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Fig. S1. The dynamic structure factor S(q,) in the energy transfer domain (ħω) obtained 

from QENS. The S(q,) was found to be best described with a single Lorentzian of the form 

 

 

 

where Γ is the half-width at half-maximum. The inset shows that the ħ/Γ values obtained from the 

energy domain are in good agreement with the  from the analysis carried out in the time 

domain (see Fig. 1a and text), where the intermediate scattering function S(q,t) is obtained via 

cosine Fourier transform of the measured S(q,ω) and normalized to the instrumental resolution 

function R(q,t). 
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Fig. S2. The “effective” diffusion coefficient Dq as a function of q derived at a given 

temperature of 1103 K using the relation Dq = 1/(τqq2). The Dq measured at both incoming 

wavelengths of 4.4 Å and 7 Å are generally in good agreement with each other. The dashed line 

gives the long-range self-diffusion coefficient in the low-q limit. Integrating the measured S(q,) 

in an energy transfer range from -0.3 to 0.3 meV yields a quantity S*(q)  similar to the true static 

structure factor S(q).  The reduction in Dq near the main S*(q) peak at ~2 Å-1 is consistent with 

the de Gennes narrowing (De Gennes, Physica 25, 825–839 (1959)), and describes the slowing 

down of the microscopic dynamics of a liquid in the presence of structural ordering, although for 

multicomponent systems, S(q) is a superposition of multiple partial structure factors and the de 

Gennes’s equation may not directly apply to the narrowing. This feature is also reproduced in the 

vicinity of the so-called pre-peak in S*(q) at q ≈ 1 Å-1, which is indicative of a distinct MRO 

occurring in liquid Ge1Sb2Te4. Note that, as q approaches the pre-peak from lower values, 1/q  

deviates from the q2 –dependence, as shown in Fig.2 Inset. 

  



 

Fig. S3. P-T metastable liquid phase diagram conjectured for Ge1Sb2Te4, in analogy to that 

of water (inset). The negative Clapeyron slope of the Tm-curve for melting the hexagonal phase 

above the ambient pressure (open diamonds and red solid line) is reported by Kalkan et al. using 

in-situ X-ray diffractions (50, 51). At even higher pressures, the melting of the bcc-phase is 

argued to have a positive slope, as the density of bcc phase is markedly higher than the hexagonal 

phase, resulting a V-shape Tm-curve (dashed red line) schematically shown by the authors (51). 

Yet, there are experimental reports of density decrease from crystal (52) (0.032 at/Å3) to 

liquid(53) (0.030 at/Å3) at the ambient pressure by 5.8 % (i.e. volume increase) during melting 

(52), indicating a positive Clapeyron slope of Tm-line at the ambient pressure. To reconcile this to 

the high-pressure negative Clapeyron slope determined by Kalkan et al., a local Tm-curve 

maximum must be assumed being located slightly above the ambient pressure (red dotted), like 

the Tm-curve maximum in pure Sb at ~0.66 GPa(54) and in pure Te at ~1-1.5 GPa(55). 

Analogizing to the behavior of water (Inset), a liquid-liquid critical point (LLCP) (●)  is 

speculated ~30 % below the point of the SER breakdown (◼) TSE=1050 K (or ~20 % below 
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Tm=903 K), which would be ~735 K. In the pressure domain, the LLCP is assumed to lie at the 

slightly positive pressure, and under the local Tm-curve maximum. At more positive pressures, 

the speculated liquid-liquid coexistence line has a negative slope to reconcile with the negative 

Clapeyron-slope of the pressure-induced polyamorphic transition between high- and low-density 

amorphous phases (HDA and LDA) and to connect the transition point (⬢) at ~10 GPa and 

ambient temperature reported by Kalkan et al.(37) (The blue dotted line indicates that a LLT 

should become a solid-solid polyamorphic transition below the glass transition temperature). An 

extrapolation to the lower pressure side of the LLCP is a Widom line (dashed orange line). In this 

scenario, the ambient-pressure isobar would cross the Widom line with a LLCP nearby, resulting 

a thermodynamic response function maximum (e.g. Cp maximum), like the transition observed in 

liquid Te and Ge15Te85. As theorized for water, a metastable critical point might exist not far 

from ambient pressure in liquid PCMs and not only give rise to the SER breakdown above Tm, 

but also facilitate crystallization processes below Tm, as has previously been argued for the cases 

of globular proteins, and some colloidal and Lennard-Jones fluid systems which possess a 

LLCP(56–59). The glass transition temperature Tg is still debated due to the interference of 

crystallization. The plotted value 440 K (△) is determined from an endothermic event observed 

by Kalb et al.(3) using DSC scans of an annealed amorphous deposited sample. Inset:  The P-T 

phase diagram of supercooled water. The phase boundaries of melt and ices are taken from 

ref.(60, 61). The line of maximum densities (LMD) consists of data from an equation of state (◻) 

based on sound velocities at negative pressure(62) and data at positive pressure(29) (▽), which 

are supported by extrapolations of the Holten-Anisimov two-state equation of state (dash-dotted 

line) up to its stated reliability limit of -100 MPa(63). The SER breaks down in bulk water at 

~340 K (▲) well above Tm according to Dehaoui et al.(28). TH is the limit of the homogeneous 

nucleation temperatures(60). Red open circles (○) and line (Ts) indicate the singular 

temperatures(60), coinciding with the hypothesized LLCP (●) and the phase boundary of 

HDA/LDA water(63). 
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