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Rapidly quenched glass formers are amorphous and transformed into glass phases by relaxing enthalpy during the first heating. Two liquids give rise, at first, to an intermediate Phase 3 below T3 < Tg respecting the entropy constraints and then, the enthalpy increases towards that of the glass phase up to Tg. The negative activation energy shows that Phase 3 is hidden behind the glassy phase acting as an intermediate invasive phase during the second cooling. Phase 3 carries a medium-range order above Tg which can be superheated above the melting temperature up to Tn+. The two-liquid state model predicts the thermodynamic properties as well as the relaxation times from liquids 1 to 2. The configuron model is successfully applied to 54 glasses explaining the transitions by percolation and an 'ordered' fraction equal to the critical threshold c = 0.15 ± 0.01 from Tg to Tn+.

Introduction

Microscopically liquids are dynamically inhomogeneous media because there is always a tendency to form microscopic metastable ordered structures whose size and lifetime grow with decreasing temperature. Thus, a liquid is homogeneous and disordered at large time and spatial scales, however it can have a short-and medium-range order locally at distances of the size of metastable clusters and over the lifetime of metastable formations [START_REF] Tanaka | Two-order parameter model of the liquid-glass transition. I. Relation of the liquid-glass transition and crystallization[END_REF]. Typical examples of this ordering are tetrahedral structures in silica and icosahedral structures in metallic glasses [START_REF] Evteev | Kinetics of isothermal nucleation in a supercooled iron melt[END_REF][START_REF] Steinhard | Bond-orientational order in liquid and glasses[END_REF]. Local ordering in liquids is confirmed by Fischer clusters, which are associated with long-wavelength density fluctuations and revealed in glassforming liquids and polymers [START_REF] Fischer | Density fluctuations around the glass-transition, of low molecular weight glass-forming liquids[END_REF]. Bakai has shown that density fluctuations have correlation lengths of up to 300 nm and proved to be fractal with the dimension D < 3 [START_REF] Bakai | Long-range density fluctuations in glass-forming melts[END_REF]. These fluctuations result from domain aggregation and their lifetime is close to the α relaxation time. A tendency to ordering is also observed in liquids above the melting temperature (liquidus). An analysis of the atomic structure of melts of simple metals demonstrates that the dense part of the liquid in molecular-dynamic models represents branched chains of almost regular tetrahedra linked in pairs by faces. The resulting clusters are fractal with the dimension D = 2.6 [START_REF] Kolokol | Topological structure of liquid metals[END_REF]. These observations are in contradiction with the commonly accepted notions that the structure of a liquid above the liquidus temperature is completely disordered and has neither long-range nor middle-range order. However, experimental observations confirm the occurrence of local ordering in liquids [START_REF] Tournier | Texturing by cooling a metallic melt in a magnetic field[END_REF][START_REF] Tournier | Crystallization of supercooled liquid elements induced by superclusters containing magic atom numbers[END_REF][START_REF] He | Liquid-liquid structure transition and nucleation in undercooled Co-B eutectic alloys[END_REF]. For example, ordered structures possessing the effect of remembering the thermal evolution of the melt state were found above the liquidus in glass-forming melts of silicate systems [START_REF] Yue | Experimental evidence for the existence of an ordered structure in a silicate liquid above its liquidus temperature[END_REF].

A supercooled liquid undergoes a glass transition after reheating the quenched melt. The knowledge of the melt state after quenching from temperatures higher than the melting temperature Tm is important to understand the phase transformations occurring during heating. There are two main views in the literature. The melt may be frozen in an amorphous state after quenching in the absence of thermodynamic transition at the freezing temperature Tg or may undergo a true phase transition at Tg leading to a glass state of the melt. It is considered [START_REF] Turnbull | Kinetics of solidification of supercooled liquid mercury[END_REF][START_REF] Kelton | Crystal nucleation in liquids and glasses[END_REF], in contradiction with many experiments, that a melt does not contain any intrinsic nucleus above Tm as shown by the classical nucleation equation. Consequently, melts are not highly superheated above Tm before quenching despite of numerous experiments showing the existence of growth nuclei far above Tm [START_REF] Tournier | Crystallization of supercooled liquid elements induced by superclusters containing magic atom numbers[END_REF]. Medium-range order of melts exists in glass-forming liquids heated above Tm, after cooling far below Tg, in contradiction with the classical nucleation equation [START_REF] Yue | Experimental evidence for the existence of an ordered structure in a silicate liquid above its liquidus temperature[END_REF][START_REF] Tournier | First-order transitions in glasses and melts induced by solid superclusters nucleated and melted by homogeneous nucleation instead of surface melting[END_REF][START_REF] Waseda | Structural inhomogeneity in liquid alloys[END_REF][START_REF] Way | The influence of shear rate and temperature on the viscosity and fragility of the Zr41.2Ti13.8Cu12.5Ni10.0Be22.5 metallic-glass-forming liquid[END_REF]. This equation, when completed and applied to liquids 1 and 2, predicts the formation of stable superclusters and the existence of a melting temperature of liquid "order" at T = Tn+ [START_REF] Tournier | Homogeneous nucleation of phase transformations in supercooled water[END_REF]. Superheating above Tn+ melts this medium-range order induced after quenching giving rise to short-range order and individual superclusters only containing few atoms which disappear at much higher temperatures than Tn+ [START_REF] Wei | Liquid-liquid transition in a strong bulk metallic glass-forming liquid[END_REF]. Consequently, rapid quenching of the melt from T > Tn+ or atom deposition on substrate cooled at low temperature leads to an amorphous instead of a glass state [START_REF] Ishii | Anomalously high-density glass of ethylbenzene prepared by vapor deposition at temperatures close to the glass-transition temperature[END_REF] due to an absence of superclusters acting as building bricks of the glass phase.

The glass phase is created by recovering enthalpy during reheating the amorphous state up to Tg [START_REF] Inoue | The structural relaxation and glass transition of La-Al-Ni and Zr-Al-Cu amorphous alloys with a significant supercooled liquid region[END_REF][START_REF] Wang | An electrospray technique for hyperquenched glass calorimetry studies: propylene glycol and di-n-butylphthalate[END_REF][START_REF] Hornboll | Enthalpy relaxation in hyperquenched glasses of different fragility[END_REF][START_REF] Hu | Thermodynamic anomaly of the sub-Tg relaxation in hyperquenched metallic glasses[END_REF]. A liquid medium-range order is maintained after heating from Tg to Tn+ and disappears above Tn+ [START_REF] Tournier | First-order transitions in glasses and melts induced by solid superclusters nucleated and melted by homogeneous nucleation instead of surface melting[END_REF][START_REF] Hu | Thermodynamic anomaly of the sub-Tg relaxation in hyperquenched metallic glasses[END_REF]. The medium-range order may come back after cooling at a second temperature Tn+ < Tm, symmetrical of the first Tn+ regarding to Tm because the new superclusters grow around the residual nuclei surviving above Tn+ > Tm [START_REF] Tournier | First-order transitions in glasses and melts induced by solid superclusters nucleated and melted by homogeneous nucleation instead of surface melting[END_REF][START_REF] Wei | Liquid-liquid transition in a strong bulk metallic glass-forming liquid[END_REF]. Reheating a glass up to a temperature T respecting Tm < T < Tn+ does not melt the medium-range order and directly leads by cooling to a glass phase characterized by an entropy higher than -Sm the crystal entropy with the entropy origin fixed at Tm.

The amorphous state obtained after hyper-quenching does not respect the Kauzmann's entropy constraint [START_REF] Ishii | Anomalously high-density glass of ethylbenzene prepared by vapor deposition at temperatures close to the glass-transition temperature[END_REF][START_REF] Inoue | The structural relaxation and glass transition of La-Al-Ni and Zr-Al-Cu amorphous alloys with a significant supercooled liquid region[END_REF][START_REF] Wang | An electrospray technique for hyperquenched glass calorimetry studies: propylene glycol and di-n-butylphthalate[END_REF][START_REF] Hornboll | Enthalpy relaxation in hyperquenched glasses of different fragility[END_REF][START_REF] Hu | Thermodynamic anomaly of the sub-Tg relaxation in hyperquenched metallic glasses[END_REF][START_REF] Tournier | Glass phase and other multiple liquid-to-liquid transitions resulting from twoliquid competition[END_REF][START_REF] Kauzmann | The nature of the glassy state and the behavior of liquids at low temperatures[END_REF]. Superclusters and the glass phase are built by reheating the amorphous liquid from a nucleation temperature Tn-far below Tg and up to a second homogeneous nucleation temperature Tn-= Tg with formation of a new phase called Phase 3 respecting the Kauzmann constraints [START_REF] Tournier | First-order transitions in glasses and melts induced by solid superclusters nucleated and melted by homogeneous nucleation instead of surface melting[END_REF][START_REF] Tournier | Homogeneous nucleation of phase transformations in supercooled water[END_REF]. The thermodynamic parameters of this new supercooled phase are obtained in a model involving two liquid states separated by their Gibbs free energy difference determined from the value of Tg [START_REF] Tournier | Glass phase and other multiple liquid-to-liquid transitions resulting from twoliquid competition[END_REF][START_REF] Tournier | Presence of intrinsic growth nuclei in overheated and undercooled liquid elements[END_REF][START_REF] Tournier | Fragile-to-fragile liquid transition at Tg and stable-glass phase nucleation rate maximum at the Kauzmann temperature[END_REF]. This model has some analogy with the concept of two liquids applied to supercooled water transformations [START_REF] Poole | Phase behavior of metastable water[END_REF]. Desgranges and Delhommelle show that methanol under shear also reveals the existence of liquid polymorphism in this system driven out-of-equilibrium by undercooling [START_REF] Desgranges | Communication: Existence and control of liquid polymorphism in methanolunder shear[END_REF] and that liquid polymorphs play a pivotal role during the crystallization of silicon. This implies that, theories, like the classical nucleation theory, should be modified to account for the role of liquid polymorphs in the nucleation process [START_REF] Desgranges | Role of liquid polymorphism during the crystallization of silicon[END_REF]. A two-liquid model describes the supercooled water as a glacial phase. These two liquids give rise to a third liquid called Phase 3 having a Gibbs free energy equal to the difference of their own Gibbs free energies, a glass transition at Tg, and a medium range order up to Tn+. The completed classical nucleation equation predicts the Phase 3 transformation in glacial phases of supercooled water, triphenyl phosphite, n-butanol, and d-mannitol in perfect quantitative agreement with experiments just knowing the initial value of their Tg before transformation in glacial phases [START_REF] Tournier | First-order transitions in glasses and melts induced by solid superclusters nucleated and melted by homogeneous nucleation instead of surface melting[END_REF][START_REF] Tournier | Homogeneous nucleation of phase transformations in supercooled water[END_REF].

