Novel electronic and adatom states in carbon nanostructures: Roles of structural and electronic topology
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Standard thinking on the role of topology in graphenic carbon nanostructures focuses on the boundary conditions imposed on the highly restricted phase space occupied by the low-energy electronic states. These phenomena generate the well-known distinction of carbon nanotubes into metallic and semiconducting states, and also the fascinating geometrical phases that operate in carbon nanocones with one or more apical disclinations [1]. 

Here we consider the consequences of structural topology: the division of the surrounding space into two disconnected zones by the non-reactive and essentially impenetrable graphenic sheet, and also the dynamical constraint that adatoms remain confined to the cylindrical  surface of a nanotubes. The subdivision of ambient space enables adsorption of otherwise highly co-reactive species, such as alkali and halogen, in opposite subspaces. The intense cross-sheet charge transfer that results breaks reflection symmetry about the graphene plane, opens new channels for electron-phonon coupling, and produces what is essentially a new form of modulated ionic binding, and a new form of coherent dipolar bound state. The confinement of such mutually repulsive dipoles to a cylindrical shell represents a nanometer-scale example of phyllotaxis, with both the full panoply of static structural energetics [2] and also new dynamical modes, including rotons of unique origin and a large family of inter-converting solitons waves whose axial velocity is set by circumferential angular momentum conservation. 
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