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ABSTRACT:

Graphene is an extremely strong two-dimensional material but can easily bend,
roll, and fold. This flexibility allows for the design complex three-dimensional
nanostructures such as self-folding nanocages, which can be made utilizing origami
and kirigami patterning. The Mdbius band, a non-orientable one-sided surface
constructed by twisting a rectangular strip about its long axis by 180 degrees and
joining its short ends, is also a theoretically possible graphene-based
nanostructure. Although a graphene Mobius band may simply be thought of a
narrow ring with a half-twist, such objects have not yet been observed in the
laboratory. In our molecular dynamics study, we obtain the equilibrium shapes and
energies of armchair and zigzag edged Mobius bands made of various nanoribbon
sizes in the zero temperature limit. Our simulation results show that graphene
Mébius bands are mechanically stable and that, in spite of the discrete nature of
the honeycomb lattice structure and associated edge types, their shapes
surprisingly resemble those of continuum Mobius bands. We also find that the
energy of a graphene Mobius band scales with the inverse of the length-to-width
aspect ratio of the nanoribbon from which it is made. Furthermore, we
demonstrate the effect of the presence of multiple twists and a buckling instability
that arises above a certain threshold of twist.
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