The phase transition assumption viewed as a percolation phenomenon at Tg is examined using all the thermodynamic parameters accumulated in many publications. Wool et al shows that the liquid-to-glass transformation results from percolation phenomenon of atom groups formed above Tg during cooling [START_REF] Wool | Twinkling fractal theory of the glass transition[END_REF][START_REF] Wool | Twinkling fractal theory of the glass transition: rate dependence and time-temperature superposition[END_REF][START_REF] Stanzione | Observing the twinkling nature of the glass transition[END_REF]. Angell and Rao's congruent bond lattice model of topologically disordered oxide systems analyze the connectivity of disordered systems accounting for the threshold degree  of connectivity [START_REF] Angell | Configurational excitations in condensed matter and the "bond lattice". Model for the liquid-glass transition[END_REF]. Ojovan et al treat the liquid-glass transition during heating as a percolation phase transition in the system of broken bonds called configurons [START_REF] Ojovan | Thermodynamic parameters of bonds in in glassy materials from viscosity temperature relationships[END_REF][START_REF] Ojovan | Connectivity and glass transition in disordered oxide systems[END_REF][START_REF] Ojovan | Ordering and structural changes at the glass-liquid transition[END_REF]. The critical density is evaluated from Scher-Zallen's predictions leading to  = 0.15 ± 1 at Tg [START_REF] Sher | Critical density in percolation processes[END_REF]. They still predict that the first sharp diffraction minimum in the pair distribution function is expected to contain information on structural changes in amorphous materials at Tg and Tn+ [START_REF] Ojovan | Revealing structural changes at glass transition via radial distribution functions[END_REF]. Moreover, the configuron percolation theory naturally treats the known behavior of heat capacity which drops continuously on cooling of melts and diverges i.e. it is seen as a very sharp and narrow peak at Tg on heating of glasses evidencing the phase transformation as due to configuron association in macroscopic percolating clusters. The work developed here is devoted to Phase 3 and configurons. For that purpose, several methods are successively used without forgetting Souletie and Tholence's conclusion that the power law gives a better account of the available experimental evidence than the Vogel-Fulcher-Tammann law [START_REF] Souletie | Critical slowing down in spin glasses and other glasses: Fulcher versus power law[END_REF]. One method is based on previous studies of Rammal and Benoit and Henley devoted to spin glasses predicting that the relaxation time   exp(W/T) increases with W  ln where  is the coherence length of percolating clusters [START_REF] Rammal | Critical Ising spin dynamics near the percolation threshold[END_REF][START_REF] Henley | Critical Ising spin dynamics on percolation clusters[END_REF]. The energy W also contains the delocalization energy ee of atoms calculated by Sanditov, Ojovan and Darmaev which is related to the ultimate displacement of a bridging atom at Tg and above Tg [START_REF] Sanditov | Glass transition criterion and plastic deformation of glass[END_REF]. This occurs when the energy of thermal vibrations of the lattice per atom becomes equal or lower than ee. The value of ee is deduced from the contribution of D*T 2 /(T-T0) 2 to ln() where T0 is predicted with a thermodynamic law from the knowledge of Tg instead of being measured [START_REF] Tournier | Fragile-to-fragile liquid transition at Tg and stable-glass phase nucleation rate maximum at the Kauzmann temperature[END_REF]. The delocalization energy, proportional to the temperature T, varies as ln in a wide range of temperatures when the Vogel-Fulcher-Tammann (VFT) law is used for fragile liquids. This VFT law only works at Tg for strong liquids. These observations confirm that Ln (  ) is equal to Ln (1-Tg/T) without confirmation of an exponent  which could be equal to -0.88. A critical temperature Tc < Tg was proposed in few glasses by [START_REF] Souletie | The glass transition: dynamic and static scaling approach[END_REF] claiming that Tc could be determined by extrapolating to zero the reverse of d(logT)/d(log) versus T (K) where  is the viscosity or by plotting log() versus log() [ ( 43)]. He found Tc = 568 K with Tg = 637 K [START_REF] Wilde | Fragility, thermodynamic properties, and thermal stability of Pdrich glass forming liquids[END_REF] for Pd77.5Cu6Si16.5 in agreement with the value of T3 = 572 K predicted in this paper, Tc = 169 K for Tg = 190 K for glycerol in agreement with Birge and Nagel predictions and T3 = 174 K [START_REF] Birge | Specific-heat of the glass transition[END_REF][START_REF] Birge | Specific-heat spectroscopy of glycerol and propylene glycol near the glass transition[END_REF] . The existence of Phase 3 was anticipated 30 years ago using the dynamical scaling near a transition at Tc characterized by a power law for  . The negative activation energy Ea of Phase 3 reveals that its formation at T3 < Tg is masked during cooling by an intermediate phase acting at the temperature Tg where Ea is equal to zero. An analogous phenomenon is known in gaz-phase reactions [START_REF] Mozurkevitch | Negative activation energies and curved Arrhenius plots: 1-theory of reaction over potential wells[END_REF].

The Gibbs free energy of "ordered" liquid phase 3 is predicted below and above Tg including the critical anomaly associated with the phase transition which has a weak contribution as shown by a very-narrow specific heat peak when it is detected around Tg [START_REF] Wilde | Fragility, thermodynamic properties, and thermal stability of Pdrich glass forming liquids[END_REF][START_REF] Alba | Thermodynamic aspects of the vitrification of toluene, and xylene isomers, and the fragility of liquid hydrocarbons[END_REF][START_REF] Alba-Simonesco | Thermodynamic aspects of the glass transition phenomenon. II. Molecular liquids with variable interactions[END_REF][START_REF] Hassaine | Thermal properties and Brillouin-scattering study of glass, crystal, and "glacial" states in nbutanol[END_REF]. The theoretical Gibbs free energy of configurons is also used and successfully introduced in that of Phase 3 [START_REF] Ojovan | Ordering and structural changes at the glass-liquid transition[END_REF]. It is proportional to the temperature as predicted by Sanditov et al and determine the fraction of configurons involved in kinetic units having a coherence length ratio of /0 [START_REF] Sanditov | Glass transition criterion and plastic deformation of glass[END_REF]. The threshold degree   ±  of configuron percolation involved in kinetic units associated with medium-range order in phase 3 is confirmed. A very sharp and narrow peak is measured in Figure 1 accompanied by precursory effects below Tg. Interestingly that heat capacity behavior is characterized by a hysteresis curve -the peak is seen on heating and not seen on cooling down the material although the capacity jump is kept unchanged. In addition, the jump at Tg covers all the difference of heat capacity between those of liquid and crystal as expected.

.

1-2

The jump of heat capacity is not always fully accomplished at Tg.

As an example, the heat capacity of 1-propanol is reproduced in Figure 2 Many other heat capacity measurements reproduce this phenomenon without critical phenomenon [START_REF] Shamblin | Characterization of the time scales of molecular motion pharmatically important glasses[END_REF][START_REF] Fan | Fragility of metallic glass-forming liquids: A simple thermodynamic connection[END_REF][START_REF] Louzguine-Luzgin | Glass-transition process in an Au-based metallic glass[END_REF]. The applied cooling rate below Tg is too high compared to the duration of the transition. A part of the sample could be frozen without contribution to the jump and to the total thermodynamic transition [START_REF] Lu | Investigation of specific heat and thermal expansion in the glass-transition regime of Pd-based metallic glasses[END_REF]. Thin film deposition at too low temperatures below Tg leads to a constant volume far above that of the glass state [START_REF] Ishii | Anomalously high-density glass of ethylbenzene prepared by vapor deposition at temperatures close to the glass-transition temperature[END_REF].

1-3 The thermodynamic glass transition occurs at a temperature where the heat capacity difference between those of Liquid 1 and crystal becomes equal to that of Phase 3.

The heat capacity jump is equal to 1.5×Sm/Tm in many glasses as shown in 1960 by Wunderlich [START_REF] Wunderlich | Study of the change in specific heat of monomeric and polymeric glasses during the glass transition[END_REF] and confirmed for many glasses [START_REF] Tournier | Fragile-to-fragile liquid transition at Tg and stable-glass phase nucleation rate maximum at the Kauzmann temperature[END_REF] (where Sm is the crystal entropy of fusion). In Figure 3, the glass transition is pushed at higher temperatures by increasing the heating rate up to a temperature where the glass formation time is equal to the heating time across the transition width. The new glass transition is accompanied by a weak latent heat as represented in Figure 3. The latent heat is equal to the surface of triangle ABC. This phenomenon is shown by heat capacity measurements at high heating rates [START_REF] Kobayashi | The reversibility and first-order nature of liquid-liquid transition in a molecular liquid[END_REF] Figure 3. The heat capacity and latent heat induced by an increase of Tg. A high heating rate increases the glass transition temperature from A to B and produces a latent heat equal to the triangle area ABC accompanying a heat capacity jump equal to 1.5×Sm.

The latent heat coefficient  associated with a transition at T  Tg is calculated using the following equations predicting two reduced homogeneous nucleation temperature nin fragile Liquid 2 resulting from the completed classical nucleation equation [START_REF] Tournier | First-order transitions in glasses and melts induced by solid superclusters nucleated and melted by homogeneous nucleation instead of surface melting[END_REF][START_REF] Tournier | Homogeneous nucleation of phase transformations in supercooled water[END_REF]:

𝜃 𝑛-= (-3 ± [9 -4(2 -𝜀 𝑔𝑠0 -∆𝜀) 𝜀 𝑔𝑠0 𝜃 0𝑔 2 ] ⁄ 0.5 ) 𝜃 0𝑔 2 2𝜀 𝑔𝑠0 ⁄ , (1) 
where

𝜀 𝑔𝑠 (𝜃) = 𝜀 𝑔𝑠0 (1 -𝜃 2 × 𝜃 0𝑔 -2 ) + , (2) 
𝜀 𝑔𝑠 (𝜃 = 0) = 𝜀 𝑔𝑠0 = 1.5𝜃 2 + 2 = 1.5𝜃 𝑔 + 2, (3) 
𝜃 0𝑔 2 = 8 9 𝜀 𝑔𝑠0 - 4 9 𝜀 𝑔𝑠0 2 . ( 4 
)
For a latent heat coefficient  = 0, n-= g = (Tg-Tm)/Tm while there are two homogeneous nucleation temperatures nfor the same value of , one above g leading to an increase of Tg = Tn-even to glacial phase transitions for high values of  and a decrease symmetrical from the first one with regard to Tg. This equation leads to ×m = 0.024×Hm for an increase of Tg of 21 K of triphenyl phosphite using a heating rate of 1000 K/s (Hm being the crystal melting heat) [START_REF] Tournier | First-order transitions in glasses and melts induced by solid superclusters nucleated and melted by homogeneous nucleation instead of surface melting[END_REF].

