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Abstract 8 

We show that on cooling towards glass transition configurational entropy exhibits more 9 

significant changes than predicted by classic relation. A universal formula according to 10 

Kauzmann temperature 𝑇! is given: 𝑆 = 𝑆"𝑡#, where 𝑡 = (𝑇 − 𝑇!) 𝑇⁄ . The exponent 𝑛 is 11 

hypothetically linked to dominated local symmetry. Such a behaviour is coupled to previtreous 12 

evolution of heat capacity 𝛥𝐶$%&#'().(𝑇) = (𝑛𝐶 𝑇⁄ )(1 − 𝑇! 𝑇⁄ )#+, associated with finite 13 

temperature singularity. These lead to generalised VFT relation, for which the basic equation is 14 

retrieved. For many glass-formers, basic VFT equation may have only an effective meaning. A 15 

universal-like reliability of the Stickel operator analysis for detecting dynamic crossover 16 

phenomenon is also questioned. Notably, distortions-sensitive and derivative-based analysis 17 

focused on previtreous changes of configurational entropy and heat capacity for glycerol, ethanol 18 

and liquid crystal is applied.   19 
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Introduction 20 

Glass transition has remained a grand cognitive challenge of solid-state physics, chemical 21 

physics and material engineering for decades.1,2 The hallmark feature is Super-Arrhenius (SA) 22 

previtreous behaviour of such dynamic properties as the primary relaxation time 𝜏(𝑇) or 23 

viscosity 𝜂(𝑇):2,3  24 

𝜏(𝑇) = 𝜏- 𝑒𝑥𝑝 2.!(0)20 3    𝜂(𝑇) = 𝜂- 𝑒𝑥𝑝 2.!(0)20 3  (1) 25 

where 𝑇 > 𝑇), and 𝐸3(𝑇) is the apparent activation energy. Basic Arrhenius behaviour is 26 

retrieved for 𝐸3(𝑇) = 𝐸3 = 𝑐𝑜𝑛𝑠𝑡 in the given temperature domain. 𝑇) denotes glass 27 

temperature, which is empirically linked to 𝜏9𝑇): = 100 s, and 𝜂9𝑇): = 10,4 P.4,5  28 

General SA portrayal of previtreous dynamics described by Eq. (1) has a rational meaning and 29 

cannot be used to parameterize experimental data, due to unknown form of activation energy 30 𝐸3(𝑇).3 Consequently, replacement relations must be applied. The dominant one is the Vogel-31 

Fulcher-Tammann (VFT) dependence:2,8 
32 

𝜏(𝑇) = 𝜏- 𝑒𝑥𝑝 25"#$0+0%
3 = 𝜏- 𝑒𝑥𝑝 26$0%0+0%

3      (2) 33 

where 𝑇 > 𝑇), the amplitude 𝐴780 = 𝐷0𝑇" = 𝑐𝑜𝑛𝑠𝑡, 𝐷0 is fragility strength coefficient, 𝑇" 34 

denotes extrapolated singular temperature 𝑇" < 𝑇). The fragility ?𝑚 =35 

𝑑 𝑙𝑜𝑔," 𝜏 (𝑇) 𝑑9𝑇) 𝑇⁄ :⁄ D090& is the key metric of the SA dynamics, indicating a deviation from 36 

the Arrhenius behaviour related to . It is often estimated 37 

by the use of the fragility strength coefficient, namely:  𝑚 = 𝐷0𝑇"𝑇) 9𝑇) − 𝑇":: 𝑙𝑛 1 0⁄ , and 38 

𝑚 = 𝑚(1 + 𝑙𝑛 1 0 𝐷0⁄ );(#.2,4,5 The enormous popularity of the VFT relation, illustrated in Fig. 39 

