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Abstract:

This thesis aims to investigate the ionization constants of several
important amino acid derivatives through two complementary
approaches: an experimental route and a theoretical-computational one.
The experimental part involves the synthesis of the required amino acid
derivatives and the determination of their ionization constant (pKa), while
the theoretical aspect relies on quantum-chemical calculations to interpret
the behavior of these compounds and to compare the experimental results
with the theoretical findings.

A group of amino acids with different side chains—such as glycine,
alanine, serine, threonine, valine, and leucine—were synthesized and
reacted with 2,4-dinitrophenylbenzene to obtain the target compounds for
this study. These products were characterized by infrared spectroscopy
(IR), and their ionization constants were determined experimentally and
theoretically using quantum-mechanical methods.

Experimentally, the pKa values of the synthesized compounds were
obtained. Theoretically, calculations were performed using fundamental
quantum-chemical approaches, including Density Functional Theory
(DFT) with the basis sets 6-311G(d,p) and cc-pvdz, as well as the
Hartree—Fock (HF) method with the 6-311G(d,p) basis set. The
compounds were studied in both their neutral and anionic forms.

A comparison between the theoretical ionization constants for the two
electronic states (neutral and anionic) revealed good agreement with the
experimental data for most compounds, with minor discrepancies that can
be attributed to differences in the experimental environment, the
influence of the chemical medium, and the precision of the basis sets used
with the applied theories. The theoretical calculations also provided a
deeper insight into the electronic charge distribution, the nature of the
molecular orbitals (HOMO and LUMO), molecular hardness, the proton-
transfer mechanism, and the influence of functional groups on ionization
behavior.

The study concludes that ionization constants are not merely measurable
experimental properties but can also be accurately predicted through well-
designed quantum-chemical computations. Moreover, the relationship
between the nature of the amino acid side chain and its ionization
constant significantly influences its acidic function, particularly in cases
where electronic effects, molecular size, and hydrogen-bonding ability
interact simultaneously.
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