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This supplementary material includes detailed derivation of Eq. 3 in the main text in Sec. I, the
detailed fitting procedures for the heat capacities of the three systems as well as the fitting
parameters in Sec. II, the method of calculating S from AC, for Pd,3Cu;;Ni;oP,o and PVAc

in Sec. III, the re-calculation procedure of gre from AT for PVAc in Sec. IV, the detailed
method for the fitting of ore of Pd43Cu,;Nij P, in Sec. V, and the reported Syxww, ATp, and

ore values used in the main text in Sec. VI.

I Derivation of DFDT Equation

The fluctuation in relaxation time in equilibrium is proportional to the small equilibrium fictive
temperature fluctuation of i-th domain 87} as

Int; (T) = (Int (T + 6Tf), (s1)
The first-order Taylor expansion of Eq. s1 around its mean yields

a(nt(T))
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Thus, the relaxation time fluctuation of i-th domain, 6 In7;, is

§1nt; = In; (T) — (Int) = (%) 5T, (s3)

Then, the variance (fluctuation) of log-relaxation time becomes

a(nt(T))
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where ((6 Tf‘fi)z) is the variance of equilibrium fictive temperature o re. Substituting ((5 Tf‘fi)z)

to ore in Eq. s4, and solving it for ore gives
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Eq. s5 is Eq. 3 in the main text.



II. Heat capacities of B,03;, PVAc, and Pd43Cu,;NioP,

Heat capacity data are taken from Ref.[1] for B,05, Ref.[2] for Pd,;Cu,,Ni;(P,,, and Ref.[3]
for PVAc. We fit the heat capacity of solid (glass or crystal) and that of liquid by empirical
equations to obtain AC, (T).

For B,03 and PVAc, the heat capacity of glass CE is fitted by the semi-empirical formula of
Tsao[4]:
TZ
Cp(T) = 75z (Co+caT), (s6)

where 0, ¢y and ¢4 are the fitting parameters. For Pd,;Cu,,;Ni;oP,y, we used the empirical
formula and obtained parameters shown in Ref.[5] for the heat capacity of crystalline phase
Cg. The formula is

Cs(T) = 3Rgys + ;T + 377, (s7)

where Rg,s 1s a universal gas constant, ¢, and c3 are the fitting parameters. The heat capacity
of liquid Cl}, for B, 05 is assumed to be constant, 8.314 J/(mol-K), and that for PVAc is assumed
to follow a linear function as:

Crl,(T) =c, +csT. (s8)
The formula for Cg) of Pd,;Cu,;Ni; o Py is taken from Gallino et al.[5] as

C
CL(T) = 3Rgas + cT +T—72, (s9)

where cg and ¢, are the fitting parameters. All the fitting parameters used for the heat capacity
are summarized in Table s1, and the fitted lines for all three systems are shown in Fig. sl.
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FIG sl1. Heat capacities of the three systems investigated in the main text. (a) is for B,05 from
Ref.[1], (b) is for Pd,3Cu,;Ni;oP,o from Ref.[2], and (¢) is for PVAc from Ref.[3]

Table s1. Heat capacity fitting parameters for the three glass-forming systems. In Eq. s6, 8 is
in K, ¢y in J/(mol-K), and ¢; in J/(mol-K?). In Eq. s7, ¢, is in J/(mol-K?) and c5 in J/(mol-K?3).
In Eq. s8, ¢, is in J/(mol-K), c¢5 in J/(mol-K?). In Eq. s9, ¢¢ in J/(mol-K?), and ¢, in J-K/mol.
Rgas = 8.314 J/(mol-K).