1, causes that it is often indicated as an empirical ‘universal’ scaling pattern for previtreous 40 

dynamics. Consequently, its derivations are often treated as a checkpoint for glass transition 41 

models.9-14  42 

The emergence of previtreous dynamics is associated with passing a melting temperature without 43 

crystallization and entering a metastable, supercooled domain.2,13,14 In many ‘predominantly’ 44 

glass-forming systems, being of a particular interest of glass transition physics, supercooling is 45 

possible at any practical cooling rate, facilitating broadband dielectric spectroscopy (BDS) 46 

studies. In the previtreous domain, BDS requires frequency scans of electric impedance ranging 47 

from seconds to hours near 𝑇). BDS studies deliver high-resolution estimations of primary (α, 48 

structural) relaxation time from loss curve peak frequency 𝜏 = 1 2𝜋𝑓<=3>⁄ . Previtreous changes 49 

of 𝜏(𝑇) are recognised as a basic characterization of previtreous SA dynamics.2-5,13,14  50 

Configurational entropy (𝑆?) is an essential thermodynamic characteristic of previtreous 51 

domain.2-5,10,11,13-24 It describes a non-equilibrium entropy excess, taking entropy of equilibrium 52 

crystalline state as a reference. In 1948 Walter Kauzmann indicated that for some extrapolated 53 

temperature, hidden in a solid amorphous glass state one should expect 𝑆?(𝑇 → 𝑇!) → 0, usually 54 

20-50 K below 𝑇).15 The challenge associated with configurational entropy and the Kauzmann 55 

temperature 𝑇! explains the recent resume-report:22 ‘The configurational entropy is one of the 56 

most important thermodynamic quantities characterizing supercooled liquids approaching the 57 

glass transition. Despite decades of experimental, theoretical, and computational investigation, a 58 

widely accepted definition of the configurational entropy is missing, its quantitative 59 

characterization remains fraught with difficulties, misconceptions, and paradoxes, …practical 60 

measurements necessarily require approximations that make its physical interpretation 61 

delicate… the Kauzmann transition remains a valid and useful hypothesis to interpret glass 62 

( )
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formation. We also insisted that this is still a hypothesis but in no way a proven or necessary 63 

fact…’.   64 

Following above, for an ultimate cognitive insight into glass transition phenomenon, crucial may 65 

be a reliable experimental evidence for 𝑆?(𝑇) behavior, matched to clearly non-biased estimation 66 

of 𝑇!, and a non-ambiguous link to dynamics.  67 

Experimentally, the configurational entropy is estimated from an evolution of a heat capacity 68 𝛥𝐶$(𝑇):2,14,17,18,22,23  69 

𝑆?(𝑇) = ∫ @?'(0)
0

0
0( 𝑑𝑇         (3) 70 

where 𝛥𝐶$(𝑇) = 𝐶$AB − 𝐶$)C3DD = 𝛥𝐶$%&#'()., with the heat capacity of glass instead of hardly 71 

detectable for ‘predominant’ glass formers, solid crystal entropy changes.  72 

Assuming: 73 

 𝛥𝐶$(𝑇) = @?'
0           (4) 74 

with 𝛥𝐶$ = 𝑐𝑜𝑛𝑠𝑡,  one obtains from Eq. (3) the ‘classic’, dependence for the configurational 75 

entropy:2,17,18  76 

𝑆?(𝑇) = 𝑆" 21 − 0(
0 3 = 𝑆" 20+0(0 3 = 𝑆"𝑡      (5) 77 

where 𝑡 = (𝑇 − 𝑇!) 𝑇⁄ .  78 

It is commonly used for describing changes of the configurational entropy in previtreous domain 79 

and an estimation of 𝑇!.2,4,16-24 One of the most inspiring models for glass transition was 80 

proposed by Adam and Gibbs (AG), five decades ago.10 It links previtreous slowing-down to 81 

cooperatively rearranged regions (CRR), which influence configurational entropy, leading to 82 

following relation for previtreous changes of relaxation time:10  83 

𝜏(𝑇) = 𝜏- 𝑒𝑥𝑝 2 5)*
0A+(0)

