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Abstract. Extreme thermodynamic conditions, such as high pressures in the GPa range
and above, offer the unique opportunity of stabilizing metastable phases with unusual
structural and electronic properties [1,2]. For instance, high pressure increases the width
of the electronic bands, thus favoring metallic properties, and tends to stabilize structures
with high coordination numbers (or high-density). In previous years, these general guide-
lines have led to the discovery of several novel phases with remarkable properties, such as
superconductivity at the surprisingly high temperature of 203 K in H2S [3], or ultrahard
phases [4]. The challenge is an effective search of novel phases with the desired electronic
and functional properties. In order to face this challenge, a powerful research strategy is
the combination of ab initio calculations of the total energy and of the electronic structure
with in situ probes, such as x-ray diffraction. In this lecture, I shall provide an introduc-
tion to the topic by illustrating selected examples of novel metastable phases that have
been successfully synthesized under high pressure, such as transition metal oxides with
multiferroic properties and transition metal sulfides exhibiting heavy-fermion behavior.
I shall also provide an overview on some recent advances in the theoretical and exper-
imental methods used to effectively search for novel phases, with emphasis on in situ
synchrotron x-ray diffraction.
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