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Abstract. The molecular dynamics method based on well-teStadn interatomic potentials is used
to analyze the properties of all possible one-,-tvamd three-component delocalized nonlinear
vibrational modes in graphene. The results of cdmpsimulations are in full agreement with the
predictions of the theory based on the analysidatifce symmetry. It was confirmed that for
graphene there are four one-component, twelve moponent, and a single three-component mode.

CBOHCTBA JEJOKAJN30BAHHBIX HEJITMHEMHBIX
KOJIEBATEJIBHBIX MO/l B TPA®EHE
Ceménoea M .H.

KiaroueBble ca0Ba:  MOJCKYISIPHO-IMHAMHYCCKOE MOJCIMPOBAaHUE, TrpadeH, HEIMHCHHBIC
KOJICOAHUS, KPUCTAJUINYECKAs PELICTKa, MOJIa.

AHHOTaUMA. MeTo0M MOJEKYJISIPHOW NHHAMUKHA, OCHOBAHHBIM Ha XOPOIIO anpoOHPOBaHHBIX
MEXaTOMHBIX moTeHIHanax CaBuHa, MPOAHAIM3MPOBAHBI CBOMCTBA BCEX BO3MOXKHBIX OIHO-, ABYX-
U TPEXKOMIIOHCHTHBIX JIEIOKAIN30BAaHHBIX HEJIWHEHHBIX KOJeOAaTeNFHBIX MOA B TpadeHe.
Pe3ynbTaThl KOMIOBIOTEPHOTO MOJAEIMPOBAHUS HAXOAATCS B MOJHOM COTJIACHH C MPEACKa3aHUSIMHU
TEOpHH, OCHOBAHHOM Ha aHaIW3e CHUMMETpHUM pemeTok. lloaTBepiknaeHo, 49To Uit TpadeHa
CyIIECTBYET YETHIpEe OIHOKOMIIOHEHTHBIC, ABEHAINATh IBYXKOMIIOHCHTHBIX M €IMHCTBCHHAS
TPEXKOMIIOHEHTHAs: MOJA.

One of the important branches of crystal physiabésstudy of crystal lattice
vibrations, since they determine such importanperties as thermal conductivity,
heat capacity, thermal expansion and many othetsngAwith experimental
methods for studying the nonlinear dynamics ofysted lattice, effective methods
of computer modeling are widely used, such as dio imodeling and the method
of molecular dynamics.

In this work, we investigated the properties of tisoimponent delocalized
nonlinear vibrational modes (DNVM) in graphene. @rane was chosen because,
due to the unique combination of its physical anechanical properties (record
high strength and rigidity, high thermal and eleetir conductivity, chemical
stability, etc.), it has a high potential for agglion in nanotechnology. For the
hexagonal graphene lattice, we used #pf interatomic potential of carbon,
developed by Savin [1]. This is a many-body potdnividely used to describe
covalent chemical compounds.

The structure of a hexagonal graphene lattice witlzigzag (armchair)
direction along thex(y) axis is shown in Fig. 1. Primitive rhombus-shaped
translation cells with sida are shown with dashed lines. Translation vectdrs o
both lattices{a, 0)and(a/2, a/3/2).

One-, two-, and three-component modes were stubiedhe molecular
dynamics method. AINVE ensemble was used, so that the number of athins,
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volume,V, and the total energy of the computational bl&ckere conserved over
time. Atoms have three degrees of freedom - twopmmants of motion in the
plane, as well as a component of displacement alomgormal to the plane of the
graphene sheet. To excite DNVM, the initial displaents were assigned to carbon
atoms according to the schemes described in [2ytd]e the atoms had zero initial
velocities.

Fig. 1. The structure of the hexagonal lattice rafpipene

It has been well established that for graphenerethere four single-
component DNVMs, twelve two-component DNVMs, and sagle three-
component DNVM. Let us describe some physical patara of three-component
DNVM in the mode of periodic oscillations in time Fig. 2, as a function of the
amplitude of the root mode, shows (a) frequency, effrergy per atom, and (c)
average stress andayy over the oscillation period, which appear in thapipene
sheet after DNA initiation. Note that in calculaithe stresses, it was assumed that
the graphene sheet has a thicknes8.8fA equal to the distance between atomic
planes in graphite.
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Fig. 2. Functions of the amplitude of the root mofléhe ternary DNAM
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As follows from the results obtained, the frequerafythree-component
DNVM decreases with increasing amplitude, thathgs mode has a soft type of
nonlinearity. The DNVM energy is proportional teetsquare of the amplitude of
the root mode. An increase in the amplitude ofrtdod mode leads to an increase in
the difference between the stress compongntandayy. Hence, it follows that the
excitation of three-component DNVM destroys therigoy of the elastic properties
of graphene, which in the ordinary state is ela#licisotropic. Anomalies in the
form of the appearance of negative pressure upecitagion of three-component
DNVM are not observed, since the pressure, defasguk-(oxt oyy)/2, turns out to
be positive at negative values of normal stresBes.results indicate that vibrations
with an amplitude ofA<0.02 A can be considered small, since in this range of
amplitudes, the effect of three-component DNVM ba properties of graphene is
negligible, but becomes noticeable at large angbdisu
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