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Isotope Effect Study of Protonated Water Clusters
using Variational Path Integral Molecular Dynamics Method
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[Abstract] The study of protonated water clusters (H,0),H" is important to understand
the chemical phenomena such as the protonic-transferring process and acid/base reactions
because such structures are present everywhere in aqueous solution. Since the (H,0),H™" is
strongly influenced by proton-driven nuclear quantum effect, the quantum properties of the
structures should be carefully investigated. Therefore, to discuss the quantum properties, we
analyze the isotopic effects on (H,0),H*(n = 1~4) by changing protons to deuterium D and
tritium T in this study. Here, we used the variational path integral molecular dynamics method
which can handle strictly the nuclear quantum effect as the analysis method.
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Fig. 1. Distributions

of O-H interatomic

distance. (a), (b) and (c) show the results for
H0%, DsOF, and T50%, respectively. Red
numbers indicate the expected value of
internuclear distance (Rgy).
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Fig. 2. Energy diagrams for each structure of
n = 4. Minimum potential energy of OSS3 in
(a); total energies by VPIMD in (b) Ho0%, (¢)
Dy0f and (d) Ty0%, respectively. Energies of
cyclic and linear structures are presented by
the difference from the energy of the branched
one. Where kcal/mol was used as unit.



