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Supplementary computational details

Structure prediction

High-pressure structural predictions for the candidate structures were based on a global

minimization of free energy surfaces merging ab initio total-energy calculations via

particle swarm optimization (PSO) algorithm as implemented in the Crystal structure

AnaLYsis by Particle Swarm Optimization (CALYPSO) code[1,2]. The CALYPSO

method unbiased by any known structural information has been benchmarked on

various known systems and successfully predicted a great of high-pressure

structures[3-6].

Structure simulations were performed at 20~200 GPa and the different stoichiometry of

MxNy (M = Sb, Te, I) were searched with simulation cell sizes of 1~4 formula units

(f.u.). The first generation is produced randomly with symmetry constraint (230 space

group), and local optimization can drive the energy of the candidate structures to the

local minimum. Then, the structures with the lowest enthalpy (70%) were selected to

produce the next-generation structures by PSO, and 30% of the structures in the new

generation were randomly generated. Symmetry checking has also been used to strictly

prohibit the appearance of identical symmetric structures. The conjugate gradients

method was used to perform local optimization and it was stopped when the enthalpy

changes became smaller than 1 × 10-5 eV per atom. In most cases, the structure

searching simulation reaches the convergence after 30~40 generations covering about

1,000~1,500 structures.

For SbN, TeN, and IN systems, a number of lowest enthalpy structures were

selected and optimized as a function of pressures using the Vienna ab initio simulation

(VASP) code[7,8]. The cutoff energy for the expansion of wavefunctions into the plane

was set to 400 eV and the Monkhorst-Pack grid was generated with a reciprocal space

resolution of 2π × 0.03 Å-1. This usually gave well-converged total energies (within 1

meV per atom).
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Supplementary Figures

Supplementary Figure 1. Formation enthalpies of various 5p-block element nitrides

under high pressure. The dotted lines connect the lowest formation enthalpy data points,

and the solid lines denote the convex hull. The stable pressure ranges for SbN6, TeN6,

and IN6 are shown in the insets.
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Supplementary Figure 2.Molecular dynamic simulations (AIMD) of 5p-block element

nitrides MN6 (M = Sb, Te, I) at different chemical potentials at 300 K and 1,000 K for

5,000 fs. Insets in each figure are structure snapshots of the AIMD simulation at 5,000

fs, the structural framework remains basically unchanged after a typically long

simulation time, demonstrating the superb thermal stability of MN6.
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Supplementary Figure 3. Electron band structure of Te0N6 (left) and TeN6 (middle) at

100 GPa. There are two conduction bands that are half-filled in Te0N6. Horizontal dotted

lines indicate the Fermi level.

Supplementary Figure 4. Integral DOS values of atomic Te at different pressure. The

total number of electronic states occupied by atomic Te gradually increases under

compression, but the content of occupied 5s, 5p, and 5d states are quite different.
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Supplementary Figure 5. Phonon band structure, phonon density of state (PHDOS),

Eliashberg spectral function α2F(ω) and integral electron-phonon coupling parameter

λ(ω) of SbN6 at 100 GPa.

Supplementary Figure 6. Phonon band structure, phonon density of state (PHDOS),

Eliashberg spectral function α2F(ω) and integral electron-phonon coupling parameter

λ(ω) of IN6 at 100 GPa.
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Supplementary Figure 7. Projected density of states (PDOS) of 5p-block element

nitrides MN6 (M = Sb, Te, I) at 100 GPa. Horizontal dotted lines indicate the Fermi

level.

Supplementary Figure 8. Projected Crystal orbital Hamilton population (pCOHP) of

5p-block element nitrides MN6 (M = Sb, Te, I) at 100 GPa. All of them show the MN

covalent bonding characteristic.
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Supplementary Figure 9. Electron localization function (ELF) of 5p-block element

nitrides MN6 (M = Sb, Te, I) at 100 GPa. All of them show the MN covalent bonding

characteristic.

