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Thanks for your interest on the “sweet ice” problem. Perhaps I should
say “fragile ice” instead of “soft ice”. Please imagine frozen orange juice for
example.

Sugar molecules interact with water molecules through the hydrogen bond-
ing, whereas there is a Coulomb interaction between water molecules and ions.
Some sugars fit quite well to the hexagonal “holes” in the water network, and
hence it can be solubilized into the water enormously.

As far as the freezing is concerned, I think there is no big difference between
salt and sugar (or alcohol).

(i) There is a general behavior, i.e., the decrease of the melting temper-
ature. This is due to the gain in the mixing entropy of the solution. Below
this decreased melting point, pure ice coexists with denser solution at least in
equilibrium.

(ii) However there is also more complicated specific effect. It is likely that
solutes act as blockers against the ice crystal growth. There are only small
(but many) domains of pure ice crystal and denser solution fills in between.

Hence the system is fragile.

EQAINTHUT, 7T NSEBLUTOL SRRENE /2. BRAMIEIROE
RICERL TN,

In French and English this is called Sorbet or Sherbet as well (Sorbet is
water-base ice cream while sherbet is milk base). It is soft because it was
frozen under continuous movement and steer which prevent formation of large

ice crystals. I can assure you that if you put sugar and water in your freezer
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you will get “hard” sweet ice like an popsicle. Of course it depends on the
temperature but at around —20C even sugary or salty water will rock freeze.

Maybe the crystal is an hydrated one. Many materials have such crystals.
But this doesn’t mean that they are soft. It does mean that they are fragile. 1
know that cholesterol will cystallize in hydrated form. Many organic molecules
do.

I agree to your opinion. If indeed the temperature is not too low. But
this is exactly what one has with salt as well or with many solutes that are

expelled when they interfere with ice (crystal) formation.

RIZT TR T 7 AV BRI (A AT TIV) DAV » TIVNDT LI
BEWEDE TN, BRATTIINTLITL 2 b Y REDOIATIV - Ty 7 L
T, KOZERIZBITHKKREWEETSHmI[B] #FENTNEDT, o TAHIUIKDOHE
MRTHD. TOIIVNT LB TOL SRFENET-.

It’s just as you (Andelman) say. The expulsion of sugar from ice crysalites
prevents them from growing to large size, and keeps an unfrozen layer be-
tween them because of the melting-point depression. The little crystals then
slip across each other when you bite into them. Sugars are also used as “cryo-
protectants” in storing biological samples, to prevent shearing by crystaliza-

tion.
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ZRARTVBHEETH O [9), 7S KEBEO WY ARE % 5> TWBIENIZN,

Yes, it arises because of a morphological instability that is generic to the
phase diagram of the binary system and the conditions of solidification and
generally speaking we know that water solutions are highly unstable. The
instability is one slaved to the diffusion field and results in a cellular substruc-
ture of pure ice separating regions of high concentrated solution and hence in
bulk it is “soft”. Additionally, the impurities enhance the defect density as
well, and this is well studied in salt water. I wrote a Europhys. Lett. in 92
describing the instability itself and then a Geophys. Res. Lett. in 97 on how
convection influences the problem of relevance to the growth of ice in the polar

oceans.
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