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The Warsaw Doctoral School in Natural and Biomedical Sciences and
the Institute of Physics PAS cordially invites you to

three ADVANCED LECTURE SERIES - OXIDE MATERIALS FOR OPTOELCTRONICS talks

High Pressure Chemical Crystallography: Methodology and Applications for
Oxides, Nitrides, Halides, Hydrides, and Carbides

given by
prof. dr hab. Leonid Dubrovinsky
University of Bayreuth, Bayreuth, Germany

divided into three lectures on April 15", 16™ and 17" 2024, each preceded by
short introductory talks.

at the IP PAS Leonard Sosnovski Auditorium
Duration of each lecture: 45 min

The event will be available on ZOOM also, at this link

All Warsaw-4-Phd students (and others) very welcome!

Abstract of the talks:

High-pressure studies have had an enormous impact on fundamental phys-
ics, chemistry, and especially Earth and planetary sciences. Modern science and
technology rely on the fundamental knowledge of matter provided by crystallo-
graphic studies. Chemical crystallography, a well-established discipline, is based on
single-crystal X-ray diffraction (SCXRD) analysis, which enables structure determin-
ation and chemical characterization. Until recently, determining structures using
SCXRD in a diamond anvil cell (DAC) at high pressures beyond 15 GPa was chal-
lenging. SCXRD analysis was considered inapplicable to materials synthesized at
high pressures in a laser-heated (LH) DAC, as the products of chemical reactions
are typically multiphase mixtures of microcrystalline solids. About a decade ago, our
group pioneered an approach to SCXRD data collection and analysis for the
products of chemical reactions in LHDACSs that led to the discovery of new materials
with unique properties. However, it required certain training, crystal-chemical intu-
ition, and experience. Since then, we have designed and built new instrumentation
to enable sophisticated in situ experiments in-house and at synchrotron radiation fa-
cilities, and created powerful software (the Domain Auto Finder (DAFi) program) for
studies of multiphase polycrystalline and microcrystalline (powder) materials. Our


https://zoom.us/j/99024552166?pwd=ZFl2M1lOQnJJZnk3dUZQb3QvUlduQT09

efforts have pushed the range of static pressures achievable in DACs up to 1 TPa
and enabled single-crystal X-ray diffraction experiments under such extreme condi-
tions. Structural studies at simultaneous high pressures of over ~200 GPa and tem-
peratures of several thousand degrees have also become possible. This has led to
remarkable findings in solid-state physics, mineral physics, and chemistry under ex-
treme conditions, including the discovery of numerous, often unpredictable materi-
als and insight into possible physical phenomena underlying their formation, chem-
ical bonding, and properties.

The series of three lectures will cover (1) methodological aspects of the dia-
mond anvil cell technique (diamond anvils; DACs preparation; pressure measure-
ments; laser heating in DACs; SCXRD in DACs; analysis of diffraction data collec-
ted in DACs), (2) high-pressure oxides chemistry (effects of pressure on chemical
composition and crystal chemistry of oxides; changes in structural types with com-
pression on the example of dioxides; access to metastable states of oxides under
pressure on the example of silica; novel high-pressure chemistry of iron oxides; ef-
fects of spin state on crystal chemistry of transition metal oxides; structure-proper-
ties relations in high-pressure oxide phases; variation of oxygen oxidation state and
its significance for past and present of Earth), and (3) synthesis and properties of
novel nitrides, halides, and carbides (why and how nitrides, halides, hydrides, and
carbides should be synthesized under pressure; enhanced stability of polyanions
under high pressures; how accurately theory predicts chemical composition and
structures of high-pressure phases; fantastic crystal chemistry as a reason for fant-
astic properties; extremely incompressible and hard nitrides; unexpected possible
origin of organic matter in the Universe; hopes and disappointments in the search
for high-temperature superconductivity).
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