	
Supplementary Note 1: SEM images of the AFM probe for friction testing
[bookmark: _GoBack]The microscopic lateral forces (friction) of the self-assembled samples were measured by MFP-3D AFM (Asylum Research, USA) with a multitip probe (HQ:XSC11, nominal normal spring constant of 2.7 N/m). SEM characterization of the AFM probe was performed, and the contact radius of the silicon tip was determined, as shown in Figure S1. The radius of the new tip was 11 nm, and the tip radius after the tests was 35 nm.
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Supplementary Figure 1 l SEM images of the AFM probe for friction testing: (a) and (b) new tip. (c) and (d) tip after testing.

Supplementary Note 2: AFM test diagrams of friction between two self-assembled layers
Friction forces were measured by the half width of the lateral force loop under different applied loads using MFP-3D AFM in lateral force mode under ambient atmosphere, the detailed measurement processes are described in the Methods section. Figure S2a and S2b show the friction images of the cis-NN2A and cis-NN2A-F self-assembled molecular layers, respectively. The average friction forces of both self-assembled layers increased linearly with increasing normal load. In addition, the friction of the cis-NN2A-F self-assembled molecular layer was lower than that of cis-NN2A, and the relationship was consistent with the results in Figure 4b.
[image: D:\博士资料-薛单单\博士期间实验数据\Paper-NN2A & NN2A-F\Figures and Tables\幻灯片13.tif]
Supplementary Figure 2 l AFM test diagrams of friction between two self-assembled layers (a) cis-NN2A and (b) cis-NN2A-F.

Supplementary Note 3: Hertz contact pressure of the cis-NN2A-F self-assembled layer, cis-NN2A self-assembled layer and HOPG obtained by ABAQUS simulation
ABAQUS well suited for solving nonlinear problems. The contact pressure between the probe and the self-assembled molecular layer was obtained by the ABAQUS static method, and the elastic deformation between the molecular layer and the probe was also obtained. The maximum contact pressures of the cis-NN2A-F self-assembled layer, cis-NN2A self-assembled layer and HOPG were 5.970 GPa, 4.607 GPa and 2.715 GPa, respectively.
[image: ]
Supplementary Figure 3 l Hertz contact pressure of the cis-NN2A-F self-assembled layer, cis-NN2A self-assembled layer and HOPG obtained by ABAQUS simulation: (a) cis-NN2A-F; (b) cis-NN2A and (c) HOPG.

Supplementary Note 4: the atomic snapshot during silicon tip sliding between the AFM probe and self-assembled layers via MD simulates
From the atomic snapshot during silicon tip sliding shown in Video.mp4 (Side view of system) and Video.mpg (Top view of system), it was found that both types of assembling molecules were coated on the silicon tip. The cis-NN2A-F molecule exhibited tighter coating, resulting in a smaller area where the silicon tip was directly in contact with the graphene layer. The result verified that the cis-NN2A-F self-assembled molecular layer has a smaller friction coefficient.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Supplementary Video_cis-NN2A.mp4 l Side view of the system. The atomic snapshot during silicon tip sliding in MD simulates the AFM probe and cis-NN2A self-assembled layers.
Supplementary Video_cis-NN2A-F.mp4 l Side view of the system. The atomic snapshot during silicon tip sliding in MD simulates the AFM probe and cis-NN2A-F self-assembled layers.
Supplementary Video_cis-NN2A-1.mpg l Top view of the system. The atomic snapshot during silicon tip sliding in MD simulates the AFM probe and cis-NN2A self-assembled layers.
Supplementary Video_cis-NN2A-F-1.mpg l Top view of the system. The atomic snapshot during silicon tip sliding in MD simulates the AFM probe and cis-NN2A-F self-assembled layers.
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