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Dielectric Relaxation of Pure Ice and Ice
in Partially Crystallized Aqueous Mixtures
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Recent progress on the dielectric studies of pure ice and partially crystallized aqueous mixtures are reviewed.
Dielectric relaxation of ice has been controlled by preparation methods. This implies that the dynamics of ice seems to
be affected by the impurity content in ice crystal. In dilute gelatin-water mixtures with gelatin concentration up to 5
wt%, dielectric relaxation processes of ice have been found, and those behavior depend strongly on gelatin
concentration. In partially crystallized aqueous protein mixtures, three dielectric relaxation processes have been found
and these are originated from dynamics of uncrystallized water, ice, and hydrated solute molecules.
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Fig.1 Temperature dependences of relaxation times of ice-Iha,
Ihb, and Thc.'® For comparison, relaxation times obtained by
Johari in 1981 (black star)'” and in 1978 (green square), ¥ Auty
(open gray star), > Murthy (Red pentagon), ® Gough (purple
triangle), ® and Kawada (orange diamond)” are plotted together.
Reprinted with permission from Ref.16. Copyright (2016)
American Chemical Society.
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Fig.2 Frequency dependences of the imaginary parts of

dielectric permittivity for ice-Tha (a), Thb (b), and Thc (c) at
various temperatures. The data are shown at temperatures from
143 to 263 K (ice-Tha and ice-Ihb) and 183 to 263 K (ice-Ihc) in
steps of 20 K. The arrows indicate the peak of the relaxation
process of ices. Reprinted with permission from Ref.16.
Copyright (2016) American Chemical Society.
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Fig.3 The imaginary parts of dielectric functions for 2 wt%
gelatin—water mixture at different temperatures. The red, orange,
green, light blue, and gray solid lines represent the process A, B,
C, D, and dc conductivity, respectively. The black solid curves
are the sum of all the processes. Reprinted with permission from
Ref. 21. Copyright (2017) American Chemical Society.
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Fig.4 The reciprocal temperature dependence of the dielectric
relaxation times of 2 wt% gelatin—water mixtures for processes
A (red square), B (orange circle), C (light green diamond), and
D (light blue triangle). The plots with black circles denote the
dominant process of ice. The open plots indicate that their loss
peaks are not definitely observed. The black stars denote the
relaxation time of pure ice that was obtained by us. Reprinted
with permission from Ref. 20. Copyright (2017) American
Chemical Society.
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Fig.5 The reciprocal temperature dependence of the dielectric
relaxation times of 20 wt% BSA—water mixture. The black stars
denote the relaxation time of pure ice that was obtained by
Johari. Reprinted with permission from Ref.25. Copyright
(2017) American Chemical Society.
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