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Calorimetric Characterization of Slow Dynamics in Supercooled Liquids

Hiroki Fujimori and Masaharu Oguni

(Received February 13, 1996)

Recent calorimetric studies on the structural fluctuations and irreversible relaxation process-

es in supercooled liquids are summarized centering around our works. The temperature jump
method in the time domain under constant temperature condition is stressed to be powerful in

characterizing the slow dynamics among various methods. The nonlinearity of the relaxation

functions to the magnitude of temperature jump has been proved by the method to originate
from the non-Arrhenius property of the relaxation times under equilibrium.
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Fig.1 Arrhenius representation of liquid viscocities on
the inverse temperature scale reduced by T, (at

7 = 102 Pa's) . From Ref. 42.
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Fig.2 Schematic diagram of configurational enthalpy
against temperature relation in the liquid-glass
transition region. Solid line represents the con-
figurational-enthalpy curve under equilibrium.
Experimental procedures in temperature jump
method are taken for tracking the irreversible
enthalpy-relaxation processes after temperature
jumpe from T; to T.. Magnitude of the jump is
defined by AT =T.-T..
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Fig.3 Schematic diagram representing sudden jumps
in external intensive parameter X and the cor-
responding responses of internal extensive pa-
rameter Y as a function of time. AX denotes the

magnitude of jump in X at t = 0.
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Fig.4 The real and imaginary parts of C,k in glycerol
as a function of frequency by heat-capacity spec-
troscopy . A, T =203.9 K; R, T =2114K;
@, T = 219.0 K. From Ref. 25.
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Fig.5 Heat capacities of glycerol measured by DSC
during heating at 5 K min ! after cooling at
the rates indicated; Open marks, experimental
results; solid lines, fitting results using the TN
model and the Adam-Gibbs relaxation time ex-
pression. Heat capacity scale for the lowest da-
ta is correct and those for the others are each
shifted upward by 0.5 calg —! K~! for the sake
of clarity. From Ref. 28.
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Fig.6 Spontaneous exothermic (a) and endothermic (b)
configurational-enthalpy drift at 182 K in glyc-
erol after temperature jumps indicated. AH. =
H. (t) —H. () .
in the stretched exponential function are ob-

Nonlinearity parameters, f3,

tained by fitting to the experimental data.
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Fig.7 Dependence of the nonexponentiality parameter,
B, under the constant temperature condition on
the magnitude of AT in glycerol. Arrow at AT
= 0 K represents the 3 range obtained by heat-

capacity spectroscopy 25 .
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Fig.8 Dependence of B on the magnitude of AT : O,
propylene glycol (PG) ; [J, glycerol GL) ; V¥,
dibutylphthalate (DBP) ; &, 1,3-diphenyl-

1,1,3,3-tetramethyldisiloxane (PMS) .
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Fig.10 Relationship between the nonlinearity parame-
ter, &, of relaxation process and the fragility,
m: O@, PG; (Jll, GL; V'V, DBP; AA, PMS.
Open and solid marks represent the results for
positive and negative AT, respectively. An open
diamond represents the values expected for the
"strongest" liquid. The nonlinearity increases
with increasing fragility, and the slope depends
on the sign of temperature jump, AjT.
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Fig.11 Dielectric relaxation rates in liquid and glass

of 17.2 mol % chlorobenzene-cis-decaline solu-
tion. From Ref. 39.

log(r/s)

Fig.12 Arrhenius plots of the relaxation times against
the inverse temperature for normalization of the
respective B-glass transition temperatures, Tgp,
at 7= 1 ks: O, Propylene carbonate; @, PMS;
(], o-Terphenyl; M, Isopropylbenzene. A shad-
ed area represents the probable region of B-re-
laxation times on the assumption that the times
follow the Arrhenius eq. (1) with 7o in the range
1013 ~10~16 5. All the relaxation times of the
a-processes get into the shaded region at high
temperatures, indicating validity of the propo-
sition that the B-process could be elementary
for the a-process in the correlated region of

molecules. From Ref. 40.
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Fig.13 Schematic diagram of the relaxation times against
the inverse temperature. A solid line stands for
the non-Arrhenius dependence of relaxation times
in the equilibrium state. Dashed and dotted lines
stand for the Arrhenius dependence of relaxation
times in the frozen-in state and its extrapolat-
ed one above Ta or Tg, respectively. The acti-
vation energies at A and B, Aga and A€ re-
spectively, are different from each other as orig-
inating from the difference in the structure of
molecular configuration.
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Fig.14 The temperature dependence of ratio R of the
activation energy of a-relaxation process to that
of B-process : O, propylene carbonate; @,

PMS; [, o-terphenyl; M, isopropylbenzene. A

dotted line represents the R values at Tyo. From

Ref. 40.
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Fig.15 Schematic representation of the cluster struc-
ture on the configurational enthalpy vs temper-
ature diagram.

r

Fig.16 Double-well potential curve representing any

microscopic configurational change . r, con-
figurational coordinate; €, potential energy; Ag,,
potential barrier; Ag, energy difference between
the two potential minima corresponding to states

1 and 2. From Ref. 37.
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Fig.17 Gaussian distributions of activation energies
with same root mean square deviation, sigma,
at two different temperatures, 7; and T.. Two

arrows indicate the direction of relaxation in the

passage of time for the strong and fragile lig-

uids.
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Fig.18 Internal energy relaxation processes at 182 K
of the system with fragility m = 51 and Gauss-
ian distribution of activation energies with Ag,
= 62.7 kJ mol ! and 0 =1.24 kJ mol ~!. From
Ref. 37.
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Fig.19 Temperature jump dependence of the nonexpo-
nentiality parameter B of the stretched expo-
nential function fitted to the simulated relax-
ation processes : O, m = 18; A, m = 35; [,
m = 51. From Ref. 37.
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Fig.20 Temperature-jump dependence of the nonexpo-
nentiality parameter, B, for the system corre-
sponding to glycerol . Circles, experimental re-
sults; a solid line, result by the computer sim-
ulation with By = 0.66; dotted lines, tentative
linear dependences approximating the experi-
mental results.
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Fig.21 Time evolution of the activation energy distri-
butions in the course of the structural relax-
ations simulated by a model computation for
dibutylphthalate. Endothermic process after the
temperature jump from 170 K to 172K (@) :
1, 0 ks; 2, 20 ks; 3, 40 ks; 4, 60 ks; 5, 80 ks.
Exothermic process after the temperature jump
from 174 K to 172K ®) : 1, 0 ks; 2, 0.8
ks; 3, 2 ks; 4, 8 ks; 5, 80 ks.
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