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S1 Structures of the optimized intermediates

Figure S1: Side and top views of structures of the optimized intermediates on a pure Cu surface.



45

Figure S2: Side and top views of structures of the optimized intermediates on the 1 overlayer Cu

surface
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Figure S3: Side and top views of structures of the optimized intermediates on the 2 overlayers Cu

surface



S2 Energy components of the intermediates

Table S1: Energy components of the optimized intermediates on the pure Cu surface

System DFT Energy ZPE  Solvation System DFT Energy ZPE  Solvatation

1 —427.91 3.72 —428.24 31 —423.69 4.40 —423.85
2 —431.53 4.05 —431.90 32 —424.01 440 —424.28
3 —434.64 431 —434.97 33 —424 .94 439 —425.11
4 —434.56 429 —434.88 34 —413.66 3.97 —413.69
5 —419.95 3.59 —420.12 35 —427.63 452 —427.82
6 —423.48 3.87 —423.64 36 —411.91 3.95 —412.89
7 —438.26 4.63 —438.54 37 —413.26 3.95 —413.30
8 —423.48 3.89 —423.65 38 —427.89 4.68 —428.12
9 n/a n/a n/a 39 —417.63 427 —417.67
10 —412.88 341 —412091 40 —416.70 427 —417.04
11 —427.50 4.18 —427.79 41 —416.67 426 —416.84
12 —427.50 421 —427.69 42 —405.65 3.80 —405.65
13 —427.83 4.19 —428.05 43 —420.78 457 —420.93
14 —440.68 493 —441.44 44 —409.73 4.13 —409.75
15 —427.15 422 —427.30 45 —413.94 445 —413.99
16 —415.85 3.74 —415.93
17 —415.79 3.74 —416.00
18 n/a n/a n/a
19 —430.71 4.48 —430.89
20 —416.40 3.77 —416.87
21 —430.65 451 —431.02
22 —419.92 4.03 —420.06
23 —420.19 4.05 —420.32
24 —419.84 4.07 —420.00
25 —434.52 4.80 —434.70
26 —420.80 411 —421.04
27 —421.38 4.10 —421.49
28 —420.36 4.09 —419.88
29 —424 .31 437 —424.39
30 —409.56 3.65 —409.61




Table S2: Energy components of the optimized intermediates on the 1 overlayer Cu surface

System DFT Energy ZPE  Solvation System DFT Energy ZPE  Solvation

1 —560.17 4.05 —560.59 31 —556.10 4.72 —556.74
2 —563.95 439 —564.34 32 —556.43 4.73 —556.74
3 —566.90 4.46 —567.53 33 —557.32 4.72 —557.55
4 —566.96 4.62 —567.32 34 —545.92 4.29 —546.00
5 —552.34 3.91 —552.61 35 —560.10 5.02 —560.29
6 —555.96 4.23 —556.16 36 —545.16 4.27 —545.35
7 —570.67 4.97 —570.99 37 —545.61 4.28 —545.71
8 —556.07 4.25 —556.26 38 —560.40 5.01 —560.68
9 n/a n/a n/a 39 —550.03 4.60 —550.11
10 —545.54 3.76 —545.62 40 —549.12 4.60 —549.49
11 —559.84 4.53 —560.20 41 —549.09 459 —549.31
12 —559.77 4.54 —560.00 42 —538.14 4.13 —538.19
13 —560.10 4.83 —560.35 43 —553.35 490 —553.53
14 —573.20 526 —574.01 44 —542.17 4.48 —542.23
15 —560.10 4.83 —560.35 45 —546.52 4.80 —b546.60
16 —547.93 4.08 —548.18
17 —548.22 4.09 —548.44
18 n/a n/a n/a
19 —563.15 4.82 —563.36
20 —548.64 4.74 —549.14
21 —562.99 4.83 —563.43
22 —552.34 4.37 —552.52
23 —552.45 4.39 —552.62
24 —552.29 4.41 —552.50
25 —567.07 5.13 —567.30
26 —553.05 4.44 —553.33
27 —553.65 443 —553.81
28 —552.03 4.41 —552.30
29 —556.69 470 —bb56.82
30 —541.95 3.99 —542.04




