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Unconventional phase transitions on HD and O, cryocrystals
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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 rotfationally ordered (“broken symmetry”) crystalline phase surprisingly transforms into a rotationally
“disordered” high-symmetry phase upon cooling.
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K. Kpecno, A. Naiio, .E. CanTtopo, M. ®abpuumo, C. Ckangono, E. Tocattu
HeTtpaauuunonHble ¢dasoseblie nepexoabl B HD n O, Kpnokpucrannax

O6e monexynbl HD 1 O, TBepabix Ten 06ycnoBaeHbl XOpoLIOo M3y4eHHo (ha30Boi AnarpaMMmoit npu
BbICOKMX JaBneHunsx. B 3Tom goknage Mbl poKycupyem BHUMaHWe Ha ABYX HEOObIYHbIX ha30BbIX nepe-
X0fax, CyLLecTBYIOLMX NMPU BbICOKMX AaBieHUAX. [epBOHa4anbHO Mbl M3y4MM HeoObIYHbI, BO3BPATHBbIN
(hasoBbIin nepexog, Ha tasosoi guarpamme HD o6pa3uos B okpectHocTn 50 Ma, rae BpaweHue obHapy-
)KMBaeT «HapyLleHne CUMMeTPUUN» KpUCTanan4yecKo da3sbl, 00ycroBleHHOe NpeBpaLleHneM B «Heynops-
[LOYEHHOW» CTaiM BbICOKOWN CUMMETPUUN NPU OXNAKAEHUN.

KnioueBble cnoBa: asoBas gmarpamma, asneHue, 06pasubl, KpUctannmyeckas dasa.

0. Kpecno, A. Naiio, I'.E. CanTtopo, M. ®abpuumo, C. Ckangono, E. Tocattu
Kpuokpucrangapaarbl HD xoaHe 0, gacTypni eMec dasanbiK aybicynap

HD xeHe O, KaTTbl AeHenepAiH KOC MoneKynanapbl »Ofapbl KbICbIMAAFbl XXaKCbl 3epTTenreH
tdasanbik anarpamMmara HerisgenreH. byn 6asHzamaga 6i3 Kofapbl KbicbiMAa GonaTbiH €Ki epeKiue
(hasanblK aybicynapfa Hasap ayaapambi3. AngbiMeH 6i3, HD ynriHiH dasanbik gnarpamMmacbiHgafrbl aiHa-
ny («cMMMeTpUAHBIH Oy3biaybI») aybiCyblH 3epTTeAIK.

TyitiH ce3aep: dhasanbik AnarpamMmma, KbiCbiM, yarinep, Kpuctanabik dasa.

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 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
using path integral Monte Carlo (MC) constant-

pressure calculations. Here we use an efficient
sampling method and found the lowest-energy
zero-temperature classical state, an structure C,/c
similar to that hypothesized by Surh et al. [Phys.
Rev. B 55, 11330 (1997)]. Upon turning quantum
rotational effects on, we calculate the pressure-
temperature phase diagram by monitoring a lattice
biased order parameter, and find a reentrant phase
boundary in good agreement with experiment. The
entropy jump across the transition is found to be
comparable with In 2, the value expected from mean
field results. A comparison with earlier studies is
also presented, yielding relevant information about
the role of factors that quantitatively determine the
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reentrant part of the phase diagram. The second
part of the talk is devoted to molecular oxygen
at high pressures. At low temperatures, the low
pressures antiferromagnetic phases below 8 GPa
where O, molecules have spin $=1 are followed
by the broad apparently nomagnetic epsilon phase
from about 8 to 96 GPa. In this phase which is our
focus molecules group structurally together to form
quartets while switching, as believed by most, to
spin S=0. In this work we present theoretical results
strongly connecting with existing vibrational and
optical evidence, showing that this is true only
above 20 GPa, whereas the S=1 molecular state
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survives up to at about 20 GPa. The epsilon phase
thus breaks up into two: a spinless epsilon 0
(20-96 GPa), and another epsilon_1 (8-20 GPa)
where the molecules have S=1 but possess only
short range antiferromagnetic correlations. Thus
an unconventional and rare local spin liquid-like
singlet ground state akin to some earlier proposals
and whose optical signature we identify in existing
data, is proposed for this phase. Our proposed
phase diagram thus has a first order phase transition
just above 20 GPa, extending at finite temperature
and most likely terminating into a crossover with a
critical point near 30 GPa and 200 K.
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