3        (6) 84 

where 𝐴5E = 𝑐𝑜𝑛𝑠𝑡 is the AG model amplitude.  85 

Substitution of Eq. (5) into Eq. (6) yields the VFT relation, if 𝑇" ≈ 𝑇!.2,10,14 Numerous reports 86 

empirically support such a coincidence between a ‘dynamic’ and ‘thermodynamic’ singular 87 

temperatures for glass-forming systems.2,3,9-14,21-23 Such an agreement also constitutes an 88 

essential reference for a set of theoretical models which link a finite temperature singularity in 89 

dynamics to a ‘hidden’ phase transition. 2,3,9-14,21-23 These empirical and theoretical correlations 90 

between ‘thermodynamic’ and ‘dynamic’ characterizations of previtreous domain, matched to 91 

enormous popularity of the VFT Eq. (2), significantly support Eq. (5) for describing 92 

configurational entropy and its usage as a tool for determining 𝑇!.  93 

However, there are blots and non-coherences on the above landscape. Eq. (5) poorly reproduce a 94 

variety of observed patterns for the heat capacity (see conclusions section) for 𝑇 → 𝑇) (see Fig. 95 

5). As an empirical solution of this problem a relation 𝛥𝐶$%&#'.(𝑇) = 𝛥𝐶$ 𝑇⁄ F, with power 96 

exponent 0 < 𝜗 < 2 adjusted to a given glass former, was introduced.25 However, it does not 97 

yield a coherent relation for configurational entropy and its model-basis is not clear. In 2003, 98 

Tanaka26 carried out state-of-the-art validation tests of the VFT equation for 52 glass-forming 99 

systems and showed that 0.8 < 𝑇" 𝑇! < 2.2⁄ , i.e., the correlation 𝑇" ≈ 𝑇! appears only for a 100 

limited number of glass formers. There is also growing evidence questioning the omnipotence 101 

and a fundamental reliability of the VFT relation. It bases mainly on a comparison between 102 

experimental data and their scaling via VFT and other model relations. Subsequently, using 103 

visual or analytic-residual assessment of fitting quality, the VFT or other relations' prevalence is 104 

tested. However, observed discrepancies are subtle, occur only in some temperature domains and 105 

they are close to an experimental error limit.2,13,14,27-31 Consequently, such tests cannot yield 106 
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decisive conclusions. Another type of validation of scaling relations is based on a superposition 107 

of 𝜏(𝑇) or 𝜂(𝑇) experimental data for a dozen glass-forming systems, using model-related 108 

parameters with individually selected (fitted) values for each tested system.2,13,14,32-35 In the 109 

authors' opinion, such a model-dependent scaling approach has tautological features and cannot 110 

lead to a breakthrough model-validation.  111 

The recalled above record of puzzling results focused on confirming or rejecting the fundamental 112 

validity of the VFT relation had to be carried out for 𝑇 > 𝑇), i.e., 20-50 K above singular 113 

temperatures (𝑇! , 𝑇"). However, remote from singular temperatures, only subtle discrepancies 114 

between experimental data and model relations may be expected. An experimental error notably 115 

amplifies such a problem. Relatively strong discrepancies between experimental data and scaling 116 

relations can be expected only near hypothetical singular temperatures, i.e., in experimentally 117 

non-accessible domain.  118 

To address mentioned inherent features of previtreous domain, an analysis concentrated 119 

exclusively on subtle distortions between a hypothetical scaling relation and experimental data 120 

may be decisive. In Refs. 36-38 linearised derivative-based analysis focused on a portrayal via 121 

VFT,5-8,31,36 MYEGA,29,37,38 Avramov-Milchev38, 40 and critical-like41-43 scaling relations were 122 

developed. For instance, the VFT parameterization may validate a linear domain appearing in a 123 

plot based on the following transformation of 𝜏(𝑇) experimental data:36  124 

𝜏(𝑇)   →   PG C# H(0)G(, 0⁄ ) Q
+, :⁄ = (𝐷0𝑇")+, :⁄ − 𝑇"(𝐷0𝑇")+, :⁄ × ,

0 = 𝐴 − 𝐵 × ,
0   (7) 125 

Eq. (7), in the form of the plot 𝜑0 = 𝑙𝑛 𝜏 (𝑇) 𝑑(1 𝑇⁄ )⁄  vs. 1 𝑇⁄ , often named ‘Stickel operator’ 126 

