3D02

IKFHREE AL L 1=K D 534530 R O B R fE 4T
IR - B
OO !, FyfmEgE!

Theoretical analysis of the polarization effect of hydrogen-bonded water
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! Graduate School of Education, Shizuoka University, Japan

[ Abstract] Hydrogen bond plays a central role in aqueous solutions and various
biomolecules. Upon its formation, the electric polarization is enhanced from that of an
isolated molecule. It is known that the intermolecular charge flux (intermolecular transfer of
electron den3|ty through hydrogen bonds) significantly contributes to the dipole moment in
liquid watert™). However, with regard to the effect on the electric polarizability, the relative
contributions of the intermolecular charge flux and the intermolecular electrostatic interaction
have not yet been clarified. In this work, we calculate the electron density variations in water
clusters caused by applying an external electrical field, and analyze the relation between the
polarizability and the behavior of electrons in hydrogen-bonded water systems.
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Figure 1. (a) Two-dimensional (ZX) contour plot of [ dvs (ap<el)(R)/aE§f’“))ICF, one-dimensional plots of

[dxdys (ap(el)(R) /E)E,({”‘t))ICF and [dvdzs (ap(el)(R) /aE,(f"‘))ICF(black curves), and their running integrals along the Z
or X axis (blue curves) calculated for the water dimer, where Z is taken along the O---O direction, and the hydrogen-bond
donor molecule (left) is placed on the ZX plane. In the two-dimensional plot, the locations of the oxygen and hydrogen
atoms are indicated with the black filled and open circles, respectively. (b) Similar plots for § (ap(el)(R) /aE;exﬂ)ICF. Label
(i) and (iii) indicate the electron density variations in p, orbital of hydrogen-bond acceptor molecule (right), and label (ii)
indicates the electron density variations in p, orbital of hydrogen-bond acceptor molecule, where the z axis lies along the

bisector of the HOH angle, the x axis is defined as the other molecular in-plane axis.
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