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Figure 3 | Normalized friction force on areas with different number
of layers. Friction forces were normalized to the value obtained on
the thinnest layer.

In this work, we studied the friction
and adhesion characteristics between
exfoliated 2-D materials and nanoscale
single asperity tips using AFM. We observed layer-dependent friction for
graphene. This observation coupled
with ﬁnite element modeling (FEM)
suggests that the trend is caused by the
puckering effect of the thin graphene
sheets. Regular FD spectroscopy also
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four layers or more.
We also obtained a second set of
adhesion tests using a modiﬁed form
of FD spectroscopy. In that test, adhesion is measured immediately after
sliding the AFM tip over the same area
for a sufﬁcient distance without breaking the tip-graphene contact until the
pull-off itself. Our preliminary results
suggest that the adhesion between graphene and the tip has a sliding-history
dependence. The adhesion is enhanced by sliding the AFM tip over the
same area. This suggests that the enhanced contact area between the graphene and the tip requires a sufﬁcient
amount of sliding. This may be emblematic of the ﬂuctuating nature of
the graphene sheet, whose geometric
conﬁguration is strongly affected by
the sliding action.
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Figure 4 | Normalized adhesion force versus graphene layer number in dry N2 for a silicon tip on three different samples.
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showed that the pull-off force between graphene and the
AFM tip did not have an appreciable dependence on the
number of layers, which is consistent with FEM predictions.
However, our preliminary results obtained using a modified
form of FD spectroscopy suggest that the graphene adhesion
has a sliding-history dependence.
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