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Figure S1. Experimental XRD pattern of a-GaGeTe at 1.2 GPa in the Alba-1 experiment (red
circles, 2=0.4246 A) and Le Bail refinement of the XRD pattern (black line). Magenta ticks
show the position of Bragg reflections, while the green line represents the residuals of the Le
Bail fit (difference between experimental and computer XRD patterns).
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Table S1. Experimental and theoretical (PBEsol) unit-cell parameters for a- and B-GaGeTe at
near RP pressure, except for the experimental cell parameters of the o polytype in the Alba-1
experiment that are shown at the minimum pressure of P=1.2 GPa.

PolvivDe Experiment Theory
ybp Alba-1(12GPa)  Alba-2 Elettra Ref [1] (PBESol)
a(R) 3.9924(1) 4.0454(4)  4.0459(1) 4.0480 4.0495
_ c(A 34.592(2 34.648(8)  34.789(2 34.7340 34.4336
(R3m)
m
v (A3 477.50(5) 491.06(5)  493.18(5) 49291 489.01
a(A) - 4.0320(5)  4.0350(1) 4.0379 4.04518
P c(A) - 22.2334(5) 22.274(5)  22.1856 23.00478
(P63mc)
v (A%) - 313.024(5) 314.08(5) 313.27 326.00
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Figure S2: Theoretical relative enthalpy of the proposed high-pressure phases a’-GaGeTe
(black line) and B’-GaGeTe (red line) with respect to those of the low-pressure phases a-
GaGeTe and p-GaGeTe (blue line), respectively. The high-pressure phases become competitive
above 8.70 GPa (o’-GaGeTe) and 9.20 GPa (B’-GaGeTe).
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Table S2. Theoretical (PBEsol) atomic coordinates of the structure of a’-GaGeTe (s.g. R3m,
No. 166) at approximately 10 GPa. The theoretical PBEsol lattice parameters of the hexagonal
unit cell are: a = 3.6540 A; ¢ =30.6151 A, and Vo = 354.00 A3,

Atom | Wyckoff site X y z
Ga 6C 0 0 -0.07287
Ge 6c 0 0 0.64364
Te 6c 0 0 0.20602
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Table S3. Theoretical (PBEsol) atomic coordinates of the structure of f’-GaGeTe (s.g. P6smc,
No. 186) at approximately 10 GPa. The theoretical lattice parameters of the hexagonal unit
cell are a=3.6730 A, ¢ = 20.3705 A, and V, = 238.00 A3,

