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Figure S1. Pushing down process of a 10 atom Au tip on graphene/Ni(111) substrate. (a)—(e)

Pushing down on the top site, the distance (between the tip apex atom and the top layer of Ni(111)

substrate) d ranges from 4.7 to 4.3 A; (f)—(j) Pushing down on the hollow site, the distance d

ranges from 4.6 to 4.2 A; (k)—(0) Pushing down on the bridge site, the distance d ranges from 4.7

to 4.3 A.
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Figure S2. Out-of-plane displacements of C atoms in graphene for the pushing down process of a

10 atom Au tip on graphene/Ni(111) substrate. (a)—(e) Pushing down on the top site; (f)—(j)

Pushing down on the hollow site; (k)—(0) Pushing down on the bridge site. The black circle

represents the position of the tip apex atom. The red color represents the C atom is attracted




upward and the blue color represents the C atom is pressed downward.
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Figure S3. Pushing down process of an Ar atom on graphene/Ni(111) substrate. (a)—(e) Pushing
down on the top site, the distance (between the tip apex atom and the top layer of Ni(111)
substrate) d ranges from 5.5 to 5.1 A; (f)—(j) Pushing down on the hollow site, the distance d

ranges from 5.5 to 5.1 A; (k)—(0) Pushing down on the bridge site, the distance d ranges from 5.5

to 5.1 A.
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Figure S4. Out-of-plane displacements of C atoms in graphene for the pushing down process of

an Ar atom on graphene/Ni(111) substrate. (a)—(e) Pushing down on the top site; (f)—(j) Pushing

down on the hollow site; (k)—(0) Pushing down on the bridge site. The black circle represents the



position of the tip apex atom. The red color represents the C atom is attracted upward and the blue

color represents the C atom is pressed downward.

-1.50 (a —a—Taop .08 (b ——Top 012 (C) —a—Top
Hollow —9— Hollow —o— Hollow
155 — Bridge —o— Bridge —o—Pridge
155 -0t - 0.13
_ _ Y _
3 -160 2 %
JP% 3‘ il ~“—’% 014
w w
1.65 W
12+ -0.15
.7
0 Irl R X s X . 13 AU ) o6 Ar S R
40 41 42 43 44 45 48 T a2 a3 a4 45 46 47 - 5.1 5.2 5.3 5.4 55
d (A) d(A) d(A)
-1s0/(d) ——Top 050(e) T 0121 —o—Top
—a— Hollow 095] @— Hollow ) —a— Hollow
—a— Bridge : —e—Bridge —a— Bridge
-1.55 -1.00+ -
e 043¢
-1.05f S
< 160 e ~ <
o 2 110t 2L n1ak
ET whasl / wt
-1.20 L
70k -0.15
-1.25¢F
Ir Au — Ar
475 L . N . L 1.30 . , . N . L 016 .
-1.0 -0.5 0.0 05 1.0 1.5 20 08 -04 0D 04 08 1.2 1.6 0.1 0.0 0.1 0.2 03 0.4
F (nN) F (nMN) F (nN)
a7 4.8 .
( —a—Top (h ) —o—Top 55 _(l ) ——Top
46+ —3— Hollow 47k —a— Hollow —a— Hollow
s —a— Bridge —a— Bridge
=T 46 541
_ 44p _
= = a5t =
- = — 53
a1 43 o h=l
4.4
42¢ 5.2p
sl . 430
—
— 51F
L . ) . ) 42-Au Ar
-1.0 0.5 0.0 0.5 1.0 1.5 2.0 0.8 04 0.0 04 08 12 16 -0.1 0.0 01 0.2 03 0.4
F (nN) F (nN} F (nN}

Figure S5. Calculations of the pushing down processes of the 10 atom Ir tip, Au tip, and an Ar
atom on the graphene/Ni(111) substrate respectively. (a)—(c) The relationships between the
distance d and adsorption energy E.q under the selected normal loads for the Ir tip, Au tip, and an
Ar atom respectively; (d)—(f) The adsorption energy Enq under the selected normal loads F for the
Ir tip, Au tip, and an Ar atom respectively; (g)—(i) The relationships between the normal load F

and distance d under the selected normal loads for the Ir tip, Au tip, and an Ar atom respectively.
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Figure S6. Calculations of the 10 atom Au tip on the graphene/Ni(111) substrate under the normal
loads of 0 nN-2.5 nN. (a) The relationship between the distance d and adsorption energy E.q; (b)
The adsorption energy E.q under the selected normal loads; (c) The relationship between the
normal load F and distance d under the selected normal loads; (d) The potential energy V under

the selected normal loads.
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Figure S7. Calculations of the 10 atom Ar tip (the tip was not relaxed) on the graphene/Ni(111)
substrate under the normal loads of 0 nN-0.35 nN. (a) The relationship between the distance d and
adsorption energy E.q; (b) The adsorption energy Enq under the selected normal loads; (c) The
relationship between the normal load F and distance d under the selected normal loads; (d) The

potential energy V under the selected normal loads.



