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Summary

In an environment with a temperature ranging from —8&° to —23°C, water kept at ahout
0°C was spread out through an atomizer to make droplets 200 to 300 ym in radius, which
in turn impacted with a slow speed the surface (either prismatic (1010} or basal (0001)) of an
ice piece 0.5 to 1 mm in thickness and 10 mm in the major dimension of the surface. The
droplets were so small and travelled for such a sufficiently long time that they were supposed
to be supercooled to the environmental temperature. On the impaction supercooling came
to break and the droplets froze up on the ice surface. Structure and orientation of ice crystals
in the frozen droplets were investigated by means of polarized microscopy and X-ray Laue
photography.

On a prismatic surface, the droplet always froze in a single crystal with the same orienta-
tion as that of the ice substrate when the environmental temperature was at —20°C and
above it. Below —20°C, polycrystallization sometimes occurred but without any regularity in
structure or orientation of the crystals.

On a basal plane, not only the structure and orientation but also the form and the number
of the crystals in the frozen droplet depended strongly on the temperature. Remarkable
changes with temperature in the texture of the frozen droplet were seen in polarized micro-
photographs shown in Fig. 1, A, B and C, representing respectively samples frozen at —8,
—14, and —22°C. Above —10°C the droplet always froze in a single crystal, while poly-
crystallization occurred in a half number of the droplets at —11°C and in all the number
below —14°C, the number of the crystals increasing with a decrease in temperature as shown
in Fig. 3. The form of the crystal changed from dendrite to needle at —18°C, below which
the texture was such that the tiny needle crystals each 10 ym in width and less than 100um
in length were arranged parallel to one of the a-axes of the ice substrate, causing each grain
to be composed of a few numbers of parallel needle crystals as schematically shown in Fig. 2.
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Polarized microscopy revealed that in all cases of monocrystallization the c-axis of the
crystal coincided with that of the substrate and except a few cases at —11 to —12°C the
a-axis of the crystal also coincided with that of the substrate and that in all cases of poly-
crystallization the c-axis of any crystals did not coincide with that of the substrate.

A Laue photograph of the exceptional case at —11°C by a beam parallel to the c-axis
of the substrate is shown in Fig. 5. It was easily recognized that the spots consist of those
in a well-known hexagonal pattern by the substrate and those in the same pattern rotated
clockwise by 8. Namely, the single crystal was rotated around the c-axis by 8° relative to
the substrate in this case.

Typical arrangement of Laue spots of a frozen droplet on the substrate in case of freezing
below —18°C is shown in Fig. 7, compiled from a Laue photograph of a frozen droplet on
the substrate (Fig. 6-A) and that of the substrate only (Fig. 6-B) taken in the same geometry
as shown in the left side of Fig. 9. Solid and open circles in Fig. 7 represent the spots
due to the substrate and those due to the droplet, respectively. The latter also make a
hexagonal pattern but quite different from the pattern by the former.

Now, oxygen atoms in ice I, make a tetrahedral configuration as illustrated in Fig. 8.
In case of Fig. 6-B, the X-ray beam was along the c-axis, that is, the direction of the O-O
bond labelled 7 in Fig. 8. By rotating the ice sample around its a-axis by 70.5° as shown
in the right side of Fig. 9, one of O-O bonds other than #7 in Fig. 8 became parallel to
the X-ray beam. Photographs in Fig. 10 were taken in this arrangement. The size of the
ice sample was larger than that of the beam in case of A, while in case of B as small as
half the size of the beam. Naturally the smaller the sample size, the smaller the number of
spots; of a sample of the order of 100 gm in linear dimension only the spots with index in
Fig. 11 are expected in our photographs such as Fig. 6-A. A rotation around the same
a-axis by 70.5° in the reverse direction will give a mirror image of Fig. 11. Combined with
rotations around other a-axes, a six-fold symmetric pattern of Fig. 12 will be obtained, which
is obviously the same as the pattern of the open circles in Fig. 7.

This means that in case of Fig. 6-A, the orientation of each grain coincided with one
of six possible orientations obtained by the rotation of the substrate around its a-axis by
70.5° in either way and that the six possible orientations were actually realized by some of
the grains. In case of polycrystallization above —18°C, only some of the six possible orienta-
tions were realized because of the small number of crystals. Anyway, in the case of poly-
crystallization one of a-axes of any crystal in a frozen droplet coincided with that of the
substrate while the c-axis of the former tilted by 70.5° from that of the latter, regardless of

the form of the crystal.



