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This program deals, on the whole, with the changes which talze

place in aqueous media, mostly solutions, when their temperature is

lowered and raised at various rates to various end points. Parti-

cular emphasis is placed on the effects of rapid cooling to very
low temperatures in conditio s under which a stable equilibrium

cannot be reached, and on th effects of a relatively slow rewarming
during which the equilibriumlis reestablished. The information ob-

tained can be classified into three categories: (1) methods, (2)
changes observed, (3) special problems; these are presented in

three sections in the table of contents below.

The findings were published in 9 papers (some 125 pages) and
in 7 abstracts of communications.made at meetings of the Society
for Cryobiology, the Biophysical Society and the American Physiolog-ia.

Society. The papers (numbered 1 to 9) and the abstracts (numbered

Al to A7) are listed hereafter and the subject-matter treated is
indicated in the table of contents by the numbers in the columns

on the right side.

Table of Contents: Papers: Abstracts:

1. Methods for obtaining rapid cooling
and for determining cooling rates;
rates actually obtained 2 A2,A3

A4,A6
2. Changes encountered when aqueous solu-

tions are cooled and rewarmed at various
rates

(a) Nucleation A5

(b) Vitrification Vnd glass transition 6,7,8

(c) Amounts of ice formed 1-A7
(d) Recrystallization 1,5

(e) Eutectic melting IjAl

(f) Miscellaneous transitions 3,5 ,
3. Special problems: state of water in A

tissuCs of hibernators and role of
magr:sium in their blood 4,9
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Thep~eea~ o te- esarch reported here emphasized the importance
of the cooling rates in the preservation of biological material in the
frozen state (such as would be the case, for example, in the preserva-
tion of blood). -The cooling rates obtained by immersion of specimens in
various refrigerants, including liquid nitrogen under pressure or at its
freezing point, and liquid helium II, were measured. The method of in-
creasing the rate of cooling of an object immersed in a boiling refrig-
erant by coating the object with a vapor-nucleating substance was in-
vestigated; in some cases the rate could be increased 23 times. -The
study of the structural instability and molecular mobility in rapidly
cooled aqueous solutions which are partly crystalline and partly amor-
phous furnished information on changes occurring at the temperatures of
(a) the "glass transition", (b) devitrification, (c) recrystallization
(of which 4 kinds were distinguished), and (d) eutectic melting. These
changes were investigated by various methods, in particular, dilatometry,
'zalorimetry and X-ray diffraction.-Tentative applications of our basic
studies to biological materials included determinations of the water-
binding capacity of the tissues of hibernating animals.
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"Low temperature, ice, freezing, crystal-
lization, recrystallization, vitrifir',."-.

Sdevitrification, glass transition, eutec-
tic, cooling rates, freezing rates;

t aqueous solutions, water binding, ir.sta-
bility of tozen solutions: X-ray dif-
fraction, dilatometry: *"ature
biology, cryobiology, c... 2rvation,
cryoprotective agents; hibernatingI animals, blood clotting.
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