1-4 Thermodynamic origin of the glass transition

The glass transition is now recognized as being a thermodynamic transition instead of a liquid freezing. The glass transition is seen as a manifestation of critical slowing down near a second-order phase transition with the possible existence of several classes of universality [START_REF] Souletie | The glass transition: dynamic and static scaling approach[END_REF]. A model predicting the specific heat jump is based on a percolation-type phase transition with the formation of dynamical fractal structures near the percolation threshold [START_REF] Wool | Twinkling fractal theory of the glass transition[END_REF][START_REF] Wool | Twinkling fractal theory of the glass transition: rate dependence and time-temperature superposition[END_REF][START_REF] Ojovan | Thermodynamic parameters of bonds in in glassy materials from viscosity temperature relationships[END_REF][START_REF] Ojovan | Connectivity and glass transition in disordered oxide systems[END_REF][START_REF] Ojovan | Ordering and structural changes at the glass-liquid transition[END_REF]. Macroscopic percolating clusters formed at the glass transition have been visualized [START_REF] Stanzione | Observing the twinkling nature of the glass transition[END_REF]. High precision measurements of third-and fifth-order non-linear dielectric susceptibilities lead to a fractal dimension dF = 3 for the growing transient domains [START_REF] Albert | Fifth-order susceptibility unveilqs growth of thermodynamic amorphous order in glass-formers[END_REF]. An observation of the structural characteristics of medium-range order with neutrons and X-rays leads to dF = 2.31 [START_REF] Ma | Power law scaling and fractal nature of medium-range order in metallic glasses[END_REF]. The heat capacity jump of 1.5×Sm is predicted for many liquids [START_REF] Tournier | Thermodynamic origin of the vitreous transition[END_REF] having an enthalpy coefficient ls () for fragile Liquid 1 respecting (5-7) and a = 1:

𝜀 𝑙𝑠 (𝜃) = 𝜀 𝑙𝑠0 (1 -𝜃 2 × 𝜃 0𝑚 -2 ), (5) 
𝜀 𝑙𝑠 (𝜃 = 0) = 𝜀 𝑙𝑠0 = 1.5𝜃 1 + 2 = 𝑎𝜃 𝑔 + 2, (6) 
𝜃 0𝑚 2 = 8 9 𝜀 𝑙𝑠0 - 4 9 𝜀 𝑙𝑠0 2 . ( 7 
)

2-The enthalpy coefficients 2-1 The enthalpy coefficients of Phase 3

New Phase 3 is viewed as having an enthalpy coefficient equal to the difference lg between those of liquids 1 and 2 and given in (8) [START_REF] Tournier | First-order transitions in glasses and melts induced by solid superclusters nucleated and melted by homogeneous nucleation instead of surface melting[END_REF][START_REF] Tournier | Homogeneous nucleation of phase transformations in supercooled water[END_REF][START_REF] Tournier | Glass phase and other multiple liquid-to-liquid transitions resulting from twoliquid competition[END_REF]:

∆𝜀 𝑙𝑔 (𝜃) = 𝜀 𝑙𝑠 -𝜀 𝑔𝑠 = 𝜀 𝑙𝑠0 -𝜀 𝑔𝑠0 + ∆𝜀 -𝜃 2 (𝜀 𝑙𝑠0 𝜃 0𝑚 2 ⁄ -𝜀 𝑔𝑠0 𝜃 0𝑔 2 ⁄ ). (8) 
This phase undergoes the glass transition at Tg and obeys [START_REF] Tournier | Crystallization of supercooled liquid elements induced by superclusters containing magic atom numbers[END_REF] up to the temperature Tn+ of homogeneous nucleation respecting lg = n+ where the liquid mean-range order is broken giving rise to short-range order inside the residual coherence length 0. This enthalpy difference belongs to the Gibbs free energy Gd of broken bonds in the configuron model. The system of bonds has two states, namely, the ground state corresponding to unbroken bonds and the excited state corresponding to broken bonds. It has been described by the statistics of two-level systems separated by the energy interval Gd. The Gibbs free energy of Phase 3 is equal to Gd with the glass phase 3 entropy equal to zero up to Tg [START_REF] Ojovan | Thermodynamic parameters of bonds in in glassy materials from viscosity temperature relationships[END_REF][START_REF] Ojovan | Connectivity and glass transition in disordered oxide systems[END_REF][START_REF] Ojovan | Ordering and structural changes at the glass-liquid transition[END_REF].

2-2 The enthalpy coefficients of strong liquids 1 and 2

A strong liquid 1 has a reduced temperature 0m ≤ -2/3 equal to its VFT temperature determined from viscosity measurements. The VFT temperature of Liquid 2 is fixed to TVFT = 0 K (0g = -1) because the relaxation time follows an Arrhenius law. The enthalpy coefficients are calculated from [START_REF] He | Liquid-liquid structure transition and nucleation in undercooled Co-B eutectic alloys[END_REF][START_REF] Yue | Experimental evidence for the existence of an ordered structure in a silicate liquid above its liquidus temperature[END_REF];

𝜀 𝑙𝑠0 = (3𝜃 𝑔 + 2) (1 - 𝜃 𝑔 2 𝜃 0𝑚 2 ⁄ ) , ⁄ (9) 
𝜀 𝑔𝑠0 = (3𝜃 𝑔 + 2) (1 - 𝜃 𝑔 2 𝜃 0𝑔 2 ⁄ ) . ⁄ (10) 
There are some cases where Liquid 1 is fragile above Tg and Liquid 2 is strong. In these conditions, 0g is equal to -2/3 and T0g = Tm/3. This event occurs in Mg69Zn27Yb4 and leads to a quasi-crystalline phase through a first-order transition [START_REF] Kurtuldu | Metastable quasi-crystal-induced nucleation in a bulk glass-forming melt[END_REF] as shown in Chapter 4

3-Two examples of liquid relaxation times

3.1-Relaxation times of fragile liquids Au49Ag5.5Pd2.3Cu26.9Si16.3 above Tg

There are two relaxation times associated with liquids 1 and 2 at each temperature. The nucleation times 1-Liq1 and 2-Liq2 are equal at T = 389 K for Tg = 377 K [START_REF] Gallino | Hierarchical aging and reversible fragile-to-strong transition upon annealing of a metallic glass former[END_REF][START_REF] Hechler | Microscopic eviedence of the connection between liquid-liquid transition and dynamical crossover on an ultraviscous metallic glass former[END_REF]: 

𝐿𝑛( 𝜏 𝜏 0 ⁄ ) = 𝐵 1 (𝑇 -𝑇 0𝑚 ) ⁄ = 𝐵 2 (𝑇 -𝑇 0𝑔 ) ⁄ . ( 11 
)
𝜀 𝑙𝑠 (𝜃) = 1.61803 (1 -𝜃 2 0.27468 ⁄ ), (12) 
𝜀 𝑙𝑠 (𝜃) = 1.42705 (1 -𝜃 2 0.36339 ⁄ ), (13) 
where ls () = gs () for  = Br-= -0.31188.

The relaxation time 3-Liq2 is parallel to 2-Liq2 with 0 = 2.76×10 -16 s instead of 10 -14 s because the timelag required for an equilibrium distribution of atoms to be established during the transition from liquid 1-to-liquid 2 is much longer above than below 389 K. A cooling rate of 5 K/min leads to an uncomplete heat capacity jump extending from 340 to 400 K [START_REF] Louzguine-Luzgin | Glass-transition process in an Au-based metallic glass[END_REF] because the relaxation times are high in this range of temperatures as shown in Figure 4.

A much weaker cooling rate from 394 to 383 K lowers the enthalpy of Liquid 1 towards that of liquid 2. The recovered enthalpy 0.2×383 J/g-atom [START_REF] Hechler | Microscopic eviedence of the connection between liquid-liquid transition and dynamical crossover on an ultraviscous metallic glass former[END_REF] is much smaller than the enthalpy difference between those of Liquid 1 and Liquid 2 which is equal to lg×Hm = 395 J in [START_REF] Waseda | Structural inhomogeneity in liquid alloys[END_REF] with Hm = 5100 J/mole:

𝜀 𝑙𝑔 (𝜃) = 0.19098(1 -𝜃 2 × 10.28). (14) 
The structural changes observed by Hechler et al [START_REF] Hechler | Microscopic eviedence of the connection between liquid-liquid transition and dynamical crossover on an ultraviscous metallic glass former[END_REF] prove the existence of two liquid phases as predicted by this two-liquid model.

3.2-Relaxation of fragile liquid Au49Ag5.5Pd2.3Cu26.9Si16.3 after quenching

The change of properties during aging and slow heating after the first quenching has been investigated by Gallino et al. The glass transition initially equal to about 401 K [START_REF] Schroers | Gold based bulk metallic glass[END_REF][START_REF] Schroers | Precious bulk metallic glasses for jewelry applications[END_REF] becomes equal to 377 K after storage at 290 K in a freezer and after slow heating. They also observe a heat capacity decrease of the liquid after heating above Tg = 377 K. This is due to a weak decrease  = 0.00776 of liquid 1 enthalpy coefficient during aging because Phase 3 and glass phase are built after the first quenching and do not preexist before heating. The glass transition expected after the first quenching and during the first annealing occurs close to the Kauzmann temperature TK1 = 402.5 K of Liquid 1, TK1 also being the temperature where the enthalpy difference of liquids 1 and 2 would be equal to that between liquid 1 and crystal for Tg = TK1. The enthalpy coefficients of liquids 1, 2 and 3 after classical annealing would be given in [START_REF] Way | The influence of shear rate and temperature on the viscosity and fragility of the Zr41.2Ti13.8Cu12.5Ni10.0Be22.5 metallic-glass-forming liquid[END_REF][START_REF] Tournier | Homogeneous nucleation of phase transformations in supercooled water[END_REF][START_REF] Wei | Liquid-liquid transition in a strong bulk metallic glass-forming liquid[END_REF]:

𝜀 𝑔𝑠 = 1.48978(1 -𝜃 2 /0.33783), (15) 
𝜀 𝑙𝑠 = 1.65985(1 -𝜃 2 /0.25093), (16) 
𝜀 𝑙𝑔 (𝜃) = 0.17008(1 -𝜃 2 × 12.965).

(
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The phase 3 enthalpy coefficient given in ( 17) using ( 1) is represented in Figure 5 with the glass transition at 377 K after aging. The temperature of sample storage must be lower than the nucleation temperature Tn-= 282.7 K (deduced from (1) with  = lg0 = 0.17008) to stabilize the glass transition at Tg = 402.5 K without relaxed enthalpy ×Hm.

A cooling rate of 5 K/min shows that the slope of Cp (T) changes twice: the first time between 340 and 365 K and the second time above 385 K. It may indicate two distinctly different glasstransition processes revealed by an uncomplete glass transition [START_REF] Louzguine-Luzgin | Glass-transition process in an Au-based metallic glass[END_REF]. These double transitions could be due to the presence of Phase 3 transition in the sample fraction which is not transformed into a glass phase at 389 K. A similar double-stage glass transition is still observed in a metallic glass [START_REF] Louzguine-Luzgin | Doublestage glass transition in a metallic glass[END_REF]. 

