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Frictional motion plays a central role in diverse systems and phenom-
ena that span vast ranges of scales, from the nanometer contacts in
micromachines up to the geophysical scales of earthquakes. Despite
the practical and fundamental importance of friction little progress
has been made in finding an exact atomistic description. The advent
of new experimental tools such as the friction force microscope enabled
the investigation of frictional forces occurring on microscopic scales.
Our experiments show that at the molecular level friction is inti-
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mately connected to thermal activation of atomic jumps [1]. However,
for slightly larger contact sizes, we found evidence for an inverse ther-
mal activation effect, which is due to contact formation processes at
the sliding interface [2]. Finally, by using the method of controlled
nanoparticle manipulation, we reveal that metal particles can even co-
exist in two frictional states, exhibiting ’frictional duality’: Some par-
ticles show linear scaling with contact area while others assume a state
of virtually frictionless sliding [3]. This superlubricity phenomenon is
based on the interlocking of interface atoms, exhibiting a characteristic
sub-linear scaling of friction with contact area.
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