analysis,44 was used earlier for detecting a dynamic crossover temperature 𝑇J, i.e., the crossover 127 

between ergodic and non-ergodic previtreous dynamical domains. The appearance of two lines in 128 

such a plot and their intersection related to 𝑇J are indicated as a ‘universal’ feature of previtreous 129 

domain.44-47 Novikov and Sokolov strengthen this ‘universality’, suggesting a ‘magic’ time scale 130 𝜏(𝑇J) = 10+K±, s, estimated empirically by the ‘Stickel-operator’ analysis of 30 glass-formers, 131 

including low-molecular-weight liquids, polymers, ionic systems, covalent systems and plastic 132 

crystals.48 However, some criticism regarding this finding appeared, due to glass formers with 133 

strongly different 𝜏(𝑇J) values.49 Later, Roland showed a pressure-temperature invariance of 134 𝜏(𝑇J , 𝑃J).50 It is worth nothing, that the linearised distortions-sensitive analysis showed that for 135 

glass-forming liquid crystals, plastic crystals and low-molecular-weight liquids with uniaxial 136 

molecules as well as a critical-like description are more reliable than the ‘classic’ VFT 137 

description.42,43  138 

Hecksher et al.51 proposed to analyse previtreous dynamics using activation energy index 139 𝐼6M(𝑇) = −𝑑 𝑙𝑛 𝐸3 (𝑇) 𝑑 𝑙𝑛 𝑇⁄ = (𝑑𝐸3 𝐸3⁄ ) (𝑑𝑇 𝑇⁄ )⁄ , i.e., to transform experimental data 140 𝜏(𝑇) → 𝐼6M(𝑇). The required apparent activation energy was calculated using the general SA Eq. 141 

(1),  𝐸3(𝑇) = 𝑅𝑇 𝑙𝑛(𝜏(𝑇) 𝜏-⁄ ), assuming a ‘universal’ value for pre-factor  𝜏- = 10+,N s. In 142 

Ref. 51 the analysis for 42 low-molecular-weight glass formers led to the conclusion: ‘…there is 143 

no compelling evidence for the Vogel–Fulcher–Tammann (VFT) prediction that the relaxation 144 

time diverges at a finite temperature. We conclude that theories with a dynamic divergence of the 145 

VFT form lack a direct experimental basis.’ However, results from Ref. 51 might be biased by 146 

assuming a ‘universal’ value for the pre-factor, whereas experimental evidence suggests 147 10+,O𝑠 < 𝜏- < 10+,"𝑠.36,40 In Ref. 52, apparent activation energy was determined using a 148 

protocol avoiding this problem. It is based on a numerical solution of a differential equation 149 

directly resulted from the SA Eq. (1) and applied for a given set of 𝜏(𝑇) experimental data:52  150 

𝑅 G C# H(0)
G(, 0⁄ ) = ,

0
G.!(0)
G(, 0⁄ ) + 𝐸3(𝑇)       (8) 151 
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The analysis of 26 glass-formers, including low-molecular-weight liquids, polymers, liquid 152 

crystals, colloids and even plastic crystals, revealed a common empirical pattern:52  153 

,
P,-(0)

= 𝑎 + 𝑏𝑇          (9) 154 

This result led to a general ‘empirical’ relation for the index:45,46 1 𝐼6M(𝑇)⁄ = 𝑛𝑇" (𝑇 − 𝑇")⁄ , 155 

where 𝑇" is singular temperature determined from the condition 1 𝐼6M(𝑇")⁄ = 0 and the 156 

parameter 𝑛 = −1 𝑎⁄ . It was found that for tested systems 0.18 < 𝑛 < 1.6, and limits were 157 

related to domination of translational and orientational symmetries, respectively.52-54 The 158 

previtreous dynamics described by the VFT relation is linked to  𝑛 = 1.  Following results 159 

mentioned a new relation for the configurational entropy was derived:52  160 

𝑆? = 𝑆" 21 − 0(
0 3

# = 𝑆"𝑡#        (10) 161 

The ‘classic’ Eq. (5) is retrieved for 𝑛 = 1.  162 

Problems of the VFT relation inspired the development of new scaling dependences for the 163 

previtreous dynamics. The leading position has gained Mauro-Yue-Ellison-Gupta-Allan 164 

