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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 Å; (f)−(j) Pushing down on the hollow site, the distance d 

ranges from 4.6 to 4.2 Å; (k)−(o) Pushing down on the bridge site, the distance d ranges from 4.7 

to 4.3 Å. 

 

 
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)−(o) 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. 

 
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 Å; (f)−(j) Pushing down on the hollow site, the distance d 

ranges from 5.5 to 5.1 Å; (k)−(o) Pushing down on the bridge site, the distance d ranges from 5.5 

to 5.1 Å. 

 

 
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)−(o) 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. 

 

 

 
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 Ead under the selected normal loads for the Ir tip, Au tip, and an 

Ar atom respectively; (d)−(f) The adsorption energy Ead 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. 



 

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 Ead; (b) 

The adsorption energy Ead 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. 

 

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 Ead; (b) The adsorption energy Ead 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. 


