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Autoionization of a water molecule, which generates OH- and H30+, is one of the fundamental
chemical reactions. Recently, an experiment reported that autoionization is enhanced on the ice
surface. However, Understanding of the molecular mechanism, for example what kinds of
structures are necessary for autoionization to proceed, has still been quite ambiguous. The
purpose of this study is to elucidate molecular collective structures triggering autoionization by
using a molecular dynamics simulation method.

We carried out in this year two investigations mainly: (1) consideration to use a density functional
tight binding (DFTB) method for describing autoionization and (2) analysis of fundamental
properties such as vibrational motions and hydrogen bond structures.

(1) We considered the possibility of the semiempirical DFTB method. While we obtained
reasonable results in bulk water in terms of radial distribution functions, diffusion constants, and IR
spectrum, we observed behavior of subcritical water under the constant atmosphere pressure
condition. This is a serious situation because density fluctuation can be essential to describe an
autoionization process. Thus, we decided to use the density functional theory (DFT), which has no
critical inadequacy except for the high computational cost, instead of the DFTB method.

(2) It is impractical to trace an autoionization process fully using a computationally demanding DFT
method. Therefore, our new strategy is to treat low frequency modes and high frequency modes
including bond dissociation/creation by a classical force field and a DFT method, respectively.
First, we investigated molecular motions and structures generated by force-field simulations. We
observed reduction of hindered translation modes and enhancement of hindered rotation modes in
the surface molecules, compared to the bulk molecules. In addition, we analyzed water structures
in terms of "short hydrogen bond chain" and "large coordination number derived from surrounding
hydrogens". Those structures were proposed in a literature to promote an autoionization process.
Our analysis revealed that the characteristic hydrogen-bond structure appears only on the surface.
The findings thus obtained are expected to be linked to the experimental fact that autoionization
occurs more frequently on the ice surface than in the bulk. The explicit relation between actual
autoionization processes and the findings will be clarified in the following year.
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Theoretical elucidation of molecular collective structures triggering water autoionization.

1. HIREBRFROBE

KOFHNEEAA4EL., OH-& HIO+EEM T 5B IF. ZRLERMTILZRIED 1 DTHS, RATIHIRETES A4 LR
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EDRFFHIBOERIBOTERTH D, AMATEEACAA U LESISECI D FEAREEZD FRINFERICKVERATLHLE
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(2) ®AAMEDFT TREZAAUEDF A FIVREEEMITRSIEFBRM TN, LoT BRIBE-—FEHRNIFZTHR
W\, FEEDREBERED FRIREI DA% DFT TIROICETHCAA VILEBINT T SBBREL T, FTXHHNFOKIFAED L
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DREFEUENEFEDBCAALEESBEBRLTVN SN EHODIZHETT S,
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Autoionization of a water molecule, which generates OH- and H30+, is one of the fundamental chemical reactions. Recently, an
experiment reported that autoionization is enhanced on the ice surface. However, Understanding of the molecular mechanism, for
example what kinds of structures are necessary for autoionization to proceed, has still been quite ambiguous. The purpose of this
study is to elucidate molecular collective structures triggering autoionization by using a molecular dynamics simulation method.

We carried out in this year two investigations mainly: (1) consideration to use a density functional tight binding (DFTB) method for
describing autoionization and (2) analysis of fundamental properties such as vibrational motions and hydrogen bond structures.

(1) We considered the possibility of the semiempirical DFTB method. While we obtained reasonable results in bulk water in terms of
radial distribution functions, diffusion constants, and IR spectrum, we observed behavior of subcritical water under the constant
atmosphere pressure condition. This is a serious situation because density fluctuation can be essential to describe an autoionization
process. Thus, we decided to use the density functional theory (DFT), which has no critical inadequacy except for the high
computational cost, instead of the DFTB method.

(2) It is impractical to trace an autoionization process fully using a computationally demanding DFT method. Therefore, our new
strategy is to treat low frequency modes and high frequency modes including bond dissociation/creation by a classical force field and
a DFT method, respectively. First, we investigated molecular motions and structures generated by force—field simulations. We
observed reduction of hindered translation modes and enhancement of hindered rotation modes in the surface molecules, compared
to the bulk molecules. In addition, we analyzed water structures in terms of “short hydrogen bond chain” and “large coordination
number derived from surrounding hydrogens”. Those structures were proposed in a literature to promote an autoionization process.
Our analysis revealed that the characteristic hydrogen—bond structure appears only on the surface. The findings thus obtained are
expected to be linked to the experimental fact that autoionization occurs more frequently on the ice surface than in the bulk. The
explicit relation between actual autoionization processes and the findings will be clarified in the following year.

3. ABIFERREICET DHEE

FREKA RRREL REFWEL FINGERITEH
(FE - BEE) FEE4 - ®E (HEZRTH - BEED) (EERITHEA - BEEA)




