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Low-temperature superlubricity of suspended graphene

We study the superlubric sliding of a nanometer-sized diamond-like-carbon tip over a suspended graphene
layer at different temperatures using molecular dynamics [1-5]. Dramatic effects of thermally- and mechanically-
induced rippling are demonstrated on the frictional properties of free-standing graphene. The tensile
deformation of graphene in response to the normal load is found to be beneficial for achieving low friction at
most of the studied temperatures. However, graphene at liquid-helium temperature exhibits an inverse trend,
the friction is even found to be negative at low-load. This abnormal behavior arises from the oscillation of
graphene in favor of superlubricity. The breakdown of superlubricity in suspended graphene is found to be
strongly correlated to the competition between the rippling and oscillation mechanisms.
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Figure 1: (a) Model setup for a DLC tip sliding over an infinite graphene layer that is suspended between two parallel
hypothetical supports. (b-d) Morphology of suspended graphene at different temperatures.



