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I. Total structure factors S(Q) obtained by the RMC modeling.  35 

 36 

Supplementary Figure 1. Comparisons of structure factors S(Q) between experimental data and RMC modeling for the as-cast sample 37 

(a), the sample synthesized at 700 K and 5.5 GPa [S(Q) was obtained at 300 K and 5.5 GPa] (b), and the sample synthesized at 850 K and 38 

5.5 GPa (the HPQ glass) [S(Q) was obtained at 300 K and 5.5 GPa] (c). Black and red curves denote the experimental data and RMC 39 

modeling, respectively. Gray curves denote the difference between the experimental data and RMC modeling and are shifted by -1.5 for 40 

clarity.  41 

 42 
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II. Differences of reduced pair distribution function G(r) between samples at 43 

high temperature and low temperature for the experimental data and MD 44 

simulation.  45 

 46 

Supplementary Figure 2. ΔG(r) for the experimental data (black curve) is the difference 47 

of G(r) between the samples treated at 850 K and 300 K at 5.5 GPa. ΔG(r) for MD 48 

simulation (blue curve) is the difference of G(r) between the sample treated at 850 K and 49 

5.5 GPa and the as-cast sample. G(r) of the experimental data were collected at 300 K 50 

and 5.5 GPa after the heating treatment at the target temperature (850 K or 300 K) at 5.5 51 

GPa, while G(r) of MD simulation were states at 300 K and 0 GPa after the high-pressure 52 

heating treatment. Intensities of ΔG(r) were normalized by each first peak intensity 53 

around 3 Å. The intense peak positions for MD simulation, ~3, ~4.7, ~5.9, and ~7.2 Å, 54 



5 

 

are very close to those for the experimental data, implying that the structure changes at 55 

high pressure and high temperature observed by MD simulation are in agreement with 56 

the experimental results. The peak-top positions for the experimental data slightly shift to 57 

lower r value because of collecting the data at 5.5 GPa.  58 

 59 
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III. Partial pair distribution functions gij(r) obtained by the RMC modeling and MD simulation.  60 

 61 

Supplementary Figure 3. Partial pair distribution functions gij(r) involving Zr–Zr (a), Zr–Cu (b), and Cu–Cu (c) correlations obtained by 62 

the RMC modeling and those (d-f) obtained by the MD simulation. Gray, black, and blue curves denote the gij(r) for the as-cast sample, 63 

the sample synthesized at 700 K and 5.5 GPa, and the sample synthesized at 850 K and 5.5 GPa, respectively.  64 
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IV. Cavities in the samples obtained by the RMC modeling.  66 

 67 

Supplementary Figure 4. Cavities in the as-cast sample (a), the sample synthesized at 68 

700 K and 5.5 GPa (b), and the sample synthesized at 850 K and 5.5 GPa (the HPQ glass) 69 

(c). Green region denotes the cavities. Numbers at the bottom are the volume fraction of 70 

the cavities. The atoms are not shown.  71 

 72 

Distributions of cavities in the samples were calculated by the software pyMolDyn43 73 

using the atomic configurations obtained by the RMC modeling. The calculation 74 

resolution was set to be 256 × 256 × 256 in the cubic box with length of a side of 42.0 Å. 75 

Volume fractions of cavities in the samples are 0.45% (as-cast), 0.51% (700 K and 5.5 76 

GPa), and 0.29% (850 K and 5.5 GPa, HPQ), respectively. The volume fraction of cavities 77 

drops after the change to the HPQ glass, indicating the dense packing structure of the 78 

HPQ glass.  79 

 80 



8 

 

V. Changes in coordination numbers and Cargill-Spaepen short-range order parameters at high pressure and high 81 

temperature obtained by the RMC modeling and MD simulation.  82 

Supplementary Table 1. Coordination numbers (CN) and Cargill-Spaepen short-range order parameters (η) in RMC modeling 

and MD simulation. 

 RMC  MD 

 As-cast 5.5 GPa, 700 K 5.5 GPa, 850 K  As-cast 5.5 GPa, 850 K 

CNZr 13.5 13.5 13.5  15.0 14.9 

CNCu 12.9 12.8 12.8  10.7 10.8 

CNZrZr 6.9 6.9 6.7  8.0 7.6 

CNZrCu 5.3 5.5 5.5  5.5 5.8 

CNCuCu 5.0 4.9 4.7  2.9 2.7 

CNCuZr 6.7 6.6 6.8  6.8 7.2 

ηZrCu 0.007 0.006 0.042  0.109 0.158 

ηZrZr -0.005 -0.005 -0.032  -0.063 -0.094 

ηCuCu -0.009 -0.008 -0.055  -0.189 -0.268 
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VI. Typical X-ray diffraction patterns of synthesized samples obtained by a Cu 84 

Kα X-ray diffractometer.  85 

 86 

Supplementary Figure 5. A sample was classified as a crystallized sample if sharp X-87 

ray diffraction peaks were observed and as a pHPQ sample if the intensities of the broad 88 

first and second peaks increased without sharp peaks. Pressure and temperature values in 89 

brackets are synthesized conditions. The data are shifted by 1500 for clarity.  90 

 91 
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VII. Cell design used in the synchrotron X-ray diffraction experiments.  93 

 94 

Supplementary Figure 6. We slightly modified the cell assembly of Kono et al.36. We 95 

used pyrolytic BN (PBN) as the X-ray pass inside the BN capsule to minimize the 96 

diffraction peaks from the BN capsule in the XRD measurement.   97 

 98 
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