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Neutron Powder Diffraction Study on Hydrogen-bonded Protonic Conductor
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M echanism of Proton-induced Superionic Conduction
in Hydrogen-Bonded M aterialsand Ferrodasticity

00 00 00 Oooooo oo,oo0 oo
Hiroshi Kamimura, Saiichiro Ikehata, Yasumitsu Matsuo, and Junko Hatori
dooodoooooogoooagg

Abstract

Hydrogen-bonded materials, whose nature is closdy related to the behavior of protons in
hydrogen-bonds, exhibit a number of interesting phenomena. From this standpoint considerable
attention has recently been paid to the role of protons in ionic conduction in various hydrogen-bonded
systems. In this context we have recently been working on the superionic conduction in M3H(XO,);
[ M=K, Rb, Cs and X=S, S¢] type didectric crysas. These materias exhibit a ferroelastic phase
trangtion at high temperature such as 400K, and an anomaoudy large increase of eectrica
conductivity of a single crystal has been observed near the phase transition temperature Tc. Further,
above Tc ionic conductivity is very high aong a layer plane so that these materias are called
superionic conductors. In this talk the mechanism of superionic conduction just below and above Tcis
discussed, based on our recent theoretical and experimental results. In the first part of the talk the key
features of the conduction mechanism in the high temperature “superionic” phase are clarified. Those
are (1) two kinds of ionic states, H,XO,"® and XO,® are formed thermally by bresking of the
hydrogen-bonds; (2) HoX 0, and XO4®ionic states move coherently from an X O, tetrahedron to a
disgant XO, as the result of successive proton tunneling among the hydrogen bonds. Caculated
mobility is 10 to 100 times larger than that of the nearest neighbor hopping, and thus calculated
conductivity is very high of the order of 102Q "¢l ™ at Tc, consistent with experimental results. In the
second part of the talk the mechanism of conduction below and at the phase trangition Tc is discussed.
Just below Tc, it is suggested that by the precursor effect of the phase transition, the ferroelasic phase
consists of the mixture of superionic regions in which the distances between X O, tetrahedrons are the
same and of the insulating regions in which XO,4's form X O,-H-XO, dimers by hydrogen-bonds. Asa
result the superionic region contributes to the ionic conductivity for T<Tc and the propagation of
superionic regions aong the dectric fild leads to the (Tc-T)™? power law in the temperature
dependence of conductivity just below Tc. From the present result we will suggest that the occurrence
of the ferrodagtic phase is due to the competition between the decrease of kinetic energy by the
successive proton tunneling and the increase of elastic energy by the deformation of hydrogen bonds.

Referencesrelated to the present work:

T. Ito and H. Kamimura, J. Phys. Soc. Jpn. 67 (1998) 1999-2007

H. Kamimuraand S. Watanabe, Phil. Mag. 81 (2001) 1011-1019

H. Kamimura, Y. Matsuo, S. Ikehata, T. I1to, M. Komukae, and T. Osaka, physica, Status solidi 241, 61-68 (2004)
Y. Matsuo, J. Hatori, Y. Nakashima, S. Ikehaa, Sol.&. Commun. 130, 269 (2004)

Y. Matsuo, J. Hatori, Y. Yoshida, K. Saito, S. Ikehata, Solid St. lonics 176, 2461 (2005)
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Experiments in Solid Hydrogen under High Pressures
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Vibrational wave packet dynamics of D," with attosecond time resolution
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Quantum simulation for hydrogen systems
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Chemical Reactions of Antiprotonic Helium Atomolecule
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Hydrogen Storage Materials
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Elemental Transmutation induced by Deuterium Permeation through Multilayer Pd Complex
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Hydration and deuteration of CO on amorphous water ice
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Muon Transfer Reaction Studies in Solid Hydrogen and Deuterium Films with
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At the RIKEN-RAL Muon Facility, an experiment was developed to perform X-ray
spectroscopy with muonic atoms formed from ions implanted in solid hydrogen films. This
project is part of an experimental program to extend muonic atom spectroscopy to the use of
nuclear beams, including in the future RI beams, to produce radioactive muonic atoms.

This experimental setup was first used to investigate solid state effects in pure solid deuterium
appearing in the scattering of muonic deuterium atoms (du) at low energy. A series of
measurements were performed with argon ions implanted non-uniformly in pure solid
deuterium films to study the diffusion process of du atoms by varying the distance between each
implantation region. Even with an non-uniform target, very strong muon transfer pAr(2—1)
X-rays at 644 keV can be detected. Because of the strong reduction of the Bragg cross-section at
low du collision energy in solid deuterium, the du atom mean-free-path is strongly increased,
resulting in a very long diffusion length. A dp atom diffusion length of nearly 20 um could be
extracted, which is consistent with the predicted value based on calculated cross-sections.
Similar measurements are now in progress with a pure solid hydrogen film. The latest

experimental developments will be reported.
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Ab initio

H/D isotope effect on the dihydrogen bond

by ab initio path integral molecular dynamics simulation
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Growth temperature dependence of hydrogenation of single-crystal yttrium thin films
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Low Temperature Anomaly of Palladium-Hydrogen System
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