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I. ADDITIONAL COMPUTATIONAL DETAILS

Table I reports the phonon supercells and the corresponding k-meshes used for the cal-

culation of thermodynamic properties.

Table I. Phonon supercells and the corresponding k-meshes used for the calculation of thermody-

namic properties. The supercells were built from the primitive cells, except for the allotrope oS8

where the crystallographic cell was used.

Parameter mS8 aP24 aP42 mP84 oS8b

k-mesh 4x4x6 6x2x2 2x2x6 4x4x1 6x6x6

SC expansion matrix


2 0 0

0 2 0

0 0 2



2 0 0

0 1 0

0 0 1



1 0 0

0 1 0

0 0 2



1 0 0

0 1 0

0 0 1



3 −3 0

1 1 0

0 0 2


aSC,bSC,cSC (Å) 12.40,12.40,10.86 10.96,10.79,10.96 12.20,12.99,14.16 9.21,9.15,22.60 9.93,10.47,8.76

k-meshSC 3x3x3 3x3x3 3x3x3 3x3x1 3x3x3

II. EFFECT OF THE DISPERSION CORRECTION

We benchmarked the performance of plain DFT-PBE0, DFT-PBE0-D3 with zero-

damping (ZD) and DFT-PBE0-D3(ZD) with three-body correction (ABC).[1, 2] The results

of the benchmarks are reported in Table II.

[1] S. Grimme, J. Antony, S. Ehrlich, and H. Krieg, A consistent and accurate ab initio parametriza-

tion of density functional dispersion correction (dft-d) for the 94 elements h-pu, J. Chem. Phys.

132, 154104 (2010).

[2] T. Risthaus and S. Grimme, Benchmarking of london dispersion-accounting density functional

theory methods on very large molecular complexes, J. Chem. Theory Comput. 9, 1580 (2013).

[3] A. Simon, H. Borrmann, and J. Horakh, On the polymorphism of white phosphorus, Chem.

Ber-Recl. 130, 1235 (1997).

[4] H. Okudera, R. E. Dinnebier, and A. Simon, The crystal structure of γ-p4, a low temperature

modification of white phosphorus, Z. Kristallogr. Cryst. Mater. 220, 259 (2005).
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