3.3-Relaxation times of liquid Zr65Cu27.5 Al7.5

The glass transition occurs at T = 666 K with Tm = 1180 K [START_REF] Zhou | Thermodynamic properties of liquid, undercooled liquid and amorphous Al-Cu-Zr and Al-Cu-Ni-Zr[END_REF]. The heat capacity jump is equal to 1.5×Sm. The enthalpy coefficients calculated using (3,4,6,7) obey [START_REF] Ishii | Anomalously high-density glass of ethylbenzene prepared by vapor deposition at temperatures close to the glass-transition temperature[END_REF][START_REF] Inoue | The structural relaxation and glass transition of La-Al-Ni and Zr-Al-Cu amorphous alloys with a significant supercooled liquid region[END_REF][START_REF] Wang | An electrospray technique for hyperquenched glass calorimetry studies: propylene glycol and di-n-butylphthalate[END_REF]:

𝜀 𝑙𝑠 = 1.5644(1 -𝜃 2 /0.30286), (18) 
𝜀 𝑔𝑠 = 1.3466(1 -𝜃 2 /0.39105), (19) 
𝜀 𝑙𝑔 (𝜃) = 0.2178 -𝜃 2 × 1.7218. (20) 
The relaxation times are represented in Figure 6 using [START_REF] Turnbull | Kinetics of solidification of supercooled liquid mercury[END_REF]. and Tg = 666 K. The glass transition temperature is expected to increase from 666 up to 760 K with a heating rate varying from 0.67 K/s to 2×10 6 K/s in perfect agreement with [START_REF] Kuchemann | From ultrafast to slow: Heating rate dependence of the glass transition temperature in metallic systems[END_REF]. The latent heat coefficient  calculated with (1) at TBr-= 760.3 K corresponds to 2.2% of the melting heat.

The Kauzmann temperature of Liquid 1 is much higher than Tg. The glass transition cannot occur at higher temperature because the specific heat of Phase 3 would be too weak to accommodate a glass transition at TK1 = Tg = 778 K (K1 = -0.34).

4-A fragile-to-strong liquid transformation in Mg69Zn27Yb4

For Mg69Zn27Yb4, Tg is equal to 373 K, Tm to 663 K and the melting heat Hm = 7600 J/K/mole [START_REF] Kurtuldu | Metastable quasi-crystal-induced nucleation in a bulk glass-forming melt[END_REF]. In Figure 7, the enthalpy coefficient of Phase 3 is plotted versus temperature. The enthalpy coefficients of liquids 1, 2 and 3 are given in [START_REF] Hornboll | Enthalpy relaxation in hyperquenched glasses of different fragility[END_REF][START_REF] Hu | Thermodynamic anomaly of the sub-Tg relaxation in hyperquenched metallic glasses[END_REF][START_REF] Tournier | Glass phase and other multiple liquid-to-liquid transitions resulting from twoliquid competition[END_REF] and ( 21) is calculated with (3,4,6,7) and a = 0.97 because liquid 1 is fragile while Liquid 2 with ( 22) is strong and calculated with (9) and 0g 2 = 0.44444 (T0m = Tm/3) instead of one for other strong glasses:

𝜀 𝑙𝑠 = 1.5757(1 -𝜃 2 /0.29713), (21) 
𝜀 𝑔𝑠 = 1.20765(1 -𝜃 2 /0.44444), (22) 
𝜀 𝑙𝑔 (𝜃) = 0.36807 -𝜃 2 × 2.58584.

The enthalpy coefficient of Phase 3 is given by ( 23) and equal to 0.35865 at 623 K. Its enthalpy coefficient at the temperature where ls = 0 (T0m = 301.6 K, 0m =-0.5451) is -0.40027. The latent heat coefficient is expected to be -0.35865-0.40027 = -0.75982 in perfect agreement with the measured value -0.76.

This transformation temperature is predicted and expected to lead in principle to a new strong glass phase having Tg = 655.78 K as shown by ( 1) using ( 21) and  = 0.76. This temperature cannot be attained because the entropy available at this temperature is too small to accommodate the entropy increase at the phase melting. This event occurs at 623 K when the available entropy in Phase 3 with Tg = 655.78 K is equal to the entropy variation from 623 K to Tm. This new phase is quasi-crystalline [START_REF] Kurtuldu | Metastable quasi-crystal-induced nucleation in a bulk glass-forming melt[END_REF] instead of being a glassy glacial phase [START_REF] Tournier | First-order transitions in glasses and melts induced by solid superclusters nucleated and melted by homogeneous nucleation instead of surface melting[END_REF]. Rapid superheating of this phase escaping from crystallization could lead to melting at n+ = lg = 0.2306 (Tn+ = 816 K). The missing enthalpy for crystal formation is about 0.24×Hm = 1800 J/mole in agreement with the experiments.

Figure 7. The phase 3 enthalpy coefficient of Mg69Zn27Yb4, versus T (K). 1-Enthalpy coefficient of Phase 3 for fragile liquid 1 and strong liquid 2. 2-Enthalpy coefficient for fragile liquids 1 and 2. 3-A first-

order transformation predicted at 623 K with a latent heat coefficient equal to 0.75982 and to lg(T0m) + lg (623K). 4-This new QC phase expected to melt at Tn+ = 816 K if crystallization is avoided.

5-Entropy of fragile liquids respecting a = 1 (Cp (Tg) = 1.5×Sm)

The Phase 3 and Liquid 1 entropies S3(T) and S1(T) are calculated from their heat capacity and are given in [START_REF] Kauzmann | The nature of the glassy state and the behavior of liquids at low temperatures[END_REF][START_REF] Tournier | Presence of intrinsic growth nuclei in overheated and undercooled liquid elements[END_REF] knowing that the liquid entropy S2 (T) is equal to the difference S1(T)-S3(T):

𝑆 1 (𝑇) = -2 ( 𝜀 𝑙𝑠0 𝜃 0𝑚 2 ) 𝑆 𝑚 (𝑇 𝑚 -𝑇) 𝑇 𝑚 + 2𝑆 𝑚 𝐿𝑛( 𝑇 𝑚 𝑇 )( 𝜀 𝑙𝑠0 𝜃 0𝑚 2 ), ( 24 
)
𝑆 3 (𝑇) = -2 ( 𝜀 𝑙𝑠0 𝜃 0𝑚 2 - 𝜀 𝑔𝑠0 𝜃 0𝑔 2 ) 𝑆 𝑚 (𝑇 𝑚 -𝑇) 𝑇 𝑚 + 2𝑆 𝑚 𝐿𝑛( 𝑇 𝑚 𝑇 )( 𝜀 𝑙𝑠0 𝜃 0𝑚 2 - 𝜀 𝑔𝑠0 𝜃 0𝑔 2 ). ( 25 
)
The quantities ls0, gs0, 0m 2 and 0g 2 are calculated from [START_REF] Steinhard | Bond-orientational order in liquid and glasses[END_REF][START_REF] Fischer | Density fluctuations around the glass-transition, of low molecular weight glass-forming liquids[END_REF][START_REF] Kolokol | Topological structure of liquid metals[END_REF][START_REF] Tournier | Texturing by cooling a metallic melt in a magnetic field[END_REF] for each value of g and Sm and the coefficients a into (6) are equal to 1. The entropies in Figure 8 are for liquids having a heat capacity jump of 1.5Sm at Tg. S1 (g) is minimum and equal to the crystal entropy (-1) for g = -0.3402 and S2(g) for g = -0.4544. S3(g) being far above its minimum value authorizes Phase 3 formation. There is no more fragile liquid for g < -0.5 [START_REF] Tournier | Thermodynamic origin of the vitreous transition[END_REF]. Fifty fragile liquids [START_REF] Tournier | Fragile-to-fragile liquid transition at Tg and stable-glass phase nucleation rate maximum at the Kauzmann temperature[END_REF] are characterized by ls0, gs0, 0m 2 and 0g 2 calculated from (3,4,6,7) for each value of g. The characteristic temperatures Tg, Tm, g, T0g, T0m, T3 and Tn+ are given in Table 1. The hidden transition of Phase 3 at T3 < Tg occurs at the reduced temperature 3 given in [START_REF] Tournier | Fragile-to-fragile liquid transition at Tg and stable-glass phase nucleation rate maximum at the Kauzmann temperature[END_REF]:

𝜃 3 = -( ∆𝜀 𝑙𝑔0 𝜀 𝑙𝑠0 𝜃 0𝑚 2 - 𝜀 𝑔𝑠0 𝜃 0𝑔 2 ) 0.5 , (26) 
where lg = -lg0 in (8) [START_REF] Tournier | First-order transitions in glasses and melts induced by solid superclusters nucleated and melted by homogeneous nucleation instead of surface melting[END_REF]. The reduced temperature n+ is equal, above Tm, to the reduced homogeneous nucleation temperature of Phase 3 where  = lg () using ( 8) [START_REF] Tournier | Glass phase and other multiple liquid-to-liquid transitions resulting from twoliquid competition[END_REF]. The temperatures T0g and T0m are determined from [START_REF] Steinhard | Bond-orientational order in liquid and glasses[END_REF][START_REF] Fischer | Density fluctuations around the glass-transition, of low molecular weight glass-forming liquids[END_REF] and [START_REF] Kolokol | Topological structure of liquid metals[END_REF][START_REF] Tournier | Texturing by cooling a metallic melt in a magnetic field[END_REF].

Table 1 Data of fragile liquids with Cp (Tg)  1.5Sm

The following informations can be completed referring to [START_REF] Tournier | Fragile-to-fragile liquid transition at Tg and stable-glass phase nucleation rate maximum at the Kauzmann temperature[END_REF].

Materials Tg(K) Tm(K) g T0g T0m(K) lg0 T3(K) Tn+(K) Ref.
Molecular glasses The reduced melting temperature n+ of medium-range order (phase 3) is plotted in Figure 9 as a function of the reduced glass temperature and obeys ( 27) [START_REF] Tournier | Glass phase and other multiple liquid-to-liquid transitions resulting from twoliquid competition[END_REF]:

𝜃 𝑛+ = -0.38742 × 𝜃 𝑔 . ( 27 
)
The average value of lg at this temperature is 0.13746 for fragile liquids and corresponds to a volume fraction of ordered phase given by the critical threshold equal to 0.15 ± 0.01 (see chapter 9). For the strong liquids, the average is 0.0728 for SiO2, GeO2 and BeF2 indicating that their kinetic entities have a lower enthalpy for the same critical volume fraction. 7-Activation energy and atom delocalization energy e (J/g-atom)

7-1 Equations

The relaxation time is viewed as being temperature dependent through a VFT law given in [START_REF] Desgranges | Communication: Existence and control of liquid polymorphism in methanolunder shear[END_REF]:

𝐿𝑛( 𝜏 𝜏 0 ⁄ ) = 𝐵 (𝑇 -𝑇 0 ) ⁄ = 𝐷 * 𝑇 0 (𝑇 -𝑇 0 ) ⁄ . (28) 
The VFT temperatures T0 of liquids 2 and 1 are T0g and T0m given by (4,7). The parameters B are determined to lead to  values of 44-45 s with 0 = 10 -14 s when ( 28) is applied.

