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The research includes both theoretical investigations of such topics as aromaticity, substituent effect
in chemistry, solvent effect and experimental studies on crystallization and crystal structure analysis
including polymorphism, phase transitions, twinning, disorder, stability of molecular crystals. The exper-
imental part is supported by molecular modeling including quantum-mechanical calculations (ab initio).
To explain some fundamental problems in organic chemistry we also introduce and apply new theoreti-
cal approaches based on graph topology. In our research we use the following experimental techniques:
single crystal X-ray diffraction, in wide range of temperatures (including room temperature high pressure
investigations) combined with Raman spectroscopy; powder diffraction; calorimetric measurements
(DSC, TGA/DSC). To devise and obtain novel crystal structures a world-unique IR laser supported in situ
crystallization device is applied. Our particular interest is also focused on development of new method-
ologies and research equipment.
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CURRENT RESEARCH ACTIVITIES:

The experimental part is primarily related to the design and physicochemical characterization of new
crystalline hydrates/hydrate clathrates of small organic compounds, that are liquids at room temper-
ature. To elaborate intermolecular interactions in the solid state, to create novel architectures, many
other multi-component systems, such as supramolecular complexes of phenylboronic acids, benzenoid
hydrocarbons or a clathrate-like systems formed by urea, are also investigated. The primary theoretical
topics of our investigations include: relation between strain and aromaticity, energetic aspects of cyclic
n-electron delocalization, definition of aromaticity, comprehensive physicochemical interpretation of
substituent effect, dependence between the strength and the nature of hydrogen bond and pi-electron
delocalization in model systems of biological importance. Our Laboratory is equipped with two single
crystal and one powder X-ray diffractometers, Raman spectrometer, DSC and TGA/DSC instruments.

Hydrates of tert-butylamine Hydrogen bond motifs in crystals
of phenylboronic acids
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