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JARUKORN SRIPRADITE : SOLVATION STRUCTURE AND
DYNAMICS OF Na’ IN LIQUID AMMONIA: AN ONIOM-XS MD
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TONGRAAR, Ph.D. 115 PP.

SODIUM ION/ LIQUID AMMONIA/ ONIOM-XS MD

A combined quantum mechanics/molecular mechanics (QM/MM) molecular
dynamics (MD) technique based on the ONIOM-XS (Own N-layered Integrated
molecular Orbital and molecular Mechanics — eXtension to Solvation) method, called
briefly ONIOM-XS MD, has been applied to investigate the solvation structure and
dynamics of Na' in liquid ammonia (NH3). Based on the ONIOM-XS MD technique,
the system is composed of a “high-level” QM region, i.e., a sphere which contains the
Na' ion and its surrounding NH; molecules, and the remaining “low-level” MM
region. Inside the QM region, all interactions were treated at the Hartree-Fock (HF) level
of accuracy using double-{ plus polarization and LANL2DZ basis sets for NH; and Na',
respectively, whereas the interactions within the MM and between the QM and MM
regions were described by MM potentials. The ONIOM-XS MD results provided
more insights into the behaviors of Na™ with respect to its “structure-making” ability
in liquid NH3, especially when compared to the results obtained by the conventional
QM/MM MD scheme. With regard to the detailed analyses on the ONIOM-XS MD’s
trajectories, Na' clearly acts as a “structure-maker” in this media, i.e., this ion can

order its surrounding NH; molecules to form specific first and second solvation shells



v

with the average coordination numbers of 5.1 and 11.2, respectively. In this respect,
the first solvation shell of Na' is rather well-defined, forming a preferred 5-fold
coordinated complex with a distorted square pyramidal geometry. Interestingly, it is
observed that the most preferential Na'(NH3)s species could convert back and forth to
the lower probability Na'(NH3)s and Na'(NH3)4 configurations. The second solvation
shell of Na' is also detectable, indicating a recognizable influence of Na' in ordering

NH; molecules in this shell.
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