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PILAILUK KABBALEE : PREFERENTIAL SOLVATION AND
DYNAMICS OF Li* IN AQUEOUS AMMONIA SOLUTION : AN ONIOM-
XS MD SIMULATIONS STUDY. THESIS ADVISOR : ASSOC. PROF.

ANAN TONGRAAR, Ph.D. 111 PP.

LITHIUM ION/ QM/MM/ ONIOM-XS

A sophisticated quantum mechanics/molecular mechanics (QM/MM)
molecular dynamics (MD) technique based on the ONIOM-XS method, called the
ONIOM-XS MD, has been applied for studying the preferential solvation and
dynamics of Li* in aqueous ammonia solution. This work was divided into 2 parts. In
part 1, an ONIOM-XS MD simulation was performed with the same simulation
protocol as employed in a recent conventional QM/MM MD study. As compared to
the conventional QM/MM MD results, which predicted that the first and second
solvation shells of Li* consist exclusively of water molecules with the arrangement of
the Li*'[(H20)4][(H20).] type, the ONIOM-XS MD simulation clearly indicate that
this ion can order both water and ammonia molecules to form a favorable
Li*[(H,0)3NH3][(H20)1:(NH3)3] configuration. Regarding the ONIOM-XS MD
simulation, it was observed that the “structure-making” ability of Li* is not too strong
and that the first solvation shell of Li* is somewhat flexible in that different 4-fold
coordinated species, such as Li*(H,0)4, Li*(H20)3NH3 and Li*(H,0)2(NH3),, could
be converted back and forth. In addition, it was revealed that the second solvation
shell of Li" is less structured, indicating a small influence of Li" in ordering the ligand

molecules in this shell. These observed discrepancies clearly confirm the important



treatment of the ONIOM-XS MD technique in obtaining more detailed descriptions of
such a condensed-phase system. In part I, another ONIOM-XS MD simulation has
been performed in which a significant change is made by using a larger DZP basis set,
i.e., instead of the DZV basis set employed in part I. It was observed that the results
obtained by the ONIOM-XS MD simulations using the DZV and DZP basis sets are
rather similar. This implies that the effect of polarization function is marginal
(negligible) for this particular system, i.e., the DZV basis set is considered as a

promising choice in situations where the computational facilities are very limited.
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