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FIG. 1. Definitions for (a) primitive unit
vectors a; and a,, (b) primitive unit cells
(bold lines) for zigzag and armchair
nanoribbons, respectively. Chiral vector C,
specifies the positions of carbon atoms that
are located at edges in nanoribbons, or meet
each other in nanotubes. C,, = (2,2) in this
case.
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(@) Longitudinal elastic harmonics, LO, (k = 1, 2, ...,
m), for [10] zigzag nanoribbons at I" point and (b) a schematic
showing nodal structures in the direction of width. These nodes
are the characteristic vibrations of an elastic sheet with both ends
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