Atom | Wyckoff site X y z
Gal 2b 1/3 2/3 0.64062
Ga2 2b 1/3 2/3 0.3729
Gel 2a 0 0 0.21627
Ge2 2b 1/3 2/3 0.28539
Tel 2a 0 0 0.44202
Te2 2b 1/3 2/3 0.06045
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Figure S3. 3D view of the hexagonal unit cell of a’-GaGeTe (a) p’-GaGeTe (b), and Bi>Tes ().
Ga, Ge, and Te atoms are represented in purple, green, and orange, respectively. The sixfold
coordination of Ga and Ge atoms in both structures by the pink octahedra in the structure of 3’-
GaGeTe. Note that each monolayer of a’-GaGeTe and ’-GaGeTe is similar to that of the
monolayer of Bi>Tes where the central sublayer of Te is substituted by the germanene sublayer.
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Figure S4. Experimental XRD data (red circles) and Le Bail fits (black line) for the (a) Alba-
2, and (b) Elettra experiments. In both plots, residuals are represented by a green line. Bragg
reflections for a-GaGeTe, p-GaGeTe, and ruby are shown (magenta, blue and red ticks,
respectively).
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Figure S5. Theoretical pressure dependence of the z free atomic parameters of Ga, Ge and Te
for a) a-GaGeTe and b) and ¢) p-GaGeTe. For comparison, experimental values at 0 GPa from
Ref. [1] are plotted as symbols.
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Figure S6. Theoretical (lines) pressure dependence of the bond lengths (a), polyhedral volumes
(b), distortion index (c), and effective coordination (d) of Ga and Ge tetrahedra in a- (black
lines and black symbols) and B-GaGeTe (red, blue and magenta symbols), respectively.
Corresponding experimental values at room pressure, as measured from the data in Ref. [1], are
shown as symbols. See legends for details. Ge-Ge distances are identical for Gel and Ge2
tetrahedra in p-GaGeTe. Additionally, due to their small experimental and theoretical
differences, Ga-Ge distance in a-GaGeTe and the Gal-Gel and Ga2-Ge2 distances in f-
GaGeTe are graphically very close in panel (a), thus theoretical lines and experimental values
at room pressure are superposed, respectively. The same happens for the volumes of Gel and
Ge2 tetrahedra in p-GaGeTe in panel (b). For data with (partial) superposition, transparency
was used (i.e., p Gal-Gel, B Ga2-Ge2 and a Ga-Ge in panel (a); p Gal (Gel), and f Ga2 (Ge2)
in panels (b), (c) and (d)). The low experimental value of the effective coordination for the Ga
polyhedron in a-GaGeTe (panel (d)) is due to the fact that the calculated Ga-Te and Ga-Ge bond
distances for this polyhedron are more similar to each other in theoretical calculations than in
experimental data (see data in Table S5 for a numerical comparison).
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Figure S7. Theoretical (lines) pressure dependence of the thickness of a GaGeTe monolayer
(layer thickness), interplanar distance between Ga planes inside a monolayer (Ga-Ga intralayer
thickness) and interplanar distance (Te-Te interplanar) for a-GaGeTe and 3-GaGeTe (in black
and red, respectively). Experimental values of the corresponding magnitudes at room pressure,
as reported in Ref. [1], are represented by black circles and red squares (a-GaGeTe and -
GaGeTe, respectively). Dashed black lines represent PBE+D3 calculations for a-GaGeTe and
are shown to confirm the qualitative equivalence of PBEsol and PBE+D3 calculations, as
mentioned in the main manuscript. Note that the calculated Ga-Ga intralayer thickness values
for a and B-GaGeTe are almost coincident in all the pressure range, thus the corresponding lines
are graphically superposed.
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Table S4. Theoretical bond lengths at 0 GPa for the different Ga (upper part of the Table) and
Ge (lower part of the Table) tetrahedra in a-GaGeTe and in B-GaGeTe. For each polytype, the
three Ga-Te bonds of the Ga tetrahedra are identical, as are the Ge-Ge bonds of the Ge

tetrahedra. For comparison, experimental values (in italics) are shown as well, below each
theoretical value.

Gal-Gel (A) (3x)Gal-Tel(A) Ga2-Ge2 (A)  (3x) Ga2-Te2 (A)

2.42791 2.65906 - -
o (Ga)
2.34(3) 2.701(13) - -
2.42902 2.65686 2.42810 2.65895
B (Gal, Ga2)
2.34(3) 2.624(13) 2.34(3) 2.626(14)
Gel-Gal (A) (3x) Gel-Gel (A) (3x) Ge2-Ge2(A)  Ge2-Ga2 (A)
2.42791 2.46831 - -
a (Ge)
2.34(3) 2.457(11) ; )
2.42902 2.46787 - -
B (Gel)
2.34(3) 2.454(9) . i
- - 2.46787 2.42810
B (Ge2)
- - 2.454(9) 2.34(3)
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Table S5. Theoretical bulk modulus By of the different Ga and Ge tetrahedra in a-GaGeTe and
B-GaGeTe, as calculated from data of Figure S6b using a 2™ order Birch-Murnaghan equation
of state (Bo’ fixed to 4).

Vo (AS) Bo (GPa) Bo’
a(Ga) 8.728(4) 68.7(4)
a(Ge) 7.606(5) 60.6(3)
B(Gal) 8.712(4) 69.2(3)
B(Ga2) 8.723(2) 73.11(17)
B(Gel) 7.611(2) 62.75(18)
B(Ge2) 7.609(2) 62.81(18)
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2.- Vibrational data
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Figure S8. Raman spectra for a) a-GaGeTe and, b) B-GaGeTe at selected pressure (P), as
obtained using a red laser (A=632.8 nm). Pressure is indicated in GPa for each spectrum.
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Figure S9: Raman spectra at nearly-room pressure for a) a-GaGeTe and, b) B-GaGeTe as
measured with a green laser (A=532 nm). The peaks corresponding to the Raman modes
detected experimentally have been identified by their symmetry (according to Ref. [1]).
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Figure S10. Theoretical (PBEsol) pressure dependence of the wavenumbers of IR-active modes
in a-GaGeTe (a) and silent modes in B-GaGeTe (b). E and A modes in a-GaGeTe are plotted
in black and blue respectively.
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Table S6. Theoretical zero-pressure frequencies, pressure coefficients, and Griineisen
parameters, y, obtained from a second-order polynomial fit, o=ws+aP+bP?, for the IR-active
modes in a-GaGeTe. For the calculation of the theoretical Grlineisen parameters, a bulk
modulus of 41.6 GPa has been used, respectively (see main manuscript).

