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FIG. S1. Pressure dependence of the relative change of (a)-(b) lattice parameters a and c, (c) average bond lengths, and (d)
volume per formula unit for SnSe2 and SnS2. Theoretical results are shown as black symbols and are compared with available
experimental data [1–6].
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FIG. S2. Convex hulls of (a) SnxSey and (b) SnxSy systems at various pressures.

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2020



2

(e) H1-SnS2 (20 GPa)

w
 (m

eV
)

 

G M K G A L H A

(b) H1-SnSe2 (20 GPa)

w
 (m

eV
)

 

0

10

20

30

40 (a) H1-SnSe2 (0 GPa)

 

0

10

20

30

40

50 (d) H1-SnS2 (0 GPa)

 
G M K G A L H A

(c) H1-SnSe2 (30 GPa)

 

(f) H1-SnS2 (30 GPa)

 

G M K G A L H A

FIG. S3. Calculated phonon dispersion for the H1 structure in the 1× 1× 1 unit cell of (a)-(c) SnSe2 and (d)-(f) SnS2 at 0,
20, and 30 GPa.

System Phase Space Eigenvector ∆H Similarity a c Wyckoff positions

group combination (meV/atom) factor (Å) (Å) Sn Se/S

SnSe2
H1 164 3.86169 6.10587 1a (0.00000, 0.00000, 0.00000) 2d (0.33333, 0.66667, 0.23363)

(0 GPa) P3̄m1

H1 164 3.54726 5.19218 1a (0.00000, 0.00000, 0.00000) 2d (0.33333, 0.66667, 0.30816)

(30 GPa) P3̄m1

H2-1 147 e1 -1.86477 0.4983 6.14654 5.17350 2d (0.33333, 0.66667, 0.95799) 6g (0.02978, 0.34880, 0.30584)

(30 GPa) P3̄ 1a (0.00000, 0.00000, 0.00000)

H2-2 157 e2 -1.83621 0.2058 6.14662 5.17334 2b (0.33333, 0.66667, 0.97571) 3c (0.00000, 0.35864, 0.30583)

(30 GPa) P31m 1a (0.00000, 0.00000, 0.04855) 3c (0.00000, 0.69306, 0.69416)

SnS2
H1 164 3.68056 5.88359 1a (0.00000, 0.00000, 0.00000) 2d (0.33333, 0.66667, 0.25197)

(0 GPa) P3̄m1

H1 164 3.45051 4.84234 1a (0.00000, 0.00000, 0.00000) 2d (0.33333, 0.66667, 0.30146)

(30 GPa) P3̄m1

H2-1 147 e1 -1.30561 0.6158 5.96638 4.84894 2d (0.33333, 0.66667, 0.03189) 6g (0.97915, 0.32334, 0.30017)

(30 GPa) P3̄ 1a (0.00000, 0.00000, 0.00000)

H2-2 157 e2 -1.31027 0.4223 5.96619 4.84884 2b (0.33333, 0.66667, 0.01870) 3c (0.00000, 0.31459, 0.30014)

(30 GPa) P31m 1a (0.00000, 0.00000, 0.96262) 3c (0.00000, 0.64879, 0.69986)

H2-3 143 e1 + e2 -1.32715 0.5887 5.97630 4.84268 1a (0.00000, 0.00000, 0.97419) 3d (0.99372, 0.31659, 0.30144)

(30 GPa) P3 1b (0.33333, 0.66667, 0.02175) 3d (0.00628, 0.65620, 0.69856)

1c (0.66667, 0.33333, 0.00407)

TABLE S1. Space groups, lattice parameters, and Wyckoff positions of SnSe2 and SnS2 structures fully relaxed at the DFT
level. The space groups were found with the SPGLIB tool [7] interfaced with the MAISE package [8] using a tolerance of 0.01.
The lattice parameters are given for H1 at 0 GPa and 30 GPa, and for the H2 derivatives at 30 GPa. The H2 derivatives
were constructed from the

√
3×
√

3× 1 H1 supercell by considering nonequivalent combinations of the e1 and e2 eigenvectors
corresponding to the two nearly degenerate lowest-energy phonon modes A2g and A2u. Configuration H2-1 corresponds to
atomic displacements along e1, configuration H2-2 corresponds to atomic displacements along e2, and configuration H2-3
corresponds to atomic displacements along a linear combination of the two eigenvectors. The similarity factor was calculated
for each H2 derivative with respect to the undistorted

