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I. EXPERIMENTAL AND CALCULATION
DETAILS

Samples. The experiments on X-ray diffraction
and resistance were performed with high-quality natural
single-crystal of silvanite, AuAgTe4, from the classical
Transylvania locality from the private collection of Prof.
Ladislav Bohatý and Petra Becker-Bohatý, University of
Cologne.

The Raman experiment was carried out using high-
quality natural single-crystals of silvanite from the
Kochbulak deposit, Kuraminsky Range, Uzbekistan.
Their composition and structure were confirmed using
a Cameca SX100 electron probe microanalyzer and a
Jeol JSM6390LV scanning electron microscope with an
Inca Energy 450 X-Max80 EDS detector. For Raman
single crystals the atomic composition matches well the
ideal sylvanite stoichiometry: observed deviations are
∼1-2 at.%, which is within the measurement error of 3%.

Transport measurements. For our transport mea-
surements, pressure was generated using TAU opposing-
plate diamond anvil cells (DACs)1 with diamond anvil
culets of 400 µm. A pre-indented rhenium gasket was
drilled and then filled and covered with a powder layer
of 75% Al2O3 and 25% NaCl for electrical insulation. A
piece of single-crystal AuAgTe4 with an average size of
∼ 0.02×0.02×0.01 mm3 was placed onto the culets. A
Pt foil with a thickness of 5-7 µm was cut into triangu-
lar probes connecting the sample and the copper leads,
allowing electrical transport measurements at elevated
pressures. 6 probes were placed in each DAC. A few
ruby fragments for pressure determination2 were located
in the region between the Pt electrode tips overlapping
the sample. No pressure-transmitting medium was used,
but pressure is effectively transmitted to the sample upon

compression by way of the surrounding Al2O3+NaCl in-
sulation. The ruby spectra suggest a ∼ 10% pressure
inhomogeneity.

Electrical transport measurements were performed in
a dilution refrigerator, equipped with cryogenic radia-
tion filters (QDevil both RF and RC) for all electrical
lines, and using a physical property measurement system
(PPMS Quantum Design, USA). Three slots of resistance
measurements were performed (runs 1, 2, 3) up to 11.2,
4.3 and 10.8 GPa, respectively. The sample was com-
pressed up to ∼11 GPa in increments of ∼ 0.5 − 1 GPa
on average, and cooled down from ambient temperature
down to 0.04 K. After each pressure increment a temper-
ature cycle was performed.

Single-crystal XRD. These experiments were per-
formed at room temperature up to ∼11 GPa, mainly at
beamline 13-ID-D of the APS synchrotron (Argonne, IL,
USA), with a wavelength of λ = 0.2952 Å, and a spot size
of 3(V)×4(H) µm. A single crystal of an orthoenstatite
[(Mg1.93,Fe0.06)(Si1.93,Al0.06)O6, space group Pca with
( a) = 18.2391(3), (b) = 8.8117(2), and ( c) = 5.18320(10)
Å], was used to calibrate the instrument model of CrysAl-
isPro (sample-to-detector distance, the detector’s origin,
offsets of the goniometer angles and rotation of the X-
ray beam and the detector around the instrument axis).
XRD wide images were collected during continuous rota-
tion of DACs typically from –35 to +35 on omega; while
XRD single-crystal data collection experiments were per-
formed by narrow 0.5◦ scanning of the same omega range.
Either a MARCCD 165 or a Pilatus 1M CdTe detector
was used. DIOPTAS software3 was used for preliminary
analysis of the 2D images and calculation of pressure val-
ues from the positions of the XRD lines of Ne4.

A piece of single crystal of AuAgTe4 with an average
size of 0.02×0.02×0.01 mm3 together with a small ruby
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chip (for pressure estimation) were loaded into BX90-
type DAC5 equipped with Boehler-Almax diamonds with
300 µm culet size. Neon was used both as a pressure
transmitting medium and as a pressure standard. The
DAC was compressed to 10.8 GPa with steps of 2−5 GPa
and then decompressed to 0.2 GPa with steps of 1− 2.5
GPa with wide images being collected at each pressure
point. The single-crystal XRD datasets were collected
only at a few selected pressure points (see Table S1) in
order to determine the crystal structure. The indexing of
the unit cell, integration of the reflection intensities and
absorption corrections were performed using CrysAlisPro
software6. The software package JANA7,8 was used for
structure solution and refinements. When the number of
reflections was sufficiently high, all atoms were refined in
the anisotropic approximation, giving in total 30 and 21
refinable parameters for the P2/c and P2/m phases, re-
spectively with typically over 300 unique reflections with
F0 > 3σ(F0) (see Table S2). In the few datasets that
the reflection to refined parameter ratio was too low, we
refined only the anisotropic parameters of the Au and Te
atoms.