(MYEGA) relation, which avoids the finite temperature singularity:29,37  165 

𝜏(𝑇) = 𝜏" 𝑒𝑥𝑝 2?0 𝑒𝑥𝑝 2!033        (11) 166 

Notably, it can be approximated by the VFT relation at ‘high-temperature’ domain:55  167 

𝑙𝑛(𝜏(𝑇) 𝜏"⁄ )9" = ?
0 𝑒𝑥𝑝 2!03 = ?

0 =Q<(+! 0⁄ ) ≈ ?
0(,+! 0⁄ ) = ?

0+!      (12) 168 

where  𝐾 ≈ 𝑇" , and 𝐶 ≈ 𝐷0𝑇", if comparing with VFT Eq. (2).  169 

 170 

Results and Discussion 171 

Figure 1 shows that applications of VFT relation for glass-forming systems permanently 172 

increases, despite recalled numerous of objections. One can add to the presented statistics reports 173 

using the Williams-Landel-Ferry (WLF) relation,56 isomorphic to the VFT Eq. (2) and primarily 174 

used in polymer physics: 55-70 reports in the last two decades, annually.57 For comparison, 175 

studies exploring MYEGA relation (since 2009) for portraying previtreous dynamics are also 176 

shown in Figure 1.  177 

When discussing previtreous behaviour, one may consider substitution of Eq. (10) to the AG 178 

model relation Eq. (6). This yields a ‘generalised’ VFT relation:  179 

𝜏(𝑇) = 𝜏- 𝑒𝑥𝑝 2A.5)*0/01(0+0%)/
3 = 𝜏- 𝑒𝑥𝑝 25"#$0/01(0+0%)/

3 = 𝜏- 𝑒𝑥𝑝 P6$0% 0⁄
R/ Q   (13) 180 

where 𝑡 = (𝑇 − 𝑇") 𝑇⁄ . The ‘classic’ VFT formula (Eq. (2)) is retrieved for 𝑛 = 1.  181 

Eq. (13) has already been used for describing dynamics in glass-forming polyvinylidene 182 

difluoride (PVDF), PVDF + Barium-Strontium-Titanate (BST) microparticles composite,58 and 183 

in its parallel form for describing relaxation time in relaxor ceramics.59 Nevertheless, these tests 184 

cannot be considered as a crucial validation of Eq. (13) if recalling the above discussion. The 185 

milestone meaning could have derivative-based and distortions-sensitive tests focused directly on 186 𝑆?(𝑇) experimental data. To fill such a cognitive gap a new solution is proposed in given report.  187 

       The analysis presented below explores state-of-the-art experimental results for the 188 

configurational entropy for 8 glass-forming liquids: glycerol, ethanol, sorbitol, diethyl phthalate, 189 

cycloheptanol, cyclooctanol as well as liquid crystals (5*CB, 8*OCB).16,19,23 Basing on Eq. (10) 190 

one can propose the following distortions-sensitive transformation of experimental data: 191 

 𝑆?(𝑇) → 𝑙𝑛 𝑆? (𝑇) = 𝑙𝑛 𝑆" + 𝑛 𝑙𝑛(1 − 𝑇! 𝑇⁄ ) →	192 𝑑 𝑙𝑛 𝑆? (𝑇) 𝑑(1 𝑇⁄ )⁄ = 𝑛𝑇! (1 − 𝑇! 𝑇⁄ )⁄         (14) 193 

Consequently:  194 
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[𝑑 𝑙𝑛 𝑆? (𝑇) 𝑑(1 𝑇⁄ )⁄ ]+, = 1 𝑛𝑇!⁄ − 1 𝑛𝑇⁄ = 𝐴 + 𝐵(1 𝑇⁄ )      195 

(15) 196 

Temperature dependence of the configurational entropy 𝑆?(𝑇) of experimental data expressed by 197 

