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Figure 1 (Color online) (a) Stained glass windows of the Sainte-Chapelle in Paris, France, which have been in existence for over a thousand years.
(b) Natural amber formed over tens of millions of years, with an insect perfectly preserved inside (image source: https:/fossilcartel.com/). (¢) Lunar
soil glass spheres brought back by China’s Chang’E-5 mission, preserved on the lunar surface for 2 million to 2 billion years [5,6]. (d) The largest-

sized Pd-based bulk metallic glass [9].
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Figure 2 (Color online) Schematic diagram of glass structure and energy state under different cooling rates [5,21]. (a) Schematic of the energy
landscape of glass. (b) Changes in volume or enthalpy of supercooled liquid during thermal treatment under constant pressure. As-cast samples refer to
glasses formed through rapid cooling, which are in a higher energy state; ultrastable samples are glasses that have undergone long-term aging,
possessing higher thermodynamic stability. Ideally, if a supercooled liquid could be cooled at an infinitely slow rate, it would freeze into a glass at a
certain temperature above absolute zero, known as Kauzmann temperature Ty, and undergo a glass transition. 7 represents the lowest temperature
point at which a liquid can undergo the glass transition, and the glass transition at 7k is considered a thermodynamic ideal process, resulting in the

formation of an ideal glass.
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Figure 3 (Color online) (a) Schematic of the preparation of ultrastable glass films via the PVD method. At relatively high substrate temperatures,
gaseous atoms or molecules gradually deposit onto the substrate, forming highly dense ultrastable glass [24]. (b) Specific heat curves of the organic
compound 1,3-bis-(1-naphthyl)-5-(2-naphthyl)benzene (TNB) [13]. The blue curve represents the ultrastable sample obtained by PVD deposition at a
rate of 5 nm s™' at 296 K the black curve shows the conventional glass formed by cooling from the melt at 40 K min™"; the violet curve corresponds to
the sample annealed at 296 K for 174 d; the yellow curve shows the sample annealed at 328 K for 9 d; and the green curve represents the sample
annealed at 328 K for 15 d. (c) The densely packed arrangement of ultrastable glass is attributed to the high surface mobility of the atoms during
deposition [24]. (d) DSC heating curves of conventional glass and ZrysCuysAlg metallic glass films deposited at different rates [30].
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Glass is typically formed by rapidly cooling a melt to suppress crystallization, resulting in a thermodynamically
metastable state. Therefore, whether glass can maintain stability over extended periods and the mechanisms underlying
its stability have long been key research topics in the field of amorphous physics. Based on previous studies of various
types of glass, including metallic glass and lunar inorganic glass, this study first elucidates the origin of glass
metastability and the definition of stability. Subsequently, various methods to enhance glass stability are introduced,
including the fabrication techniques for ultrastable thin-film and bulk glasses. Finally, the long-term stability of
ultrastable metallic glasses and lunar glasses is analyzed, revealing the key influence of material factors on glass stability,
and providing theoretical support for the future design of high-stability glasses. The timescale of glass stability research
ranges from conventional laboratory timeframes to natural aging over eighteen years, and even extends to geological
timescales of millions to billions of years. A deeper understanding of glass stability not only helps improve the reliability
of glass in practical applications, but also offers key materials and insights for exploring fundamental scientific questions
such as supercooled liquids and ideal glass transition in glassy physics.

metastable glass, ultrastable glass, metallic glass, lunar glass, stability
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