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Study of Physical and Chemical Properties of Ice Surfaces at

Low Temperature
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SUMMARY

(3 & 2 o 7

I. Title
Study of Physical and Chemical Properties of Ice Surfaces at Low Temperature

II.  Purpose of R&D

This sponsored project aims to study the unique physical and chemical properties
of ice surfaces, to develop experimental measurement methods of these
properties, and to utilize the obtained information for the study of ice-related
environmental reactions and synthesis of new materials that are under
investigation in the main project.

III. Contents and Extent of R&D

The project content involves a basic study on the behaviors of electrons and
protons that are injected to ice by external methods. We investigate the effect
of low-energy (1-10 eV) electrons incident onto crystalline ice samples from a
low-energy electron gun. Additionally, we generate excess protons at the surface
or in the interior of ice samples by means of acid ionization and examine the
proton behavior in ice to obtain understanding for acid-base reactions in ice.

IV. R&D Results

The transmission and trapping efficiencies of low-energy electrons in ice crystal
was measured by a Kelvin work-function method developed in the laboratory.
Low-energy electrons transmit through a thin ice film with very high efficiency
(= 99.99%). Excess protons behave very differently at the surface and interior
of ice. The protons tend to accumulate at the surface rather than spread
uniformly in the bulk crystal. Proton transfer in ice readily occurs even at low
temperature, which implies that acid—base reactions are important part of
chemical processes in cryogenic ice environments.

V. Application Plans of R&D Results

The proton and electron behaviors discovered from this project are considered
the intrinsic properties of ice and thus are expected to appear similarly in
various ice environments. Therefore, the information reported herein will be
applicable to physical and chemical processes of ice at temperatures close to 0
°C and will advance the research on polar environmental chemistry as well as
various ice-related reactions and materials synthesis.
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