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Figure 1 (a) Schematic illustration of the preparation process of As»S; glass thin films via vapor
deposition and the powdered samples scraped from the films. (b) XRD patterns of vapor-deposited
As»S3 films grown at different substrate temperatures (75). For comparison, the XRD patterns of
liquid-cooled ordinary glass, as well as the granular powder and bulk samples before deposition, are

also measured and presented together.
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Figure 2 (a) DSC heat flow curves of As>S;3 films grown at different T, measured at a heating rate of

40 K/min. (b) Effect of 7§ on the glass transition onset temperature (7:°") and glass transition specific

heat step (AC,) of vapor-deposited As>S3 glass films, where the substrate temperature and glass

transition specific heat step are normalized by the 7:*®@rc and ACy@rc of LC ordinary glass,

respectively.
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Figure 3 (a) Temperature dependence of the first derivative of heat flow curves with respect to

temperature near the glass transition process of As,Ss films grown at different 7s. (b)_Effect of 7 on the

midpoint glass transition temperature (7 gmid) of vapor-deposited As>S3 glass films, where the substrate

temperature is normalized by the 7,94 ¢ of LC ordinary glass.
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Figure 4 (a) Enthalpy curves of As;S3 glass films grown at different 75. (b) Comparison of the thermal
stability variation of vapor-deposited As,S; glass films with those of metallic glass systems and

molecular glass systems reported in the literature?*], where To@ic refers to the Ty @rc or Tp™g 1 c of

LC ordinary glass.

K4 (b) JLEXTEL T AsyS; BEBE R . S AV &)@ IR v IR & 0 T 3% J v e,

H5&AMN LC BuBMA et 2R, e RICR N A REERI KA (AH = Hpvp -

Hyc) MEh 7 5 R E i Te AT R B (ATo/Tearc)s FH Hpvp A AHTTAA G B A4S

Hic N LC @I, Tearc N LC WIBI K To%arc 8L Te™arc. FTLLER], #H

BT e RNy T HIEA R, AsaSy BUR IR 30 /1 2 A8 € PR IR THIE A 2 2%,
IR EVER R G, BRI N, HNEEERESEE SRR,
A5 RVE I A8, AN A B A RO DR T R AR X LC 83 35 38 1) F AR T AR 1

5&HRVBANEEE (m) JEEE VK. BAARMS, BORERE m BAL, H3h

9/ 17



LY Pt 2026 4 04 H

FaE PEFRTHIAN 25, BRI AREME 23— PR, XBHWE 4 (b) ik
Fiom e ISk R WG FEA AR KRS, AW AsoSs Jm T USRI R, H m (A

28307, P tah fcade s E R T H L RO SRR R R LC I B B

T RIEF A m 3 AL T8 v X TR D2 38, B L B ) 2 5 R S AR E R R R R 2 R
T 10 <) B A R B m A T W 22 18P0, R 0k ARG S A A A Ak T R
W5 7B R .

3.4 RAERBERPHNNFRELENRESSRIFREZAXRKNEE"E

0.12 T T z T z T y T z T z T y T T T
0.10 | E
(]
0.08 | L% -
9 d 4
® o0 !
l\cn // l
™ 0.06 |- , i d -
/
|\C> A //
< / /
0.04 + ,’ // i
/ /
// 7/ % PVD-As,S, (This work) {
0.02 | y Y PVD-Se )i
*‘ ® PVD-Metallic Glasses |
0 6 nm/s X PVD-Molecular Glasses
000 | | ' | ' | \ | ' | ' |
0 20 40 60 80 100 120 140 160
Fragility, m

B 5 AU AN R B 35 R R 1030 1 24 Ae e YR 3 5 S0 G BE m 2 18] 1R 5 O IBG , 20l A Uic Bk
K H SCHRAR B 21 25. 27.32.4047) X B Togue N LC FIBIFEN Te®arc B Te™dgico

Figure 5 Strong correlation between the enhanced kinetic stability and liquid fragility (m) of different

vapor-deposited glass systems, where the data points are collected from reported literature?!- 25 27, 32,

40-47]1 where To@Lc refers to the Ts®@rc or To™4%c of LC ordinary glass.
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Abstract

Glass is a structurally disordered solid in a thermodynamic non-equilibrium state, and thermal stability

is one of the most critical properties ensuring its long-term serviceability. Therefore, improving the

thermal stability of glass is essential for expanding its applications. Physical vapor deposition has

attracted extensive attention due to its ability to effectively enhance the thermal stability of glass, and

has been employed to prepare ultrastable glasses of various types. However, a key question remains

unsolved: what glass characteristics enable greater thermal stability improvement during vapor

deposition? While prior studies noted a weak correlation between liquid fragility and thermal stability

enhancement in molecular glasses, whether this correlation can be strengthened and if it applies

universally across all glass types remains unconfirmed. Here, we select As»Ss3 glass with low liquid

fragility as the model system. The thermal stability characteristics of As>S3 glass films prepared by

thermal evaporation were investigated using differential scanning calorimetry and X-ray diffraction.

Meanwhile, through statistical analysis, the influence of liquid fragility on the enhancement of thermal

stability in different glass systems was also studied. Our results show that, compared with liquid-cooled

ordinary glass, vapor-deposited As>S3; only exhibits a 5.5 K increase in glass transition temperature and

a ~4 J/g rise in enthalpy. Furthermore, after unifying the deposition conditions, a distinct cross-system

correlation and a strong intra-system correlation were identified between the improvement in Kinetic

stability of vapor-deposited glasses and. liquid . fragility. Notably, this correlation also exhibits

significant sensitivity differences to the valence bond types of glasses. These results not only support

the rapid surface dynamic mechanism of ultrastable glass formation, but also offer a reference for

understanding the relationship between glass structure and dynamics, and importantly, provide crucial
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guidance for the targeted design and performance optimization of glass materials.

Keywords: Thermal Stability, Ultrastable Glass, Metallic Glass, Liquid Fragility

PACS: 64.70.P-, 65.60.+a, 64.70.pe, 64.70.ph
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