Table S3: Energy components of the optimized intermediates on the 2 overlayers Cu surface

System DFT Energy ZPE  Solvation System DFT Energy ZPE  Solvation

1 —541.37 4.03 —542.04 31 —536.91 4.69 —537.40
2 —544 .86 436 —545.58 32 —537.58 4.28 —538.01
3 —b547.86 4.60 —b548.56 33 —538.20 4.69 —538.74
4 —b47.77 4.66 —548.43 34 —526.87 4.26 —527.24
5 —533.34 3.89 —533.86 35 —540.75 498 —541.27
6 —536.48 4.18 —b537.17 36 —525.97 424 —526.46
7 —551.57 493 —552.18 37 —526.50 4.98 —526.88
8 —536.80 4.19 —537.30 38 —541.06 4.97 —541.66
9 n/a n/a n/a 39 —530.91 456 —531.31
10 —526.28 3.71 —526.66 40 —529.91 4.57 —530.62
11 —540.84 450 —541.50 41 —529.93 456 —530.45
12 —540.76 452 —541.30 42 —518.87 410 —519.22
13 —541.18 451 —541.73 43 —534.00 4.86 —534.51
14 —553.86 5.22 —555.04 44 —522.97 4.43 —523.34
15 —540.34 452 —540.83 45 —527.18 4.75 —527.59
16 —528.77 4.04 —529.32
17 —529.03 4.06 —529.57
18 n/a n/a n/a
19 —543.95 4.79 —544.45
20 —529.70 4.74 —530.50
21 —543.76 4.50 —544.62
22 —533.28 4.34 —533.78
23 —533.41 436 —533.89
24 —533.11 437 —533.61
25 —547.72 5.07 —548.25
26 —534.04 4.41 —534.61
27 —534.74 441 —535.20
28 —532.89 4.38 —b33.47
29 —537.58 4.28 —538.01
30 —522.81 3.96 —523.19




S3 Partial charges on the atoms of the intermediates

Table S4: DDECG6 partial charges on the atoms of the intermediates on the pure Cu surface. The
last colums is the total charge on the intermediate.

C1 c2 01 02 03 04 H1 H2 H3 H4 Dy

01E 0.46 046 —041 —-041 -041 —-041 n/a n/a n/a n/a  —0.73
02E 0.52 0.46 —-042 —-041 —-0.40 —-0.42 040 n/a n/a n/a —0.28
03D 0.40 040 —-040 -039 —-040 —-039 036 036 n/a n/a  —0.07
07C 0.14 047 —-043 -043 —-047 -039 0.35 0.33 037 n/a  —0.05
12A 052 —-024 —-042 -039 -043 n/a 0.39 034 n/a n/a —0.24
18A —-0.16 035 —-0.40 —-041 -037 n/a 0.11 0.38 035 n/a —0.17
25 -0.19 0.562 —-041 -041 -0.41 n/a 0.12 0.28 0.38 0.31 0.20
31A 0.11 -0.11 -041 -0.36 n/a n/a 0.07 0.38 0.30 n/a —0.03
36A 0.13 —-042 -0.37 n/a n/a n/a 0.16 034 n/a n/fa  —0.15
40A 020 —-048 —-035 n/a n/a n/a 0.15 0.07 037 n/a  —0.05
43A —-0.43 024 —-035 n/a n/a n/a 0.17 0.33 0.09 0.17 0.22
44A  —-0.20 —-0.30 n/a n/a n/a n/a 0.13 0.13 011 n/a  —-0.12
45A —0.23 —-0.23 n/a n/a n/a n/a 0.14 0.14 0.14 0.14 0.10

Table S5: DDECG6 partial charges on the atoms of the intermediates on the Ni surface with 1 Cu
overlayer. The last colums is the total charge on the intermediate.