Supplementary Figure 10. Projected electron band structure of 5p-block element

nitrides MN6 (M = Sb, Te, I) at 100 GPa.
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Supplementary Tables

Supplementary Table 1. Structure information of the stable 5p-block element

nitrides MN6 (M  Sb, Te, I)

Structure Pressure Lattice parameters Atom X Y Z

(GPa) (Å, )

SbN6 100 a  3.692 N (6h) -0.311 -0.311 -0.673

  104.871 Sb (1a) 0.000 0.000 0.000

TeN6 100 a  3.719 N (6h) -0.677 -0.687 -0.325

  105.358 Te (1a) 0.000 0.000 0.000

IN6 100 a  3.729 N (6h) -0.677 -0.315 -0.315

  105.845 I (1a) 0.000 0.000 0.000

Supplementary Table 2. Calculated Elastic Constants Cij of 5p-block element

nitrides MN6 (M  Sb, Te, I) at 100 GPa

Structure C11 C33 C44 C12 C13 C14

SbN6 937.3 934.8 300.7 374.2 313.3 -3.45

TeN6 963.3 1018.7 319.6 341.6 244.4 -8.7

IN6 1116.1 1123.2 377.6 317.7 195.3 -27.9

The simple mechanical stability criteria of a rhombohedral phase is given by C44 > 0,

C11 > |C12|, C213  1/2 C33 (C11 + C12), and C214  1/2 C44 (C11  C12)  C44 C66.
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Supplementary Table 3. Calculated pressure variation of electron density of states

at EF N(F), logarithmic average phonon frequency log, Hopfield parameter ,

electron-phonon coupling parameter , and superconducting critical temperature

Tc for * = 0.10 (0.13) in 5p-block element nitrides MN6 (M  Sb, Te, I)

Structure Pressure N(F)  log  Tc

(GPa) (states/spin/eV) (K) (K)

SbN6 100 6.86 0.12 618 0.79 28.4 (22.9)

125 6.61 0.10 674 0.69 22.9 (17.5)

150 6.49 0.09 717 0.63 19.2 (14.0)

TeN6 100 7.32 0.15 517 1.01 36.8 (31.7)

125 6.73 0.12 650 0.78 28.6 (22.9)

150 6.17 0.10 734 0.65 20.8 (15.3)

IN6 100 5.62 0.14 473 0.80 22.1 (17.9)

125 5.19 0.12 614 0.62 15.3 (11.0)

150 4.75 0.11 713 0.51 9.2 (5.6)
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Supplementary Table 4. Selected NN and TeN bond lengths and average ICOHP

values in the structure of TeN6 at different pressure

Pressure Bond Bond length Average ICOHP

(GPa) (Å) (eV/pair)

100 NN 1.37 -12.66

TeN 2.28 -2.18

Te 5dN -0.23

125 NN 1.357 -12.79

TeN 2.25 -2.31

Te 5dN -0.24

150 NN 1.35 -12.91

TeN 2.22 -2.44

Te 5dN -0.25
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Supplementary Table 5. The superconductivity dependence on pressure of the

reported binary superconducting nitrides including SbN6, TeN6, and IN6 proposed

in this work

Structure Pressure Tc Ref.

(GPa) (K)

NbN 0 17.3 [9]

B4N 0 0.59 [10]

Nb4N3 0 12.2 [11]

CoN 0 16.1 [12]

ZrN 0 9.73 [13]

HfN 0 8.83 [13]

AlN6 0 18.9 [14]

OsN2 0 1 [15]

CuN 5 32.45 [16]

PN3 10 18 [17]

MoN 10 14 [18]

MnN4 40 1.6 [19]

ZnN2 50 0.01 [20]

Pt3N4 50 3.6 [21]

N4H 72 37.7 [22]

SbN6 100 28.4 This work

TeN6 100 36.8 This work

IN6 100 22.1 This work

ZnN3 100 16.3 [23]

Li5N 150 48.97 [24]

FeN2 250 8 [25]
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