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Recent developments of broadband dielectric spectroscopy for aqueous materials including biological systems
are reviewed. Dynamic behaviors of water molecules are affected by cooperative interactions with solute
molecules or dispersed materials in water. Various behaviors of water structure observed in extensively wide
scales of time and space such as temperature and concentration dependences of relaxation parameters suggest
universal mechanisms of slow dynamics determining those structures, properties, and functions. Glass
transition phenomena shown by thermal analysis in low temperature measurements are well explained with

relaxation processes due to unfeezable water, ice and hydrated protein molecules. Dielectric behaviors of

biological tissues are also described.
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Fig. 1 Composition dependence of relaxation strength
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Fig. 2 Dielectric constants and losses for 1,3-butanediol in
water at various concentrations at 25 °C. The solid lines
are calculated by Debye or KWW function (see text).
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Fig. 3 Dielectric constants and losses for aqueous solutions of
glucose (@), maltotriose (1), and pullulan (o ) at 25 °C. The
sample concentration is 40 wt% for all samples,
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Fig. 4 Dielectric constants and losses of pullulan in water
(60wt%) at 25 °C.
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Fig. 5 Dielectric constants and losses for PVP/1-propanol
mixtures with various concentrations at 25°C. The colors
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Fig. 6 Schematic representations of the relaxation
processes observed for aqueous solutions with various
molecular weight of solute. The small solute molecule
(M,,<100) at left hand side , and the larger solute molecule
(M,>100) at right hand side. Top: dielectric losses above
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temperature dependence of the loss peak frequencies, f, of
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Fig. 7 Temperature dependences of the dielectric
relaxation time, 7 and strength, Ag, observed for 65 wt%
SEG/water mixture. Red and blue circles indicate the o-
and v-processes respectively.
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Fig. 8 Plots of relaxation times, 7, for 20 and 30 wt%
BSA/water mixtures against reciprocal temperature of
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Fig. 9 Real and imaginary parts of the dielectric
function for 30 wt% PVA/water mixture at various
temperatures. The temperatures are presented in the

figure.
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and 30 wt% of PVA.
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Fig. 11 Dielectric relaxation curves for beef liver
( ® ),chickenthigh( A ), porktangue( V¥ ),and
cowrumen ( O ).
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