E.Yakub

47

Two types of molecular dynamics simulations:
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Melting of cryocrystasls at high pressures.
Computer simulation

Two types of molecular dynamics simulations: single-phase and two-phase carried out and applied to
defermine the melting temperatures of highly compressed diatomic cryocrystals: nitrogen and hydrogen,
as functions of pressure. Solid hydrogen was modeled by two approximations (1) non-empirical atom-atom
potential (AAP) approximation [1], and diatom-diatom (DDP) approximation. Within AAP-model potential
energy of hydrogen molecules is represented as a function of interatomic distances between all atoms as
a sum of intramolecular (bonding) and intermolecular (non-bonding) parts. Both types of potentials are
expressed via known potential energies of two isolated hydrogen atoms in the singlet and triplet states.
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E. Axy6
MnaBneHue KPUOKPUCTANNIOB NPYU BbICOKUX AaBJIEHUAX.
KoMnbloTepHoe MoaenupoBaHue

B paHHOI paboTe ncnonb3oBanuch ABa TMNa MOAENMPOBaAHWA METOAOM MOJIEKYISPHON AMHAMUKM:
oaHohasHbIV 1 ABYX(da3sHbIA. ITUMU MeTOAaMN ONpeaenANMch TeMnepaTypbl NNaBaeHNA CUNBbHO CXKaTbIX
[AMaTOMHbIX KPUOKPUCTa/I0B a30Ta U BOLOPOAA Kak hyHKUMIA AaBneHUs. TBepabli BOJOPOL MOAEANPO-
Bacs ABYMs nNpubamkeHnsmu - (1) HeamMnupuyeckoe npubanKeHne aToM-aToMHOro noteHumana (AAMM)
n (2) anatoM-AnatoMHoe npubnmKeHve. YMeHblUeHVe TeMnepaTypbl MiaBAeHVA NMpU BbICOKOM CXaTum
OTHOCMTCA K BO3POCLUEN POSIN HELeHTPaNbHbIX CUN Y MONIEKYNAPHOW }KeCTKOCTY.

KnioueBbie cnoBa: KpMOKpMCTa, KOMNbIOTEPHOE MOAENIMPOBaHME, MOJIEKYNAPHanA ANHAMUKA, TeM-
nepaTypa niaBfieHus.

E. Axky6
HoFapbl KbicbiMAA KpUOKpUCTaNAapAabiH 6ankybl.
KomnbloTepnik Mmoaenbaey

Byn KyMbicTa MoseKynanblK AMHAMUKaHbIH MoAenbAeyiHiH eKi Typi KongaHbingbl: Gipdasansi
XoHe ekidasanbl. byn spictepMeH KaTTbl KbICbiNFfaH KbICbIM (YHKLMACHI peTiHAeri CyTeriHiH >kaHe
a3oTTbiH AMATOMAblI KPUOKpUCTanaapbiHbiH Ganky TemnepaTtypacbl aHbiKTangbl. KatTbl cyTeri eki
XaKplHAacTbipbinyMeH (1) 3aMnMpuKanblK emec atoM-aToMAabl noteHumangbiy (AAlN) xaHe (2) awna-
TOM-AMaTOMAbl KaKblHAACTbIPbUTYMEH MoaenbaeHaipinreH. Yofapfbl KbICbIMMEH KbiCKaHAa 0anky
TeMnepaTypacbliHblH Killipetoi LLeHTPJiK eMec KyluTepiH XaHe MoNeKynanblK KaTTbUIbIKTbIH PesiHiH ap-
TyblHa XaTajpl.

TyiiH ce3paep: KpMoOKpUCTan/, KOMNbIOTEPNIK MoZesbAey, MoNeKynanblK JUHaMKKa, 6anky Temnepa-
Typachbl.
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single-phase and two-phase carried out and
applied to determine the melting temperatures of
highly compressed diatomic cryocrystals: nitrogen
and hydrogen, as functions of pressure. Solid
hydrogen was modeled by two approximations (1)
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approximation [1], and diatom-diatom (DDP)
approximation. Within AAP-model potential energy
of hydrogen molecules is represented as a function
of interatomic distances between all atoms as a sum
of intramolecular (bonding) and intermolecular
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(non-bonding) parts. Both types of potentials are
expressed via known potential energies of two
isolated hydrogen atoms in the singlet and triplet
states. In turn, singlet and triplet potential curves
are well known from classical ab initiovariational
calculations.

DDP approximation is actually a more general
version of AAP-model [2] which takes into account
the overlap of electronic shells of two atoms forming
a diatomic molecule. Within this approximation
non-bonding short-range intermolecular interaction
depends on instant distances between bonded
atoms. Both AAP- and DDP-models were extended
by inclusion of long-ranged quadrupole-quadrupole
interaction. Interaction of nitrogen molecules
was also described within AAP-model by the
sum of semi-empirical atom-atom potentials and
quadrupole-quadrupole contribution.

For both diatomic solids, at different sizes
of simulation cells, we observed the same non-
monotonous dependence of melting temperature:
its raise with increasing density becomes more
and more smooth and at megabar pressures goes
negative. This effect observed in experiments [3]
and known as turnover of the melting line, was
reproduced first in our recent conventional single-

phase molecular dynamics simulation of molecular
hydrogen [4].

The same behavior of nitrogen, when
polymerization transition ignored, is reported in
this work. We discuss possible explanations of
this turnover in absence of changes of interaction
and chemical bonding, and analyze its dependence
on the rigidity and the length of chemical bonds,
structure of the solid phase, and analyze the role of
long-range quadrupolar forces.

We conclude that turnover in the melting line
observed in diatomic solids has a general reason. It
can be explained on the basis of simple molecular
models. The decrease of the melting temperature
at high compressions is related to the increasing
role of non-central forces and molecular rigidity.
Energy stored in frustrated chemical bonds is
released during melting and this effect becomes
more pronounced at higher densities leading to
the progressive decrease of the relative crystalline
lattice stability, melting temperature and vibronic
frequency. Inclusion of quadrupole-quadrupole
interactions rises the melting temperature and
affects both the nature of the molecular rotation
in the solid phase and the type of the most stable
crystalline structure.
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