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Résumé

Microscopic studies were carried out on ice crystals appearing in the freezing pro-
cess of aqueous solutions of alcohols. .

The apparatus used for this purpose is diagrammatically shown in Fig. 1. The
sample is cooled by liquid oxygen through the medium of aqueous solution of ethylene
glycol, so as not to produce great temperature gradient within the sample.

The crystals segregated from the solution assume various forms depending on cool-
ing speed, even when the concentration of alcohol is given.

The alcohols (and their concentrations) used for the observations were methanol (55
%), ethanol (55%), iso-propanol (45%), n-propanol (90%), ethylene glycol (50%), propylene
glycol (52%) and glycerol (50%). The concentrations here selected are, according to the
results of our previous experiments, those which are most favorable to the formation of
typical crystals.

When the cooling speed is slow, thin hexagonal fernlike crystals appear. Their
typical figures are illustrated in the photographs II(a), III(h) and V(k).

In the case of intermediate cooling speed, soft hexagonal plates are formed, as
shown in I(e), II(e) and IV(n). Their fernlike microstructure can be observed most
clearly at the crystal boundary (see IV(p.)). Sometimes hexagonal plates grow thin at
the center and thick at outer edges (V(e) and V(f)).

In case the cooling speed is fast, crystals grow into spherical form as shown in I(h),
I(i) and I(j).

The dependence of crystal forms upon cooling speed might be interpreted semiem-
pirically as follows.

When the temperature of solution is lowered down until it reaches its freezing point,
crystal germs make their first appearence. (Sometimes germs may not appear at the
freezing point on account of supercooling.) ’

Suppose the solution is cooled infinitely slowly. Then, when the sample reaches the
temperature just below the freezing point, germs may be created but no further growth
will take place. . '

When the cooling speed is slow (but finite), crystals will have long enough time to
grow into hexagonal fernlike crystals.

In the case of intermediate cooling speed, crystals may begin to grow both parallel
and perpendicular to c-axis, to form soft hexagonal plates.

The question remains for solution why fernlike crystals, growing thick, take such
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beautiful form of hexagonal plate.
In the case of high cooling speed, germs start here and there in the solution, and

the conditions will be favorable for all the surrounding water molecules to crystallize.
Therefore, crystallizing water molecules will scarcely have time to move to their
crystallographically right positions. This might be the reason why the crystals grow
into spherical form, having radial structure.

In the aqueous solution of ethanol, n-propanol and iso-propanol, there also appear
transparent cubic crystals, though their constituents are still unknown.

The cubic crystals appearing in iso-propanol solution reveal double refraction at
temperatures below —56°~ —57°C, while no double refraction at higher temperatures.
Phase transition does occur in the crystal. The crystal form below and above —56°~
—57°C may be inferred to be tetragonal and cubic, respectively, from the analogy of

similar phase transition in metals.
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