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Report:

Although Na3ONO2 was first synthesized in 1937, and called as sodium orthonitrite, it
was addressed as sodium oxide nitrite and re-determined as anti-perovskite type cubic
structure at ambient conditions by single crystal X-ray diffraction until 1977 [1]. Its low
temperature phases were systematically studied by neutron scattering data recently [2]. The
compound displays two continue order processes and one discontinue phase transition in
which orientational disorder of the nitrite ions is reduced upon the cooling process. However,
the high pressure behavior of the compound is unknown up to now. Especially the possibilit y
of pressure induced synthesis of the still unknown orthonitrite Na3NO3 with the NO3

- ion is
worth of investigation. Here we report the results of pressure induced phase transition and
amorphization behavior of Na3ONO2 using in situ high pressure techniques within 18 GPa at
room temperature and 573 K, respectively.

The crystal structure of Na3ONO2, prepared by solid state reaction of sodium oxide
(Na2O) and sodium nitrite (NaNO2), has been determined at ambient conditions using X-ray
and neutron diffraction data. The high pressure experiments were carried out in a diamond
anvil cell (DAC) apparatus. The sample was loaded in a hole of steel gasket in a glove box
and no pressure transmitting medium was used due to the severely hygroscopic character of
the sample. Several ruby chips were added as pressure marker by its fluorescence pressure
calibration method. The angle-dispersive X-ray powder diffraction experiments (λ=0.41537
Å) were performed at the beamline ID9 of ESRF. Diffraction patterns were recorded on an



image plate and then converted to the intensity versus 2θ diffraction angle by using the
program FIT2D.

Fig. 1 shows the typical XRD patterns of the sample under various pressures during the
compressing processes. The results reveal Na3ONO2 loses its cubic (space group Pm3m)
symmetry and transforms to a rhombohedral (space group R3m) high pressure phase (R-
Na3ONO2) at about 0.7 GPa. The main structural feature of the anti-perovskite structure
remains unchanged during the pressure induced phase transition process due to the
similarities of the diffraction patterns to the cubic structure. Fig. 2 shows the lattice
parameters of R-Na3ONO2 as a function of pressure. As a result of the pressure induced
distortion the perfect cubic framework of (Na3O)+ transforms to rhombohedral symmetry, the
unit cell angle from 900 at ambient condition to 90.920 at 0.7 GPa, and then gradually to
94.680 at 10.1 GPa. The equation of state of R-Na3ONO2 could be fitted into the second order
Birch equation, and its zero pressure bulk modulus was estimated as 47.5 GPa. It indicates
that R-Na3ONO2 is a soft high pressure phase, which could work well as pressure
transmitting medium itself in DAC during high pressure experiments.

When the pressure was increased up to 11.9 GPa, the ratio between intensi ties of
ref lections and background in the di f f raction pattern decreases. Af ter 14.5 GPa the
crystal l ine structure of Na3ONO2 destabi l izes and an X-ray dif fraction amorphous state
achieved. The sample stays in its amorphous state when the pressure was increased up to 18
GPa. In decompressing process, the amorphous state keeps until down to 0.5 GPa. The
quenchable behavior of pressure induced amorphization is in agreement wi th the high
pressure Raman results, which is more sensitive than X-ray diffraction to remaining traces of
crystall inity. The intensity of the δ mode and νas mode of the NO2 ion decreases with
increasing pressure, and are observed up to 12.4 GPa, then completely disappears as to 14.1
GPa. These Raman peaks do not recover and no Raman active peak, i . e. neither Raman
modes of NO2

- or the hypothetical NO3
3-, which are possible reaction products, could be

observed during the decompressing process to 0.2 GPa. These results indicate that the bond
between N-O in the sample disjoints under high pressure, and imply the pressure induced
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structural conversion is an irreversible process. These indicates the product, maybe a
complicated mixture of high density amorphous phase, do not crystalli ze again during
decompressing maybe inhibited by its topological features because of the lack of activation
energy which is necessary for the rearrangement in the solid state.

The pressure induced amorphization has attracted intensive attention from a
fundamental viewpoint over the years, and different mechanisms were proposed pertaining
on special compounds. One mechanism suggested the pressure dependence of the melting
temperature is negative, thus the metastable extension of the melting curve would pass
through the amorphization pressure at room temperature, which were observed in ice-I, SiO2,
and Ca(OH)2 cases. In Na3ONO2 case, the slowly decomposition instead of melting occurs as
heating up to 623 K at ambient conditions, this encourage us to perform high temperature
high pressure experiments in order to check the possible negative pressure dependence of
decomposition temperature. Using an internal heating DAC device, the high pressure X-ray
diffraction experiments at 573 K were carried out to compare with room temperature results.
The peaks of littl e amounts of Na2O and NaNO2, which are products of decomposition, are
observed together with those of R-Na3ONO2 in the patterns measured under a pressure range
of 5-12 GPa. Thus the relative lower decomposition temperature under high pressure
condition reveals the characteristic of pressure induced structural destabili zation of
Na3ONO2. The x-ray diffraction amorphization happens after pressure beyond 13 GPa at 573
K, this is almost same as the results of room temperature under pressure.

In addition to some general interest in the high pressure behavior of Na3ONO2, the
orientational disorder of nitrite ion inside the sodium oxide framework is of special interest.
The orientational disorder is expected to be reduced under high pressure while the sodium
oxide framework transforms its cubic symmetry to lower symmetric structure, then
completely frozen at amorphous state after compressing up about 14 GPa. However, the
diffraction methods could not really distinguish dynamic disorder phenomena due to the
measured patterns are averaged over space and time. The relative poor quality of the high
pressure diffraction data, due to stress distribution in the high pressure cell without pressure
transmitting medium as well as texture phenomena of the sample, hampered us from
obtaining clear information on the evolution of orientational disorder of NO2- upon pressing.
Therefore the role of the orientational disorder change, if any, in the pressure induced
decomposition remains unclear.

Sodiumoxidarsenate (Na5AsO5) under high pressure also were studied via in situ
Raman and X-ray diffraction techniques at room temperature, its structure kept stable and
pressure induced amorphization around 20 GPa were observed.
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