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Fig. 1. Enthalpy and heat capacity curves involved in

a cooling-heating cycle.
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Fig. 2. Enthalpy and fictive temperature difference in-
volved in the cooling-heating cycle of glass transition

of different glass formers.
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Table 1. Thermodynamic and kinetic parameters involved in a cooing-heating cycle around the glass tran-

sition in amorphous forming systems.

JEIE Hen /T mol =1 384 Hr /Jmol™!  ATy/K  Ty/K ACp/Jg VK™! m

B203 24000
Glycerol(GLY) 18300
PdNiCuP 6820
Decalin(DLN) 9460
Propylene carbonate(PC) 7770
Oterphenyl(OTP) 17200
Glycerol triacetate(TAT) 25800
Benzophenone 18190
Sorbitol 29500

Tributyl phosphate(TBP) —
2-ethyl-1-hexanol(2 E1 H) —
Di-n-butyl phthalate(DnBP) 21810
Decahydroisoquinoline(DHIQ) —
3-methoxy-1-butanol(3 Mol B) —

440 10.600  557.6 0.59 36
270 3.290 188.9 0.88 51
71 4.530 560.6 0.22 50
49 0.820 138.4 0.46 145
120 1.740 159.5 0.68 99
350 3.300 245.9 0.45 81
340 2.380 201.8 0.65 69
250 2.570  211.48 0.54 106
370 1.890  269.42 1.08 100
180 1.176 140 0.57 103
110 1.496 145.9 0.55 72
300 1.877 178.5 0.57 85
120 1.300 181.03 0.68 128
170 1.630  147.75 1.00 62
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Fig. 3. Relationship between relaxation enthalpy of
various glass forming materials and enthalpy of fusion

of corresponding crystals.
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5 & W
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Abstract

The glass is in a non-equilibrium state in nature, and relaxation might occur towards the equilibrium state at a
certain temperature. When heating a quenched glass, relaxation can be resolved as temperature approaches to the glass
transition, and further heating leads to enthalpy recovery as the system turns into an equilibrium supercooled liquid.
The released energy involving the relaxation relative to the original quenched state is, in magnitude, identical to the
gained energy in enthalpy recovery, showing a memory effect. In this paper, we discuss the enthalpy behaviors involved
in a cooling and reheating cycle around the glass transition in various glass forming systems such as oxides, metal alloys,
and small molecular systems. The cooling and heating rates are fixed to be —/+ 20 K/min with the related cooling and
heating heat capacity curves being determined. It is found that the relaxation enthalpy involved in the cooling/heating
cycles is closely related to the enthalpy of fusion for the glass forming materials, and the basically linear correlation
implies the similarity between the glass transition and melting behaviors with regard to the atomic rearrangements
involved in the relaxation and solidification processes. The determining of the cooling and heating heat capacity curves
also helps establish the enthalpy relaxation/recovery spectra of various glasses, and the symmetry of the spectrum is
associated with the fragility of glass-forming material. For the material of low or medium fragilities, the symmetry of the
enthalpy relaxation spectrum is observed to be somehow dependent on the fragility, while for the high fragility glass, the
symmetry keeps almost constant. The dependence of fragility on the glass transition thermodynamics is also discussed,
and low melting entropy and high fragility are shown to reduce effectively the liquid-crystal Gibbs free energy difference.
Using the correlation between the relaxation enthalpy and kinetic fragility reported in our previous studies, the glass
transition thermodynamics for the case of the most fragile glass with m = 175 is evaluated, especially compared with
the second phase transition of thermodynamics. The results provide a new understanding of the thermodynamics of the

relaxation in glassy material and the glass transition.

Keywords: glass transition, relaxation, fragility
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