System Phase Model Parameters
B20s Glass Eq. s6 6 = 168.0, ¢y = 5858, ¢; = 0.07338
B:0s Liquid Constant 127.21

PdssCuzsNioP20  Crystal Eq. s7 c, = —5411x1073, c; = 1.843 x 107°




PdsCuNiPo  Liquid Eq. s9 ce = 1.2224x 1072, ¢, = 4.9269 x 10°
PVAc Glass Eq. s6 0 = 1.0, c, = 088, ¢, = 0.33658
PVAc Liquid Eq. s8 c, = 127.12, cc = 0.09802

III.  Calculation of S from AC, for Pd43Cu;;Ni;oP;pand PVAc

As for B,03, we assume that the configurational entropy can be approximated by the excess

entropy, Sc ® Sex-

For Pd,;Cu,,Ni;oP,, the configurational entropy is anchored at a reference temperature 7;
above the liquidus, where S.(7T;) is known from thermodynamic integration of calorimetric
data following the procedure used by Gallino et al.[5] The configurational entropy at lower

temperatures is obtained by integrating downward from T

Ty

Su(T) ~ Sux(T) = Su(T,) — f

T

AC, (T’
L)dT'

™ , (s10)

where AC, = C, — C§, T, = 900 K, and S.(T;) = 11.26 ]/(mol - K). Here, the crystal heat

capacity is used as the vibrational baseline in place of the glass heat capacity, following the

convention for metallic glass-forming liquids where a well-defined crystalline phase exists[6].

For PV Ac, no melting transition is observed, so the configurational entropy is anchored at the
Kauzmann temperature Tx, where S.(T) = 0 by definition. The configurational entropy is

then obtained by integrating upward from T:

dT’, (s11)

where C;, = Cg, — CE, and we assumed the Vogel temperature determined from the dielectric

spectroscopy is the same as the Kauzmann temperature, Ty = T, = 267 K[7]. The obtained

S.(T) is plotted in Fig. 3(a) in the main text.

IV.  Re-calculation of o7 for PVAc using AT of Hallavant e al.

Hallavant et al. measured the width of the glass transition AT, of PVAc during cooling for a

wide range of cooling rate in Ref.[8]. The authors then used the following equation to obtain
the temperature fluctuation (equivalently, ore in the current manuscript) as

O'Tfe = X, (512)



where k is the vitrification function first introduced by Schawe in Ref.[9].

We find that ore values for PVAc reported in Ref.[8] are systematically overestimated when
compared with the ore values reported by Tombari et al.[10] and Hempel et al.[11], which
were measured using M-DSC. Thus, we re-calculate oz¢ from the reported AT by Hallavant

et al. using Eq. s12. Fig. s2 compares these re-calculated values (thick green diamonds) with
the originally reported ore from Ref.[8] (thin green diamonds) and the measured values by

Tombeari et al.[10] (blue circle) and Hempel et al.[11] (red square). The re-calculated ore is

obtained by combining a linear fit to the Tombari and Hempel data with the ATy values from
Hallavant et al.[8].
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FIG s2. Equilibrium fictive-temperature fluctuations in PVAc. The thin green diamonds show
the measured oze reported by Hallavant et al. using FSC[8]; the blue circle shows the values

measured by Tombari et al.[10]; and the red square shows the values reported by Hempel et
al.[11] by using M-DSC. The dashed line is the linear fit to Tombari and Hempel dataset. The
thick green diamonds indicate the re-calculated ¢ values from Hallavant’s dataset based on

the linear fit using Eq. s12.

V. Fitting procedures for o¢ of Pd43Cu,;NiqoPyy

In this section, we describe the fitting procedure for ore of Pd,5Cu,;Ni;oP,o shown in Fig.
4(b) in the main text. We found that the experimental ore data from Schawe ef al.[12] are best
described by two separate linear fits with a crossover near T =~ 593K. To capture this behavior,
we used two separate linear models, one for each region, blended via a sigmoid function:

ane(T) =w(T)(cg + coT) + (1 — W(T))(c10 + ¢, T), (s13)

where w(T) = [1 + exp((T — Tpiq)/AT)] ™! is a sigmoid transition function that smoothly
interpolates between the two linear regimes. The equilibrium fictive temperature fluctuation
rate, R(T) = T d(Inoge)/dT, is then computed numerically from this blended function (see

Fig. s3). The fitting parameters are listed in Table s2. Error bars on the R(T) represent 95%
confidence intervals from the linear fits.
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FIG s3. Fitted ore (T)for Pd,3Cu,,Ni;o P, using Eq. s13. Markers and lines are described in
the legend. The blue shaded region is the 95% confidence envelope.

