528.19 035 0.05 -527.89 0.12
Mn-Zn -522.38 0.13  0.01 -522.25 039 -52596 029 0.13 -525.80 -0.09
Mn-Ga -524.47  0.19 0.01 -524.29 046 -528.05 029 0.12 -527.89 -0.15

Table S16. The detailed electronic energy (Ex), zero-point energy (Ezpg), entropy corrections (TS),

and free energy (G) of isolated molecule during electrochemical CO,RR towards C1 product and

competitive HER product.

Species E- Epr TS G
CO, -22.96 0.31 0.66 -23.21

Cco -14.84 0.14 0.61 -15.31
H,0 -14.25 0.59 0.58 -14.24

H, -6.76 0.27 0.40 -6.89
HCOOH -29.97 0.90 0.99 -30.06

In this work, we consider two coordination forms of BACs, i.e., 3-coordinated and
4-coordinated metal-anchored N-doped graphene, as shown in Fig. S1. We select three
metals, Fe, Mn, and Mo, as the representative to compare the DFT energy of the
different coordination forms. Due to the significantly lower energy of 4-coordinated
form, thus all of our subsequent investigation are based on the 4-coordinated form of

BAC:s.




Fig. S1 The most stable structures and the DFT energy of 3-coordinated and 4-

coordinated metal-anchored N-doped graphene homonuclear BACs.

(a) Bi2*CO,  (b) Co2CO, (c) Cr2-CO, (d) Cu2-*CO, (e) Fe2-*CO, (f) Ga2-*CO,

(g) Re2*CO,  (h) Rh2-*CO, (i) Pt2-*CO, (i) Pd2-*CO, (k) Ir2-*CO, (1) 0Os2-CO,

had ) ©co &Co — il

(m) Ni2-*CO, (n) Mn2-*CO, (0) Mo2-CO, (p) Ru2*CO,  (q) Sn2-*CO, (r) Sr2-CO,

(t) Ti2-*CO, (u) W2-CO, (v) V2-*CO,

Fig. S2 The most stable structures of *CO, adsorbed on 23 kinds of homonuclear BACs.




(a) Bi2-*COOH (b) Co2-*COOH (c) Cr2-*COOH (d) Cu2-*COOH (e) Fe2-*COOH (f) Ga2-*COOH

(9) Re2-*COOH  (h) Rh2-*COOH (i) Pd2*COOH  (K) Ir2-*COOH

(m) Ni2-*COOH (n) Mn2-*COOH (0) Mo2-*COOH  (p) Ru2-*COOH () Sn2-*COOH (r) Sr2-*COOH

(s) Ta2-*COOH (t) Ti2-*COOH (u) W2-*COOH (v) V2-*COOH (w) Zn2-*COOH

Fig. S3 The most stable structures of *COOH adsorbed on 23 kinds of homonuclear

BAC:s.




(a) Bi2-*CO (b) Co2-CO (c) Cr2-*co (d) Cu2-*co (e) Fe2-*CO (f) Ga2-*CO

(g9) Re2-*CO (h) Rh2-*CO (i) Pt2--CO (j) Pd2-*CO (k) Ir2-*CO () 0s2-*CO

P e o®

(m) Ni2-*CO (n) Mn2-*CO (0) Mo2-*CO (p) Ru2-*CO (q) Sn2-*CO (r) Sr2-*CoO

(s) Ta2-*CO (t) Ti2-*CO (u) W2-*CO (v) v2-*CO (w) Zn2-*CO

Fig. S4 The most stable structures of *CO adsorbed on 23 kinds of homonuclear BACs.

