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Report:

The aim of this proposal was to study the phase diagram, structures and possible superionicity of
ammonia monohydrate (AMH) at high pressures and temperatures. Despite their high relevance for planetary
physics, in particular giant icy planets, our knowledge of the properties of ammonia/water compounds are
limited to low temperatures (<300 K). In our last proposal HC-1646, we have investigated the solid phases of
AMH up to 80 GPa at temperatures from 5 to 300 K. We have evidenced the presence of OH™ and NH4*
species at pressures as low as 8 GPa for T<300 K][1], but the compound does not fully ionize up to 80 GPa
contrarily to what DFT predicts [2]. We could explain this discrepancy on the basis of structural data of AMH
samples obtained during run HC1646 and DFT calculations. Indeed, we showed that the ionization of AMH
occurs in a body-centered cubic (bcc) structure, previously observed in [3], where water and ammonia are
randomly distributed over the lattice sites, and that this substitutional disorder hinders a complete ionization
[1]. The presence of the predicted fully ionic phase P4/nmm is also observed but as a minor phase. We have
also investigated the diffusion of the proton at high temperature by ab initio calculations. The latter predict
that AMH becomes superionic at much milder P-T conditions than the pure ices, as the calculations of the
proton diffusion coefficient is 10° cm?.s™ at 500 K. The purpose of this experiment was to investigate the
structure of AMH at temperatures between 300 and 700 K up to 40 GPa and find evidence for the sueprionic
phase.

Results obtained :

We have studied 4 different samples of AMH. The samples were loaded and compressed at ~80 K to
pressures greater than 7 GPa before warming up to room T in order to keep the 1:1 composition [3]. The
Raman spectra of all samples confirmed the presence of ionic species after loading. The pressure was
measured in situ with a ruby ball or with the EOS of gold.

The first sample (sample A) was heated at 8 GPa up to the melting temperature (~550 K) prior to the
ESRF experiment in order to grow a single crystal and cool it down to room temperature. The x-ray
diffraction pattern collected at ESRF from this sample shows that its structure is different from that of the
DIMA phase or of the ionic P4/nmm phase. We will call this phase the “post HT phase”. We have recorded
the x-ray diffraction pattern of this compound up to 30 GPa and then on decompression down to 7 GPa. This



phase was found stable in this pressure range. We then heated this compound up to the melting line at 6 GPa-
450 K and made a new single crystal. The data collected at high pressure-high temperature shows that the
sample is a high quality single crystal and that the Bragg peaks are best indexed by a bcc structure. A third
single crystal was grown at 8.5 GPa, which also presented a bce strcuture. The sample was then slowly cooled
down to ambient temperature where a new set of x-ray diffraction images was collected. The sample
remained a single crystal and the XRD images looked similar to those obtained earlier for the “post HT

phase”. The diffraction pattern of this phase is much more complex than the one of the high temperature bcc
phase, analysis of the data is still on going.

HC2483 - sample A (single crystal)
HC2483- sample B
HC2483- sample C
HC2483- sample D
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Figure 1 : Phase diagram of AMH at high temperature. The pink, brown, Figure 2 : XRD pattern at various
green and blue open symbols show the different experimental (P,T) data temperature along an isobar
explored with four different samples. The transition line between the (15.00(1.25) GPa) : these data

DIMA/bcc or bee/’post HT phase” is depicted with the dotted red line. were collected on sample B.

The three other samples were prepared in powder form. The phase transitions from the DIMA (or
DIMA+P4/nmm) phase to the high temperature (HT) bcc phase and from the HT to the “post HT phase” were
observed in the three samples at different pressures and temperatures, as reported in Fig. 1. This data set
allows us to draw a phase transition line between the DIMA+P4/nmm mixed phase and the HT phase or from
the HT phase to the “post HT phase” as depicted in figure 1. This transition line agrees well with our Raman
scattering data showing a phase transition at around 9 GPa and 420 K.

In conclusion, the present experiments show that the DIMA phase of AMH transits to a HT phase of
bcc structure on annealing at any pressures between 8 and 30 GPa. Futher, the samples do not revert to the
DIMA phase on cooling but to a “post HT phase” with a complex XRD pattern. Our ab initio calculations
predict that bcc AMH is superionic at 500 K, which could explain the observed transition line. This is also
supported by the observed changes in the Raman spectrum.
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