For pressure points at which only wide images were col-
lected, the images were integrated using DIOPTAS, and
the unit-cell parameters were determined using GSAS-
II9,10. In these cases the sample-to-detector distance,
coordinates of the beam center, tilt angle and tilt plane
rotation angle of the detector images were calibrated us-
ing LaB6 powder. Only the unit-cell parameters were
refined, and a spherical harmonic model (order 4 and
2 for the P2/m and P2/c phases, respectively) for pre-
ferred orientation was used for properly refining the in-
tensities (the atomic positions were fixed according to the
single-crystal data for each phase). The obtained unit-
cell volumes were fit to an equation of state (EOS) using
EoSFit7-GUI11.

At the highest pressure point, one single-crystal XRD
measurement was carried out at beamline 13-BM-C12

with a wavelength of λ = 0.434 Å, and a spot size of
18(V)×12(H) µm2 FWHM, and using a Pilatus 3 1M area
detector. Data was collected in the range of ±35.5◦, and
a diffraction scan with 0.25◦ step size along the ϕ-axis was
completed in the full DAC opening angle to collect the
diffraction images. Two detector positions (2θ = 0◦ and
20◦) were used in the data collection. The diffraction im-
ages were reduced by the APEX3 software (Bruker). The
absorption correction was carried out empirically using
the SADABS package integrated to APEX3. The struc-
ture solution and refinement were carried out by SHELX
package interfaced by OLEX213. In total 228 indepen-
dent diffraction peaks were harvested to solve and refine
the structure, and the final refinement gave an R1 of
15.38% (all peaks) and a goodness of fitting of 1.157.

Raman spectroscopy. For the high pressure ex-
periments, nonoriented crystal chips were loaded into
a home-made DAC using KCl as a pressure medium
together with a small ruby chip for pressure control.
The polarized Raman measurements were performed in

backscattering geometry using a RM1000 Renishaw mi-
crospectrometer equipped with 532 nm solid-state laser
and 633 helium-neon laser. A low-power laser radiation
(up to 3 mW) was used to prevent the local heating of
the samples. The spectral resolution was about 2-3 cm−1.
Three high pressure Raman experiments were performed
with the highest pressure being 7.6 GPa. Results for
the higher-pressure experiments will be published else-
where14. Although the orientation of the crystal plane in
each of them was unknown, the results of all three mea-
surements are in good agreement since the spectra with
different sample orientations are dominated by intense
fully symmetrical lines.
DFT. The Quantum Espresso (QE)15 code was used

to perform first-principles calculations within the density
functional theory (DFT). We employed optimized norm-
conserving Vanderbilt (ONCV) pseudopotentials16 with
the Perdew-Burke-Ernzerhof (PBE) exchange-correlation
functional in the generalized gradient approximation17.
The Brillouin-zone (BZ) integration was performed us-
ing a plane wave kinetic-energy cutoff value of 60 Ry, a
Methfessel-Paxton smearing18 value of 0.01 Ry, and a Γ-
centered Monkhorst-Pack19 k-mesh of 8× 12× 4 for the
low pressure (LP) phase and 12×12×8 for high pressure
(HP) phase. The dynamical matrices and linear varia-
tion of the self-consistent potential were computed using
density-functional perturbation theory (DFPT)20 on the
irreducible set of a regular 4 × 6 × 2 q-mesh for the LP
phase and 4× 4× 2 q-mesh for the HP phase.
The superconducting properties were investigated us-

ing the EPW code21–23. The Wannier-Fourier interpola-
tion24,25 was performed using forty-four maximally local-
ized Wannier functions (d orbitals of Au and Ag atoms,
and p orbitals of Te atoms) on a uniform Γ-centered
8×12×4 k-grid for the LP phase and twenty-two Wannier
functions (d orbitals of Au and Ag atoms, and p orbitals
of Te atoms) on a uniform Γ-centered 8 × 8 × 4 k-grid
for the HP phase. The superconductivity calculations
were performed using uniform 40 × 80 × 20 k-point and
20×40×10 q-point grids for the LP phase and 80×80×40
k-point and 40× 40× 20 q-point grids for the HP phase.
When solving the isotropic Migdal-Eliashberg equations,
the Matsubara frequency cutoff was set to 0.25 eV, and
the Dirac deltas were replaced with Gaussians of width
25 meV (electrons) and 0.05 meV (phonons). To calcu-
late the anisotropic superconducting gap, we used a scale
parameter, Λ = 104 instead of the Matsubara frequency
cutoff, where Λ is a cutoff used when constructing the
intermediate representation basis26–28.

II. RAMAN SPECTROSCOPY RESULTS

For the ambient pressure structure of AuAgTe4 (P2/c
space group), group theory predicts 36 phonon modes
(10Au + 7Ag + 11Bu+ 8Bg), out of which fifteen modes
(7Ag + 8Bg) are Raman active. At room temperature
we observe almost all Raman active vibrations: seven Ag
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phonon modes at 47, 61, 95, 102, 121, 132, 158 cm−1

on the ac plane and 7 more weak Bg modes at 50, 58,
84, 88, 114, 134, 147 cm−1 which are observed on other
crystal planes. All 15 Raman active modes are located
in the 100 cm−1 range, which sometimes leads to lines
overlapping. Nevertheless, most of the modes can be
accurately identified.

