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METHYLAMMONIUM ION/ HYDROGEN BOND/ ONIOM-XS / STRUCTURE-

BREAKING

Sophisticate QM/MM MD technique based on the ONIOM-XS (Own N-layered
Integrated Molecular Orbital and Molecular Mechanics — Extension to Solvation) method,
ONIOM-XS has been employed to study the CH3NH; -water hydrogen bonds (HBs) in
aqueous solution. By the ONIOM-XS MD technique, the system is partitioned into a small
QM treated region, i.e., a sphere which contains the CH3NH;" ion and its surrounding water
molecules, and the remaining MM region, i.e., the bulk water. The interactions within the
QM subsystem were treated at the HF level of accuracy using the DZP basis set, while the
rest of the system was described by classical pair potentials. The HF method and the DZP
basis set employed in this study are proved to be suitable choices, compromising between
the quality of the simulation results and the requirement of the CPU time. The ONIOM-XS
MD results clearly reveal a flexible CH3NH3" solvation, showing various numbers of water
molecules, ranging from 3 to 8 and from 12 to 19, cooperatively involved in the primary
region of the -NH3" and -CHs species, respectively. In this respect, it is observed that the —
NHs" group participates in about 3.6 HBs with its nearest-neighbor waters, and the HBs
between the —~NHs" hydrogen atoms and their nearest-neighbor waters are relatively weaker
than the HBs of bulk water. In addition, it is evident that the “hydrophobic effect” of the —

CHj3 species results in slightly more attractive water-water HB interactions in this region



Such phenomenon corresponds to a clear “structure-breaking” ability of CH3NHs" in

aqueous solution.
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