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S1. Optimized configurations for various intermediates adsorption on Co (0001),

stepped Co and Co (1011)

Figure S1. Optimized configurations for (A) CH (B) CH; (C) CH3 (D) CH4 (E) CC (F) CCH (G) CCH, (H)
CHCH (1) CCH3 (J) CHCH; (K) CHCHs (L) CH.CH, (M) CH.CH3 (N) HCO (O) CCO (P) CHCO (Q)
CHCHO (R) CHCOH (S) CH,CO (T) CHCH,0 (U) CHCHOH (V) CH,CHO (W) CH,COH (X) CHsCO
(Y) CHCH;OH (Z) CH,CH;O (A:) CH,CHOH (B;) CH3CHO (C;) CH3COH (D;) CH,CH.OH (E1)
CH3;CHOH (F1) CH3CH20 (G;1) CH3CH2OH adsorption on Co (0001). The blue, grey, red and white balls
represent Co, C, O and H atom, respectively.



Stepped Co

Co (1011)

Figure S2. Optimized configurations for (A) CH (B) CH; (C) CHs; (D) CH4 (E) CC (F) CCH (G) CCH; (H)
CHCH (1) CCHs (J) CHCH: (K) CHCH3 (L) CH.CH; (M) CH>CH3 (N) HCO/CCO (0O) CCO/CHCO (P)
CHCO/CHCHO (Q) CHCHO/CHCOH (R) CHCOH/CH,CO (S) CH,CO/CH,CHO (T) CHCH,O/CHsCO
(U) CHCHOH/CH3CHO (V) CH,CHO (W) CH,COH (X) CHsCO (Y) CHCH,0OH (Z) CH.CH.0 (A1)
CH,CHOH (B;) CH3CHO (C;) CH3COH (D;) CH,CH,OH (Ei) CH3;CHOH (F1) CH3CH.O (Gi)
CH3CH,OH adsorption on the stepped Co and Co (1011). From (N) on, the former/latter structure
represents that on stepped Co and Co (1011), respectively. The blue, dark yellow, grey, red and white
balls represent upper Co, lower Co, C, O and H atom, respectively.



S2. Optimized configurations at the transition states of various elementary

reactions on Co (0001), stepped Co and Co (1011)

Co (0001)

Co (1011)

Figure S3. Optimized configurations at the transition states of (A) C+C (B) C+CH (C) C+CH; (D)
CH+CH (E) C+CHjs (F) CH+CH; (G) CH+CH3 (H) CHx+CH, (1) CH2+CHs (J) CH+CO (K) CH2+CO (L)
CH3+CO on Co (0001), stepped Co and Co (1011).




Co (0001)

Co (1011)

Figure S4. Optimized configurations at the transition states of (A) C+H (B) CH+H (C) CH,+H (D)
CHs;+H (E) CO+H—HCO (F) Co (0001): CHCO+H—CHCHO; stepped Co: CHC+H—CHCH (G)
CHCO+H—CH,CO (H) CH,CO+H—CH3CO (I) CH3CO+H—CH3CHO on Co (0001), stepped Co and

Co (1011).

Figure S5. Optimized configurations at the transition states of (A) CO+H—HCO (B) CH+H (C) CH,+H

(D) CH+CO (E) CHCO+H—CHCHO (F) CH3CO—CH3C+0 at a constant C coverage of 7/12 ML on Co

(0001).



S3. Adsorption energies and sites of various intermediates and activation energies,
reaction heat and geometric information at the transition states of various
elementary reactions on Co (0001), stepped Co and Co (1011)

Table S1. Calculated adsorption energies (Eaps, in V) and favorable adsorption sites of various

intermediates on Co (0001), stepped Co and Co (1011). The order of C atom in “Site” corresponds

to that in “Species” unless a or p-C is indicated.

Species (0001) Step (1011)

Eaps  Site Eaps  Site Eaps  Site
H -0.53 fcc -0.52  hep -0.59 fcc
0 -2.62 hcp -2.86  hcp -3.02  four-fold
C -6.88  hcp -7.64  four-fold -8.15  four-fold
CoO -1.67  hcp -1.83  hep -1.85  four-fold
HCO -2.22  Curi-Opi -2.83  Chep-Opri
CH -6.30 hcp -6.62  four-fold -7.02  four-fold
CH> -3.98 hep -4.11  hcp -4.37  four-fold
CHjs -1.97  fec -2.18  bri -2.10  fcc
CHa -0.02  top -0.01  top -0.02  four-fold
CCO -4.79  Chep-Chri -5.32  Crour-fold-Crop -5.63  Crour-fold-Chri
CHCO -3.42  Ciee-Chep -3.74  Crce-Chri-Obri -3.81  Chep-Chri-Opri
CH.CO -1.07  Ciop-Cori-Ortop -1.55  Ciop-Cori-Obri -1.74  Ciop-Chri-Opri
CHCHO -4.31  Chri-Ciop-Obri -4.69  Ciee-Orop -4.89  SChcp-Obri
CHCOH -2.92  Chep-Ciec -2.94  Cnep-Crec -297  Cpi-Cui
CHCHOH -291  pSChep -3.03  BChep
CHsCO -1.99  aCiop-Otop -2.33  aCiop-Otop -2.60  aCuri-Opri
CH,CHO -2.31  Ciop-Ciop-Obri -2.68  Ciop-Ciop-Owri -2.63  Ciop-Cori-Opri
CH,COH -2.62  Cui-Chi -2.82  Ciop-Chop
CHCH0OH -3.88  SChep -3.92  pBCrc