Table s2. Two-region linear fit parameters for ore (T) of Pd43Cu27NiioP20. cg and ¢y are in K,

Co and c;4 are dimensionless K/K. Ty,iq and AT are in K.

Parameter Region 1 (T < 593 K) Region 2 (T > 593 K)
T range [K] 570.49 to 581.93 607.54 to 625.92
Number of data points 5 6

Cg Or Cqg -59.11 -43.55

Cy OF Cq1q 0.1149 0.0885
R-squared 0.97 0.97

Tmia [K] 594.7

AT [K] 4.0

VI.  Experimental nonexponential values for three systems

Here we summarize the experimental nonexponential values used in the main text. They are all

taken from the literature.

B:0s fxww Data

T [K] Brxww Source
509.86 0.59 Sidebottom et al.[13]
518.31 0.58 "
523.47 0.54 "
529.11 0.55 "
531.46 0.70 "
535.21 0.73 "
542.25 0.68 "
558.69 0.59 "
591.55 0.65 "
600.00 0.60 "




626.29 0.67 "
653.52 0.73 "
670.42 0.71 "
673.24 0.74 "
684.98 0.71 "
694.84 0.68 "
727.23 0.72 "
743.66 0.81 "
769.95 0.86 "
543.87 0.52 Bartenev et al.[14]
504.45 0.49 "
509.09 0.52 "
524.16 0.48 "
517.21 0.50 "
529.96 0.50 "
541.56 0.50 "
550.83 0.50 "
560.11 0.50 "
570.54 0.50 "
495.18 0.50 !
565.90 0.55 "
577.50 0.55 "
587.93 0.55 "
608.80 0.60 "
663.29 0.65 "
685.32 0.64 "
727.06 0.70 "
802.43 0.80 "
829.09 0.85 "
972.86 0.85 "
1023.87 0.95 "
1074.89 0.95 "
PVAc Bxww Data
T [K] Brxww Source

306.76 0.47 Alegria et al.[7]
307.57 0.46 "
308.63 0.48 "
308.63 0.49 "
311.06 0.47 "
312.39 0.49 "
312.65 0.50 "
313.72 0.51 "
316.95 0.50 "
318.83 0.49 "
319.63 0.50 "




323.93
328.74
333.84
338.94
344.04
349.14
353.97
359.34
364.17
369.54
374.64
379.20
384.30
389.41
394.50
399.61
404.71
409.82
414.67
419.77
424.86
429.70
435.34
440.15
445.26
450.09
455.19
460.30
465.40
470.49
322.15
322.79
325.98
330.98
336.09
339.70
344.38
344.38
349.81
352.68

0.51
0.53
0.55
0.55
0.56
0.57
0.57
0.58
0.59
0.59
0.60
0.62
0.63
0.62
0.64
0.62
0.63
0.62
0.60
0.60
0.62
0.62
0.63
0.66
0.65
0.66
0.67
0.67
0.67
0.69
0.56
0.51
0.56
0.57
0.58
0.59
0.59
0.62
0.60
0.64

Pd4:Cu27NioP2o ore Data (Schawe et al. in Ref.[12])

T [K] ore [K]
570.49 6.40
573.85 6.98
578.58 7.34




580.81 7.56

581.93 7.86
607.54 10.16
610.90 10.67
614.50 10.71
619.51 11.25
623.97 11.59
625.92 11.93

PVAc AT Data (Hallavant et al. in Ref.[8])

T [K] ATg [K]
310.92 11.29
312.10 11.78
312.35 11.49
312.86 9.63
313.19 12.66
313.19 9.64
313.95 7.00
314.54 13.44
315.38 18.23
315.55 16.86
325.38 23.22
326.47 22.44
327.82 26.15
328.49 23.81
328.24 26.06
328.66 26.74
329.08 26.64
329.50 27.23
329.66 27.52
329.66 26.16
330.59 25.28
334.87 26.17
336.55 29.49
339.58 26.66
340.17 30.86
340.50 39.25
341.34 30.67
341.76 42.08
343.70 34.87
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