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Glass Transition and Glassy Dynamics of Polymers
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Glass transitions are commonly observed in many systems including polymers. The glassy

states, which could be obtained by cooling liquid states of polymers at high temperature down

to lower temperature, show characteristic common properties such as memory and rejuvenation

effects. In this paper, we show our recent experimental results including glass transition dynamics

of thin polymer films and aging phenomena in polymer glasses after giving an overview of

glass transition and glassy dynamics. For thin films of polystyrene, dielectric measurements

revealed that the glass transition temperature decreases with decreasing film thickness and the

« -relaxation process becomes faster with decreasing film thickness. For poly(methyl methacrylate),

aging phenomena have been investigated using dielectric measurements. The memory and

rejuvenation effects could be observed for ac-dielectric susceptibility in the temperature cycling

mode and are found to be almost the same to those observed in ac-magnetic susceptibility of

spin glasses.

Keywords: glass transition; glassy dynamics; polymer thin films; aging phenomena;

memory and rejuvenation effects
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Fig.1 Frequency-temperature locations of the dielectric
loss maxima (open symbols) of PVA, compared
to the maxima of G" (continuous line) and J"

(broken line) observed in mechanical experiments.
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Fig.2 Thickness dependence of T, of a-PS films obtained

during the heating process (A corresponds to
M, =1.8x10° O to My=2.8%x105 [Jto My=
3.6 X104, and & to My =3.6 X 103).
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Fig.4 The evolution of 6= (v —v (30 C))/v(30C) at
T=30C of poly(vinyl acetate) showing the
memory effect. (1) quench from 40C to 30C;
(2) quench from 40T to 10T, wait for 160 h
followed by up-quench to 30 C; (3) quench from
40T to 157, wait for 140 h followed by up-
quench to 30C; (4) quench from 40T to 25T,
wait for 90 h followed by up-quench to 30 C.
Note that the initial deperature from equilibrium

is nearly zero.
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Fig.5 (a) Aging time dependence of the imaginary part
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of complex dielectric constant £" relative to a
standard value €"rr observed in the temperature
cycling mode T1—T7,—T;. (b) The dependence
of €"—¢€"er on the total aging time at 7, after
removing the data observed during isothermal
aging at T».
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Fig.6 Difference between €' and €'r observed by the TC mode for PMMA films with d =514 nm and f=100 Hz.
The aging temperature of the first stage 7 is fixed to be 374.7 K and 7> (=T, —AT) is changed: AT=4.7 K
(d, h), 99K (c, g), 145K (b, ), and 19.7 K (a, e). Aging times are 7 =17,=>5 hours. In the right figures, Ter

is defined in the text.
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