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Ideal Glass Transitions from the View Point of Fragility
in Polymer-Dimer Mixture

Soichi Tatsumi?, Genki Kikumoto?, Haruhiko Yao? Yasuo Saruyama?, and Koji Fukao®

a Department of Chemistry and Materials Technology, Kyoto Institute of Technology
® Faculty of Science and Engineering, Ritsumeikan University

(Received June 6, 2022; Accepted July 7, 2022)

We have investigated relaxation times and heat capacities of polymer-dimer mixtures of a-methylstyrene by using
dielectric relaxation measurements and differential scanning calorimetry. Since both polymer and dimer consists of
identical monomers, the local interactions in the system are expected to be uniform. We examined those detailed data to
elucidate the polymer concentration dependences of fragilities and cooperativities of molecules at glass transition
temperatures. As a result, we found that there is a clear boundary at 20 wt% polymer concentration and that both fragility
and cooperativity are large at low polymer concentrations, whereas both fragility and cooperativity decrease rapidly at
high polymer concentrations. This suggests that the transition to the ideal glass that exists at the low concentration is lost

or weakened at the high concentration side.
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Fig.1 Schematics of fragility with respect to those values. Inset
table represents the examples those categorized as fragile and
strong glasses, respectively. The dotted line indicates Arrhenius
type temperature dependence where the logarithm of relaxation
time linearly increases with inversed temperature. *Slowing
down of crystalline order in thiophene.
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Fig.2 Experimental design of polymer-dimer mixture. The
upper panel shows the chemical structure of polymer and dimer.
The lower left figure indicates the schematics of the confinement
effect from polymer chain to dimer liquid. The resulting
confinement effect calculated by Eq.10 is shown in the lower right
figure. The shadow area indicates the region that belongs semi-
dilute regime.
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Fig.3 The variations of imaginary part of relative permittivity as a function of frequency in pure dimer (a) and mixture of ¢! =
45.0 wt% (b). Figure (c) shows obtained relaxation time as a function of inverse temperature normalized with 7.
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Fig.4 (a) Heat capacities of polymer-dimer mixture of a-methyl styrene: corresponding cP's are 0 wt % (circle), 30 wt% (square),
and 50 wt% (rthombs). Open and closed symbols denote first and second cooling scan, respectively. (b) Schematics of analysis for
obtained heat capacities. Thin curve: heat capacities of 1% and 2" scan. Thick curve: averaged heat capacity. Thin lines: linear
extrapolations of liquid and glassy heat capacities. Dotted lines: 84:16 and 16:84 mixtures of liquid and glassy heat capacities. Chain
line: 50:50 mixture of liquid and glassy heat capacities. (¢) Obtained calorimetric and dielectric 7gs. Dielectric Tgs are temperatures

at relaxation times of 1 s and 100 s, based on the data shown in Fig.3(c).
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