(a) Bi2-*HCOO (b) Co2-*HCOO (c) Cr2-*HCOO (d) Cu2-*HCOO (e) Fe2-*HCOO (f) Ga2-*HCOO

(g) Re2-*HCOO (h) Rh2-*HCOO (i) Pt2-“*HCOO (j) Pd2-*HCOO (k) Ir2-*HCOO

(m) Ni2*HCOO (n) Mn2-*HCOO (0) Mo2-*HCOO  (p) Ru2-*HCOO (q) Sn2-*HCOO (r) Sr2-*HCOO

(t) Ti2-*HCOO (u) W2-*HCOO

Fig. S5 The most stable structures of *HCOO adsorbed on 23 kinds of homonuclear




BAC:s.

(a) Bi2-*HCOOH  (b) Co2-*HCOOH (c) Cr2-*-HCOOH (d) Cu2-*HCOOH (e) Fe2-*HCOOH (f) Ga2-*HCOOH

r e

(h) Rh2-*HCOOH (i) Pt2-*HCOOH (j) Pd2-*HCOOH (k) Ir2-*HCOOH () Os2-*HCOOH

T T T 4

Beper  EMEGOR A

(m) Ni2-*HCOOH (n) Mn2*HCOOH  (0) Mo2-*HCOOH  (p) Ru2-*HCOOH  (q) Sn2-*HCOOH  (r) Sr2-*HCOOH

T

(t) Ti2-*HCOOH (u) W2-*HCOOH (v) V2-*HCOOH

Fig. S6 The most stable structures of *HCOOH adsorbed on 23 kinds of homonuclear

BAC:s.




(a1) CrCo*CO, (a2) CrCu-"CO,  (a3) CrFe-"CO, (a4) CrGa*CO,  (a5)Crir*CO,  (a6) CrNi-"CO, (a7) CrRh-"CO, (aB) CrZn-*CO,

(b1) MnCo-*CO,  (b2) MNCu-CO,  (b3) MnFe-*CO,  (b4) MnGa-*CO, (b5) MnIr*CO,  (b6) MnNI-*CO,  (b7) MNRh-*CO, (b8) MnZn-*CO,

oo® e  eo®  oo®

(c1) MoCo-*CO, (c2) MoCu-*CO, (c3) MoFe-*CO, (c4) MoGa-*CO, (¢5) Molr-*CO, (c6) MoNi-*CO,  (c7) MoRh-*CO, (c8) MoZn-*CO,

(d1) TaCo-*CO, (d2) TaCu-*CO,  (d3) TaFe-"CO, (d4) TaGa-*CO, (d5)Talr*CO,  (d6) TaNi-*CO, (d7) TaRh-*CO, (d8) TaZn-"CO,

(e1) TICo-*CO,  (e2) TiCu-*CO,  (e3) TiFe-*CO, (e4) TiGa-*CO,  (e5) Tilr-"CO, (e6) TINI“CO,  (e7) TIRh-"CO,  (eB) TiZn-"CO,

(M) VCo*CO,  (f2) VCu*CO,  (f3) VFe*CO,  (f4)VGa-*CO,  (f5) VIr-*CO, (f6) VNi-*CO, (f7) VRh-*CO,  (f8) VZn-*CO,
09

Fig. S7 The most stable structures of *CO, adsorbed on 48 kinds of heteronuclear

BAC:s.




(a1) CrCo-*COOH (a2) CrCu~*COOH (a3) CrFe-*COOH (ad) CrGa-"COOH (a5) Crir-*COOH  (a6) CrNi-"COOH (a7) CrRh-*COOH (aB) CrZn-*COOH

(1) VCo-*COOH  (f2) VCu-"COOH  (f3) VFe-*COOH  (f4) VGa-*COOH  (f5) VIr-"COOH  (f6) VNi-*COOH  (f7) VRh-"COOH  (f8) VZn-*COOH

Fig. S8 The most stable structures of *COOH adsorbed on 48 kinds of heteronuclear

BAC:s.




