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Abstract: Various methods of theoretical chemistry, namely classical molecular
dynamics simulations with empirical force fields, ab initio molecular dynamics,
enhanced sampling methods, and ab initio calculations were used to provide new
insight into ion pairing and photoionization in aqueous solutions. Systems mod-
eling aqueous solutions of decreasing size were investigated by computational
methods of increasing level of sophistication.

In a classical molecular dynamics study of concentrated lithium salt solutions,
the electronic continuum correction to account for polarization provided qualita-
tive improvement over the conventional non-polarizable force fields and enabled
molecular interpretation of neutron scattering measurements. The same model-
ing approach was also successful in predicting the affinity of halide ions to the
solution/oil interface.

By combining ab initio molecular dynamics and potential of mean force cal-
culations, we designed a reliable computational protocol for calculating the free
energy profile for an ion pair dissociation. Further, we estimated the differences in
the strength of Na+ and Ca2+ binding to the peptide bond employing umbrella
sampling and found different geometries of the contact pairs for the two ions.
Finally, we investigated the interplay between a neutral state and a strong salt
bridge on one side and a strong and weak salt bridge on the other side for a model
dipeptide.

Next, we studied photoionization of DNA in its native aqueous environment.
First, we described the ultrafast formation and subsequent transformation of
a cationic hole in water in the context of indirect radiation damage to DNA.
Then, we predicted photoelectron spectra of nucleic acid components by ab initio
calculations together with a nonequilibrium polarizable continuum solvent model,
results of which were in a good agreement with experiment. Comparison with gas
phase calculations showed a remarkable ability of the aqueous solvent to screen the
electrostatic interactions. In addition, a very small change in the base ionization
energy upon placing it into a piece of DNA again points to a major contribution
of water to the overall environmental effect.

To summarize, presented results shed new light into molecular interpretation
of ion pairing, ion specific Hofmeister effects, and radiation damage of DNA.
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