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Supplementary Information
1. The glass transition width and its dependence on fragility, nonexponentiality and nonlinearity

This paper presents a comprehensive and critical analysis of the glass transition width (1/Tg -1/T’) or or (ATg/Tg)
observed in calculated Differential Scanning Calorimetry (DSC) heating and cooling scans. The study uses the Tool-
Narayanaswamy-Moynihan model (TNM) for 24 diverse materials, encompassing inorganic glasses, organic polymers
and molecular glassy systems (shown in Fig.S1 - Fig.S24). The analysis reveals that the width of the glass transition
cooling scan does not depend on scanning rate and is inversely proportional to the activation energy, or fragility m, and
the sum of the non-exponentiality § and nonlinearity x parameters: [(h*/R)-(8+x)]" or [m-(8+x)]". The proportionality
constant depends on the specific method used to determine Tgand T' values. Fig.S1 — Fig.S24 illustrate how these values
are determined from the calculated DSC cooling curves (-10 K/min) for all material types listed in Table 1 (green lines). The
determination of the limiting fictive temperature is illustrated using the subsequent heating curves at a rate of +10 K/min.
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Fig.S1 The fictive temperature Trand normalized heat capacity C," calculated for poly(vinyl chloride).' The TNM parameters are listed in Table 1 and the temperature program is
Tin= 100°C, qc = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional
tangent intersection with dT¢/dT = 0 and dT«/dT = 1 defining Ty and Ty, respectively. Full circle indicates limiting fictive temperature.
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Fig.S2 The fictive temperature Trand normalized heat capacity C," calculated for poly(methyl methacrylate)." The TNM parameters are listed in Table 1 and the temperature
program is Ti= 120°C, q. = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated
inflectional tangent intersection with dT/dT = 0 and dT/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S3 The fictive temperature Trand normalized heat capacity C," calculated for bulk polystyrene.? The TNM parameters are listed in Table 1, and the temperature program is Tin=
130°C, gc = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection points on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT«/dT = 0 and dT+/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S4 The fictive temperature Trand normalized heat capacity C," calculated for ZBLAN fluoride glass (58ZrF,-33BaF,-5LaF;:-4AlFs).> The TNM parameters are listed in Table 1, and
the temperature program is Tiy= 320°C, q. = -10 K/min (green line), g» = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to
extrapolated inflectional tangent intersection with dT¢/dT = 0 and dT«/dT = 1 defining T, and Ty, respectively. Full circle indicates limiting fictive temperature.
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Fig.S5 The fictive temperature Trand normalized heat capacity C,N calculated for Li.O.SiO. glass.* The TNM parameters are listed in Table 1, and the temperature program is Tin=
500°C, qc = -10 K/min (green line), g» = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent

intersection with dT/dT = 0 and dT«/dT = 1 defining Ty and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S6 The fictive temperature Trand normalized heat capacity C," calculated for polycarbonate.® The TNM parameters are listed in Table 1, and the temperature program is Tin=
160°C, g. =-10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT«/dT = 0 and dT+/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S7 The fictive temperature Trand normalized heat capacity C," calculated for glycerol.* The TNM parameters are listed in Table 1, and the temperature program is Tin= -60°C, qc
=-10 K/min (green line), g» = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent intersection
with dT/dT = 0 and dT«/dT = 1 defining Ty and Ty, respectively. Full circle indicates limiting fictive temperature.
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Fig.S8 The fictive temperature Trand normalized heat capacity C," calculated for ethylene glycol gel (22 mol.% in H.0).® The TNM parameters are listed in Table 1, and the
temperature program is Ti,= -100°C, g. = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to
extrapolated inflectional tangent intersection with dT/dT = 0 and dT+/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.

60
PVAc 4
124
55
1.04
QO 50 z 08
& [$)
[y 0.6-|
454 0.4+
0.2+
404
j 38.36°C 0.0 s 3343°C
0 1b Zb 3‘0 4‘0 5b 60 0 1‘0 2‘0 30 4‘0 5‘0 60
T (°C) T (°C)

