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1 Characteristic of the supercooled state

The supercooled state means the physical phase
in which a liquid exists without crystallizing at
the temperatures below the melting point. The
most remarkable characteristic of the supercooled
state is that the viscosity of the liquid increases
suddenly and rapidly with lowering the temper-
ature to reach 10'® poise at the glass transition
temperature(7;,). We can call the state below
T, as amorphous solid and glassy state (vitreous
state). All organic and inorganic substances have
the proper tendency for supercooling with vari-
ous stableness. But their specific temperature de-
pendency of viscosity can be expressed uniformly
by W. L. F. Equation®) (the relationship between
the viscosity and the temperature in the super-
cooled state). This specific increase of viscosity

in the supercooled systems gives the possibilities
for various applications. The supercooling ten-
dency can be estimated and anticipated® by eval-
uating the values of T,,-Ty (Trn: melting point )
and Tin-T. (T.: cooling temperature). We can
get a map for supercooling tendency by plotting
those values and drawing a boundary curve be-
tween supercooled systems and non-supercooled
systems. The relationship between the supercool-
ing tendency and the chemical structure has not
been clarified so clearly and systematically. But
it was found that most organic esters and ethers
having hydrogen bonding or bulky groups were su-
percooled stably. The binary systems showed the
increased supercooling tendency than the single
substances.

2 Polymerization in the supercooled state

Many acrylic and methacrylic ester monomers can
_ be supercooled easily. The polymerization of those
monomers in the supercooled state can be carried
out using radiations such as gamma-ray and elec-
tron beam, because the radiation can penetrate
through the viscous and solid state to initiate the
reaction. It was found that the radiation poly-
merization was carried out with remarkable higher
rate in the supercooled state even at low tem-
peratures in comparison to normal liquid phase
polymerization.®). The temperature dependency
of the polymerization rate showed a maximum at
a certain temperature above and close to Ty, as

shown in Fig. 1. No polymerization occurred at
temperature below T,. The accumulation of rad-
icals was observed in the irradiation at tempera-
tures below Ty and the rapid post-polymerization
occurred when the system was warmed up to the
temperature above T, after irradiation below 7.
The mechanism for those characteristic features
in the polymerizability of supercooled monomer
was studied. It was concluded that the maximum
polymerization rate (apparent negative activation
energy) forms owing to the rapid decrease of termi-
nation rate with the sudden in crease of viscosity
below T, and the decrease of propagation reac-
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Fig 1: Effect of temperature on the polymer-
ization rate in the polymerization of HEMA in-
duced by %°Co ~y-rays, Monomer: HEMA (2-
hydroxyethyl methacrylate)

tion with the further increase of viscosity near Tj
as shown in Fig. 2. That is, the viscosity increase
first affects on the diffusion of polymeric grow-
ing chain and then the further viscosity increase
causes the difficulty of monomer diffusion. As at
temperatures below T, no monomer molecule can
diffuse and no polymerization occurs. The various
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monomer and temperature.
tion temperature, T,: Temperature of maximum
polymerization rate in Fig. 1. Monomer: 2-
hydroxyethyl methacrylate.

characteristics in polymerizability of supercooled
monomers were studied systematically and in de-
tails using gamma-ray, because the radiation can
carried out the reaction in the very broad con-
ditions such as temperatures, phases, viscosities,
dose rates and monomer concentrations. The re-
sult have been summarized and published.

3 Applications of radiation polymerization of supercooled

monoiImers

The supercooled monomer has the characteris-
tic: (1) very high polymerizability, (2) high vis-
cosity or almost amorphous solid state, (3) high
polymerizability at low temperatures, and (4)rel-
atively small change in volume and density during
the polymerization. Those characteristic were ap-
plied to the two fields, (1)cast polymerization of
organic glass, and (2)immobilization of biofunc-
tional components. The cast polymerization pro-
cess to produce organic glass such as glazing ma-
terials, optical lenses and other transparent arti-

cles requires the severe control of temperature and
dimenston exactness of the product. The advan-
tages of supercooling polymerization (1)-(4) as de-
scribed above can fit to the requested conditions
for casting process. The result of application has
been successful. It was found that the optical arti-
cles can be obtained in a much shorter time cycle
without formation of optical strain and significant
dimensional error. The second application has
been studied on the immobilization of various bio-
functional components such as enzymes, antibod-



ies, proteins, organella, microbial cells, yeasts, tis-
sue cells, hormones, anticancer drugs and various
physiologically active substances. As those com-
ponents require relatively low temperature and
mild conditions for the immobilization, the super-
cooling polymerization was expected to be effec-
tive and convenient for the purpose. It was proved

4 Other kinds of applications

The supercooled state has the broad possibilities
to be applied in various scientific and technolog-
ical fields. We can mention some of the possible
applications other than the polymerization.

4.1 Studies on the chemistry of

short life chemical species

As the supercooled system has the very high vis-
cosity at temperatures near and below Ty, the dif-
fusion and mobility of the molecule is very lim-
ited or almost inhibited. This state is advan-
tageous to prolong the chemical life of unstable
species. Therefore, the study on the short life
species and the chemical process has been car-
ried out using flash-photolysis and pulse-radiolysis
techniques with the supercooled compound and
solvent. This kind of technical method has con-
tributed greatly to the basic researches in radia-
tion chemistry and photo-chemistry.

4.2 Studies and applications to
prevention of freezing in bio-
logical species.

The living cells contain and combine with water
indispensably for the life. Therefore, the living
bodies like animals and insects might have the
special protecting mechanism for freezing of water
at low temperatures and any kind of supercool-
ing substance might contribute to the mechanism.
The supercooling systems have contributed to the
protection and reserve of biological species such as
sperm, vaccine and tissue cells in an artificial stor-

that the various biofunctional components from
small molecules to polymeric molecules and living
bodies can be entrapped and attached effectively
on the various polymerized materials. The prod-
ucts have been used for biomass conversion, cell
culture, biosensor, immunodiagnosis, drug deliv-
ery system and artificial organ.

age system. The supercooling systems has been
used for the prevention of freezing in plants also.
Those research and application area is called the
Low Temperature Biology. This field is extend-
ing further with the progress of low temperature
and supercooling techniques and the increase of
biological needs.

4.3 Studies and applications to
amorphous metals and inor-
ganics

With the development of material science and the
related technology, the research interest in amor-
phous metals and inorganics is increasing steadily.
One of the key techniques for the preparation of
amorphous materials is obviously the supercool-
ing technique. The quick cooling of the melt in
the cooled rolls is well known supercooling tech-
nique. The deposition of the vapor on the cooled
surface is another important method. The depo-
sition combined with ion implantation would be
also interesting. The supercooling under no grav-
ity and thermal stream as in space environment
is a unknown region. As well known, the trial to
prepare a large perfect single crystal in the space
environment has been carried out. The lack of
diffusion due to the thermal stream and gravity
might contribute to the quite different features of
supercooling and possibly the more advantageous
supercooling. The different kinds and composi-
tions in the amorphous materials would be ex-
pected with the new technology of supercooling
in the future.
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