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High-pressure investigations in borate chemistry are rare
and have been mainly performed from a geological point of
view. In the last decade, systematic high-pressure
experiments up to maximum pressures of 16 GPa have been
carried out in our group focusing on high-pressure solid state
chemistry of borates using the multianvil technique [1]. In the
context of these investigations into new rare-earth and
transition metal oxoborates, several new high-pressure
polymorphs of known compositions, e.g. f~MB,O; (M = Ca,
Zn, Hg), x—REBO; (RE = Dy, Er), v—DyBOs, y-RE(BO,);
(RE=La-Nd), —RE(BO,); (RE = La, Ce), and 6-BiB;O¢ [2],
were discovered. These investigations led to fundamental
insights into the structural behaviour of oxoborates under
high-pressure conditions. Especially the coordination of the
boron and rare-earth atoms were of special interest in our
investigations. Next to the synthesis of new modifications,
new compositions were realized in our group. For example,
all attempts to produce rare-earth metal(IIT) oxoborates with
the ratio RE,0;:B,0; = 2:3, 1:2, and 3:5 failed under
normal-pressure conditions. In contrast, the corresponding
high-pressure experiments led in most cases to phase pure
rare-earth metal(III) oxoborates RE,B4O,5 (RE =Dy, Ho) and
a-RE,B,Oq (RE = Sm—Ho), exhibiting the new structural unit
of edge-sharing tetrahedra. Our latest experiments yielded in
a third compound, exhibiting edge-sharing tetrahedra. The
special feature of the compound HP-NiB,O, is that in
contrast to the first two compounds all tetrahedra are linked to
each other via one common edge and two common corners
[3]. Recently, we were able to synthesize a new alkali metal
borate with the composition HP-KB;Os, exhibiting all three
possible conjunctions simultaneously: corner-sharing BOj;
groups, corner-sharing BO, units, as well as edge-sharing
BO, tetrahedra [4].

The talk will introduce into several examples including
the synthesis of new fluoride borates, which impressively
underline the importance of the parameter pressure for the
synthesis of new materials in solid state and materials
chemistry.
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The dynamical properties of condensed matter are
responsible for a wealth of physical properties, such as
thermal and electrical conductivity, melting, elastic
properties, phase stability and transformation, and many
others. Lattice dynamics studies are predominantly conducted
using inelastic neutron scattering (INS) and inelastic x-ray
scattering (IXS) [1]. IXS has matured into a valuable
scattering technique, especially in cases where INS
techniques are difficult to apply. In the context of high
pressure the crucial parameter is the necessary sample
volume. While INS experiments require typical sample
volumes of several mm?, IXS measurements can be
performed utilising volumes several orders of magnitude
smaller (10™ — 10 mm?®). This opens up possibilities to study
materials only available in very small quantities and/or to
perform their investigation in extreme thermodynamic
conditions, most notably at very high pressures using
diamond anvil cell techniques [2, 3]. Our presentation gives
an overview of the work performed on crystalline materials.
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