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Title

Investigation of proton behavior in cryogenic ice

II.

Purpose and Necessity of R&D

Ice covers 10% of the Earth and accounts for 70% of fresh water, but the
mechanism of ice chemistry, especially at the atomic or molecular level, has

not been well studied. The behavior of protons is of great importance for

understanding the ice chemistry. Recently, technological advances made the

direct proton detection possible. This research project aims on the measurement

of proton migration temperature and speed and the investigation of the

relationship between the proton migration and crystallization of amorphous solid

water.

ML
1.
2.
3.

IV.

Contents and Extent of R&D

Construction of thin ice film and proton injection system

Measurement of the proton transport rate in cryogenic ice

Comparison of proton transfer rate and the crystallization rate of amorphous
ice

R&D Results

Establishment of ice thin film and proton injection system in ice:
Experimental instruments for forming ice thin film were established,
conditions such as formation temperature and pressure were explored, and
experimental conditions for proton implantation into ice thin film were
determined.

. Measurement of proton migration rate in cryogenic ice: The instruments

were tuned to detect protons on the ice surface, the temperature at which
protons migrated to the surface of the ice thin film was checked. The
diffusion coefficient of protons in ice films was determined as ~2x10% m?%s
at 147 K.

Comparison of proton migration rate and ice crystallization rate: The
crystallization rate of amorphous ice induced by protons was measured.
Then the proton transport rate and crystallization rate in ice were compared
to confirm that proton migration occurred after crystallization.



V. Application Plans of R&D Results

The results obtained through this research project will be published through
academic journals or presentations. In addition, the research field will be
expanded to the study of chemical reactions in ice by protons. The reaction
studies will be expanded to overall natural sciences, such as contribution to
understand the effects on earth’s natural phenomena. Also, it will accelerate
the development of domestic vacuum technology and surface science. New
technologies using low-temperature reactions and the development of new

materials may be possible.
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Mixing Level
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T (Akerman et al 2022)
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