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Phase diagram of polymerizing nitrogen — a theoretical prediction
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Phase diagram of polymerizing nitrogen — a theoretical prediction

Polymerization of nitrogen molecules in both solid and liquid phases, which was discovered in dynamic
and static experiments, and predicted in ab initio simulations, stimulated discussion on a new configuration
of phase diagram of nitrogen at high pressures. We consider the high-pressure phase diagram of solid
nitrogen, which has long been discussed in theoretical studies, and only in the last decade began to
investigate experimentally.
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JH. fiky6
[I.uarpaMMa noavMepusayuu a3oTta — TeopeTuvyecKoe npeackasaHue

MonvMepu3aumsa MoneKyn a3oTa, KaK B TBEPAbIX, TaK U XUAKMX a3ax, KoTopas Obina o6HapyKeHa
B IMHAMMWYECKUX U CTaTUYECKMX IKCNEePUMEHTAX, U NpescKasaHa B HEIMMUPUYECKMX MOAENNPOBAHUSAX,
CTMMYNMpoBaHa 00CyXAeHneM HOBOW KoHdMrypauumn Ga3oBoii AnarpaMMbl a3oTa Npy BbICOKMX aBie-
Husax. PaccMoTpum asoByto gruarpamMmy BbICOKOrO iaBfieHus TBEPAOro a3oTa, KOTOpbIi yKe AaBHO 00-
CyXAaeTcs B TEOPETUYECKUX UCCIeA0BAHUAX, U TOJIbKO B NOC/EAHEe AeCATUIETME HaYanu NCCieAoBaThb
3KCMNepUMEHTasIbHO.

KnioueBble cnoBa: a3oT, pa3oBad guarpamma, jaBieHune, NoiMMepu3auus.

JI.H. Aky6
A30TTbIH NOJIMMEpPU3ALUACBIHbIH AUAarpaMMachl - TEOPUANbIK GoskaM

JviHaMuKanblK aHe CTaTUKanbIK Taxipubenepae aHbIKTaNnfaH }aHe 3MMNUPUKabIK eMec MoAesb-
fjeyne OomKkampanfaH asoT MoJleKyfnanapblHblH - KaTTbl, COHbIMEH KaTap CyiblK asanapaafbl
nonnMepieHyi }ofapbl KbiCbIMAaFbl a30TTbiH (ha3anblK AnarpaMMachlHblH XaHa KOHPUIypauUACbIHbIH
TaNKblNaHybIMeH HerizgenreH. KaTTbl a30TTbIH Kofapbl KbiCbIMAaFbl OypbIHHAH TEOPUANBIK 3epTTeynepae
TaJIKbIJIaHFaH KaHe TEK COHFbl OHXbUIABIKTA TaXipube Xy3iHae 3epTTenin 6actanfaH dasanbik guarpam-

MacCblH KapaCTpraVlblK,.

TyiiH ce3paep: a30T, PasanbiK AMarpaMma, KbiCbIM, NONMEpPIEHY.

Polymerization of nitrogen molecules in both
solid and liquid phases, which was discovered in
dynamic and static experiments, and predicted in ab
initio simulations, stimulated discussion on a new
configuration of phase diagram of nitrogen at high
pressures. We consider the high-pressure phase
diagram of solid nitrogen, which has long been
discussed in theoretical studies, and only in the last
decade began to investigate experimentally. The
aim of this work is to demonstrate the possibility
of predicting the phase diagram of polymeric
nitrogen based on a combination of computer
Monte Carlo simulations and theoretical equations

of state describing thermodynamic properties of the
polymer and molecular nitrogen at high pressures
and temperatures.

Location of the molecular crystal — polymeric
crystal transition line, for polymer having cubic
gauche (CG) structure, on the phase diagram of
nitrogen is predicted. Parameters of the phase
transition line were determined by the conventional
double-tangent procedure. Canonical equations of
state of the molecular high-pressure nitrogen phase
and polymeric CG-crystalline phase (modified Mie-
Grueneisen equation), were calibrated on available
ab initio data. The proposed modification of the Mie-
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Griineisen equation for solid polymeric nitrogen [1]
based on the Monte Carlo computer simulation data
describes negative thermal expansion and significant
deviations of heat capacity from the Dulong-Petit
law in CG-phase.

The generality of idea, which explains the
phenomenon of polymerization in liquid and solid
phases and use of canonical equations of state for
both phases, allows also predicting the melting line
of polymeric nitrogen [2]. In this work we applied
the new equation of state of high-pressure polymeric
liquid, also calibrated on ab initio simulations [3].

We analyzed the predicted P-T-relation,
calculated volumes of the coexisting phases and
the entropy jump on the melting line of polymeric
nitrogen. The predicted P-T dependencies of two
phase transition lines: (1) molecular solid into
the hypothetical A7-polymeric structure, having

positive slope, and (2) the same transition into CG-
polymeric solid, demonstrating the negative slope,
were compared.

The role of structure in the location and slope
of the molecular-to-polymeric solid phase transition
line on the nitrogen phase diagram was investigated.
It was found that this qualitative difference is closely
related to the negative thermal expansion of CG-
polymeric solid. Both P-T dependences of transition
of molecular solid into polymeric CG-phase and on
the melting line of CG-solid have negative slopes
due to its negative thermal expansion.

The predicted volume jump on the transition
from the molecular to the polymeric phase is in good
agreement with experimental data of. The predicted
location of the triple point of polymeric nitrogen in
the pressure range of 80-100 GPa, is also consistent
with available experimental data.
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