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Table S1: Benchmark of slab thickness and relaxation thickness of single Cu atom adsorption on Fe;C,(100), FesC,(111),

FesC,(510), FesC,(010) and FesC,(001) surfaces. (L represents total layers, R represents relaxed layers.)

Test FesC,(100) FesC,(111) FesC,(510)
E.qgs(eV) E.qgs(eV) E.qs(eV)
p(1x1)-4.60A-7LR6 -2.82 | p(2x1)-4.49A-151R12  -2.84 p(1x1)-5.18A-8LR6 -3.27
Slab p(1x1)-5.72A-8LR6 -2.82 | p(2x1)-5.62A-18LR12  -2.82 p(1x1)-5.63A-9LR6 -3.26
thickness p(1x1)-7.06A-10LR6 -2.86 | p(2x1)-8.74A-27LR12  -2.83 | p(1x1)-7.22A-11LR6 -3.30
p(1x1)-9.02A-12LR6 -2.80 p(1x1)-7.67A-12LR6 -3.29
p(1x1)-10.33A-14LR6  -2.80 p(1x1)-9.71A-15LR6 -3.29
p(2x2)-5.72A-8LR6 -2.84 | p(2x1)-4.49A-15LR11 -2.91 p(1x1)-5.63A-9LR5 -3.26
Relaxation p(2x2)-5.72A-8LR7 -2.82 | p(2x1)-4.49A-15LR12 -2.84 p(1x1)-5.63A-9LR6 -3.26
thickness p(2x2)-5.72A-8LR8 -2.85 | p(2x1)-4.49A-15LR13 -2.80 p(1x1)-5.63A-9LR7 -3.26
p(2x1)-4.49A-15LR14 -2.79 p(1x1)-5.63A-9LR8 -3.28
Test FesC,(010) FesC,(001)
E.qgs(eV) E.gs(eV)
p(1x1)-4.04-8LR8 -3.31 | p(1x1)-4.15A-10LR8  -2.96
Slab p(1x1)-4.50-9LR8 -3.28 | p(1x1)-6.07A-14LR8  -2.93
thickness | p(1x1)-5.07-10LR8 -3.28 | p(1x1)-6.62A-15LR8  -2.95
p(1x1)-5.59-11LR8 -3.27 | p(1x1)-9.09A-20LR8  -2.93
p(1x1)-6.74-13LR8 -3.26
p(1x1)-5.59-11LR6 -3.29 | p(1x1)-6.07A-14LR8 -2.93
p(1x1)-5.59-11LR7 -3.29 | p(1x1)-6.07A-14LR9 -2.93
Relaxation .
thickness p(1x1)-5.59-11LR8 -3.27 p(1x1)-6.07€\-14LR10 -2.92
p(1x1)-5.59-11LR9 -3.25 | p(1x1)-6.07A-14LR11  -2.92
p(1x1)-5.59-11LR10 -3.25 | p(1x1)-6.07A-14LR12  -2.92
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Figure S1. Various optimized Cu4.,3, Cu;¢ configurations on the p(2x2) Fe;C,(100) surface (adsorption energy in eV)

Cul

6F (-2.84) 4F (-2.57) 3F (-2.40) 2F (-2.18) 1F (-1.83)

Cu2

d4 (-5.66) d5 (-5.65) d6 (-5.44)

~S3~



Cu3

a1 (-9.15)

Cud

a6 (-11.55)

d1 (-11.35)

~S4~



Cu5

Cub

d1(-18.17) d2 (~18.16) d3 (-18.11) d4 (-16.74)

~S5~



Cu?7

d5 (-21.24) d6 (-21.08) d7 (-20.94) d8 (-19.81)

~S6~



Cu8

Cu9

a4 (-28.40)

~S7~



Culo

Cull

Cul2

a1 (-38.88) a2 (-38.86) a3 (-38.75) a4 (-38.60)

