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Free Energy Landscape Theory of Glass Transition and Structural Entropy
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I present the free energy landscape (FEL) approach to glass transition which provides a unified understanding of
glass transition singularities. For quasi-equilibrium systems, thermodynamic quantities can properly be defined with
the use of the probability function of each basin of the FEL. I argue that the specific heat of glassy systems consists of
three contributions; the glass specific heat, the configurational specific heat and a term related to the temperature
dependence of the probability distribution. The FEL frame work is generalized to handle time-dependent phenomena,
where time-dependent quantities such as cooling rate dependence can be investigated. I also discuss the temperature
modulation spectroscopy on the basis of the FEL theory. Finally, I emphasize the most attractive merit of the FEL
theory, namely it can handle thermodynamic and dynamic effects such as the temperature dependence of the
crystallization time in a single theoretical frame work.
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Fig.1 Schematic density field determined by atomic motion.
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Fig.2 Schematic FEL (two dimensional cut) (a) at high
temperatures and (b) at low temperatures.
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Fig.3 The top solid line: total entropy, dotted line: glass
entropy, dashed line: structural entropy. The three solid curves

from the bottom represent [ %dT, f%dT and S— [ CT—ng,

respectively. Note Sp # S — [ C?ng.
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Fig.4 Solid line: Total specific heat, dotted line: glass specific
heat, dash-dot line: configurational specific heat dashed line:
contribution of the temperature dependence of the distribution
function.
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Fig.5 Cooling rate dependence of the specific heat for a model
FEL system consisting of Debye oscillators. The temperature is
controlled step-wise with a step kgAT/hwp = 0.01 for five
different time spans Af = Atwp = 1,102,10%,10%,108 (five
thick solid curves from the right).
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Fig.7 TTT diagram obtained for a model FEL which consists
of 50 trapping basins in the super-cooled region and of 1 to
~1000 basins on the Ostwald ripening region. W, is the scaling
parameter for the attempt frequency of the relaxation process.
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