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Unconventional phase transitions on hd and O,cryocrystals

Both HD and O, are molecular solids with an exceedingly well explored phase diagram under
pressure. In this talk we focus in two unusual phase transition taking place at high pressures. First we
study the unusual reentrant phase transition that the phase diagram of HD exhibits near 50 Gpa where a
rotationally ordered (“broken symmetry”) crystalline phase (BSP) surprisingly transforms into a rotationally
“disordered” high-symmetry phase upon cooling.

Key words: phase diagram, pressure, sample, crystalline phase.

0. Kpecno, A. Naiio, I .E. CanTtopo, M. ®abpuumo, C. CkaHgono, E. Tocattu
HeTtpaanumnonHbie ¢pasosbie nepexoabl B HD n 0, kpuokpuctannax

06e monekynbl HD 1 O, TBepabix Ten 06ycnoBaeHbl XOPOLIO 13y4eHHO Ga30B0oii AnarpamMmmoii npu
BbICOKUX JaBneHusX. B 3ToM goknage Mbl poKycrpyeM BHUMaHWe Ha ABYX HEOObIYHbIX ha30BbIX nepe-
X0faX, CyLLeCTBYIOLWMX NMPU BbICOKMX AaBsieHNAX. [epBOHaYanbHO Mbl 3y4MM HeoObIYHbIA, BO3BPATHBbIN
tasoBblit nepexog Ha da3oBoi gnarpamMmme HD o6pa3uos B okpectHocTh 50 Ma, rae BpaleHne obHapy-
KMBaeT «HapyLleHne CUMMEeTPUUNY» KpUCTaINYecKoi da3sbl, 00ycioBIeHHOe NpeBpaLLeHneM B «Heyrnopsa-
JOOYEHHOW» CTaiMM BbICOKOW CUMMETPUUN NPU OXNaXKAEHUMN.

KnioueBble cnoBa: pasoBas suarpamma, AaBieHue, 06pasLbl, KpUcTaanmyeckas dasa.

0. Kpecno, A. Nlaiio, I'.E. CanTtopo, M. ®abpuumo, C. CkaHpono, E. Tocattu
HD xaHe O, KpMoKpucTanaapbiHAaFbl A9CTYPAi eMec aybicynap

HD »aHe O, Monexynanapbl, KaTTbl [leHefepjie Ofapfbl KbiCbIMAa aKCbl 3epTTeniHreH. byn
MaKanaja ofapfbl KbicbiMAa GaKblfaHFaH, epeKlle eKi da3anblK aybiCyFa 3eiiH canbin oTbipMbI3. EH

anfawkbiga KantbiMabl epekwe HD pruarpammacbiHaarbl yarinepai 3eprregik.
TyiiH ce3spep: pa3anbik Anarpamma, KbiCbIM, yarinep, Kpuctangplk gasa.

Both HD and O, are molecular solids with an
exceedingly well explored phase diagram under
pressure. In this talk we focus in two unusual phase
transition taking place at high pressures. First we
study the unusual reentrant phase transition that
the phase diagram of HD exhibits near 50 Gpa
where a rotationally ordered («broken symmetry»)
crystalline phase (BSP) surprisingly transforms into
a rotationally «disordered» high-symmetry phase
upon cooling. While the qualitative reason for
reentrance, has been already shown by early mean
field studies in this work we aiming at a quantitative
understanding of this system. Herein we have
applied path integral Monte Carlo (PIMC) within
both the constant-volume and constant-pressure
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ensembles to the reentrant phase diagram of the
HD solid at high pressures and low temperatures,
considering both hcp (realistic) and fcc (fictitious)
lattices. We studied the influence of the potential
chosen, the translational degrees of freedom, and
the choice of the electronic quadrupolequadrupole
(EQQ) interaction potential on the BSP transition
line. It was found that while the translational
degrees of freedom have a small effect on the
transition pressure, the choice of lattice and
interaction potential strongly affects the transition
pressure. Using a metadynamics based MC scheme,
we found that a C/c ordered structure, containing
16 molecules per cell is, with the best available
potentials, energetically preferred for the classical
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BSP phase on an hexagonal closed packed (hcp)
lattice.

Successive  implementation of quantum
molecular rotations by PIMC permitted a full
calculation of the reentrant BSP-rotationally
symmetric phase line. The transition was identified
using two order parameters, one dependent on the
new structure and the second related to the total
quadrupolar moment of the molecule, particularly
sensitive to the rotational state of the molecule. The
phase line was calculated for both the hcp and the
face centered cubic (fcc) lattices, yielding a realistic
reentrant behavior in both cases. The best results are
obtained with the Burton potential on the hcp lattice,

with features of the BSP-symmetric coexistence
line in good agreement with experiment.

The orientationally ordered state edge was
found at a minimum pressure Pe~ 56 GPa for the
hcp lattice and the Cui-Burton potential, quite
close to the experimental value Pe= 53 GPa
and in much better agreement than the previous
PIMC calculations, which gave Pe= 10 GPa. The
edge point temperature Te= 25K is also in good
agreement with the experimental one Te= 30 K.
Finally, the entropy jump at the phase transition is
found to have a maximum value below but not far
from In[2], in agreement with a Pomeranchuk-like,
entropy-driven picture of the reentrant transition.
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