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Report:

AlthoughNagONO, was first synthesized in 1937 and cdled as odium orthonitrite, it
was addressed as dium oxide nitrite and re-determined as anti-perovskite type aibic
structure & ambient condtions by single aysta X-ray diffracion urtil 1977 [1]. Its low
temperature phases were systematicdly studied by neutron scatering data recently [2]. The
compound dlsplays two continue order processes and ore discontinue phase transition in
which arientational disorder of the nitriteionsis reduced uponthe aadling process However,
the high presaure behavior of the ammpoundis unknavn upto now. Espedally the posshbility
of presaure induced synthesis of the still unknowvn arthontrite NagNOs with the NOs™ ionis
worth of investigation. Here we report the results of presaure induced phaese transition and
amorphizaion behavior of NasONGO, using in situ high presaure techniques within 18 GPa &
room temperature and 573K, respedively.

The aystal structure of NasONO,, prepared by solid state read¢ion d sodium oxide
(NaxO) and sodium nitrite (NaNO,), has been determined at ambient condtions using X-ray
and reutron dffradion data. The high presaure experiments were caried ou in a diamond
anvil cdl (DAC) apparatus. The sample was loaded in a hdle of sted gasket in a glove box
and no pesaure transmitting medium was used due to the severely hygroscopic charader of
the sample. Severa ruby chips were alded as presaure marker by its fluorescence presaire
cdibration method The angle-dispersive X-ray powder diffradion experiments (A=0.41537
A) were performed at the beamline ID9 of ESRF. Diffradion petterns were recorded on an



image plate and then conwverted to the intensity versus 20 diffradion angle by using the
program FIT2D.

Fig. 1 shows the typicd XRD patterns of the sample under various presaures during the
compressng processs. The results reved NagONO, loses its cubic (space group Pm3m)
symmetry and transforms to a rhombohedral (space group R3m) high pressure phase (R-
NasONQO,) at abou 0.7 GPa. The main structural feaure of the anti-perovskite structure
remains unchanged duing the presaure induced phese transition process due to the
similarities of the diffradion petterns to the aubic structure. Fig. 2 shows the lattice
parameters of R-NasONQO, as a function d presaure. As a result of the presaure induced
distortion the perfed cubic framework of (NazO)" transforms to rhombohedral symmetry, the
unit cdl angle from 90° at ambient condtion to 9092° a 0.7 GPa, and then gradudly to
94.68° at 10.1 GPa. The gjuation d state of R-NasONO, could be fitted into the second ader
Birch equation, and its zero presaure bulk moduus was estimated as 47.5 GPa. It indicates
that R-NaONO, is a soft high pesaure phase, which could work well as presare
transmitting medium itself in DAC during high presaure experiments.

When the pressure was increased upto 119 GPa, the ratio between intensities of
reflections and background in the diffraction pattern decreases. After 14.5 GPa the
crystalline structure of NasONO, destabilizes and an X-ray diffraction amorphous date
achieved. The sample stays in its amorphots state when the pressure was increased upto 18
GPa. In decompressng process the anorphous date keeps until down to 0.5 GPa. The
guenchable behavior of pressure induced amorphization is in agreement with the high
presaure Raman results, which is more sensitive than X-ray diffraction to remaining traces of
crystallinity. The intensity of the d mode and v,s mode of the NO, ion deaeases with
increasing presaure, and are observed up to 124 GPa, then completely disappeasasto 141
GPa. These Raman peaks do na recover and no Raman active peak, i. e. neither Raman
modes of NO, or the hypothetica NO;*, which are possble readion products, could be
observed duing the decompressng processto 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 indicaes the product, maybe a
complicaed mixture of high density amorphows phase, do nd crystallize ajain duing
decompressng maybe inhibited by its topdogicd feaures because of the lack of adivation
energy which is necessary for the rearangement in the solid state.

The presaure induced amorphization has attraded intensive dtention from a
fundamental viewpoint over the yeas, and dfferent mechanisms were propcsed pertaining
on speda compound. One medhanism suggested the presaure dependence of the melting
temperature is negative, thus the metastable extension d the melting curve would pass
throughthe amorphizaion presaure & room temperature, which were observed inicel, SIO,,
and Ca(OH), cases. In NagONO, case, the slowly decompasition instead of melting ccecurs as
heaing upto 623K at ambient condtions, this encourage us to perform high temperature
high pesaure experiments in order to chedk the possble negative pressure dependence of
decompasition temperature. Using an internal heaing DAC device the high pesaure X-ray
diffradion experiments at 573K were caried ou to compare with room temperature results.
The pedks of little anounts of Na,O and NaNO,, which are products of decompaosition, are
observed together with those of R-NasONGO; in the patterns measured under a presaure range
of 5-12 GPa. Thus the relative lower decompaosition temperature under high presare
condtion reveds the daraderistic of presaure induced structural destabilizaion o
NagsONQO,. The x-ray diffracion amorphizaion happens after presaure beyond 13GPa & 573
K, thisis almost same & the results of room temperature under presaure.

In addition to some general interest in the high presaure behavior of NasONO,, the
orientational disorder of nitrite ion inside the sodium oxide framework is of spedal interest.
The orientational disorder is expeded to be reduced under high presaure whil e the sodium
oxide framework transforms its cubic symmetry to lower symmetric structure, then
completely frozen at amorphows date dter compressng up abou 14 GPa. However, the
diffradion methods could nad redly distingush dynamic disorder phenomena due to the
measured patterns are averaged over space ad time. The relative poa quality of the high
presaure diffradion data, due to stressdistribution in the high presaure cdl withou presaure
transmitting medium as well as texture phenomena of the sample, hampered us from
obtaining clea information onthe evolution d orientational disorder of NO,- upon pessng.
Therefore the role of the orientational disorder change, if any, in the presaure induced
decompasition remains unclea.

Sodiumoxidarsenate (NasAsOs) under high presaure also were studied via in situ
Raman and X-ray diffradion techniques at room temperature, its dructure kept stable and
presaure induced amorphization around 20GPa were observed.
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