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Fig. 1. Two possible results of liquid cooling: primary
phase transition (crystallization) or supercooling and
gradual freezing to form a glassy substance. Curves 1
and 2 correspond to two different cooling rates, curve
3 is the extrapolated line of equilibrium liquid, that

is, the lowest energy state that the glass system may

reach at the corresponding temperature (41,
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Fig. 2. Ultrastable molecular glass: (a) A schematic diagram of the preparation of ultrastable glass material
by PVD4; (b) the DSC curve of a typical ultrastable metalic glass 1, 3-bis-(1-naphthyl)-5-(2-naphthyl)

benzene (TNB) [5], the black curve corresponds to the ordinary glass, the blue curve corresponds to the

ultrastable glass prepared by PVD, the other curve corresponds to ordinary glass at different temperatures

for a long time annealing; (c) the enthalpy curve obtained from the (b) plot integral, in addition to TNB,

also includes indomethacin (IMC) data.

F1 LR E BRI [T, o g FRUTRUER, T, BORHARRE, 0T, Nk E B Ty MIREIREE, m NHERE REL

Table 1.

Typical ultrastable glass forming materials and their conventional (quenched) glass transition

temperature Ty, the enhancement of Ty for ultrastable glass with respect to conventional ones, 07, at deposition

rates g, and fragility index, m [7].

Material g/nm-s~1! Ty /K 0Ty /K 0y /Ty m

ZrgsCuar 5Aly 5 (MG, this work) 1.40 676 11 0.016 38
Toluene 0.10 117 7 0.060 105

Ethylbenyene 2.00 116 5 0.043 98
aap-trisnaphthylbenzene (TNB) 0.20 345 30 0.087 86
TNB 5.00 345 16 0.046 86

IMC 0.10—5.00 315 24 0.076 83

Poly(methyl methacrylate) (PMMA) 0.25 359 40 0.111 145
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Fig. 3. The density of ultrastable glass TNB 101, Op-
tical method is used to measure the thickness change
during the temperature cycle. The ordinary glass
(OG) is made of ultrastable glass which is heated to
above glass transition temperature to liquid state and
then cooled at 1 K/min.
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Fig. 4. Modulus and strength of ultrastable glass: (a) The longitudinal velocity of the ultrastable glass

e L, (b) measurement method diagram (1, (c) the resonance frequency of Zr-based ultrastable metals

measured by atom force acoustic microscopy method, where Si is the comparative material [2]; (d) the

stress-strain curves of Zr-based ultrastable metallic glass measured by nanocolumnar compression (8]

8]
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Fig. 5. The glass-forming ability is associated with the brittleness coefficient of ultrastable glass[
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(a) Define the brittleness coefficient from the relaxation time; (b) the relationship between the degree

of increase of Ty and the brittleness coefficient of ultrastable glass; (c)—(e) the relationship between the

transition time of ultrastable glass to supercooled liquid and the definition of three different brittleness

coefficients.
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Abstract
Glasses are solid materials that are far from their thermodynamic equilibrium states and their stabilities play a role
in many applications as well the theoretical understanding of the natures of glass systems. Recently, ultrastable glasses
(SGs) have been developed. The SGs have the stabilities that ordinary glasses can obtain only after being annealed for
thousands to millions of years, thereby providing a great opportunity for studying the stabilities of glasses. In this paper
we present a brief review about the properties of SGs and their formation mechanisms and novel insights into the glassy

physics.
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