Fig.S9 The fictive temperature Trand normalized heat capacity C,N calculated for poly(vinyl acetate).” The TNM parameters are listed in Table 1, and the temperature program is
Tini=60°C, gc =-10 K/min (green line), g» = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT/dT = 0 and dT«/dT = 1 defining Ty and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S10 The fictive temperature Trand normalized heat capacity C," calculated for polystyrene.® The TNM parameters are listed in Table 1, and the temperature program is Tin=
115°C, g. =-10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT¢/dT = 0 and dT+/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S11 The fictive temperature Trand normalized heat capacity C," calculated for glassy selenium.® The TNM parameters are listed in Table 1, and the temperature program is Tin=
60°C, g. = -10 K/min (green line), g» = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT/dT = 0 and dT«/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S12 The fictive temperature Trand normalized heat capacity C," calculated for bulk TPD.' The TNM parameters are listed in Table 1, and the temperature program is Tin= 80°C,
d. = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT«/dT = 0 and dT+/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S13 The fictive temperature Trand normalized heat capacity C," calculated for B,Os." The TNM parameters are listed in Table 1, and the temperature program is Tin= 350°C, dc
=-10 K/min (green line), g» = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent intersection
with dT/dT = 0 and dT«/dT = 1 defining Ty and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S14 The fictive temperature Trand normalized heat capacity C," calculated for LiCl gel.’> The TNM parameters are listed in Table 1, and the temperature program is Tin= -90°C,
qe = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT/dT = 0 and dT«/dT = 1 defining Ty and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S15 The fictive temperature Trand normalized heat capacity C," calculated for ASAHI plate glass.' The TNM parameters are listed in Table 1, and the temperature program is
Tini= -625°C, g = -10 K/min (green line), g» = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional
tangent intersection with dT¢/dT = 0 and dT/dT = 1 defining T, and T/, respectively. Full circle indicates limiting fictive temperature.
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Fig.$16 The fictive temperature T;and normalized heat capacity C," calculated for As,S; glass.™ The TNM parameters are listed in Table 1, and the temperature program is Tin=
275°C, q. = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT«/dT = 0 and dT+/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S17 The fictive temperature Trand normalized heat capacity C," calculated for SesTes glass.” The TNM parameters are listed in Table 1, and the temperature program is Tin=
85°C, g = -10 K/min (green line), g» = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT/dT = 0 and dT«/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S18 The fictive temperature Trand normalized heat capacity C," calculated forAs;Se; glass.'® The TNM parameters are listed in Table 1, and the temperature program is Tin=
230°C, qc = -10 K/min (green line), gn = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT/dT = 0 and dT«/dT = 1 defining Ty and T, respectively. Full circle indicates limiting fictive temperature.

260 16
(GeSe,),,(Sb,Se,),, o] (GeSe,),(Sb,Se,),,
250 4 124
1.0+
—~ 241.33°C
z _ 08+
8 240 - o
[y 0.6
0.4+
230+
; 0.2
222.80°C 0.0 208.89°C
220 T T T T T T T T
160 180 200 220 240 260 160 180 200 220 240 260

T(°C) T(C)

Fig.S19 The fictive temperature Trand normalized heat capacity C," calculated for (GeSez)so (Sb2Ses)7 glass.” The TNM parameters are listed in Table 1, and the temperature
program is Tin= 260°C, . = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated
inflectional tangent intersection with dT/dT = 0 and dT«/dT = 1 defining Ty and T/, respectively. Full circle indicates limiting fictive temperature.
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Fig.S20 The fictive temperature Trand normalized heat capacity C," calculated for (GeSz)s0 (Sb2Ss)70 glass.' The TNM parameters are listed in Table 1, and the temperature program
is Tin= 280°C, q. = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional
tangent intersection with dT¢/dT = 0 and dT«/dT = 1 defining Ty and Ty, respectively. Full circle indicates limiting fictive temperature.
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Fig.S21 The fictive temperature T;and normalized heat capacity C," calculated for NBS711 glass.' The TNM parameters are listed in Table 1, and the temperature program is Tin=
550°C, q. = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT«/dT = 0 and dT+/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S22 The fictive temperature Trand normalized heat capacity C," calculated for P-SK57 glass.?° The TNM parameters are listed in Table 1, and the temperature program is Tin=
560°C, q. =-10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional tangent
intersection with dT«/dT = 0 and dT+/dT = 1 defining T, and T, respectively. Full circle indicates limiting fictive temperature.
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Fig.S23 The fictive temperature Trand normalized heat capacity C," calculated for (GeSz)so (Sb2Ss)so glass.?' The TNM parameters are listed in Table 1, and the temperature program
is Tini= 310°C, q. = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional
tangent intersection with dT¢/dT = 0 and dT/dT = 1 defining T, and T/, respectively. Full circle indicates limiting fictive temperature.
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Fig.S24 The fictive temperature Trand normalized heat capacity C,N calculated for (GeTea)so (GaTes)ao glass.?2 The TNM parameters are listed in Table 1, and the temperature program
is Tini= 185°C, q. = -10 K/min (green line), g, = +10 K/min (red line). Open triangle indicates inflection point on cooling curve. Full squares correspond to extrapolated inflectional
tangent intersection with dT¢/dT = 0 and dT/dT = 1 defining T, and T/, respectively. Full circle indicates limiting fictive temperature.

2. Covariance and correlation matrices for linear fits shown in Fig.2 - Fig.8

Fig.2b Glass transition width (eq 9) as a function of [(h*/R)-B] ™.

Covariance matrix
Intercept
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Fig.2c Reduced glass transition width (eq 10) as a function of [m-B]™.
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Fig.3b Glass transition width (eq 12) as a function of [(h*/R)-(B+x)]".
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Fig.3c Reduced glass transition width (eq 13) as a function of [m-(B+x)]".
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Fig.5a Glass transition width defined by eq (12).

Covariance matrix
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Fig.5b Reduced glass transition width defined by eq (13).
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Fig.6 Determination of the activation energy (h*/R) and the glass transition width A(1000/Tg). using the cooling curves for PVC and

AszSspresented in Fig.5.
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Fig.7b Evaluation of Ln|gs| and Ln|gz| at 1000/T=2.4 K™ based on the cooling curves presented in Fig.7a.
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Fig.8a Dependence of the parameter E (calculated by eq 11 for data shown in Table 1) on 1/(B+x).
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Fig.8b Dependence of the parameter C (calculated by the eq 1) on 1/
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