√
3×
√

3× 1 H1 supercell.
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FIG. S4. Crystal structures (side and top view) for the (a) H1, (b) H2-1, and (c) H2-2 structures in the
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3×1 supercell
of SnSe2 and SnS2, fully relaxed with the DFT at 30 GPa.
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FIG. S5. Calculated band structure for the H1 structure in the 1× 1× 1 unit cell of (a)-(c) SnSe2 and (d)-(f) SnS2 at 10, 30,
and 40 GPa. The size of the symbols is proportional to the contribution of each orbital character.
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FIG. S6. Calculated band gap for the H1 structure in the 1 × 1 × 1 unit cell of SnSe2 and SnS2 under hydrostatic and
non-hydrostatic pressure as a function of lattice parameters (a) a and (b) c. In (a), c is kept fixed at c = 6.10 Å for SnSe2 and
c = 5.86 Å for SnS2. In (b), a is kept fixed at a = 3.86 Å for SnSe2 and a = 3.68 Å for SnS2.
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FIG. S8. Calculated (a) charge density and (c) charge density difference along the (110) plane for the H1 structure in the
1× 1× 1 unit cell of SnSe2, SnSe2-str-S, and SnSe2-str-S-relaxed (from top to bottom) at 0 GPa. Same for SnS2, SnS2-str-Se,
and SnS2-str-Se-relaxed in (b) and (d).
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FIG. S9. Calculated (a) charge density and (c) charge density difference (in the x-y plane) as a function of the perpendicular
direction z for the H1 structure in the 1 × 1 × 1 unit cell of SnSe2, SnSe2-str-S, and SnSe2-str-S-relaxed at 0 GPa. Same for
SnS2, SnS2-str-Se, and SnS2-str-Se-relaxed in (b) and (d). The vertical black and blue dashed lines represent the position of the
Se/S atoms for SnSe2/SnS2 and SnSe2-str-S-relaxed/SnS2-str-Se-relaxed structures along c-axis, and the vertical gray dashed
line represents the middle of van der Waals gap.
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FIG. S10. Calculated (a) charge density and (c) charge density difference along the (110) plane for the H1 structure in the
1× 1× 1 unit cell of SnSe2 at various pressures. Same for SnS2 in (b) and (d). The pressure order is 0, 10, 20, 30, and 40 GPa
from top to bottom.
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FIG. S11. Calculated (a) charge density and (c) charge density difference (in the x-y plane) as a function of the perpendicular
direction z for the H1 structure in the 1 × 1 × 1 unit cell of SnSe2 at various pressures. Same for SnS2 in (b) and (d). The
vertical black and magenta dashed lines represent the position of the Se/S atoms for SnSe2/SnS2 structures along c-axis at 0
and 40 GPa, respectively, and the vertical gray dashed line represents the middle of van der Waals gap.
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FIG. S12. Calculated frequency dependence of the Raman-active modes, A1g and Eg, for the H1 structure in the 1 × 1 × 1
unit cell of (a) SnSe2 and (b) SnS2 as a function of pressure using various smearing values. The data before and after the
metalization (6 GPa in SnSe2 and 20 GPa in SnS2) using no smearing are shown as open and filled blue circles, respectively.
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FIG. S13. Calculated LO-TO splitting, and in-plane (ε‖) and out-of-plane (ε⊥) dielectric tensors for the H1 structure in the
1× 1× 1 unit cell of (a) SnSe2 and (b) SnS2 as a function of pressure.
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FIG. S14. Calculated band structure and DOS for the H1 structure in the 1 × 1 × 1 unit cell of SnSe2 at the experimental
unit cell parameters at (a)-(b) 23 and (c)-(d) 30 GPa. The red and blue dashed lines represent rigid shifts of the Fermi level
with respect to the original data.
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FIG. S15. Calculated (a) phonon dispersion, (b) PHDOS, and (c)-(d) Eliashberg spectral function α2F (ω) and e-ph coupling
strength λ(ω) for the H1 structure in the 1× 1× 1 unit cell of SnSe2 at the experimental lattice parameters at 23 GPa. In (c)
and (d), black lines show α2F (ω) and λ(ω) at the Fermi level, while red and blue lines show the same quantities for the rigid
shifts in the Fermi level indicated in Fig. S14(a)-(b).
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FIG. S16. Calculated (a) phonon dispersion, (b) PHDOS, and (c) Eliashberg spectral function α2F (ω), and e-ph coupling
strength λ(ω) for the H1 structure in the 1× 1× 1 unit cell of SnSe2 at the experimental lattice parameters at 30 GPa. The
black lines represent the phonon calculated with a smearing value of 0.01 Ry, while red lines with a smearing value of 0.03 Ry
at the K-point in the BZ.
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FIG. S21. Calculated (a) band structure, (b) DOS, (c) phonon dispersion, (d) PHDOS, (e) Eliashberg spectral function
α2F (ω) and e-ph coupling strength λ(ω), (f) energy distribution of the e-ph coupling strength λk, and (g) energy distribution
of the superconducting gap ∆k at T = 1 K for the H2-1 structure in the
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3× 1 supercell of SnSe2 at 30 GPa. In (e)-(g),
black lines show the quantities at the Fermi level, while red and blue lines correspond to the rigid shifts in the Fermi level
indicated in (a) and (b). Note that the DOS and PHDOS are plotted per formula unit.
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FIG. S22. Calculated (a) band structure, (b) DOS, (c) phonon dispersion, (d) PHDOS, (e) Eliashberg spectral function
α2F (ω) and e-ph coupling strength λ(ω), (f) energy distribution of the e-ph coupling strength λk, and (g) energy distribution
of the superconducting gap ∆k at T = 1 K for the H2-1 structure in the
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3× 1 supercell of SnS2 at 30 GPa. In (e)-(g),
black lines show the quantities at the Fermi level, while red and blue lines correspond to the rigid shifts in the Fermi level
indicated in (a) and (b). Note that the DOS and PHDOS are plotted per formula unit.
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