The activation energies of liquids 1, 2 called W1 and W2 are given in [START_REF] Desgranges | Role of liquid polymorphism during the crystallization of silicon[END_REF][START_REF] Wool | Twinkling fractal theory of the glass transition[END_REF])

𝑊 1 = 𝐵 1 𝑅𝑇/(𝑇 -𝑇 0𝑚 ), (29) 
𝑊 2 = 𝐵 2 𝑅𝑇/(𝑇 -𝑇 0𝑔 ). (30) 
The difference W3 between W1 and W2 in [START_REF] Wool | Twinkling fractal theory of the glass transition: rate dependence and time-temperature superposition[END_REF] corresponds to the activation energy of Phase 3:

𝑊 3 = 𝐵 1 𝑅𝑇 (𝑇 -𝑇 0𝑚 ) ⁄ - 𝐵 2 𝑅𝑇 (𝑇 -𝑇 0𝑔 ) ⁄ , (31) 
B1 and B2 are determined from a relaxation time of 44-45 s in Table 2 at Tg.

The difference between an Arrhenius law (W/T) and a VFT law (B/(T-T0) is w/T for liquids 1 and 2 as defined in ( 33)

𝐵 (𝑇 -𝑇 0 ) ⁄ = 𝑊 𝑅𝑇 ⁄ -𝑤 𝑅𝑇 ⁄ , ( 33 
)
where W and w are constants at each temperature. This gap is considered as due to the bonds which are broken or built at the temperature T in the formation model of moving entities. The change of Arrhenius law appears in the derivative of this relation as already shown with other phenomenological laws for the viscosity [START_REF] Ojovan | Thermodynamic parameters of bonds in in glassy materials from viscosity temperature relationships[END_REF][START_REF] Ojovan | Connectivity and glass transition in disordered oxide systems[END_REF][START_REF] Sanditov | Glass transition criterion and plastic deformation of glass[END_REF]:

-𝐵 (𝑇 -𝑇 0 ) 2 ⁄ = -𝑊 𝑅𝑇 2 ⁄ + 𝑤 𝑅𝑇 2 ⁄ . ( 34 
)
The delocalization energies e1 and e2 (J/g-atom) during heating in liquids 1 and 2 are:

𝑒 1 = 𝑅𝐵 1 𝑇 2 /(𝑇 -𝑇 0𝑚 ) 2 (36) 
𝑒 2 = 𝑅𝐵 2 𝑇 2 /(𝑇 -𝑇 0𝑔 ) 2 . ( 37 
)
The delocalization energy e3 (J/g-atom) during heating in Phase 3 is:

∆𝑒 3 = ∆𝑒 1 -∆𝑒 2 . ( 38 
)
The energy e3 in ( 39) is used to calculate the number i of freedom degrees of kinetic units associated with heating at Tg [START_REF] Sanditov | Glass transition criterion and plastic deformation of glass[END_REF]:

𝑖 = 2∆𝑒 3 𝑅𝑇 ⁄ , ( 39 
)
where e3 is the delocalization energy per mole of atoms in the melt. The theoretical values of i given in Table 2 are the upper limits predicted by VFT laws at Tg.

7-2 The atom delocalization energy and the number of freedoms degrees

Values of e1, e2 and e3 and i are given in J/g-atom for many fragile glass-forming melts in Table 3 for which the specific heat jump is equal to 1.5×Sm. 

7-3 The negative activation energy of Phase 3 in melts

Phase 3 is formed from Liquid 1 and vitrified by heating the quenched amorphous liquid up to T3, relaxing an enthalpy equal to lg0Hm and forming two liquids. The transition at T3 is viewed as resulting of the formation of broken bonds before attaining the formation temperature of the glass phase at Tg during the first heating. The glass phase appears as being an intermediate between Phase 3 and liquid during the second cooling. This phenomenon is known in chemistry and characterized by a transition from a positive to a negative activation energy [START_REF] Mozurkevitch | Negative activation energies and curved Arrhenius plots: 1-theory of reaction over potential wells[END_REF]. The occurrence of negative activation energies in gas-phase reactions is explained as being due to the formation of an intermediate complex. Here, the reactants are Liquids 1 and 2, Phase 3 being the product and the glass being the intermediate. We learn from this work that the activation energy equal to zero at Tg results from the difference between the average energy of the transition state and the delocalization energy e3 at Tg. This property is used to calculate the delocalization energy above Tg. The quantities W3/RT of five phases 3 are plotted as a function of temperature in Figure 10 for 1ethylbenzene, 2-Au49Ag5.5Pd2.3Cu26.9Si13.3, 3-Pd43Ni10Cu27P20, 4-Pd77.5Cu6Si16.5., 5-Zr65Cu27.5Al7.5. They are equal to zero at Ta. The characteristic temperatures Tg, T3 and Ta of these materials and of SiO2 are given in Table 4. The glass transition occurs at the temperature Ta for 1, 2, 3, 5 and SiO2 and at a lower temperature for Pd77.5Cu6Si16.5. This could also explain why the glass heat capacity is often higher that of crystal below Tg. The slopes (dW3/dT)Ta in J/K are used to calculate i for temperatures above and close to Tg with [START_REF] Angell | Configurational excitations in condensed matter and the "bond lattice". Model for the liquid-glass transition[END_REF] and they still work at temperatures very close to Tg. These values of i are the same than those presented in Tables 2 and 3 using e3. The numbers i determined by the VFT laws used in [START_REF] Stanzione | Observing the twinkling nature of the glass transition[END_REF] and applied above Tg are already high because these numbers associated with kinetic entities are diverging when the temperature tends to Tg and are expected to be infinite with power laws.

8-The dynamic scaling near a phase transition using VFT laws

The standard statement near a transition at Tc is the power law given in [START_REF] Rammal | Critical Ising spin dynamics near the percolation threshold[END_REF] for the relaxation time [START_REF] Hohenberg | Theory of dynamic critical phenomena[END_REF]:

𝜏 𝜏 0 ⁄ = (   0 ⁄ ) 𝑧 = (1 - 𝑇 𝑐 𝑇 ⁄ ) -𝑧 , ( 40 
)
where  is the coherence length exponent which is expected to be equal to 0.88 [ (36)]. The coherence length diverges at the transition temperature for a percolation phenomenon and the exponent z is much higher than  [START_REF] Souletie | The glass transition: dynamic and static scaling approach[END_REF]. The divergences of the delocalization energies e1 and e2 of liquids 1 and 2 in ethylbenzene are searched near T3 and Tg in Figure 11 using [START_REF] Ojovan | Ordering and structural changes at the glass-liquid transition[END_REF][START_REF] Sher | Critical density in percolation processes[END_REF]. The lines y1 and y2 are plotted versus x1 = Ln(1-104.66/T) and x2 = Ln(1-114.5/T) respectively following the scaling versus Ln() proposed for percolation phenomena in spin glasses [START_REF] Rammal | Critical Ising spin dynamics near the percolation threshold[END_REF][START_REF] Henley | Critical Ising spin dynamics on percolation clusters[END_REF]. These representations using VFT laws work for 107 K < T < 136 K and 121 K < T < 202.7 K respectively. The exponent value  cannot be confirmed.

The ratio B2/Tg is expected to be equal to z [START_REF] Souletie | The glass transition: dynamic and static scaling approach[END_REF]; zv  13 for the average value in molecular liquids, and 12.7 for metallic glasses while B1/T3 is equal to an average value z  9.4 for molecular liquids, and 9 for metallic glasses. Ratios /0 are predicted in Table 3 at the melting temperature Tn+ of mediumrange order applying [START_REF] Rammal | Critical Ising spin dynamics near the percolation threshold[END_REF] for Tc/T = Tg/Tn+. Its average value is 2 for BMG and 2.2 for molecular liquids. These values lead to ratios /0 varying from 135 to 2 and 148.5 to 2.2 when the temperature increases from Tg = 114.5 to 202.74 K while the energy e3 is decreased from 429.6Tg to 24.5Tn+. The divergence of /0 towards infinite cannot be attained with VFT laws. 

9-The configuron Gibbs free energy of ethylbenzene, Pd77.5Cu6Si16.5, and SiO2 as a function of temperature

This chapter is devoted to the Gibbs free energies of configurons and Phase 3 without using VFT laws. Configurons, which result from bond breaking processes and can be revealed via the minima of X-ray pair distribution functions [START_REF] Ojovan | Revealing structural changes at glass transition via radial distribution functions[END_REF], agglomerate in macroscopic percolating clusters at Tg. The coherence length in the configuron model is given in (41) [START_REF] Ojovan | Thermodynamic parameters of bonds in in glassy materials from viscosity temperature relationships[END_REF][START_REF] Ojovan | Connectivity and glass transition in disordered oxide systems[END_REF][START_REF] Ojovan | Ordering and structural changes at the glass-liquid transition[END_REF]:

(𝑇) =  0 (𝑓(𝑇) -𝑓 𝑐 )  ⁄ , ( 41 
)
where

𝑓(𝑇) = exp( -𝐺 𝑑 𝑅𝑇 ) [1+exp( -𝐺 𝑑 𝑅𝑇 )] . ( 42 
)
The ground state corresponding to unbroken bonds and the excited state corresponding to broken bonds are separated by an energy interval Gd which is deduced from ( 41) and ( 42):

𝑒𝑥𝑝 ( -𝐺 𝑑 𝑅𝑇 ) = f(T) [1-𝑓(𝑇)] , (43) 
where

𝑓(𝑇) = (1 + 𝑓 𝑐 - 𝑇 𝑐 𝑇 ) (44) 
is assumed to be followed by Phase 3 from Tc to Tn+ the melting temperature of medium-range order.

Gd is the Gibbs free energy of one configuron mole when 𝑓 𝑐 = 0.15 ± 0.01 = f(Tg) is the critical threshold at Tg. Consequently, Gd (J/mole) is expected to be equal to [START_REF] Birge | Specific-heat of the glass transition[END_REF] at Tc if this critical threshold value is respected:

𝐺 𝑑 = 1.7346𝑅𝑇 𝑔 = (14.42 ± 1) × 𝑇 𝑐 . (45) 
Equations ( 46) and ( 47) determines the value of x3 and xg depending on equilibrium enthalpies of the glass at Tg and of Phase 3 at T3:

∆𝜀 𝑙𝑔0 𝐻 𝑚 = 𝑥 3 × 14.42 × 𝑇 3 , (46) 
∆𝜀 𝑙𝑔0 2 𝐻 𝑚 = 𝑥 𝑔 × 14.42 × 𝑇 𝑔 , (47) 
where x3 and xg are the fractions of Gd associated with glass-forming melts and Hm is the melting heat per molecule mole. The atom number N per molecule is given in Table 3. The fraction of configuron mole per g-atom is much weaker and equal to x3/N or to xg/N. The phase 3 enthalpy H3 formed from a fragile liquid is known and equal to (-lg0/2×Hm) at Tg, (-lg0×Hm) at T3 and (+lg0×Hm) at Tm. The Phase 3 entropy being equal to the difference S1-S2 is equal to zero at Tm and its Gibbs free energy equal to its enthalpy lg0×Hm. The configuron entropy is assumed to be equal to zero below the critical temperature. The Gibbs free energy (H3-TS3)c of Phase 3 adapted to that of configurons is represented in Figure 12 along Line 2 from T3 = 104.66 K to Tn+ = 202.74 K for ethylbenzene starting from an entropy (25.796 J/K/mole +S3) = 0 and H3 = -0.17855×Hm = -1637.3 J/mole at T3. The Gibbs free energy at Tm is now equal to -2957 J/mole. 2) and ( 1).