Eq. (15) should follow a linear behaviour, yielding optimal values for the reference Eq. (10): 𝑛 =198 1 𝐵⁄  and 𝑇! = 𝐵 𝐴⁄ .  199 

Figure 2 presents the configurational entropy evolution for supercooled glycerol, ethanol, 200 

sorbitol, cycloheptanol, cyclooctanol, diethyl phthalate, 5*CB and 8*OCB. Curves in the part A 201 

of Fig.2 portraying experimental data, for selecting liquids, are related to the ‘classic’ Eq. (5) (in 202 

red) and the ‘generalised’ Eq. (10) (in blue). The Fig. 2A insert shows experimental data 203 

presentation based on a hardly explored scale 𝑆?  vs. 1 𝑇⁄ , directly resulted from the Eq. (5).  204 

Figure 2B portrays configurational entropy normalised to the Kauzmann temperature TK 205 

calculated from Eq. (10). The insert presents a behaviour of the Eq. (10) with different parameter 206 

n, i.e. 0.1 < 𝑛 < 2. 207 

Figure 3 presents results of the distortions-sensitive analysis of 𝑆?(𝑇) experimental data based 208 

on Eq. (15). The linear behavior suggested by Eq. (15) appears, but with different slopes 209 

(𝐵~1 𝑛⁄ ). Obtained parameters for studied glass-forming liquids are collected in Table I. These 210 

values are, within the limits of the experimental errors, the same as in Ref. 44, e.g. 𝑛 = 1.04 for 211 

glycerol and 𝑛 = 1.28 for ethanol, which were obtained from the analysis of ‘dynamic’ 212 

experimental data  𝜏(𝑇) → 𝐼6M(𝑇).  213 

These results indicate that for glycerol and diethyl phthalate one can assume 𝑛 = 1, what leads to 214 

the VFT relation for relaxation time and the ‘classic’ expression for configurational entropy (Eq. 215 

(5)). On the other hand, for ethanol, sorbitol, 5*CB and 8*OCB the parameter 𝑛 > 1, what in 216 

Ref. 44 was linked to glass former consisted of molecules with the uniaxial symmetry. One can 217 

expect that in such a case, the generalised VFT Eq. (13) may offer much more. 218 

The main part of Figure 4 presents previtreous behaviour of primary relaxation time in glycerol 219 

and ethanol using Angell plot.4,5 Fig. 5 shows the linearised distortions-distortions sensitive 220 

analysis of data from the central part of the plot, based on Eq. (7). Linear domains indicate the 221 

preference for describing 𝜏(𝑇) changes by the VFT relation (Eq. (2)). Such a behaviour is 222 

evidenced for glycerol but absent for ethanol. 223 

Results related to Fig. 4 and Fig. 5 may be considered as the argument against the ‘universal’ 224 

validity of the ‘Stickel operator’ analysis used for testing dynamic crossover phenomenon,44-50 225 

due to inherently coupling to pre-assumption of an omnipotent validity of the basic VFT relation. 226 

The question also raised for general validity of discussions of fragility, i.e., the key metric for the 227 

SA dynamics of the previtreous domain,2,4,5 within the context of recalled Eq. (2).2,5,14,57,62-65 228 
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Conclusions 229 

Concluding, the report presents the evidence supporting the ‘generalised’ relation for the 230 

configurational entropy (Eq. (10)) and the protocol for linearised, distortions-sensitive analysis 231 

of related experimental data (Eq. (15)). All these lead to corrected values of the Kauzmann 232 

temperature. The ‘generalised’ relation for configurational entropy (Eq. (10)) also leads to the 233 

‘generalised’ VFT Eq. (13). Its validity indicates the accidental significance of testing the 234 

dynamic crossover phenomenon via the ‘Stickel operator’44-50 and problems of discussions 235 

focused on fragility within frames of the VFT relation2,5,14,24,57,62-65. Some discrepancies between 236 

the direct estimation of fragility and fragility strength by the use of VFT equation were raised 237 

recently.64   238 

The characteristic feature of ‘generalised’ VFT Eq. (13) is power exponent n, influencing a 239 

distance from singular temperature distance 𝑇". Notably, a similar correction was advised in 240 

