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G raphene and layered materials in general exhibit rich physics and application potential owing to the exceptional 
physical properties which arise from the intricate π-orbital coupling and, in particular, from the symmetry 

breaking in twisted bi-layer systems.

From a mechanical aspect, a rotational mismatch is known to strongly suppress adhesion and friction forces, an 
effect which is known as superlubricity.

Despite of the potential technological relevance, rotationally mismatched (non-commensurate) 2D layered systems 
are still only poorly understood. We performed an experimental study using cylindrical pillars made of Highly 
Oriented Pyrolytic Graphite (HOPG). We show that the friction force originates from a genuine lattice interaction 
between the rotated sliding surfaces, hall mark signatures being the scaling of the friction force with the cross-
section area to the power of 0.35 and the observation of lattice peaks in the power spectrum of the friction force. 
The dominant conservative shear force is due to the interface adhesion energy which gives rise to a force opposing 
the creation of new surface area. Exploiting these principles we fabricated bi-stable nano-mechanical memory cells 
and rotational bearing structures in which the rotation axis is locked solely by adhesion forces.

In addition, we experimentally address the electrical transport across a bilayer graphene interface with a well-
defined and in-situ controllable rotation angle between the layers (angular precision of ~ 0.1º). The overall 
measured angular dependence of the conductivity is consistent with a phonon assisted transport mechanism which 
preserves the electron momentum of conduction electrons passing the interface. An intriguing observation are 
sharp conductivity peaks at specific angles correspond to a commensurate crystalline superstructure leading to a 
coherent 2-dimensional electronic interface state. Such states, predicted by theory, form the basis for a new class of 
artificial 2-dimensional bi-layer materials in weakly coupled layered systems with hitherto unexplored properties 
and applications.
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