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Report:

The origin of Titan's atmosphere has long been weband its early differentiation is still highly
discussed In particular, in Titan’s conditions, GQOthe principal carbon speC|2n combine with Chto
form multi-guest clathrates. To confirm these mgliest clathrates, the structural changes in bihgdyates
should be investigated at high pressure and higipéeature. Indeed, methane and carbon dioxidekaaly |
stored in the moon interior in the form of clatleraydrate%and may be progressively or abruptly released to
the surface during the differentiation proce%’é"eﬁs a first step to fully understand the behavioimixed
hydrates, an X-ray investigation is necessary tdlgeprecise crystallographic structures of siugiestals of
hydrates at high-pressure. This proposal aims tohgecrystallographic structures at high-pressdirgingle-
crystals of mixed hydrates between 0 and 5 GPa.p@aliminary results obtained with Raman spectrpgco
show that mixed hydrates form easily but Ramanadtarization is not sufficient to assess the oceoapaf
cages and the phase transition occurring with pres#s far as today, many studies have been dastieon
the structure changes in methane hyd?anesarbon dioxide hydrates at high pressure. Hewevo study on
binary hydrates of methane and carbon dioxidegit-pressure has been performed lately. Only ordy in
methane and ethane hydrates has been perfganddshows that they destabilize above 2.1 GPagUsgh
pressure Raman spectroscopy, we have recentlyremdfithat methane and carbon dioxide hydrates remai
stable above 2 GPa and up to 1 GPa, respectivadlytteat a binary clathrate structure exists aboGPa.
These results have important implications for tioeagje of methane and carbon dioxide in Titan’sriot or
other icy satellites and their release during déffiiation. In order to get better knowledge ongtability of
binary hydrates, we propose to establish the eguati state of single-crystals of mixed methane @arthon
dioxide hydrates by X-Rays using the ESRF facditieand particularly IDO9A for single-crystal
crystallography.



Many studies at high pressure with X-rays and Raspegttroscopy have been carried out lately and
determined the crystallography of methane and cadiaxide hydrates between 0.2 and 5 GPa and @ and
GPa, respectively. But there is still a lack ofadedncerning the binary hydrates. Indeed, in Tg¢an’
conditions, CQ, the principal carbon spec?ecsan combine with CkHo form multi-guest clathrate. In this
context, we propose also to perform preliminaryestigations on the stability and structure of2&XH4
clathrate hydrates. Recent results on methanethadeshydrates show a high stability with pressure.

With X-rays we observed the progressive changearoagin the structures. We have observed the
structure sl, the structure sll and then the sinecsH. We observed these structures at diffeeanpérature
levels. The evolution was progressive and tookteofaime but we were able to get PVT data for ¢hre
temperatures. X-ray powder diffraction patternshigi-quality were collected. We decided to givethp
melting curves because it was not possible durinda@s. Dissociation data will be performed in the
Laboratory in Nantes. Thus we expect to be ablgetomany informations from these new data. It ves t
first time that we were able to catch the sll aHdbase.
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Figure 1. Observed (black) and modeled (red) strastsl and sl of blnary hydrates..

This study was important and permitted to perfectharacterize the binary hydrate structure and
evolution with pressure. It is also a first stepgha study of binary hydrates.

With these data, we should be able to get the exquat state of binary hydrates. It will be usefi
modelling the interior of Titan or other icy bodies
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