The configuron Gibbs free energy Gd represented along Line 1 in Figure 12 is calculated assuming that ( 44) is respected from Tc to Tn+ without change of f(T) = 0.15 and then the Gibbs free energy Gd given in ( 43) for all glasses is only depending on Tc through [START_REF] Birge | Specific-heat of the glass transition[END_REF]. Gd is equal to (-1509) J per configuron mole in ( 45) at T3 = 104.66 K. In these conditions, Gd is equal to (-1637.3) J/mole in Figure 12 after applying (46) with x3 = 1.0848.

The difference between Line 2 and Line is represented by Line 3 obeying 46.7(T3 -T) in perfect agreement with a thermal dependence of e3 = -46.3T (i = 11.1 using ( 39)) associated with atom delocalization above Tg with the freedom degree number i constant up to Tn+.

The same analysis is applied at Tg = 114.5 K in Figure 13 for ethylbenzene. The Gibbs free energy (H3-TS3)c of Phase 3 adapted to configurons is represented in Figure 13 along Line 2 from Tg = 114.5 K to Tn+ = 202.74 K starting from an entropy (18.311 J/K/mole +S3) = 0 and H3 = -0.08928×Hm = (-818.7) J/mole at Tg. The effective value of Gd is now 818.7 J/mole applying [START_REF] Hohenberg | Theory of dynamic critical phenomena[END_REF] with xg = 0.4958. The Gibbs free energy at Tm is equal to -1624 J/mole. The difference between Line 2 and Line 1 is still represented by Line 3 obeying 27(Tg-T) and e3 = -27T in good agreement with the prediction of VFT laws developed in the previous chapter.

Figure 13. Ethylbenzene: Gibbs free energies of Glass phase in J/mole and configurons versus T (K). 1-The configuron contribution with a constant fraction xg = 0.496. 2-Contribution of configurons to

Glass Gibbs free energy. 3-The configuron contribution increase with temperature equal to the difference between ( 2) and ( 1).

The Gibbs free energy (H3-TS3)c per mole of Pd77.5Cu6Si16.5 adapted to configurons is represented in Figure 14 along Line 2 from T3 = 572.2 K to Tn+ = 1218.3 K starting from an entropy (4.7328 J/K/mole +S3) = 0 and H3 = -0.19839×Hm = -1696.1 J/mole at T3. The Gibbs free energy at Tm is now equal to -3302 J/mole. The Gibbs free energy Gd is equal to 8251.7 J per configuron mole at T3 = 572.2 K. In this liquid alloy, the effective Gd is equal to 1696.1 J/mole multiplying 8251 by x3 = 0.2055 in Figure 14.

The difference between Line 2 and Line 1 is represented by Line 3 obeying 8.39 (T3-T) and e3 = -8.39T (i = 2.02 using (39)). 2) and ( 1).

The phase 3 enthalpy H3 formed from a strong liquid is equal to (-lg0×Hm) at Tg, (-lg0×Hm) at T3 and (+lg0×Hm) at Tm. The Gibbs free energy G3 = (H3-TS3) of SiO2 Phase 3 adapted to configurons is represented in Figure 15 along Line 2 from T3 = 1256.36 K. The Phase 3 entropy at Tm being equal to the difference S1-S2 is equal to zero and its Gibbs free energy equal to its enthalpy lg0×Hm. G3 per mole of SiO2 is represented in Figure 15 along Line 2 from T3 = 1256.36 K to Tn+ = 2154.6 K starting from (1.062+S3) = 0 and H3 = -0.08754×Hm = -787.9 J/mole at T3. The Gibbs free energy at Tm is now equal to -1331.9 J/mole. The Gibbs free energy Gd is equal to 18117 J per configuron mole at T3 = 1256.36 K. In this liquid alloy, the effective Gd is equal to -787.9 J/mole multiplying 18117 by x3 = 0.04348 in Figure 15. The difference between Line 2 and Line 1 is represented by Line 3 obeying 1.88 (T3-T) and e3 = -1.88T (i = 0.45 using (39)).

Figure 15. SiO2: Gibbs free energies of Phase 3 in J/mole and configurons versus T (K). 1-The configuron contribution with a constant fraction x3 = 0.04348. 2-Contribution of configurons to Phase

3 Gibbs free energy. 3-The configuron contribution increase with temperature equal to the difference between ( 2) and [START_REF] Tanaka | Two-order parameter model of the liquid-glass transition. I. Relation of the liquid-glass transition and crystallization[END_REF].

The Gibbs free energy G(H3-TS3)c per mole of SiO2 adapted to configurons is represented in Figure 16 along Line 2 from Tg = 1473 K to Tn+ = 2154.6 K starting from an entropy (0.48084+S3) = 0 and an enthalpy equal to zero at Tg. The Gibbs free energy at Tm is now equal to -171.9 J/mole. The Gibbs free energy Gd is equal to (-21243) J per configuron mole at Tg = 1473 K. The effective Gd is equal to -787.9 J/mole multiplying 21243 by xg = 0.037086 in Figure 16. The difference between Line 2 and Line 1 with adding +787.9 J is represented by Line 3 obeying 1.376(Tg-T) and e3 = -1.376 T (i = 0.33 with ( 39)) while the VFT model leads to e3 = 2.06 T. The number i characterizing the entities moving into the melt from Tg up to Tn+ is small and still much smaller for strong than for fragile liquids. It does not depend on temperature due to the medium-range order of Phase 3. The fraction of volume being ordered is constant and equal to fc = 0.15 ± 0.01. The configuron Gibbs free energy Gd (T) starting from T3 with zero entropy in strong liquids is viewed as having an equilibrium enthalpy equal to -lg0×Hm. It cannot start from Tg with an entropy and an enthalpy equal to 0 and consequently a latent heat at Tg is needed to explain the formation of configurons. This latent heat also exists at equilibrium in fragile liquids, Gd(T) starting with a zero entropy at T3 and an equilibrium enthalpy equal to -lg0×Hm up to Tg. This case is not considered but even it would lead to a latent heat equal to lg0×Hm. This analysis still show that the supplementary configuron number induced above Tc is proportional to (Tc -T) in agreement with predictions of Sanditov et al [START_REF] Sanditov | Glass transition criterion and plastic deformation of glass[END_REF] and with the configuron model. A frozen enthalpy equal to the equilibrium enthalpy -lg0×Hm of Phase 3 and of glasses is needed up to Tg to explain the negative value of Gd at Tc [START_REF] Ojovan | Thermodynamic parameters of bonds in in glassy materials from viscosity temperature relationships[END_REF][START_REF] Ojovan | Connectivity and glass transition in disordered oxide systems[END_REF][START_REF] Ojovan | Ordering and structural changes at the glass-liquid transition[END_REF]. The Phase 3 formation and configuron models are inseparable.

The main conclusion of this chapter is that the volume fraction of Phase 3 being "ordered" from T3 up to Tn+ involve 15% of all atoms building the 'ordered' melt. The delocalization energy evaluation comparing the Gibbs free energies of Phase 3 and configurons leads to the same value for a fragile liquid than that obtained from VFT laws. The agreement between the two models is not as good for a strong liquid. The two models developped here predict that the atom delocalization energy is proportional to the temperature in agreement with predictions of Sanditov et al [START_REF] Sanditov | Glass transition criterion and plastic deformation of glass[END_REF].

10-Gibbs free energy of configurons in 54 glasses at T3

The phase 3 enthalpies of 54 melts equal to -lg0Hm below T3 are those of configurons. The fraction x3 has to be multiplied by the configuron Gibbs free energy Gd at T3 to obtain -lg0Hm. The values of x3 and x3/N are given in Table 5 where N is the atom number of each molecule. The melting heat Hm in kJ/mole, the enthalpy coefficient lg0, the Gibbs free energy lg0Hm/N in J/g.atom equal to Gdx3/N and the Gibbs free energy Gd in Joules per configuron mole calculated with [START_REF] Birge | Specific-heat of the glass transition[END_REF] are given in Table 5. The values of x3 are plotted in Figure 17 as a function of their number in Table 5 varying from zero to 50; the numbers 51 to 54 are those of SiO2, GeO2, N-butanol and BeF2. There is one configuron mole per mole of Phase 3 for x3 = 1. This is true for many glasses in agreement with the configuron model [START_REF] Ojovan | Thermodynamic parameters of bonds in in glassy materials from viscosity temperature relationships[END_REF][START_REF] Ojovan | Connectivity and glass transition in disordered oxide systems[END_REF][START_REF] Ojovan | Ordering and structural changes at the glass-liquid transition[END_REF]. The values x3 are much smaller for all BMG even for selenium N°28. The Gibbs free energy of BMG configurons is much smaller than those of insulating molecular glasses. Short-range order tends to reduce the configuron contribution and the melting heat by a fraction recovered at higher temperatures than Tm. The broken bond fraction x3 is enhanced above 1 in several molecular glasses. The enthalpy coefficients of the aged sample with Tg2 = 389.9 K are given in [START_REF] Hassaine | Thermal properties and Brillouin-scattering study of glass, crystal, and "glacial" states in nbutanol[END_REF][START_REF] Mandanici | Thermodynamic study of alkyl-cyclohexanes on liquid, glassy, and crystalline states[END_REF][START_REF] Takahura | Heat capacities and glass transitions of 1-propanol and 3methylpentane under pressure. new evidence for the entropy theory[END_REF]:

𝜀 𝑙𝑠 = 1.7115(1 -4.5568 × 𝜃 2 ) , (51) 
𝜀 𝑔𝑠 = 1.56724(1 -3.3174 × 𝜃 2 ) , ( 52)

∆𝜀 𝑙𝑔 = 0.14425 -2.5998 × 𝜃 2 ) . ( 53 
)
The enthalpy coefficients lg of configurons before and after aging are represented in Figure 19. After aging, the temperature Tn+ and the enthalpy are weakened at high temperature. 

𝜀 𝑔𝑠 = 1.36372(1 -2.593 × 𝜃 2 ) , (54) 
∆𝜀 𝑙𝑔 = 0.21209 -1.7682 × 𝜃 2 ) .

For Tg2 = 167 K,

𝜀 𝑙𝑠 = 1.64107(1 -3.8199 × 𝜃 2 ) , (57) 
𝜀 𝑔𝑠 = 1.46161(1 -2.859 × 𝜃 2 ) , (58) 
∆𝜀 𝑙𝑔 = 0.17946 -2.0904 × 𝜃 2 ) .

The enthalpy coefficients lg of configurons before and after aging are represented in Figure 21. After vapor deposition, the temperature Tn+ and the enthalpy are weakened above Tg2. The enthalpy coefficient of a lot of vapor-deposited films is nearly equal to lg0/2. In fact, it is equal to the lg0/2 of the deposited glass at Tg2 as shown in Figure 21. 

