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Figure 1 (Color online) Schematic diagram of temperature-dependent first-order thermodynamic properties (energy, volume or enthalpy) (a

)31 and

second-order thermodynamic property (specific heat) (b)!'*. Where T, and T, denote the meling point of the crystal and the glass-transition temperature

of the liquid, respectively
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(Color online) (a) The total free energy of the solid-liquid system changes with the size of the solid and the undercooling temperatures
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What is the nature of glassy state?

ZHANG QinYuan, WANG WeiChao & JIANG ZhongHong

State Key Laboratory of Luminescent Materials and Devices, South China University of Technology, Guangzhou 510640, China

Glasses, non-crystalline solids, and amorphous materials are presently playing increasingly important roles in modern
technology. In addition to conventional glass, which is an indispensable material in the current economy in architecture,
transport, lighting, and environmental control, a wide variety of glasses and amorphous materials are used in increasingly
sophisticated applications in optics, electronics, optoelectronics, energy science and biotechnologies. Glass is considered
a vitreous supercooled liquid that is in a thermodynamically metastable state between the molten liquid state and the
crystalline state. This unique property of glass is different from the solid, liquid, and gaseous states observed for other
elements. The vitrification of a liquid to form a glass is often related to glass transition. This process is a complex
dynamic system with multi-body interactions, and hence glass transition is still an unsolved problem in condensed matter
physics up to the present time. The formation of glasses is an extremely interesting phenomenon. In terms of
thermodynamic phase equilibrium, no substance should persist in the glassy state because glass is a metastable state.
However, in terms of kinetics, any material can form a glassy state as long as the cooling rate and the melting viscosity
are sufficiently high to prevent crystallization. A comprehensive understanding of the nature of glass formation and the
factors that predominantly dominate the glass-forming ability and glass-forming regions of materials is of fundamental
importance for advancing the technological applications of glasses. Glass structure is another essential question in glass
science. Great efforts have been invested to develop a universal model to represent all glass structures. However, the
concept of a universal structure model is incompatible with the fact that the vitreous state is in a thermodynamically
metastable state because a specific structure can only arise in a thermodynamically stable state. To date, theories
proposed on glass structures are based on various models rather than on the variability and diversity of glass structures in
thermodynamically metastable states. The controversy surrounding the glass structure hypotheses lies in the estimation of
the degree of order or disorder. While whether or not glass is an ordered state has long been a topic of debate, the
structure-properties relationships are not much addressed. Understanding the nature of the glassy state is the key to the
development of new glasses with improved properties and manufacturability for various engineering applications. In
2005, the question of “What is the nature of glassy state” was suggested one of the greatest scientific conundrum for
science’s 125th anniversary. Herein, the present review strives to provide a comprehensive review of the recent progress
made in understanding glassy state and describes the technological developments driven by this new information,
especially on the basic scientific problems of glass transition, physical mechanism and theoretical prediction of glass
formation, and glass structure hypotheses and technological developments. Finally, we discussed the current progress and
the challenges on the nature of glassy state, and suggested possible research directions.

glassy state, amorphous state, glass transition, glass formation, glass structure
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