C1 c2 01 02 03 04 H1 H2 H3 H4 Dy

01E 0.46 0.46 —042 —-042 -042 —-042 n/a n/a n/a n/a  —0.77
02E 0.52 0.46 —-0.43 —-042 —-0.41 —-042 040 n/a n/a n/a —0.31
03D 043 043 -—043 —-041 —-0.43 -—041 039 039 n/a n/a  —0.04
07C 0.13 048 —-0.43 -044 —-047 -0.40 0.36 0.34 037 n/a —0.06
12A 053 —-024 —-041 -040 -0.43 n/a 0.39 035 n/a n/a —-0.22
18A —-0.14 041 —-045 —-044 -035 n/a 0.11 0.38 036 n/a —0.12
25E  —-0.20 052 —-041 -041 -041 n/a 0.13 0.28 0.38 0.31 0.19
31A 0.10 -0.11 -041 -036 n/a n/a 0.08 0.38 030 n/a —0.03
36A 0.13 —-042 —-0.37 n/a n/a n/a 0.17 035 n/a n/fa  —0.15
40A 020 —-049 -036 n/a n/a n/a 0.15 0.07 037 n/a  —0.06
42A 026 —-0.26 n/a n/a n/a n/a 0.15 0.15 n/a n/fa  —0.22
44A —-0.20 —-0.30 n/a n/a n/a n/a 0.13 0.14 011 n/a —0.12
45A —0.24 —-0.24 n/a n/a n/a n/a 0.14 0.14 0.14 0.14 0.09




Table S6: DDECG6 partial charges on the atoms of the intermediates on the Ni surface with 2 Cu
overlayers. The last colums is the total charge on the intermediate.

C1 C2 01 02 03 04 H1 H?2 H3 H4 by
01E 0.46 046 —041 —-041 —-041 —-041 n/a n/a n/a n/a —0.73
02E 0.52 0.46 —-042 -041 -040 —-0.42 0.40 n/a n/a n/a —0.28
03F 036 036 —-040 -039 -040 -039 037 037 n/a n/a —0.14
07C 013 048 —-043 -043 —-047 -039 033 037 036 n/a —0.04
12A 053 —-024 —-0.42 -039 —-043 n/a 039 035 n/a n/a —0.23
18D —-0.26 046 —0.40 —-0.49 —-0.28 n/a 0.10 0.37 0.36 n/a —0.15
25 —-0.20 052 —-041 -041 -041 n/a 0.13 0.28 0.38 0.314 0.21
32A 061 —-0.69 —0.44 —041 n/a n/a 0.14 0.29 0.39 n/a —0.12
38A 061 —-0.62 —042 —-041 n/a n/a 019 035 034 0188 0.24
41B  —-0.43 0.12 -0.38 n/a n/a n/a 0.16 0.14 0.35 n/a —0.04
43A —042 024 -035 n/a n/a n/a 017 032 009 0175  0.23
44A —-021 —-029 n/a n/a n/a n/a 0.13 0.13 0.11 n/a —0.13

