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In this study, the cooperative molecular dynamics of polymer or protein,

ice, and uncrystallized water in partially crystallized water mixtures with various proteins and
polymers were investigated by means of broadband dielectric spectroscopy (BDS). Three relaxation
processes originated from polymer or protein, ice and uncrystallized water were observed at
temperatures ranging from immediately below the crystallization temperature, Tc. Below approximately

180 K, relaxation process of ice separates into two or more processes. In partially crystallized
mixtures, the relaxation process of uncrystallized water in an uncrystallized phase with polymer or
protein and the alpha process of polymer in the uncrystallized phase were observed in 40 and 50 wt %

polymer-water mixtures. For mixtures with 30 wt % polymer or less, the relaxation process is
attributed not only to the alpha process of polymer but also to interfacial polarization.
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