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Numerically exact rotation-vibration solutions to the molecular Schrddinger equation for tri- and
tetratomic molecules are applied. As a first example, the torsional structure of HOCO is analyzed
using several adiabatic projection techniques. The torsional structure is found to exhibit two limiting
cases associated with oscillator and rotor spectral patterns. Combining full-dimensional rovibrational
calculations for NoH™ with the available experimental values for Bo, the rr- and re structures of the ion
are additionally determined and analyzed.
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The analysis of the crystal structures in the CSD was used to recognize and characterize new types of
noncovalent interactions. It was also used to study already known noncovalent interactions. Based on
the data from the CSD we can determine existence of the interactions, frequency of the interactions,
and preferred geometries of the interactions in the crystal structures [1,2].

The quantum chemical calculations were performed to evaluate the energies of the interactions.
For the preferred geometries in the crystal structures we can calculate the interaction energies. By
calculating potential energy surfaces for the interactions, we can determine the most stable
geometries, as well as stability of various geometries [1,2].

Using this methodology our group recognized stacking interactions of planar metal-chelate rings;
stacking interactions with organic aromatic rings, and stacking interactions between two chelate rings.
The calculated energies showed that the stacking of metal-chelate rings is stronger than stacking
between two benzene molecules. Studies of interactions of coordinated ligands indicate stronger
noncovalent interactions that interactions of noncoordinated molecules [2].
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The work presents the IR-study of fluid-like methane halides (methyl iodide, carbon tetrachloride,
chloroform, and methane dichloride) layers formation in the near-surface area at ambient conditions.
It was shown that at vapors compression-expansion procedure in variable-thickness spectral cell, the
phase state of matter, exhibiting both gas and liquid spectral properties appears. The reversible and
continuous transition of gas-like and liquid-like shapes, not depending on thermodynamic
characteristics of studied substances, was revealed.
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The work discusses the data obtained by IR study referring to the dual gas-liquid properties of thin
layers forming in the cell near-surface (optical windows) area for dichloromethane, 1,2-
dichloroethane and 1,2-dichloropropane. These layers represent the combination of gas-like and
liquid-like states, which can be considered as the intermediate stage of the phase transition from gas
to liquid. It was shown that the molecular interactions in dual gas-liquid systems of chloroalkanes are
changing due to the restructuring of Cl---H hydrogen bonding.
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