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Report:

PRESSURE-INDUCED DISPROPORTION OF N,O:

Nitrous oxide (N ,0) is a good molecular analog to carbon dioxide (CO
isoelectronic and have similar melting temperatures and crystal structures at high pressures. At
ambient temperature N,O crystallizes into an orientation-disordered cubic (Pa3) a-phase at 1
GPa and transforms into an ordered orthorhombic (Cmca) b-phase at 4 GPa [1]. The crystal
structures of a- and b-N,O are similar to those of CO,-I and IlI, respectively. All these phases
are considered to be molecular below 10-20 GPa, again, stabilized mainly by quadrupole-
quadrupole interactions. The properties of N,O, however, are not known at higher pressures
where CO,-111 develops highly unusual lattice strain and strength (above 20 GPa) and transforms
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into the non-molecular phase V like SiO, (above 35 GPa and 1800 K) [2]. Therefore, during the
past run, we have studied the phase transitions in N,O at high pressures and temperatures [3] in
order to obtain a systematic understanding of those simple linear triatomic molecular solids.

Our main findings in this study is that, unlike to CO,, the laser-heated nitrous oxide (b-
N,O, Cmca) disproportionates into an ionic form of dimeric nitrogen dioxide, nitrosonium nitrate
or NO"NOy’, and nitrogen at 10-55 GPa and 2000-3400 K (middle in Fig.1). Raman spectra of
the quenched products suggest that the ionic phase is stable to 50 GPa but, upon subsequent
heating (or heating at lower pressures below 30 GPa), further dissociates into nitrogen, oxygen
and other nitrogen-oxygen compounds (top in Fig. 1).
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Figure 1. Raman spectra of b-N,O (a) before and (b, c) after laser-heating, showing the pressure-
induced reactions to (b) the ionization products of NO+NO§ and h-N, at 54 GPa and (c) the
dissociative products of d-N,, g-O,, N/O-compounds, and NO'NQ," at 10 GPa. The broad feature
with asterisk indicates the second order Raman of diamond.

The crystal structures of b-N,O and NO*NO; have been characterized to 55 GPa at
ambient temperature (Fig. 2). The diffraction pattern of b-N,O before heating can easily fit to the
known structure: the orthorhombic Cmca cell with Z=4. The x-ray diffraction pattern of the
guenched ionic product, on the other hand, is composed of the reflections from d-N, (Pm3n), b-
N,O (Cmca), and NO*NO5". The x-ray intensity data with highly preferred orientation, however,
do not allow rigorous refinement of crystal structures for all products. Nevertheless, we have
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found a reasonable description for the structure of the ionic phase NO*NO; in terms of an
orthorhombic structure such as Pbcm or Pnma with lattice parameters, a = 5.923 A, b=7.255 A, ¢
= 4.717 A with 4 molecules per unit cell. Note that this structure is analogous to the aragonite
structure of CaCOs.
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Figure 4. The room-temperature isotherms of b-N,O and NO*NOj3", in comparison with those of
CO,-lll, CO,-V, and d-N,. The inset compares the molar volumes of 4 b-N,O and NO*'NO;™ +
3 d-Ny, illustrating that the densification is responsible for the ionization of b-N,O above 5 GPa

The present data shows that, in contrast to the similarity between b-N,O and CO ,-11l, the
ionic phase of NO*NO;™ behaves quite differently from its non-molecular counter part CO,-V.
The ionic phase NO"NO;" is substantially softer (B,=45.0 GPa) than the polymeric phase CO,-V
(B,=362 GPa). As a result, NO"NO; becomes denser than CO,-V above 12 GPa despite its lower
density at the ambient. The higher density of NO"NO;™ than CO,-V at high pressures probably
reflects more efficient packing of the ion pairs in NO"NOy". It is probably due to relatively strong
attractive coulombic interaction of the ion pairs, in contrary to very stiff covalent bonds of CO,-V
in an open structural configuration. This result is also consistent with the higher number of
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nearest neighbor in NO*NO;™ than CO,-V; for example, each nitrosonium (NO) ion has eight
nearest nitrogen ions [20], whereas each carbon atoms in CO,-V has only four nearest oxygen
atoms [8].

The inset of Fig. 2 compares the molar volumes of b-N,O with the ionic and dissociative
products. Above 5 GPa, the mixture of NO"NO; and N, has smallest molar volume, which
favors over both b-N,O and the dissociative mixture of N, and O, [22]. On the other hand, the
molar volume of the N, and O, mixture becomes smaller than that of b-N,O above 56 GPa and,
based on the extrapolation, of the mixture of NO*NO5™ above 130 GPa. Therefore, it appears that
the ionization is primarily driven by densification at high pressures, yet the dissociation observed
between 10 and 30 GPa is resulted from the combined effect of densification and entropy
increase at high pressures and temperatures. The experimental observation that the dissociation
requires higher temperature than the ionization also supports this conclusion.
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