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1. An optical microscope image of multilayer graphene nanoflakes on a glass slide

Figure S1 Optical microscope image of many multilayer graphene nanoflakes on a
clean glass slide, which were exfoliated from the flake graphite using Scotch tape. The

yellow circle highlights a multilayer graphene nanoflake with a size of around 10 x 10
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um? and a thickness of approximately 1-30 nm, which was suitable for fabricating a

graphene layer probe.

2. The friction coefficients between six graphene layer probes and HOPG
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Figure S2 The friction coefficients between six graphene layer probes and HOPG. The

test parameters were the same as that of the friction measurement shown in Figure 2a.

3. FESEM image and Raman spectrum of the graphene layer probe after sliding a long

distance
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Figure S3 (a) FESEM image of the graphene layer probe after sliding a long distance.

(b) Raman spectrum of the graphene layer probe after sliding a long distance.
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4. The frictional forces and adhesive forces between the graphene layer probe and

HOPG under different relative humidities.
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Figure S4 (a) The frictional forces between the graphene layer probe and HOPG under
different relative humidities. The relative humidity ranged from 0% to 80% (0%
corresponds to dry nitrogen atmosphere). The normal load was 36 nN and the sliding
velocity was 4 um/s. The frictional forces under different relative humidities
maintained approximately 0.06 nN. (b) The adhesive forces between the graphene layer
probe and HOPG under different relative humidities. The relative humidity ranged from
0% to 80% (0% corresponds to dry nitrogen atmosphere) and the approach/retract
velocity of the probe was 500 nm/s. The adhesive forces under different relative

humidities maintained approximately 19 nN.

S3



5. Typical normal forces as functions of separation of the four layered heterojunctions
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Figure S5 Normal forces as functions of separation when the graphene layer probe
approached the topmost layers of four 2D layered materials and then detached from

them. The approach/retract velocity of the probe was 500 nm/s.

6. Adhesive force maps of the four layered heterojunctions in 1000 x 1000 nm? area
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Figure S6 Adhesive force maps extracted from 64 normal force curves in an area of
1000 x 1000 nm? when the graphene layer probe first approached the four 2D layered
materials and subsequently detached from them: (a) GLP/HOPG, (b) GLP/h-BN, (c)

GLP/MoS,, and (d) GLP/WS,.

7. Explanation of multi-asperity contact between the graphene layer probe and HOPG

The topography on the top region of the graphene layer probe was investigated by
AFM by driving a silicon tip array with a period of 3 pum to slide against the graphene
layer probe, as shown in Figure S7a. Asperities on the surface were observed, and the
root mean square roughness over the whole area was calculated to be about 1 nm. Based
on the cross-sectional height profile (Figure S7b), the distance between two adjacent
asperities was about 20 nm. Therefore, the surface of the graphene layer probe was not
atomically flat, and it was inferred that the graphene layer probe formed multi-asperity

contact with the HOPG.
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Figure S7 (a) AFM image of the topography on the top central region of the graphene
layer probe with a scanning area of 300 x 300 nm? using tapping mode. (b) Cross-

sectional height profile of the graphene layer probe surface along the yellow line in (a).

8. Physical parameters of the four 2D layered materials and air

Table S1 Physical parameters of the four 2D layered materials and air

Graphene h-BN MoS, WS, Air
(HOPG)
Interlayer shear stress (MPa) 0.25-0.75'  0.32 16-173 20.0*
Static dielectric constant 5.0° 4.0 12.87 11.57 1
Refractive index 1.938 1.85° 3.977 3.587 1
Surface energy (mJ/m?) 70-110'0:11 11012 250-26013-15  250-260'3-15

9. Calculated Hamaker constants of the four layered heterojunctions

Table S2 Calculated Hamaker constants of the four layered heterojunctions

GLP/HOPG GLP/h-BN GLP/MoS, GLP/WS,

Calculated Hamaker constant (10-1°J) 1.91 1.78 3.80 3.57
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