Mode o a b Y
(cm?) (cmY/GPa) (cmY/GPa?
El 52.3 -0.9 -0.03 -0.72
A}, 1391 2.4 -0.03 0.72
E%Z 1776 31 -0.05 0.73
A3, 2678 4.9 -0.05 0.76
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Table S7. Theoretical zero-pressure frequencies, pressure coefficients, and Griineisen
parameters, v, obtained from a second-order polynomial fit, o=wo+aP+bP?, for the silent modes
in B-GaGeTe. For the calculation of the theoretical Griineisen parameters, a bulk modulus of
48.5 GPa has been used (see main manuscript).

Mode o a b Y
(cm?) (cmY/GPa) (cmY/GPa?
Bl 282 4.9 -0.13 8.43
B% 689 15 -0.03 1.06
B3 1405 2.8 -0.03 0.97
B} 1951 3.7 -0.10 0.92
B 2675 4.9 -0.06 0.89
BS 2847 5.2 -0.08 0.89
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Table S8. Theoretical frequencies and pressure coefficients obtained from a second-order
polynomial fit, o=wo+aP+bP?, for the Raman and IR-active modes in o'-GaGeTe at 8 GPa.

Mode o a b
(cm?)  (cmYGPa) (cmY/GPa?)
E}, 618 23 -0.03
El 842 21 -0.03
Aj, 1161 32 -0.03
A}, 1299 20 -0.01
E%2 1365 1.2 -
E? 1515 33 -0.03
Ai, 1694 08 -
E5 1758 33 -0.02
A%, 1787 39 -0.04

A}, 1899 24 -
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Table S9. Theoretical frequencies and pressure coefficients obtained from a second-order
polynomial fit, o=wo+aP+bP?, for the Raman, IR, and silent modes in B'-GaGeTe at 8 GPa.

Mode oo a b
(cm?)  (cmYGPa) (cmY/GPa?)
El 316 31 -0.08
EZ 380 37 -0.11
E! 561 63 -0.18
B! 585 14 -0.01
B2 692 27 -0.05
E2 829 36 -0.08
E} 86 45 -0.11
Al 1082 24 -0.01
A2 1294 22 -0.02
B3 1375 85 -0.21
E3 1377 09 -0.01
Ef 1383 25 0.15
E* 1500 40 -0.05
Ej 1501 35 -0.04
B* 1600 55 -0.12
A 1618 7.8 -0.21
BS 1670 50 -0.05
ES 1677 49 -0.05
E§ 1699 51 -0.07
A* 1763 40 -0.04
A5 1838 59 -0.12
BS 1856 3.7 -0.01
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Figure S11. Lattice thermal conductivity (k) for bulk a-GaGeTe at 5 GPa along the main
directions of the hexagonal unit cell: layer plane (xx =yy) and c axis (zz).
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Figure S12. Theoretical (meta-GGA (MBJ)) electronic band structure at 0 GPa of a) a-GaGeTe
along the U-T"-Z-F-T"-L directions, and b) -GaGeTe, along the the I'-M-K-TI"-A-L-H-A-L-M-
H-K directions. Given the short distance between the A, L and M, H points of the BZ of p-
GaGeTe, these have been indicated as A|L (in violet) and M|H (in blue), for better readability.
On the plots, the patterns corresponding to A|L and M|H are indicated in violet and in blue,
respectively. The meta-GGA (MBJ were performed with the modified Becke-Johnson (MBJ)
potential [2,3] that provides band gaps similar to hybrid functionals.
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