1984 by Bengtzelius, Götze and Sjölander (BGS)65, basing on the mode-coupling theory, in 1988 241 

by Bendler and Shlezinger (BS)66, using the mobile defects (‘random walk’) approach, as well as 242 

Hall and Wolyness67 for randomly packed spheres (HW):   243 

 𝜏 = 𝜏- 𝑒𝑥𝑝 2 8
(0+0()2

3        (16) 244 

where 𝛼 ≈ 1.76 for BGS,  𝛼 = 3 2⁄  for BS, and 𝛼 = 2	for HW models.  245 

More recently, the random first-order transition (RFOT) model resulted in a similar dependence 246 

with an exponent 𝛼 = 𝜓 (𝑑 − 𝜃)⁄ ,2 where the exponent d is the spatial dimension, 𝜃 is for free 247 

energy surface cost on linear size of interface between two amorphous states and the exponent 𝜓 248 

is a free energy barrier that must be overcome to rearrange a correlated volume. It is worth 249 

stressing that exponent 𝛼 value, for mentioned models, is located within frames empirically 250 

indicated for the exponent n.52  251 

Returning to the generalised Eq. (10) for configurational entropy, one can derive the relation for 252 

previtreous changes of the heat capacity, namely:   253 

𝛥𝐶$%&#'().(𝑇) = 𝑇 GA+
G0 = #A%0(

0 21 − 0(
0 3

#+,
      (17) 254 

Heat capacity changes resulted from Eq. (17) are presented in Fig. 6, for the selected terminal, 255 

values of parameter n. Except the ‘classic’ case 𝑛 = 1,  they show previtreous changes linked to 256 

a finite temperature singularity at 𝑇!, which has been not expected for heat capacity so far. The 257 

insert in Figure 5 recalls different heat capacity change patterns in a normalised scale for 𝑇 → 𝑇). 258 

To follow this issue, see also Refs. 68, 69.  259 

One of glass transition experimental features is approaching the hypothetical Kauzmann 260 

temperature closer in heat capacity studies by increasing a cooling rate than in BDS tests for 261 

which the cooling rate factor is not important. Shifting below the standard  value in DTA 262 

(differential thermal analysis) studies is often too strong ‘anomalous’ heat capacity changes. 263 

Such a behaviour via singularities appearing in Eq. (17). The description introduced by Eqs. (10) 264 

and (17) also correlates with recent indications for more pronounced changes of the 265 

configurational entropy than predicted by the classic Eq. (4) or indication for decoupling 266 

between VFT based estimations of the fragility (see comments below Eq. (2) and the real value 267 

of the fragility determined from the Angell plot (Fig. 4).63,64  268 

Notably, hypothetical validity of Eq. (17) opens a new possibility for distortions-sensitive tests 269 

directly exploring previtreous changes of the heat capacity:  270 

G C#S0@?'
3./45&.T

G(, 0⁄ ) = 0((#+,)
,+0( 0⁄ ⇒  gG C#S0@?'3./45&.TG(, 0⁄ ) h

+,
= 𝑇!(𝑛 − 1) − 0(7(#+,)

0 = 𝐴 − J
0  (18) 271 

gT
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The linear regression fit for a plot based on Eq. (18) may yield A and B coefficients, what gives 272 

consequently 𝑇! = 𝐵 𝐴⁄  , 𝑛 = 𝐴: 𝐵⁄ + 1.  273 

The glass transition is most often indicated as the dominantly dynamic phenomenon, which 274 

heuristically supports impressive previtreous primary relaxation time or viscosity changes.  This 275 

is supported by dependence of glass temperature and heat capacity behaviour from a cooling. 276 

This report proposed that the long-range, previtreous behaviour also occurs for such a basic 277 

thermodynamic property as configurational entropy and heat capacity. This may suggest not only 278 

dynamic but also thermodynamic character of glass transition. 279 
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Table I Parameters calculated from the distortions-sensitive analysis. 443 

The TK was calculated directly from the Eq. (10), when the condition 𝑆?(𝑇) → 0 ⇒ 𝑇|A+(0)9" =444 

