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Water (H;O) is the third most abundant molecule in the Universe following dihydrogen and carbon monoxide. Travelling through
the Solar System, water ice is a constant companion from the polar regions on Earth and the asteroid belt to the icy satellites of the
gas giants and the Kuiper belt. The presence of ice across the Solar System is important for a variety of reasons: Firstly, ice can
transform to liquid water which is the key component for the search for extra-terrestrial life. Secondly, the properties and phase
transitions of the many different types of ice may influence atmospheric and geological processes. Finally, the presence of ice outside
of Earth is an important technological factor for space exploration in terms of the creation of rocket fuel and water supply for crewed
missions. In this talk, we will discuss our recent work on the various crystalline and amorphous forms of ice, and their relevance with
respect to geological and atmospheric processes in the Solar System.

High-pressure phases of ice are expected to occur in the thick ice shells of the ice moons of the gas giants. The presence of salts can
alter their phase stabilities and in one case, using ammonium fluoride as a dopant, the ice II high-pressure phase of ice was even
selectively removed from the phase diagram as demonstrated by in-situ pressure neutron diffraction [1,2]. Up until recently, the
‘ordinary’ ice I was thought to exist in either the stable hexagonal (ice 1) or the metastable cubic form (ice Ic). We discuss that the
occurrence of ice Ic in the Solar System is unlikely and that metastable ice I is expected to exist as stacking disordered ice (I sd)
which consists of variable amounts of hexagonal and cubic stacking.[3] Fig. 1 shows locations in the Solar System where the presence
of ice Isd is possible. In diffraction, the stacking disorder results in asymmetric broadening of some of the Bragg peaks which we fit
with our MCDIFFaX program. Depending on the parent material and thermal history of ice Isd samples, different characteristics of
the stacking disorder are found which offers the exciting prospect of using stacking disorder as a marker for the geological history of
ice I samples [3].

Cryogenic ball-milling of ice 14 has recently led to the discovery of medium-density amorphous ice which may be present in some
of the ice moons as a consequence of tidal forces [4]. Finally, mixtures of low-density amorphous ice and hydrophobic hydrocarbons
were prepared as the exist in comets [5]. The effects of the hydrocarbons on the crystallisation temperature and H ,O desorption
properties were investigated, and the structure of water in the first hydration shell of adamantane (C ,0H,s) was solved with neutron
diffraction.

Figure 1. Potential occurrences of ice Lsd in the Solar System.[3] (a) Clouds on Mars. (b) Plumes of vapour and ice at Enceladus. (c) A
‘dome’; a quasi-circular feature in Europa’s Conamara region. (d) A high-albedo patch on comet 67P/Churyumov-Gerasimenko.
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