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This research project was aimed to develop combined quantum mechanical and
molecular mechanical method that is capable of studying soft condensed phase, for
instances, liquid and solution. The project includes development of algorithm and
computer code to have more efficiency, which targets the achievement of a model of ion
solvation in metalloprotein. A new technique based on ONIOM method was
implemented, in which exchange of solvents (XS) between subsystems (i.e. between
QM and MM parts) is allowed — we called it the ONIOM-XS method. In this method, a
switching layer sandwiched between “high-level” and “low-level” subsystems was
introduced to help morphing of exchanging particle from one region to another. A
rigorous treatment of the energy expression by this method also opens new
opportunities for such as Monte Carlo and free energy simulations. The new technique
was applied to investigate the coordination of Ca2+ in liquid ammonia. A coordination
number of 6 is found. Previous simulations based on pair potential or pair potential
plus three-body correction gave values of 9 and 8.2, respectively. The new value is the
same as the coordination number most frequently listed in the Cambridge Structural
Database (CSD) and Protein Data Bank (PDB). N-Ca-N angular distribution reveals a
near-octahedral coordination structure. Inclusion of many-body interactions (which
amounts to 25% of the pair interactions) into the potential energy surface is essential for
obtaining reasonable coordination number. Analyses of the metal coordination in water,
water-ammonia mixture and in proteins reveal that cation/ammonia solution can be used

to approximate the coordination environment in proteins.
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