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Density Functional Theory Simulations: In order to understand the abnormal Raman peak pressure
dependence after 6.9 GPa during compression as well as between 3.4 and 6.9 GPa during decompression,
we used density-functional theory simulations (DFT) to compute the pressure dependent structures,
energies and Raman active modes of six Te phases from 0 to 9 GPa. The candidate structures were taken
from the Materials Project (MP)! database. Note that only the crystal structures which have a
corresponding ICSD? id (i.e. they have been experimentally synthesized) and are not duplicates were
imported from the MP database. Based on these constraints we find six tellurium phases as possible
candidates (structures shown in Table. S1), namely the trigonal phase, with MP material-id mp-19, three
orthorhombic phases, with material-ids mp-105, mp-1064307 and mp-9924, the monoclinic phase, mp-
570459, and the cubic phase, mp-10654.

A k-point mesh of 10 x 10 x 10 with a 600 eV energy cutoff results in an accuracy of the total energies of
5 meV/unit cell. The structures are relaxed until the forces on the atoms are less than 0.005 eV/A. The
calculations of the normal mode phonon frequencies (including the Raman active as well as IR active
modes) at the I' point were performed using density-functional perturbation theory (DFPT) simulations on
the primitive unit cell of the materials at the various pressures. Irreducible representation of normal modes
are obtained from the PHONOPY program? and the Bilbao Crystallographic Server*.

a @ ° sdn @E b @ o @B, C @ @8,
° o N @Ay @ By, N B,
. QE . @ B,, R By,

° oE 28, @8,
B 1ew o ° 0T 3 2 oT
: . ©F QA . g 0h . e g
2 ° € aona ° P A, b
? L [2] ° — e —
M .o 5 Q€ . S 9By a 3
: : g : : g OB : wd
1n @
M ° o N s o s % @By M &
* L °* L @ > 9 [+ B2g °
@ By,
° - s {o e ° > @ % o @By ° o
20 0 20 40 60 80 100 120 140 -30 0 30 60 90 120 150 ®5 015 -01 005 O 005 0.1
Frequencies (cm) Frequencies (cm™) Frequencies (cm™?)
(=]
d ° et s ea s o o8, fr e LI @ @By,
® ° Ty @ *x ] @B, @ @ ° @By,
° e - ® A @ o N g
T - — @8, _ 9By
“ao ° g 99 a ° qg 2B, : : : 1°E oA,
s o = L @ o A, @ @ ° % ;9
@ = L @ = * @ @ el
° @ e E . o 2 9B, @ s e 2 @A,
e i @ ° @ a
@ 9 "“E LI 2 Ng @A ° @ @ -mg @By
@ ° [+ As @ ° @ 9 Blg
°* @ @ °* o >3
@A @B,
QA
B o o e e © toa o o w » {o 98By
-2 -1 0 1 L 4150 -100 50 0 50 100 150 -20 20 60 100 140 180

Frequencies (cm™) Frequencies (cm!) Frequencies (cm'1)



Figure S1. Simulated normal mode frequencies of a. the trigonal mp-19 b. the orthorhombic mp-105 c.
the orthorhombic mp-9924 d. the cubic mp-10654 e. the monoclinic mp-570459 f. the orthorhombic mp-
1064307 phases of tellurium between 0 and 9 GPa.
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Table S1. Unit cell structure of a. the trigonal mp-19 b. the orthorhombic mp-105 ¢. the orthorhombic
mp-9924 d. the cubic mp-10654 e. the monoclinic mp-570459 f. the orthorhombic mp-1064307 phases of
tellurium at zero pressure.

Phase a(Ad) b (A) c(A) a(® B () 7 Space
Group
mp-19 4.48 4.48 5.99 90 90 120 P3,21
mp-105 9.19 3.18 4.52 90 90 90 Pmma
mp-9924 3.08 7.41 3.00 90 90 90 Cmmm
mp-10654 3.21 3.21 3.21 90 90 90 Pm3m
mp-570459 7.66 4.35 5.97 90 90.7 90 C2/m
mp-1064307 4.52 9.20 3.18 90 90 90 Pbcm

Table S2. DFT simulated lattice parameters and space groups of the six tellurium phases at zero pressure.
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