Conclusions:

A new description of glasses is proposed as being intermediate phases masking the initial formation of a supercooled thermodynamic phase which can be superheated. A two-liquid model is applied, after quenching a melt from high temperatures to a frozen amorphous state, without undergoing any phase transition during the rapid cooling. A subsequent annealing always induces an enthalpy recovery leading to the equilibrium of a new thermodynamic phase called Phase 3 and to that of the glass phase, followed by the glass transition at Tg. The Gibbs free energy of Phase 3 is equal to the difference of Gibbs free energy G3 of two liquids. Phase 3 is a new liquid characterized by a mediumrange order which can be superheated up to a temperature Tn+ higher than Tm where this order disappears accompanied by latent heat. The temperatures T3 and Tn+ and the enthalpies changes at these temperatures are predicted for 54 glasses. The existence of this new phase has been searched, thirty years ago, with the power law coming from the dynamic scaling theory which is successfully applied to the phase transition of spin glasses.

An 'ordered' phase 3 now cooled from a temperature weaker than Tn+ undergoes a glass transition at Tg without attaining the equilibrium enthalpies of glass and Phase 3. The glass phase masks the existence of Phase 3 as shown in other chemical transformations. The activation energy of Phase 3 is negative between T3 and Tg. The glass transition occurs in many glasses at a temperature where this activation energy is equal to zero. These properties confirm the phase 3 existence behind the glass phase.

The Phase 3 properties are successfully analyzed in the light of configuron percolation theory with a percolation threshold  = 0.15 ± 0.01. The Gibbs free energy x3×Gd of configurons at the critical temperature Tc is determined from the Gibbs free energy G3 J/mole of Phase 3 from the assumption that the kinetic 'ordered' entities of Phase 3 involve 15% of all atoms present in the melt up to Tn+. The coefficient x3 is chosen to equalize x3×Gd with the equilibrium enthalpies of Phase 3 and glass just below the critical temperature Tc. The coefficient x3 is equal to 1 for many molecular glasses in quantitative agreement with the theoretical value of Gd J/g-atom. This coefficient is much smaller for all metallic glasses. Other molecular glasses have weaker and higher x3 than one. Another consequence from model proposed is that the glass phase characterizes and determines the thermodynamic properties of the melt.

The enthalpy at Tn+ is reduced toward the equilibrium enthalpy of the liquid without mean-range order for which lg = 0. The average value of the enthalpy coefficient variation lg at Tn+ of 50 fragile liquids is 0.13746 and corresponds to a volume fraction of ordered phase given by the critical threshold equal to 0.15 ± 0.01. The corresponding average for SiO2, GeO2 and BeF2 is 0.0728.

The size of specific heat jump at Tg is discussed and the heating rate dependence of the glass transition is accompanied by weak latent heats. The relaxation times above Tg from fragile Liquid 1 to fragile Liquid 2 of Au49Ag5.5Pd2.3Cu26.9Si13.3 and Zr65Cu27.5 Al7.5 are predicted in agreement with experiments. The glass transition temperature is lowered when the sample is stored after liquid quenching at a temperature higher than the lowest nucleation temperature in liquid 2 or submitted to long aging before attaining Tg with the first slow heating. The first-order transition, recently observed, towards a quasi-crystalline phase of Mg69Zn27Yb4 is quantitatively predicted at the right temperature with the same equations than those used to explain the formation of glacial phases in water, d-mannitol, triphenyl phosphite, and n-butanol.

1-The glass transition temperature 1 . 1

 11 Critical phenomena are observed around Tg. Several experimental proofs exist. A critical phenomenon is observed in few measurements of heat capacity. The most spectacular peaks have been obtained by Alba et al in 1990 with molecular glasses such as toluene, m-xylene, and m-toluidine [49,50] confirmed by Wilde et al in 2004 with the bulk metallic glass Pd77.5Cu6Si16.5 [44], Hassine et al with n-butanol and Mandanici et al with ethylcyclohexane [51,52]. As an example, the heat capacity of m-toluidine is represented in Figure 1:

Figure 1 .

 1 Figure 1. Heat capacity vs temperature for liquid, glass, and crystal states of m-toluidine according to DSC measurements from [50] [C. Alba-Simonesco, J. Fan, and C.A. Angell, J. Chem. Phys.110 (1999) 5262] with permission of AIP Publishing.

Figure 2 .

 2 Figure 2. Heat capacities of glassy-liquid (o) and crystalline (o) states of 1-propanol at 108.4 MPa. The dashed lines represent the extrapolation of the heat capacities determined by the least-squares. Reproduced from [53] [S. Takahara, O. Yamamuro, H. Suga, J. Non-Cryst. Sol. 171 (1994) 259-270].

Figure 4 .

 4 Figure 4. Relaxation times  of liquids Au49Ag5.5Pd2.3Cu26.9Si16.3. 1-Liq1 obeys the first VFT law (T0m, B1) with 0 = 10 -14 s. 2-Liq2 and 3-Liq2 obeys the second VFT law (T0g, B2) with 0 =10 -14 s and 0 = 2.76×10 -16 s.

Figure 5 .

 5 Figure 5. The glass transition at Tg of Au49Ag5.5Pd2.3Cu26.9Si16.3 plotted versus the relaxed-enthalpy coefficient . Tg = 377 K obtained with  = 0.00775 using (1).

Figure 6 .. 1 -

 61 Figure 6. Relaxation times of liquids Zr65Cu27.5Al7.5. 2-Liq1 obeys the first VFT law (T0m, B1) with 0 = 10 -14 s. 1-Liq2 and 3-Liq2 obeys the second VFT law (T0g, B2) with 0 =10 -14 s and 0 = 2.4×10 - 16 s. 1-Liq2 and 2-Liq1 have the same relaxation time   1.5 s at Tg using VFT laws with T0m = 530.61 K, T0g = 442.1 K, B1 = T0m×8.33, B2 = T0g×16.53, and 0 = 10 -14 s in good agreement with experiments of Zhou et al[START_REF] Zhou | Thermodynamic properties of liquid, undercooled liquid and amorphous Al-Cu-Zr and Al-Cu-Ni-Zr[END_REF] and Kuchemann et al[START_REF] Kuchemann | From ultrafast to slow: Heating rate dependence of the glass transition temperature in metallic systems[END_REF]. The relaxation times of 2-Liq1 and 3-Liq2 are equal to 5×10 - 7 s at TBr-= 760.3 K defined by the enthalpies of liquid 1 and 2 given by (18,19) calculated with[START_REF] Steinhard | Bond-orientational order in liquid and glasses[END_REF][START_REF] Fischer | Density fluctuations around the glass-transition, of low molecular weight glass-forming liquids[END_REF][START_REF] Kolokol | Topological structure of liquid metals[END_REF][START_REF] Tournier | Texturing by cooling a metallic melt in a magnetic field[END_REF] and Tg = 666 K. The glass transition temperature is expected to increase from 666 up to 760 K with a heating rate varying from 0.67 K/s to 2×10 6 K/s in perfect agreement with[START_REF] Kuchemann | From ultrafast to slow: Heating rate dependence of the glass transition temperature in metallic systems[END_REF]. The latent heat coefficient  calculated with (1) at TBr-= 760.3 K corresponds to 2.2% of the melting heat.

Figure 8 . 6 -

 86 Figure 8. Entropy of fragile liquids 1, 2, and 3 versus reduced glass transition temperature g. The entropy unit is Sm. The Kauzmann temperature of liquid 1, K1 = -0.3402, that of liquid 2, K2 = -0.4544. The crystal entropy Sm = -1. Phase 3 entropy S3 = -0.5 for  = -0.4544.

Figure 9 .

 9 Figure 9. The reduced melting temperature n+ = lg (n+) of Phase 3 medium-range order versus g for 50 fragile liquids and for 4 strong liquids.

Figure 10 .

 10 Figure 10. The phase 3 activation energy Wa/RT = W3/RT plotted versus T (K). Negative activation energy at the temperature T3 of Phase 3 formation. Activation energy equal to zero at Tg for the glassy intermediate phase: 1, 2, 3, and 5. 1-ethylbenzene, 2-Au49Ag5.5Pd2.3Cu26.9Si13.3, 3-Pd43Ni10Cu27P20, 4-Pd77.5Cu6Si16.5., 5-Zr65Cu27.5Al7.5.

Figure 11 .

 11 Figure 11. Atom delocalization energy e1 and e2 in liquids 1 and 2 versus x1 = Ln(1-104.66/T) and x2 = Ln(1-114.5/T). e1 and e2 are reduced multiplying them by a numerical coefficient to obtain  = -0.88. Temperature in Kelvin.

Figure 12 .

 12 Figure 12. Ethylbenzene: Gibbs free energies of Phase 3 in J/mole and configurons versus T (K). 1-The configuron contribution with a constant fraction x3 = 1.085. 2-Contribution of configurons to Phase 3 Gibbs free energy. 3-The configuron contribution increase with temperature equal to the difference between (2) and (1).

Figure 14 .

 14 Figure 14. Pd77.5Cu6Si16.5: Gibbs free energies of phase 3 in J/mole and configurons versus T (K). 1-The configuron contribution with a constant fraction x3 = 0.2055. 2-Contribution of configurons to Phase 3 Gibbs free energy. 3-The configuron contribution increase with temperature equal to the difference between (2) and (1).

Figure 16 .

 16 Figure 16. SiO2: Gibbs free energies of Glass phase and configurons versus T (K). 1-The configuron contribution with a constant fraction xg = 0.0371. 2-Contribution of configurons to Glass Gibbs free energy with an endothermal latent heat lg0×Hm at Tg. 3-The configuron contribution increase with temperature equal to the difference between (2) and (1) after transition.

Figure 17 .

 17 Figure 17. Configuron mole number x3 at the formation temperature T3 of Phase versus the number in column 1 of Table5and vs 51 to 54 for SiO2, GeO2, N-butanol and BeF2.

Figure 19 :

 19 Figure 19: The enthalpy coefficients lg of Phase 3 represented on blue Line 1 before aging and on red Line 2 after aging. Tg1 = 379.5 K, Tg2 = 389.9 K, TBr-= 418.9 K, Tm = 548 K, Tn+ = 609.2 and 613.3 K.

Figure 20 :

 20 Figure 20: Temperature ramping AC nanocalorimetry experiments of ethylene glycol glass. Reproduced from [136] [M. Tylinski, Y.Z. Chua, M.S. Beasley, C. Schick, and M.D. Ediger, J. Chem. Phys. 145 (2016) 174306] with permission of AIP Publishing. The solid colored lines are as-deposited glass while the dashed black curves are liquid-cooled glasses. The curves for different substrates temperatures have been shifted. The noted value of Tg is the temperature when  =100 s.

