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Doctoral dissertation is devoted to the characterization of conventional hydrogen
bonds and conformational states in systems containing carboxylic groups (3-nitrophthalic
acid, 4-nitrophthalic acid, pyromellitic acid, imidazole-4,5-dicarboxylic acid, 1-methyl-
imidazole-4,5-dicarboxylic acid, bilirubin, biliverdin) and hydroxyl groups (L-ascorbic acid,
D-iso-ascorbic acid), in combination with analysis of the effects influencing their
stabilization and diverse interactions. The set of fundamental effects and phenomena
determining the physicochemical properties of the analyzed systems included steric, isotopic,
and solvent effects, as well as isomerism and proton dynamics. The current state of knowledge
does not encompass such a comprehensive analysis, particularly regarding the characterization
of intramolecular and intermolecular hydrogen bonds O-H---O/O---H---O/O---H-O types
in the mentioned compounds. The applied methodology combined synthesis and structural
analysis, vibrational spectroscopy methods (IR, ATR, Ramana, IINS) and computational
methods (DFT, MD, PED).

The theoretical part of the dissertation, presents a detailed review of history, definitions
and classifications of hydrogen bonds, with particular consideration for OHO type of hydrogen
bond and Low-Barrier hydrogen bonds (LBHB). It also includes an overview of topics related
to the steric effect, isotope effect, and the significant role of proton transfer in systems involving
intramolecular and intramolecular hydrogen bonding. This section is complemented by
a description of experimental and theoretical methods enabling the identification and

characterization of various hydrogen bonds’ motifs.

The experimental part of the dissertation, presenting the obtained results and discussion,
is divided according to the type of analyzed systems — beginning with complexes
of nitrophthalic acids and imidazole derivatives with pyridine, collidine and
dimethylaminopyridine, through studies on ascorbic acids and concluding with investigations
of biological system — bilirubin and biliverdin. The analysis of the intramolecular and
intermolecular hydrogen bonding is of fundamental importance to determing properties and
potential applications of a given system. Interest in this topic is highly significant, in both

microscopic and macroscopic scales.



In doctoral dissertation, a comprehensive study was conducted involving a wide range
if investigated systems and applied analytical methods. This versatile approach enabled to the
detailed characterization of interactions in the individual systems and the formulation
of numerous dependences and conclusions. The influence of repulsive interactions and
attractive forces was identified, particularly in the context of the intramolecular hydrogen bond
(OHO type) in complexes of nitrophthalic acids and imidazole derivatives. A series
of cocrystals were obtained, exhibiting the formation of strong SSHB (Short Strong Hydrogen
Bond) and even very strong VSHB (Very Strong Hydrogen Bond). For these compounds, the
formation of LBHBs with exceptionally low potential barriers was also identified. For ascorbic
acid isomers, a detailed assignment of v(OH) bands was carried out, along with assessment
of differences in the number and nature of v(OH) vibrations between L- and D-isomers,
considering the key role of intermolecular hydrogen bridges. Using complementary vibrational
spectroscopic methods, additional bands 6(OH), y(OH), vs(OHO) were also assigned and
a correlation of d(OO) = f(y(OH)) was developed, allowing classification and differentiation
of hydrogen bonds such as RAHB (Resonance-Assisted Hydrogen Bond) and CAHB (Charge-
Assisted Hydrogen Bond). Furthermore, for biological pigments, diversity in the stabilization
factors of their conformations was demonstrated: in the case of bilirubin — network of the four
intramolecular hydrogen bonds, and for biliverdin — =-electronic conjugation and

intramolecular hydrogen bonding.

The obtained results contribute to an expanded understanding of the stability
of individual conformers and proton dynamics in the investigated systems, including their
biological significance. The comparative analysis of data across diverse systems constitutes
a key aspect for properly understanding and introducing rational modifications in the design

of functional materials, cocrystals and especially bioactive compounds.