~S8~



Cul3

Cule

a9 (-51.71) a10 (-50.81) a11 (~50.05) a12 (-49.37)

~S9~



Figure S2. Diffusion pathways of single Cu atom on the Fe;C,(100) surface
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Figure S3. Various optimized Cu..4, Cu¢ configurations on the p(2x2) FesC,(111) surface (adsorption energy in eV)
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Figure S4. Diffusion pathways of single Cu atom on the Fe;C,(111) surface
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Figure S5. Various optimized Cu .17, Cu,o configurations on the p(2x1) FesC,(510) surface (adsorption energy in eV)
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Figure S6. Diffusion pathways of single Cu atom on the Fe;C,(510) surface

~S§37~



Figure S7. Various optimized Cu,.7, Cuy,, Cuy, Cus, Cuyg, Cuqg, Cuyo configurations on the p(2x1) FesC,(010) surface (adsorption

energy in eV)

Cul

5F1 (~3.30) 3F1(-3.09) 4F1 (-3.05) 5F2 (-2.86)

BF (-3.53)

4F4 (-2.59) 3F2 (-2.57)

4F3 (-2.65)

(-2.67)

4F2

5F3 (-2.73)

-1.94)

(

1F

2F (-2.39)

3F3 (-2.40)

Cu2

a2 (-6.78) a3 (-6.41)

al(-6.88)

d2 (-6.83) d3 (-6.42)

d1 (-7.15)

~S§38~



Cu3

a2 (-10.21) a3 (-10.09) a4 (-9.99) a5 (-9.95)

a1 (-10.70)

d2 (~10.06)

d1 (-10.56)

Cud

~14.14)

a2 (

)

al (-14.17

d2 (-13.88) d3 (-13.82) d4 (-12.89)

d1 (~14.00)

Cu5

)

al (-17.63

Cub

a2 (-21.01) a3 (-20.10)

a1 (-21.09)

Cu7

a2 (-24.08) a3 (-24.07) a4 (-23.94) a5 (-23.50)

al (-24.42)

~S§39 ~



18 (-66.11)

-66.61)

17 (

~S540 ~

Cul2-19

R 0 ©
; < ©
©
© : < NS
e (B - - sl
N o [T}
. n e - -
)
X
<~
w
L
©
-
-
© )
< — R =
3 o™
b= %)
s ~ o 9
© o}
— © © [{e]
2 o L oL
3 <t for) <
‘ - o -
- o
o
f <
| 0
d <L
- ©
;A' k. i
= ; =]
.. N .‘.-. Jlla‘.al O —_
-1 Lu..\‘mﬂl&.ﬁ. < o~
s - 4 © =g = @
& . ) ~ 0 o
© & ] ©
,
L © © ©
=2} < L =
=
3 © © 34
. o
o
o
~
<
4l
<
-
3
) —_ . =
0 %) @© Q \
- P © 4
g 3 g 2 ST
— T i : !
< ~ ~ ~ OB
- L
3 * 4 ‘H.“...,uu
. (&) -v .\.du,r‘u\A,.
o Lasiceyy U1
b 3
o
b
o~
-
3
(@] & & &
i @ =
0]
[e]
T @ %w
S —

Cu20

16 (-68.30)



Figure S8. Diffusion pathways of single Cu atom on the Fe;C,(010) surface
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Figure S9. Various optimized Cu,.;, Cus, Cuqs, Cuys, Cuig, Cuyg configurations on the p(2x1) Fes;C,(001) surface (adsorption

energy in eV)
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Figure S10. Diffusion pathways of single Cu atom on the Fe;C,(001) surface

1.0 - 2r2 -
0.8 - / A Is A
5] £ o g
1 T
JF-_‘
0.4 /
0.2 -
0.0 - & “8E
-
»

~S50~



Figure S11. The top and side views of the Cu(111) and Cu, (1 ML) on the five FesC, surfaces.
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