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Supplementary Figure 1: Crystal structure (VASP file format, direct coordinates) of NeaHe in
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the tetragonal I4/mem phase at a pressure of approximately 1,000 GPa.



NeHe2-P6_3mmmc—-10GPa
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Supplementary Figure 2: Crystal structure (VASP file format, direct coordinates) of NeHey in
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the hexagonal P63/mmc phase at a pressure of approximately 10 GPa.
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Supplementary Figure 3: Crystal structure (VASP file format, direct coordinates) of NeHey in

the cubic Fd3m phase at a pressure of approximately 10 GPa.
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Supplementary Figure 4: Crystal structure (VASP file format, direct coordinates) of AraHe in
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the tetragonal I4/mem phase at a pressure of approximately 1,000 GPa.
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Supplementary Figure 5: Crystal structure (VASP file format, direct coordinates) of ArHe in

the orthorhombic C'mem phase at a pressure of approximately 50 GPa.
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Supplementary Figure 6: Crystal structure (VASP file format, direct coordinates) of ArHe in

the orthorhombic Pnma phase at a pressure of approximately 300 GPa.
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Supplementary Figure 7: Crystal structure (VASP file format, direct coordinates) of ArHes in

the hexagonal P6/mmm phase at a pressure of approximately 200 GPa.
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Supplementary Figure 8: Crystal structure (VASP file format, direct coordinates) of XeHe in

the hexagonal P63/mmec phase at a pressure of approximately 500 GPa.
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Supplementary Figure 9: Crystal structure (VASP file format, direct coordinates) of XeHe in
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the cubic F'm3m phase at a pressure of approximately 1,000 GPa.
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Supplementary Figure 10: Zero-temperature energy differences caculated for ArHey adopting
different polymorphs and considering different DFT exchange-correlation functionals (see Supple-

mentary Discussion).
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Supplementary Figure 11: Zero-temperature enthalpy differences caculated for ArHes as a func-
tion of pressure and considering different DF'T exchange-correlation functionals (see Supplementary

Discussion).
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SUPPLEMENTARY DISCUSSION

To assess the influence of the employed DFT exchange-correlation functional on the
results reported in the main text, we conducted a series of numerical tests for ArHes; under
different pressure conditions. Supplementary Figs. 10 and 11 summarize these results, which
are discussed below.

Supplementary Fig. 10 shows that, under zero-pressure and zero-temperature conditions,
the enthalpies of the Laves hexagonal P63/mmc (Z = 4) and cubic F'd3m (Z = 8) phases are
indistinguishable within our numerical accuracy of approximately 1 meV per formula unit.
This finding is general and independent of the employed DFT exchange-correlation func-
tional. Specifically, we tested four different van der Waals (vdW) functionals accounting for
long-range dispersion interactions: “D3” (Grimme’s method with zero damping), “D3-BJ”
(Grimme’s method with Becke-Johnson damping), “MBD-rsSCS” (many-body dispersion
approach), and “TS-HP” (Tkatchenko-Scheffler method with iterative Hirshfeld partition-
ing). We also considered the effect of completely neglecting vdW interactions (“no vdW”
case), which did not alter our conclusions. In contrast, the total energy of the non-Laves
hexagonal P6/mmm phase lies significantly below those of the two Laves phases, except
when long-range dispersion interactions are omitted.

Supplementary Fig. 11 shows that, under compression and irrespective of the chosen DF'T
exchange-correlation functional, even when vdW forces are fully neglected, the enthalpy
of the non-Laves hexagonal P6/mmm phase remains well below those of the Laves cubic
Fd3m and hexagonal P63/mmec phases (the latter two being indistinguishable within our
numerical accuracy). In particular, under pressures of a few tens of GPa, the enthalpy
difference between the non-Laves hexagonal P6/mmm and Laves cubic F'd3m phases reaches
several hundred meV per formula unit. Overall, these numerical tests demonstrate that the
conclusions presented in the main text are robust and exhibit only a very weak dependence

on the choice of DFT exchange-correlation functional.
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