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PATTRAWAN SRIPA : ONIOM-XS MD SIMULATIONS OF ALKALI
METAL IONS (Li*, Na* AND K*) IN AQUEOUS SOLUTION : FROM
“STRUCTURE-MAKING” TO “STRUCTURE-BREAKING” ABILITIES.

THESIS ADVISOR : ASSOC. PROF. ANAN TONGRAAR, Ph.D. 147 PP.

Li*, Na*, K*/ Structure-maker/breaker/ Molecular Dynamics, ONIOM-XS MD

A more sophisticated QM/MM MD technique based on the ONIOM-XS
method, called briefly ONIOM-XS MD, has been applied for studying the hydration
structure and dynamics of three essential alkali metal ions, namely Li*, Na* and K, in
aqueous solution. The ONIOM-XS MD technique has been proposed in order to
improve the methodical drawbacks of the conventional QM/MM MD framework.
Based on the ONIOM-XS MD technique, the system is composed of a “high-level”
QM region, i.e., a sphere which contains the ion and its surrounding water molecules,
and the remaining “low-level” MM bulk waters. In this work, all interactions within
the QM region were treated at the Hartree-Fock (HF) level of accuracy using a
Dunning double-{ plus polarization (DZP) basis set for water and Li*, and Los
Alamos ECP plus DZ (LANL2DZ) basis set for Na* and K*, whereas the interactions
within the MM and between the QM and MM regions were described by newly
developed pair potentials. The results obtained by the ONIOM-XS MD simulations
have provided more insights into the behaviors of these three ions with respect to
their “structure-making” and “structure-breaking” abilities in aqueous solution. In the
case of Li*, a well-defined tetrahedral geometry with the average coordination

number of 4.1 is observed. The ONIOM-XS MD simulation clearly reveals that the
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structure of the hydrated Li* is not rigid and that water molecules in the first
hydration shell are somewhat labile, leading to a probability of finding other hydrated
complexes, in particular the Li*(H,0)s species. In this respect, the ONIOM-XS MD
results clearly suggest that the “structure-making” ability of Li* in aqueous solution is
not too strong, i.e., compared to stronger “structure-makers”, such as Ca**. For Na*,
the detailed analyzes of the ONIOM-XS MD trajectories show that this ion is able to
order the structure of waters in its surroundings, forming two prevalent Na*(H,O)s
and Na'(H,O)s species. Interestingly, it is observed that these 5-fold and 6-fold
coordinated complexes can convert back and forth with some degrees of flexibility,
leading to frequent re-arrangements of the Na™ hydrates as well as numerous attempts
of inner-shell water molecules to interchange with waters in the outer region. Such
phenomenon clearly demonstrates the weak “structure-making” ability of Na® in
aqueous solution. For K*, as compared to Li" and Na’, the first hydration shell is less
structured and water molecules surrounding the K™ ion are more labile, showing
several re-arrangements of the hydrated K* complexes. This implies that this ion may
not be able to form any specific geometrical order of its hydration shell, and thus, it

can be classified as a “structure-breaker” in aqueous solution.
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