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APIRAK PAYAKA : AB INITIO QM/MM MD SIMULATIONS OF
FORMATE (HCOO") AND ACETATE (CH3;COO") IONS IN AQUEOUS
SOLUTION. THESIS ADVISOR : ASSOC. PROF. ANAN TONGRAAR,

Ph.D. 150 PP.

FORMATE/ACETATE/HYDROGEN BOND/WATER EXCHANGE

Two combined quantum mechanics/molecular mechanics (QM/MM)
molecular dynamics simulations, namely HF/MM and B3LYP/MM, have been
performed to investigate the characteristics of HCOO -water and CH3;COO -water
hydrogen bonds in aqueous solution. By the QM/MM technique, the ion and its
surrounding water molecules were treated at HF and B3LYP levels of accuracy,
respectively, using DZV+ basis set, while the rest of the system was described by
means of classical pair potentials. In this work, the results obtained by the HF/MM
and B3LYP/MM simulations clearly indicate strong HCOO™-water and CH3COO"-
water hydrogen bonds, especially when compare to that of water-water hydrogen
bonds in bulk. Regarding to the HF/MM and B3LYP/MM trajectories, it is observed
that first-shell waters are either “loosely” or “tightly” bound to their respective
HCOO" and CH3COO" oxygen atoms. Consequently, this leads to large fluctuations in
the hydration number, varying from 1 to 6, with the prevalent value of 3. Comparing
between the HCOO -water and CH3;COO"-water hydrogen bonds, the latter one is
found to be stronger as a consequence of electronic effects in CH;COOQO/, i.e., the
methyl group of CH3COO™ can donate electron to CH3;COO™ carbonyl group. With

regard to the HF and B3LYP methods for the description of QM treated region, the



first one leads to slightly too weak and thus longer hydrogen bonds, while the latter

predicts them stronger with the too slow dynamical data.
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