(a1) CrCo-*CO  (a2) CrCu-*CO  (a3) CrFe-*CO  (a4) CrGa*CO (a5 Crlr-*CO  (a6) CrNi-*CO  (a7) CrRh-*CO  (a8) CrZn-*CO

(b1) MnCo-*CO (b2) MnCu-*CO  (b3) MnFe-*CO (b4) MnGa-*CO  (b5) Mnir-*CO (b6) MnNi-*CO  (b7) MnRh-*CO  (b8) MnZn-*CO

(1) MoCo-*CO  (c2) MoCu-*CO  (c3) MoFe-*CO (c4) MoGa-*CO  (c5) MoIr"CO  (c6) MONi*CO  (c7) MORh-"CO  (c8) MoZn-*CO
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(d1) TaCo-*CO  (d2) TaCu-*CO (d3) TaFe-CO (d4) TaGa-*CO (d5) Talr-*CO (d6) TaNi-*CO (d7) TaRh-*CO (d8) TaZn-*CO

(e1) TiCo*CO  (e2) TICu*CO  (e3) TiFe-*CO (e4) TiGa*CO  (e5) Tilr*CO (eB) TINI*CO  (e7) TIRh-*CO  (e8) Tizn-*CO

7/ 1

T

(f) VCo-*CO (f2) VCu-*CO  (f3) VFe-*CO (f4) VGa-*CO (f5) VIr-*CO (f6) VNi-*CO (f7) VRh-*CO (f8) VZn-*CO

Fig. S9 The most stable structures of *CO adsorbed on 48 kinds of heteronuclear BACs.




(a1) CrCo-*HCOO (a2) CrCu-*HCOO (a3) CrFe-*HCOO (ad) CrGa-*HCOO (a5) Crir*HCOO (a6) CrNi-*HCOO (a7) CrRh-*HCOO (a8) CrZn-*HCOO

i

(e1) TiCo-*HCOO (e2) TiCu-*HCOO (e3) TiFe-*HCOO (e4) TiGa-*HCOO (e5) Tilr-*HCOO  (e6) TiNi-*HCOO (e7) TiRh-*HCOO (e8) TiZn-*HCOO

Fig. S10 The most stable structures of *HCOO adsorbed on 48 kinds of heteronuclear

BAC:s.




(a1) CrCo*HCOOH  (a2) CrCu-"HCOOH  (a3) CrFe-*HCOOH  (a4) CrGa-"HCOOH  (a5) Crir-"HCOOH  (a6) CNi-"HCOOH  (a7) CrRh-"HCOOH  (a8) CrZn-"HCOOH

P SR

> !

(b1) MNCo-*HCOOH  (b2) MnCu-*HCOOH  (b3) MnFe-*HCOOH  (b4) MnGa-*HCOOH  (b5) Mnir-*HCOOH  (b6) MnNi-*HCOOH  (b7) MnRh-*HCOOH

P U S 8 > & X

(c1) MoCo-*HCOOH  (c2) MoCu-"HCOOH  (c3) MoFe-"HCOOH  (c4) MoGa-"HCOOH  (¢5) Molr-"HCOOH  (c6) MoNi-"HCOOH  (c7) MoRh-*HCOOH ~ (c8) MoZn-*HCOOH

Db

(1) TaCo"HCOOH  (d2) TaCu-"HCOOH  (d3) TaFe-"HCOOH  (d4) TaGa-"HCOOH  (d5) Talr-"HCOOH  (d6) TaNi-"HCOOH  (d7) TaRh-"HCOOH  (d8) TaZn-"HCOOH

(62) TICu*HCOOH  (e3) TiFe-HCOOH  (ed) TiGa-*HCOOH  (e5) Tilr-*HCOOH  (e6) TiNi-*HCOOH  (e7) TiRh-*HCOOH  (e8) TiZn-*HCOOH

(f2) VCU-HCOOH  (3) VFe-"HCOOH  (f4) VGa-"COOH  (f5) VI"HCOOH  (f6) VNi-*HCOOH  (f7) VRh-"HCOOH  (f8) VZn-"HCOOH

Fig. S11 The most stable structures of *HCOOH adsorbed on 48 kinds of heteronuclear

BAC:s.
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