𝑇! is fulfilled. 445 

Liquids Abr. 
Tg♠ 

(K) 

n = 1 n ≠ 1 

TK 

(K) 

ΔT = Tg-

TK (K) n 

TK 

(K

) 

ΔT = Tg-

TK (K) 

ethanol Eth 93.6 77 16.6 1.28 68 25.6 
glycerol 

Gly 
183.5 152 31.5 1.04 14

9 
34.1 

sorbitol 
Srb 

268.1 174 94.1 1.57 14
0 

128.1 

cycloheptanol C7-
OH 

130.1 48.5 81.6 0.16 11
6 

14.1 

cyclooctanol C8-
OH 

151.2 61 90.2 0.78 70 81.2 

diethyl phtalate Dep 179.3 38 141.3 0.98 39 140.3 
isopentylcyanobiphen

yl 
5*CB 

214.2 165 49.2 1.12 15
9 

55.2 

isooctylcyanobiphenyl 8*OC
B 

221.2 203 18.2 1.51 18
5 

36.2 

♠glass temperature calculated for the relaxation time τ = 100 s. 446 
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Fig. 1 Tendency of usage of VFT and MYEGA relations. The number of research reports 460 

related to the VFT relation for supercooled glass-forming systems in the last two decades and 461 

papers associated with MYEGA one Eq. (11). Nowadays, the latter is a main competitor of the 462 

VFT relation. The figure was prepared by the use of Google Scholar. 463 

 464 

Fig. 2 Configurational entropy for supercooled liquids. (A) Data portraying entropy 465 

behaviour for ethanol, glycerol, cyclooctanol and 5*CB liquid crystal. Red and blue straight lines 466 

denote Eq. (5) and Eq. (10) respectively. Dashed arrows present glass transition temperatures Tg. 467 

The insert shows configurational entropy as a function of reciprocal temperature 𝑆%(1/𝑇) for all 468 

studied systems. (B) Configurational entropy normalised to the Kauzman temperature TK for all 469 

samples basing on generalised Eq. (10). Impact of different n parameter on Eq. (10) is shown as 470 

an insert. Limit values n = 0.1 and n = 2 as well as classical case for n = 1 are marked by bold 471 

lines. Fitting parameters may be found in Table I. 472 

Fig. 3 Distortions-sensitive analysis for the configurational entropy. Linearization 473 𝑆?(1/T) = A + 𝐵𝑥, where 𝐴 = 1/𝑛𝑇! , 𝐵 = 1/𝑛 Eq. (15). All calculated parameters n 474 

corresponds well with ones obtained using Eq. (10) (see Table I). 475 

 476 

Fig. 4 Evolutions of primary relaxation time for ethanol and glycerol presented in Angell 477 

plot. For glycerol 𝑇) = 187.7𝐾 and ethanol 𝑇) = 98.1𝐾. The inset shows results of the 478 

linearised, derivative-based analysis based on Eq. (7) and focused on revealing domains of the 479 

validity of the VFT portrayal (Eq. (2)):  it is manifested via linear domains. The portrayal for 480 

ethanol in the inset, via the second-order polynomial, has the ‘guide for eyes' meaning. 481 

Molecular structures of tested compounds are schematically shown. Experimental data in the 482 

central part of the plot are portrayed via the VFT Eq. (2) (in red) and the generalised VFT Eq. 483 

(13) (in blue), basing on the fitting domain 0.16 < 𝑇) 𝑇⁄ < 1.  484 

 485 

Fig. 5 Linearised distortions-distortions sensitive analysis (‘Stickel plot’). Data are taken 486 

from the central parts of obtained results. Straight lines denote n = 1 and VFT description 487 

correctness. The temperature scale is normalised to Tg. 488 

 489 

Fig. 6 Previtreous temperature dependencies of configurational component of heat capacity 490 

in supercooled glass-forming liquids. The values resulted from Eq, (4), present different 491 

parameters n. Thin curves are for the extrapolation into the solid glass state. The inset shows 492 

examples of patterns of heat capacity changes for a selected cooling rate: prepared based on 493 

Refs. 68, 69. 494 


