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Summary

The formation of air bubbles at an ice-water interface was observed carefully with a
microscope. When an ice crystal grows in water, high supersaturations of dissolved air
molecules are created at the developing ice-water interface. Air bubbles were nucleated
along a scratch made by a fine glass rod on the ice surface (Fig.6), and also on surfaces
of foreign solid particles placed on the ice-water interface.

The nucleation abilities were investigated using various substances such as carbo-
rundum particles, glass or metallic beads, and droplets of mercury and water-insoluble
organic liquids. The following results were obtained : while air bubbles were formed on
contaminated solid surfaces (Fig. 7-1, 3 and 5), no air bubbles were produced on clean
ones (Fig. 7-2, 4 and 6), on the smooth surfaces of organic ligiuds (Fig. 8-1 and 2) or
on mercury (Fig. 8-3).

The shape of an air bubble trapped in ice is determined by rates of freezing and
modes of diffusion of air molecules along the ice-water interface. If air molecules are
diffused sufficiently to a developing air bubble, it takes a columnar shape, but when the
diffusion is poor it develops into an egg-shape (Fig. 3). After the above formations the
following metamorphoses occur. The egg-shaped air bubbles enclosed in ice turn into
spheres by the action of surface tension, and long columnar air bubbles split into several
spheres while some of the smaller spheres disappear after a long annealing near the
melting point of ice (Fig. 11).

When an air bubble formed between a carborundum particle and a developing ice
surface, it was immedeately captured by the ice surface. The carborundum particle,
however, migrated upward with the advancing ice-water interface (Fig. 9 and 10). The
interactions between the ice-water interface and an air bubble or a solid particle were
discussed, and the periodic distributions of air bubbles in natural ice crystals were clearly
explained by the results of the present work.



