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OXONIUM/HYDROGEN BOND /PROTON TRANSFER/ONIOM-XS

The solvation structure and dynamics of H;O" in aqueous solution have been
investigated by means of ‘combined quantum mechanics/molecular mechanics
(QM/MM) molecular dynamics (MD) simulations. For the first part, two QM/MM
MD simulations, namely B3LYP/MM and MP2/MM, have been performed to
investigate the possible influence of electron correlation on the structure and dynamics
of H;O" hydrate. In comparison to the previously published HF/MM results, both
B3LYP/MM and MP2/MM simulations clearly reveal stronger H;O -water hydrogen
bond interactions, which are reflected in a slightly greater compactness of the H;O"
hydrate. However, the B3LYP/MM simulation, although providing structural details
very close to the MP2/MM data, shows an artificially slow dynamics nature of some
first shell waters as a consequence of the formation of a long-lived H;O'---H,0
hydrogen bonding structure.

For the second part, according to some unsolved problems in the QM/MM
scheme, a more sophisticated QM/MM MD based on ONIOM-XS method has been
applied for studying such system. Due to the limit of CPU time, the HF method has
been used for describing all interactions within the QM region. As compared to the

conventional HF/MM results, the HF/MM MD simulation based on ONIOM-XS



v

method provides remarkable different data, both in the structure and dynamics of the
H;0" hydrate. In particular, the ONIOM-XS simulation predicts relatively weak
H;0 -water hydrogen bonds as compared to the conventional HF/MM results, which
corresponds to the observed lower MRT values of water molecules at each of H;O"
hydrogens. The observed differences clearly indicate the deficiency of the
conventional QM/MM scheme for the treatment of such system. In this respect,
however, since the effects of electron correlation have been shown to play an
important role in the structure and dynamics of the H;O" hydrate, it is recommended
that the QM/MM MD simulation based on ONIOM-XS method should be carried out
in conjunction with the correlated methods, such as MP2, in order to obtain a more

accurate description of this hydrated ion.
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