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Table 1. The parameters for the LJ potential VLJ. 

LJ Potential E0 (eV) r0 (nm) cutoff radius (nm) 

T-Mo 0.001052 0.3452 0.86300 

T-S 0.007360 0.3943 0.98575 

T-C 0.002840 0.3400 1.19000 

T means the carbon atom of the single-atom tip, and C means the carbon atoms in the graphene. S 

and Mo mean the sulfur and molybdenum atoms of SLMoS2, respectively. These parameters have 

been demonstrated in previous works [1,2]. 

Table 2. The parameters for the long-range interaction Vlong of Figure 2(a) and (b). 

Sample E (eV) b1 (nm) b2(nm) c (nm) d (nm) 

Graphene 0.09 0.12 0.14 0.04 0.49 

SLMoS2 2.50 0.10 0.12 0.53 6.08 

 



 

Figure S1. The amplitudes of the maximum frictional forces Fxmax and the periodic frictional forces Fxp of 

the monovacancy-defective graphene (a) and SLMoS2 (b) with different dampings γx of the system (γx = 

8*10-5 N.s/m, 4*10-4 N.s/m, 2*10-3 N.s/m and 10-2 N.s/m). 
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Figure S2. The tip-surface potential Pt vs scanning distance D curves for sliding paths along AC 

orientation of the monovacancy-defective graphene (a) and SLMoS2 (b). The solid red curves and the 

dashed black curves in (a) and (b) were obtained by calculating the LJ potential (V LJ) and by fitting the LJ 

potential (V LJ) via the modified interaction potential (Vtotal), respectively. The position of the single-atom 
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Defective graphene 
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Defective SLMoS2  
 (f)  

γx= 8*10-5 N.s/m  
γx= 4*10-4 N.s/m 
γx= 2*10-3 N.s/m 
γx= 10-2 N.s/m 
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Vm = 2 nm/s  
Vm = 15 nm/s 
Vm = 60 nm/s 
Vm = 150 nm/s 

T
h

e 
p

o
si

ti
o

n
 o

f 
th

e 
ti

p
 P

 (
Å

) 

 

Sliding distance D (Å )  Sliding distance D (Å )  

Defective SLMoS2 
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Vm = 2 nm/s  
Vm = 15 nm/s 
Vm = 60 nm/s 
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Defective graphene  
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Defective SLMoS2  
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 (b)  

Defective SLMoS2 with Vs defect 
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tip P vs the scanning distance D curves for sliding paths along AC orientation of the 

monovacancy-defective graphene ((c), (e), (g) and (i)) and SLMoS2 ((d), (f), (h) and (j)) with different 

effective mass of the system mx, damping of the system γx, sliding velocity Vm and spring constant of the 

pulling spring cx. The critical spring constants cx of the monovacancy-defective graphene (i) and SLMoS2 

(j) are the curvatures of the tip-surface interaction (Vtotal’’) at the vacancy defect site of defective graphene 

and SLMoS2 (V’’carbon = 1.42 for the monovacancy-defective graphene and V’’SLMoS2 = 14.76 for the 

monovacancy-defective SLMoS2). The small and larger cx are based on their respective critical values cx 

and separated by an amplitude of 5 times. Specifically, the small, critical and larger cx of the 

monovacancy-defective graphene in Figure S2 (i) is 0.28 N/m, 1.42 N/m and 7.10 N/m, respectively. The 

small, critical and larger cx of the monovacancy-defective SLMoS2 in Figure S2 (j) is 2.95 N/m, 14.76 N/m 

and 73.8 N/m, respectively. The dotted box in Figure S2(i) and (j) represent the the stick-slip behaviors in 

the vicinity of the vacancy defect of the monovacancy-defective graphene and SLMoS2, respectively. 

 



 

Figure S3. The frictional force Fx vs the sliding distance D curves for sliding paths along AC 

orientation of the monovacancy-defective graphene ((a), (c), (e) and (g)) and SLMoS2 ((b), (d), (f) and (h)) 

with different effective mass of the system mx, damping of the system γx, sliding velocity Vm and spring 

constant of the pulling spring cx.  
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 (c)  
Defective graphene γx= 8*10-5 N.s/m  

γx= 4*10-4 N.s/m 
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