CH.CHOH
CH3COH
CHsCHO
CH>CH20OH
CHsCH:0
CH3CHOH
CH3CH.0OH
CcC

CHC

CH2C
CHCH
CHsC
CH2CH
CHsCH
CH.CH>
CHsCH>

CHsCH3

-0.63

-2.34

-0.53

-1.64

-2.80

-1.23

-0.27

-1.27

-5.47

-4.13

-2.63

-5.48

-2.78

-3.64

-0.77

-1.50

-0.01

Crtec-Ciop
aCiop
aChri~Obri
SCrec
Ohep
aCiop
Otop
Crtec-Chep
Crec-Chep
Chep
Crtec-Chep
Chep
Ciop-Chep
Chep
Ciop-Chep
Chep

Ctop‘chcp

-1.10

-2.78

-1.07

-1.85

-3.02

-1.41

-0.52

-8.10

-5.73

-4.40

-2.60

-5.54

-3.08

-3.76

-0.98

-1.86

-0.02

Ctop'Ctop
aCmp
actop‘obri
LSCi
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aCmp

Otop
Cfcc'Chcp
Cori-Crour-fold
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Cfcc‘chcp
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Chcp
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Chi

Ctop

-0.95

-7.94

-6.16
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-2.74

-5.95

-2.93

-3.83

-0.89

-1.67

-0.04
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Cori-Cri
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Table S2. Calculated activation energies (Eact in eV), reaction heat (AH in eV) and geometric
information (d in A) at the TSs for various elementary reactions on Co (0001), stepped Co and Co
(1011). AH is calculated with respected to separate adsorbed states. Eact in parentheses is with

respected to adsorbed CH+CH, C+C and C+C on the three surfaces, respectively.

Reactions (0001) Step (1011)

EacT AH d EacT AH d EacT AH d

C-O bond scission steps

CO—C+0 2.35 067 183 137 -0.18 210 1.20 -0.83 175
HCO—CH+O 0.68 -0.73 178 0.74 -0.68 1091

CCO—CC+0 1.60 -0.19 177 116 -0.74 208 158 -042 181
CHCO—CHC+0O 1.53 -0.32 176 081 -051 201 123 -1.01 177
CHCOH—CHC+0OH 1.25 -0.32 207

CHCHO—CHCH+O 0.71 -0.97 177 081 -0.81 183 0.99 -0.90 1091
CH2CO—CHC+0 0.76 -0.64 228 0.69 -0.67 185 1.05 -0.87 2.05
CH2CHO—CH:CH+O 1.22 -0.18 189 1.36 -0.34 187

CHsCO—CHsC + O 0.64 -0.72 179 0.68 -0.68 191 0.78 -0.99 197
CH3CHO—CHsCH+O 0.72 -0.50 184 0.98 -0.32 197

C-C coupling steps

CH+CO—CHCO 0.83 034 177 129 050  1.66
CH2+CO—CH:CO 0.60 054 177 062 034 1.80

CH3+CO—CH3CO 1.37 057 1.88 1.32 060 1.86

c+C—CC 1.30(1.94) -0.46 201 1.78(178) 023 202 224(2.24) 141 197
C+CH—CCH 0.83(1.15) -064 192 135(1.46) 0.8 1.81 1.37(1.65) 066  1.99
C+CH,—~CCHz 0.76(1.40) -0.77 200 079(1.39) -0.15 202 1.34(231) 038 195
C+CH3—~CCHs 0.96(1.44) -082 212 099(1.34) 010 1.99 1.13(225) 011  2.06
CH+CH—CHCH 0.68(0.68) -059 191 112(1.35) 006 1.81 1.33(1.88) 073  1.90
CH+CHz—~CHCH 0.66(0.97) -0.17 195 126(1.97) -0.02 204 1.35(2.60) 079 1096
CH+CHz—~CHCHs3 1.06(1.22) 004 198 1.38(1.84) 046 196 151(2.90) 071 1.9



CH2+CH2—~CH2CH:2
CH2z+CHs—>CH2CHs
Hydrogenation steps
CO+H—HCO
CHCO+H—CHCHO
CHCO+H—CH.CO
CH2CO+H—CHsCO
CH3CO+H—CH3:CHO
C+H—CH
CH+H—CH
CHz+H—CH3s
CHz+H—>CHa

CHC+H—CHCH

0.41(1.04)

0.95(1.42)

1.23
1.22
0.78
0.84
0.42
0.72
0.55
0.54

1.04

-0.56

-0.13

1.08

0.37

0.51

-0.12

0.32

-0.32

0.31

-0.16

0.03

2.05

2.07

1.30

1.28

1.12

1.62

1.18

1.69

1.61

1.74

1.60

0.37(1.58)

0.89(1.85)

0.65

0.87
0.76
0.45
0.92

0.89

-0.52

-0.15

0.61

0.11

0.49

-0.26

0.25

0.00

2.18

2.07

1.50

1.65

1.45

1.76

1.63

1.67

0.92(2.87)

1.26(3.35)

0.80
0.73
0.75

1.04

0.09

0.22

0.28

0.70

0.15

0.21

1.98

2.10

1.43

131

1.47

1.59




