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Ice Crystals and Glassy Water in Frozen Polymer Gels

Norio Murase

(Received July 31, 2003; Accepted February 19, 2004)

To understand the mechanism of ice crystallization during rewarming observed with a
frozen crosslinked dextran gel of a certain density of crosslink, DSC, Raman scattering and X
ray diffraction-DSC simultaneous measurements were conducted. It was found, as a result, that
size of ice crystals as well as freezing behavior depend on the density of crosslink of the gels.
By the study of two-dimensional X ray diffraction-DSC simultaneous measurements, formation
of small ice crystals was indicated with the gel where ice crystallization during rewarming is
observed. Presence of glassy water was also indicated in the frozen state of the gel by the
measurement of Raman scattering. Then, it was clarified that ice crystallization in polymer gels
is more or less obstructed by the polymer network, and by its change at the time of freezing.
From these results together with the knowledge so far obtained, a conceivable mechanism of
ice crystallization during rewarming was discussed.
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Fig.1 DSC heating traces obtained with frozen
Sephadex gels. —: first heating; ... : second
heating where 1st heating was interrupted before
complete ice melting followed by recooling to
0500. Water content: 50 wt%, heating and
cooling rates: 50 mincl, DSC: Shimadzu DSC-
41. See refs.5 and 6.
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Fig.2 DSC heating traces obtained with frozen

Sephadex G25 gels depending on the nucleation
temperature of the precedent cooling. Nucleation
temperatures were controlled by the concentration
of ice nucleating protein added to water used for
the sample preparation. Experimental conditions:
same as Fig.1. See refs.5 and 6.
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Fig.3 Heating traces obtained with Sephadex G25 gels
by the simultaneous XRD-DSC measurement.
Cooling rate: 50 mino1, heating rate: 10 minot,
scanning rate for diffraction angle (26): 20°
mincl, An XRD-DSC Il (Rigaku Corp.) equipped
with a RINT Ultima®/Hp was used for XRD
measurements. Refs.14 and 15.

Integrated Intensity
g

4

0 -360 -320 -280 -240 200 -160 -120 80 =10
T/0O

Heat flow / mW
Lo
o o
}

_—74 0 -360 -320 -280 -240 -200 -160 -120 -89 -1.0

T/0O

Fig.4 Temperature dependence of the integrated XRD
intensity calculated from the data shown in Fig.3.

OFig400000C0D0OODOOODOOOOOODOOODOOO
goooooboooooooooboooooooobooo
goooobObooooooooboobooooooooboooa
gooooobooooooooooboboooooooooo
gooooooboboooboooboboooooooooooo
gooooooooooooooooooooooboooo
gooooboooooooobbOooooooooboooo
gooooboooooooobboOooooooobooo
goooobooooooboooboooooooooooo
gooooboooooooboobboOooooooobooo
goboooooooooooooo



gooo

G10

G25

Fig.5 Two-dimensional XRD images using synchrotron
irradiation observed with frozen Sephadex gels
at 0 300. Cooling rate: 50 mino 1, water content:
50 wt%. A beam line 18C of Photon Factory
(Tsukuba, Japan) was used for the measurement.

Refs.16 and 17.
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Fig.6 (a) Raman spectra of OH stretching band observed
with a Sephadex G25 gel containing 50 wt%
water; (b) Raman spectra of OH stretching band
observed with a Sephadex G25 at the temperature
where the exotherm during rewarming was
completed, and with a frozen Sephadex G100
gel. A Raman 960 spectrometer ( Thermo Nicolet,
USA) where 1064 nm YAG laser at 450 mW was
used. A micro-miniature refrigerator (MMR
Technologies, USA) was used for as a cooling
unit. Refs.14 and 15.
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Fig.7 A conceivable mechanism of ice crystallization in Sephadex G25 gel. Refs.5 and 6.
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