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Abstract— Torsional mode excitation of carbon nanotubedtriim high frequency electric field is revealed

by molecular dynamics numerical experiment. Sigmapagation in linear chain of carbon nanotubdselin
by van der Waals forces is discussed.

|. INTRODUCTION

Study of carbon nanotube bundles behavior in elewgnetic field is of essential interest in
the design of nanodevices of radio and UHF frequargions [1]. This interest is caused by the
existence of resonant properties of carbon nanet@NT) and significance of van der Waals
interactions in determining of the dynamics of Chffays, which lead to strong nonlinearity in their
behavior in electromagnetic and acoustic fields.

The most applicable method of simulation of CNTdsheanosystems seems to be the method
of molecular dynamics, which implies the calculatiof trajectories of all atoms of the systems by
numerical integration of classical equations of imowith empirically defined force fields descrilgin
interatomic interactions [2].

[I. EXCITATION OF CNT BUNDLES BY HIGH FREQUENCY ELECTRIC FIELD

In the presented paper we used the molecular dysgmackage NAMD (NAnoscale Molecular
Dynamics) [3] with graphical interface VMD (Visu&olecular Dynamics) [4], which are freely
available. NAMD package uses the CHARMM force fieleveloped mainly for the description of
intermolecular interactions in biopolymers. Itsgs&or CNT array modeling seems to be proved too.
The system under study was the array of sevenlglan@notubes cupped from one side with length
200 A and diameter 13 A with chirality parametet {10}. CNTs formed regular triangle lattice with
minimal intertube distance 6 A (Figure 1, initight® picture). Nanotube cups can have manually
introduced electrical charges, which are totallympensated by opposite charges at graphene laye
placed under the array. Harmonically varying charge the array and graphene layer simulated the
external electric field with frequency 25 GHz. Siation results for several times are presented in
Figure 1 too. Total simulation time was 41 ps.

The data presented show the excitation of bindimgles as well as torsional mode of CNT
bundle. The last observation seems to be new aedpected. Besides that the small amplitude
vertical motion of CNT was observed with frequemoych more high then frequency of charging
which corresponds to the excitation of vibratiogiglen mode of traction-and-compression type.
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Figure 1 — Torsional mode of CNT bundle under ttt@a of an electrical field
I1l. PROPAGATION OF EXCITATION INCNT LINEAR CHAIN

In Figure 2 the results of simulation of the medbahnexcitation of CNT linear chain are
presented. The system under study was the arragwdn one-side cupped nanotubes with length
200 A, diameter 13 A and chirality parameters {09, Before geometry optimization parallel CNTs
formed linear chain with minimal intertube distaricke A. After such optimization one get the array
configuration presented at the first picture inUfgg2. Total simulation time was 100 ps.
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Figure 2 — CNT chain excited by giving the velaesti
to the atoms on the cup of first tube in transveatgaction
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The idea of numerical experiment was the mecharesaitation of the array by giving
transversal velocity to the atoms of the cup dftfiube and observing the propagation of excitation
through the chain due to van der Waals interactamte state of the array is interpreted as ttiecef
of input signal. Varying the signal one gets vasimwtput state of the array. In principle, suclayarr
plays a role of analogous memory nanodevice.

It is necessary to note that displacement amplinidéhe tubes decreases with the distance
along the chain and for fifth, sixth and seventhetithe displacements have not component clearly
corresponding to the input signal. The responsth@osignal does not propagate further forth tube.
Additional studies are needed for clarificationstliamping and memory effect. In principle such
linear array could be used as learning elemenanbsize artificial neuronal network.

I\VV. CONCLUSION

Numerical experiments on the electrical and medahréxcitation of carbon nanotube arrays
of various form are realized with the NAMD+VMD sitation packages. For CNT bundle in high
frequency electric field the excitation of torsibnaode is discovered. For CNT linear chain arragy th
damping of the mechanical excitation is found aadridlary memory effect is described.
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