45A  —0.23 —-023 n/a n/a n/a n/a 0.14 0.14 0.14 0.142 0.10

S4 Sum of Bond Orders

Table S7: Cu surface

C1 c2 01 02 03 04 H1 H2 H3 H4 C-CBO

01E 4.12 4.12 2.35 2.35 2.34 234 n/a n/a n/a n/a 0.78
02E 4.03 4.21 2.36 2.34 2.34 2.22 0.82 n/a n/a n/a 0.83
03D 4.12 4.12 2.32 2.37 2.32 2.37 0.88 0.88 n/a n/a 1.02
07C 4.00 4.13 2.25 2.35 2.29 2.38 0.90 0.96 0.88 n/a 1.02
12A 4.08 4.04 2.35 2.48 219 n/a 0.88 094 n/a n/a 1.24
18B 4.14 4.24 2.57 2.50 231 n/a 1.01 0.85 090 n/a 1.60
25E 4.07 4.07 2.24 2.32 235 n/a 1.00 1.05 0.88 0.99 1.24
31A 3.99 4.13 2.37 226 n/a n/a 1.04 0.86 1.02 n/a 1.46
36A 3.94 3.88 229 n/a n/a n/a 0.98 0.90 n/a n/a 1.47
40A 3.99 4.08 252 n/a n/a n/a 1.01 0.98 0.86 n/a 1.72
43A 3.93 3.97 239 n/a n/a n/a 1.01 0.93 0.97 0.99 1.53
44A 386 396 n/a n/a n/a  n/a 1.01 098 1.06 n/a 1.69

45A 3.89 3.80 n/a n/a n/a n/a 1.00 1.00 1.00 1.00 1.51




Table S8: Ni surface with 1 Cu overlayer

C1 Cc2 01 02 03 04 H1 H2 H3 H4 C-CBO

01E 412 412 234 234 234 234 n/a nfa n/a n/a 0.77
02E 4.03 4.22 2.36 2.34 2.34 2.22 0.82 n/a n/a n/a 0.83
03D 4.11 4.11 2.23 2.53 2.23 2.52 0.84 0.84 n/a n/a 0.99
07C 4.00 4.13 2.25 2.35 2.29 2.37 0.89 0.95 0.88 n/a 1.01
12A 408 401 236 247 218 n/a 08 092 n/a  n/a 1.22
18A 4.03 4.28 2.45 2.55 230 n/a 1.01 0.85 0.88 n/a 1.47
25E 4.09 4.07 2.23 231 234 n/a 0.99 1.04 0.87 0.99 1.24
31A 3.99 4.15 2.37 226 n/a n/a 1.04 0.86 1.02 n/a 1.47
36A 3.95 3.90 228 n/a n/a n/a 0.97 090 n/a n/a 1.48
40A 4.00 4.09 252 n/a n/a n/a 1.01 0.98 0.86 n/a 1.73
42A 3.94 394 n/a n/a n/a n/a 0.97 0.97 n/a n/a 1.66
44A 3.86 397 n/a n/a n/a n/a 1.01 0.98 1.06 n/a 1.70

45A 3.89 3.89 n/a n/a n/a n/a 1.00 1.00 1.00 1.00 1.52

Table S9: Ni surface with 2 Cu overlayers

C1 Cc2 01 02 03 04 H1 H2 H3 H4 C-CBO

01E 4.12 4.12 2.34 2.34 2.34 234 n/a n/a n/a n/a 0.77
02E 4.03 4.22 2.35 2.34 2.35 2.22 0.82 n/a n/a n/a 0.83
03F 4.13 4.13 2.35 2.35 2.35 2.35 0.87 0.87 n/a n/a 1.11
07C 3.99 4.13 2.24 2.35 2.29 2.37 0.89 0.95 0.88 n/a 1.01
12A 4.07 4.02 2.35 2.46 219 n/a 0.88 092 n/a n/a 1.23
18D 3.98 4.28 2.58 2.21 263 n/a 1.05 0.88 0.86 n/a 1.56
25E 4.08 4.06 2.23 231 233 n/a 0.99 1.04 0.88 0.98 1.23
32A 4.10 4.10 2.18 228 n/a n/a 1.07 1.03 0.85 n/a 1.49
38A 4.06 3.99 2.29 230 n/a n/a 0.99 0.91 0.93 1.00 1.41
41B 396 394 241 n/a  n/a  n/a 1.03 1.0l 087 n/a 1.52
43A 3.93 3.97 238 n/a n/a n/a 1.00 0.94 0.97 0.99 1.52
44A 3.88 394 n/a n/a n/a n/a 1.01 0.99 1.06 n/a 1.67

45A 3.89 389 n/a n/a n/a n/a 1.00 1.00 1.00 1.00 1.51
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