VIBRATIONAL STUDY OF AN EMBEDDED DOUBLE-SHELL FULLERENE
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There are several methods for the analysis of nanostructures. These methods lie in the context of
molecular simulations and continuum-based models. There exist two major categories of molecular
simulation methods: ab initio and classical molecular dynamics. Despite existing computational power,
even molecular dynamics computations are still restricted to the analysis of systems with maximum 10°-
10® atoms for a few nanoseconds. The simulation of larger systems has to be left to continuum methods.
The nano continuum methods have successfully been used for the analysis of mechanical behaviors of
nanostructures. In this regard, Yoon et al. [1] have published a brief report on the vibration of MWNTSs
that focuses on resonant frequencies and the associated vibrational modes. In addition, the authors have
already investigated vibrational analysis of an embedded multi-layered graphene sheet and obtained the
resonant frequencies and corresponding mode shapes [2], also have recently rendered a method to
determine bending modulus of a multi-layered sheet using a geometrically-based analytical approach [3].

In this article, modeling of the motion of an embedded double-shell fullerene with interlayer van der
Waals interaction is investigated and some explicit and general formulae are derived. Based on the
proposed model, the vibrational analysis of the double-shell fullerene embedded in an elastic medium is
performed and the natural frequencies are determined. For modeling the motion and specifying the natural
frequencies, the embedded double-shell fullerene is assumed to be isotropic. Also, the elasticity generated
by the bonds is assumed to be isotropically distributed over the fullerene surface. The deflections of
neighboring spherical shells are coupled through the van der Waals interaction. For small deflection of the
spherical shells, it is assumed that the interaction pressure at any point between them linearly depends on
the difference of their deflections. The equations of motion for a double-shell fullerene are:
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The foregoing equations of motion are resulted from equations of motion for each spherical shell briefly
demonstrated by the functions f,, f,, f; where u, v and w are the deflections in the directions of

@,0 and r in a regular spherical shell with radius R, respectively. p is the density per unit area and
Cand C’ are the carbon-carbon van der Waals interaction coefficients which yield the inter-

atomic pressure when multiplied by the difference of deflections [2]. The lowest natural
frequencies of the fullerene C,, @ C,,,based on the elastic properties adopted from reference [4]

are calculated as, wl =7.197 THz , @2 =16.755 THz , which are in agreement with results in [1,2].
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