Strong changes in the polarized spectra in Fig. S3 (the
appearance of new lines and a change in the intensities of
conserved modes) indicate a change in the crystal struc-
ture occurring in the pressure range of 4–6 GPa, as pre-
dicted. In addition to the appearance of new lines in the
spectrum, the frequencies of a number of lines either in-
crease significantly (61, 133 and 158 cm−1) or decrease
(147 cm−1) with increasing pressure, the energies of oth-
ers change nonmonotonically (102 cm−1) or increase in-
significantly (47 and 121 cm−1) (Fig. S4).



4

FIG. S1: Raw x-ray diffraction images of AuAgTe4 at 3.2 GPa (a) and 6.7 GPa (b). Each image is a summation of 4 exposures
during 17° rotation (-34° to 34°)

File Name Cell # Beamline/Cycle P (GPa) Collection Space group Detector λ (Å)
crys2 P11 1 13-ID-D/2019-1 0 SC P2/c MARCDD 0.2952
crys2 P38 1 13-ID-D/2019-1 1.4 SC P2/c MARCDD 0.2952
crys2 P55 1 13-ID-D/2019-1 4.6 SC P2/c MARCDD 0.2952
crys2 P57 1 13-ID-D/2019-1 5.7 Wide P2/m MARCDD 0.2952
crys2 P59 1 13-ID-D/2019-1 6.7 Wide P2/m MARCDD 0.2952
crys2 P62 1 13-ID-D/2019-1 7.9 Wide P2/m MARCDD 0.2952
crys2 P64 1 13-ID-D/2019-1 8.8 Wide P2/m MARCDD 0.2952

BMC 1 13-BM-C/2019-1 10.8 SC P2/m Pilatus 1M 0.434
S1 1 13-ID-D/2019-2 9.7 SC P2/m Pilatus 1M CdTe 0.2952

D7p2 1 13-ID-D/2019-2 7.2 SC P2/m Pilatus 1M CdTe 0.2952
D4p4 1 13-ID-D/2019-2 4.4 SC P2/c Pilatus 1M CdTe 0.2952
D3p4 1 13-ID-D/2019-2 3.4 SC P2/c Pilatus 1M CdTe 0.2952
D2p1 1 13-ID-D/2019-2 2.1 SC P2/c Pilatus 1M CdTe 0.2952
D0p2 1 13-ID-D/2019-2 0.2 SC P2/c Pilatus 1M CdTe 0.2952

TABLE S1: Experimental details of the XRD data used in the EOS fittings for the two phases LP: P2/c and HP: P2/m. The
complete list of CCDC deposition numbers is: 2218994 - 2219002, 2215501.
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FIG. S2: Experimentally observed and calculated in DFT (shown with lines) pressure dependence of the lattice parameters
a, b, c and β angle for P2/c and P2/m phases of AuAgTe4.
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FIG. S3: Raman spectra of AuAgTe4 at two pressures ob-
tained in different polarization geometries from the single
crystal fragment of which is shown in the inset.

0 2 4 6

6 0

9 0

1 4 0

1 6 0

A
g
+ B

g

F
re

qu
en

cy
 (

cm
-1

)

P r e s s u r e  ( G P a )

B
g E q u a tio n

W e ig h t

R e s id u a l S u m  
o f S q u a r e s

A d j. R - S q u a r e

w 3

FIG. S4: Pressure dependencies of some Raman line fre-
quencies in AuAgTe4. New lines after transition are shown
by stars.
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FIG. S5: Calculated band structure and DOS (states/eV/f.u.) of the LP phase of AuAgTe4 at (a) 4 GPa and the HP phase
at (b) 9, (c) 12, and (d) 15 GPa. The size of the symbols is proportional to the contribution of each orbital character. The
solid black line in the DOS panel represents the total DOS and the red, green, and blue lines are the contributions to the DOS
from the Au, Ag, and Te atoms, respectively.

FIG. S6: Calculated phonon dispersion, PHDOS, and Eliashberg spectral function α2F (ω) of the LP phase of AuAgTe4 at
(a) 4 GPa and the HP phase at (b) 9, (c) 12, and (d) 15 GPa.
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FIG. S7: Calculated (a) band structure and DOS (states/eV/f.u.), and (b) phonon dispersion and PHDOS of the HP phase
of AuAgTe4 at 6 GPa with (red) and without (black) spin-orbit coupling.
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Ag 02 Ag
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x -0.2911(10)
y 0.500000
z -0.1650(5)
U 11, Å
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2 0.0023(17)
U 12, Å
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TABLE S3: Structural data for the high-pressure phase of
AuAgTe4 at 10.8 GPa
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