Figure 21 :

 21 Figure 21: The enthalpy coefficients lg of Phase 3 represented on blue Line 1 for a bulk material and on red Line 2 after vapor deposition. Temperatures T3 = 132.9 K, Tg1 = 150 K, Tg2 = 167 K, Tm = 260.5 K, Tn+ = 296.7 and 303.3 K. The enthalpy coefficients of three glass phases are zero, -lg0/2 and -lg0. The third one is not obtained. 11-3 Formation of stable phases by vapor deposition with Tg3  1.2Tg1Highest enthalpy variations and higher values of Tg3/Tg1 are observed using growth rates spanning 0.001 to 0.1 nm/s for vapor deposition[148,149]. The glass enthalpy is now equal to the enthalpy (-lg0) of Phase 3. The specific heat of ethylbenzene deposited glass is represented as a function of temperature in Figure22and measured during first and second heating separated by slow cooling from temperature higher than Tm = 178.1 K. The melt enthalpy is changed after a glass transition temperature increase from Tg1= 114.5 K[START_REF] Ishii | Anomalously high-density glass of ethylbenzene prepared by vapor deposition at temperatures close to the glass-transition temperature[END_REF][START_REF] Yamamuro | Calorimetric study of glassy and liquid toluene and ethylbenzene: Thermodynamic approach to spatial heterogeneity in glass-forming molecular liquids[END_REF] to Tg3 = 135.7 K. (Tg3) is calculated from (1) with  = 0.17855, gs0 = 1.6429 and 0g 2 = 0.34862 as given by[START_REF] Steinhard | Bond-orientational order in liquid and glasses[END_REF][START_REF] Fischer | Density fluctuations around the glass-transition, of low molecular weight glass-forming liquids[END_REF].

Figure 22 .

 22 Figure 22. Melting temperature of Phase 3 after stabilization by vapor deposition of ethylbenzene films. Reproduced from [148] [E. Leon-Gutierrez, A. Sepulveda, G. Garcia, M.T. Clavaguera-Mora, and J. Rodriguez-Viejo, Phys. Chem. Chem. Phys.12 (2010) 14693-14698] with the permission of Royal Society of Chemistry. Second and subsequent calorimetric upscans (Fast-Cooled samples and FC after SC Slow-Cooling) from vapor deposited samples at different temperatures. Transition temperature at Tg3 = 135.7 K instead of Tg = 114.5 K for the bulk glass phase.

Figure 23 :

 23 Figure 23: The enthalpy coefficients lg of configurons represented in black (upper line) for a bulk material and in red (lower line) after vapor deposition. Temperatures T3 = 104.7 K, Tg1 = 114.5 K, Tg3 = 135.7 K, Tm = 178.1 K, Tn+ = 200.8 and 202.7 K. The enthalpy coefficients of three glass phases 1, 2 and 3 are zero, -lg0/2 and -lg0. The third one is obtained by vapor deposition [148] as shown in Figure 22.

  

Table 2 . Strong liquids data

 2 

	These data are based on the following works [26]: SiO2 [95,121], GeO2 [76,121,122], N-butanol [123-
	125], and BeF2 [51,76,86,126].		
		SiO2	GeO2	N-butanol BeF2
	N	3	3	15	3
	Tg	1473	830	111	590
	Tm	1996	1388	184	825
	Hm (J/mole)	9000	16700	9280	4770
	g	-0.26202 -0.40202 -0.39674 -0.28485

Table 3 . Materials data used in and resulting from calculations

 3 

		Materials	B2	B1	e2	e1	e3	i1	i2	i3	n+	
	1	b-D-fructose	3700	2622	238612	336691	69520	283.2 200.7 82.5 0.09429 2.81

*

Table 4 . Characteristic temperatures and enthalpy data

 4 

				(dWa/dT)Ta		lg0Hm/N (J/g-
	Material	Tg (K) T3(K) Ta(K)	(J/K/g-atom) i (T  Tg)	atom))
	1 Ethylbenzene	114.5 105 114.5 429.6	103.3	91
	2 Au49Ag5.5Pd2.3Cu26.9Si16.3 377	370 377	464.3	111.7	974
	3 Pd43Ni10Cu27P20	576	541 576	362	87.1	966
	4 Pd7.5 Cu6Si16.5	637	572 646.2 421.8	101.5	1696
	5 Zr65Cu27.5Al7.5	666	587 666.1 581.7	139.9	2723
	6 SiO2	1473 1256 1473 168.4	40.5	197

Table 5 . Materials data used in and resulting from calculations

 5 

	Materials	N	Hm x3 x3/N lg0 lg0*Hm/N Gd Gdx3/N
	1 b-D-Fructose	24	32	1.01 0.0420 0.12169 164	3919
	2 Probucol	83	36	1.16 0.0139 0.13033 56	4022
	3 Griseofulvin	41	38	1.00 0.0243 0.13083 120	4961
	4 D-glucose	24	32	1.02 0.0424 0.13214 178	4208
	5 1,3,5-tri--Naphtylbenzene 60	33	1.03 0.0171 0.14211 79	4602
	6 Phenobarbital	29	28	0.93 0.0319 0.14318 138	4314
	7 Isopropyl benzene	21	7	0.64 0.0304 0.14689 51	1686
	8 Hydro-chloro-thiazide	25	34	0.96 0.0383 0.14808 199	5190
	9 3-Methylpentane	20	5	0.77 0.0384 0.15000 40	1037
	10 m-Cresol	16	11	0.60 0.0376 0.15210 100	2676
	11 Xylitol	22	34	1.66 0.0754 0.15922 246	3264
	12 Phenolphthalein	38	47	1.55 0.0407 0.15947 198	4855
	13 9-Bromophenanthrene	34	15	0.79 0.0233 0.16012 70	3008
	14 a-Phenil -cresol	26	23	1.31 0.0503 0.16463 148	2931
	15 H2SO4-3H2O	16	24.22 1.92 0.1200 0.16667 252	2102
	16 Diethylphthalate	30	17.99 1.27 0.0422 0.16667 100	2368
	17 m-Fluorotoluene	15	8.3	0.84 0.0560 0.16576 92	1638
	18 2-methyl tetrahydrofuran	16	6.65 0.92 0.0577 0.16788 70	1210
	19 n-Butene	16	3.96 0.88 0.0548 0.17045 42	769
	20 Toluene	12	6.64 0.73 0.0611 0.17135 95	1551
	21 Glycerol	15	18.3 1.27 0.0848 0.17466 213	2512
	22 2-Methylpenthane	14	6.26 1.06 0.0759 0.17500 78	1031
	23 Ethylbenzene	20	9.17 1.08 0.0542 0.17855 82	1509
	24 n-Propanol	18	5.4	0.77 0.0427 0.18000 54	1264
	25 3-Bromopenthane	11	8.4	1.10 0.1001 0.18263 139	1392
	26 CaAl2Si2O8	17	135.6 1.63 0.0959 0.18306 1460	15233
	27 2-methyl-1-propanol	23	6.32 0.85 0.0371 0.18895 52	1398
	28 Selenium	15	5	0.23 0.0155 0.18851 63	4043
	29 CaMgSi2O6	10	138.1 2.10 0.2102 0.19820 2737	13020
	30 Butyronitrile	10	5.02 0.79 0.0794 0.19876 100	1256
	31 cis-/trans-Decalin	12	9.46 1.09 0.0908 0.20346 160	1766
	32 Ethanol	18	4.98 0.85 0.0472 0.20625 57	1208

Table 5

 5 Reproduced from [127] [D. Cangiolasi, V.M. Boucher, A. Alegria, and J. Colmenero, Phys. Rev. Lett. 111 (2013) 095701] with permission of APS. The Cp scale is equal to 0.5 J/g/K with the agreement of authors. Specific heat versus temperature as obtained by DSC for Polystyrene 85k at different aging times.

and vs 51 to 54 for SiO2, GeO2, N-butanol and BeF2. Figure 18:

11-Melt memories

Glass and configuron phases are described by their enthalpy and entropy at equilibrium. They give rise to memory effects up to a temperature Tn+ > Tm through medium-range order. Enthalpy relaxation is measured after hours or days and even 1.5 year of isothermal aging in various glasses [127][128][129][130][131][132][133]. All these results imply that enthalpy recovery exhibits two times scales of equilibrium in agreement with two activation energies as shown in chapter 7-3. Other high enthalpy reductions are still observed below Tg1 after vapor deposition with glass transition temperatures increasing from Tg1 to Tg2  1.1Tg1 and even up to Tg3  1.2 Tg1. Thermodynamic properties of isothermally annealed and vapor-deposited glasses characterized by a heat capacity jump equal to 1.5Sm at Tg are successively analyzed. In all examples, the authors have considered, up to now, that all melts reproduce the enthalpy and the specific heat of the initial liquid and consequently they consider that these melts have no memory of the glass phase transition giving rise to the melt. Our model predicts that the glass phase characterizes and determines the thermodynamic properties of the melt. The following experimental results agree with this assumption.

11-1 Enthalpy recovery of polystyrene PS85k after isothermal aging below Tg1.

The specific heat of this polymer is obtained by D.C. Cangialosi et al using DSC measurements after aging at T = 363 K and represented in Figure 18. Its maximum duration attains 322 days. Its initial glass transition temperature before aging is Tg1 = 379.5 K and the specific heat difference between melt and glass is 0.3075 J/K/g [128]. The melting entropy is Sm = Cp /1.5 = 0.205 J/K/g. The melting temperature Tm is assumed to be 548 K [134] and the melting enthalpy Hm = 112.34 J/g. The enthalpy coefficients of liquids 1, 2 and 3 are given in [START_REF] Mozurkevitch | Negative activation energies and curved Arrhenius plots: 1-theory of reaction over potential wells[END_REF][START_REF] Alba | Thermodynamic aspects of the vitrification of toluene, and xylene isomers, and the fragility of liquid hydrocarbons[END_REF][START_REF] Alba-Simonesco | Thermodynamic aspects of the glass transition phenomenon. II. Molecular liquids with variable interactions[END_REF] applying [START_REF] Steinhard | Bond-orientational order in liquid and glasses[END_REF][START_REF] Fischer | Density fluctuations around the glass-transition, of low molecular weight glass-forming liquids[END_REF][START_REF] Bakai | Long-range density fluctuations in glass-forming melts[END_REF][START_REF] Kolokol | Topological structure of liquid metals[END_REF][START_REF] Tournier | Texturing by cooling a metallic melt in a magnetic field[END_REF][START_REF] Tournier | Crystallization of supercooled liquid elements induced by superclusters containing magic atom numbers[END_REF] for a = 1 and Tg1 = 379.5 K:

The recovered enthalpy after 322 days of aging is 3.2 J/g/K [127]; the corresponding enthalpy coefficient is 3.2/Hm = 0.0284. The glass transition temperature after aging is predicted equal to Tg2 = 389.9 K with (3) and an increase of gs0 equal to 0.0284. The recovered enthalpy is evaluated from the difference between the specific heat shown in Figure 18 and that of the same sample quenched after aging from Tg + 30 K down to 363 K, the quenched sample having the specific heat of the glass with Tg2 = 389.9 K instead of Tg1 = 379.5 K. Consequently, there is a constant difference of enthalpy between the two glass phases which does not contribute to the specific heat.