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model Gey with Ge As Se total

Ge25A53oSe45 36 %
(120 ps) Ge 0.16 0.44 2.79  3.39
As 0.37 1.40 1.23  3.00
Se 1.55 0.82 - 2.37

Ge25A5308645 23 %
(40 ps) Ge 0.05 0.35 2.85 3.25
As 0.29 1.53 1.22  3.04
Se 1.59 0.81 0.04 2.44

G625A83ose45 33 %
(12 ps) Ge 0.21 0.49 2.63 3.33
As 0.41 1.29 1.30  3.00
Se 1.46  0.87 0.04 237

G615AS34SE51 40 %
(120 ps) Ge 0.04 047 3.00 3.51
As 0.21 0.94 1.87 3.02
Se 0.88 1.25 0.07 2.20

GeisAsszaSes: 44 %
(40 ps) Ge 0.09 0.31 3.16 3.56
As 0.14 1.06 1.80 3.00
Se 0.93 1.20 0.06 2.18

GeisAszaSes; 49 %
(12 ps) Ge 0.04 0.51 2.93 3.49
As 0.23 1.08 1.72  3.02
Se 0.86 1.14 0.12 2.12

GeisAsssSes; 40 %
(6 ps) Ge 0.00 047 296 3.42
As 0.21 1.06 1.72  2.98
Se 0.87 1.14 0.16  2.17

GezsAsz0Sess 36 %
(120 ps) Ge 0.08 0.19 3.13 3.40
As 0.23 0.53 2.23  3.00
Se 1.42 0.81 0.07 2.31

GezsAsa0Sess 43 %
(40 ps) Ge 0.13 027 3.07 347
As 0.33 0.43 2.23  3.00
Se 1.39 0.81 0.07 2.28

G625ASQOSG55 36 %
(12 ps) Ge 0.21 0.28 2.91 3.40
As 0.35 0.27 243  3.05
Se 1.32 0.88 0.10 2.30

Gei2.5As255€e62.5 68 %
(120 ps) Ge 011 024 334 368
As 0.12 0.13 2.76 3.01
Se 0.67 1.11 0.29 2.07

Gei2.5As255€62.5 63 %
(40 ps) Ge - 013 353 3.6
As 0.07 0.37 2.59  3.03
Se 0.71 1.04 0.35 2.09

Gei2.5As255€e62.5 32 %
(12 ps) Ge 011 013 313 337
As 0.07 0.45 2.47 2.99
Se 0.63 0.99 0.53 2.14

G625A8108665 59 %
(120 ps) Ge 0.03 003 3.60 3.65
As 0.07 0.07 2.87 3.00
Se 1.38 0.44 0.37 2.19

GeasAsi0Sess 49 %
(40 ps) Ge 0.05 0.05 3.44  3.55
As 0.13 0.07 2.80 3.00
Se 1.32 0.43 0.47 2.23

GeasAsi0Sess 41 %
(12 ps) Ge 0.03 007 337 347
As 0.17 0.07 2.77  3.00
Se 1.30 0.43 0.52 2.25

TABLE I: Fraction of Ge atoms in tetrahedral environment
(Ge¢) and average coordination numbers for different pairs of
atoms computed from the partial pair correlation functions for
the GezAsySeipo—z—y models generated by quenching from
the melt with different quenching times.
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Figure S1. Pair correlation functions of a-GeasAssoSess generated by quenching from the melt in 120, 40 and 12 ps.
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Figure S2. Pair correlation functions of a-Gei1sAsssSes1 generated by quenching from the melt in 120, 40 and 12 ps.
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Figure S3. Pair correlation functions of a-GeasAsaoSess generated by quenching from the melt in 120, 40 and 12 ps.
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Figure S4. Pair correlation functions of a-Gei2.5As25Ses2.5 generated by quenching from the melt in 120, 40 and 12 ps.
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Figure S5. Pair correlation functions of a-GeasAsi10Sess generated by quenching from the melt in 120, 40 and 12 ps.



GeisAs3sSest Method GeGe GeAs GeSe AsGe AsAs AsSe SeGe SeAs SeSe
This Work DFT 0.04 0.47 3.00 0.21 0.94 1.87 0.88 1.25 0.07
GeisAsssSes: [1] RMC 064 161 166 0.71 1.15 1.06 0.49 0.71 0.84
GeasAsaoSess Method GeGe GeAs GeSe AsGe AsAs AsSe SeGe SeAs SeSe
This Work DFT 0.08 0.19 3.13 0.23 0.53 2.23 1.42 0.81 0.07

Gea1As21Sess [3] DFT 0.08 0.35 3.37 0.35 0.65 1.97 1.22 0.71 0.12
GeazAsapSess [2] RMC 146 0.88 1.69 0.96 0.66 1.41 0.64 0.48 0.93

Gei2.5A8255€62.5 Method GeGe GeAs GeSe AsGe AsAs AsSe SeGe SeAs SeSe
This Work DFT 0.11 0.24 3.34 0.12 0.13 2.76 0.67 1.11 0.29
Gei2.5As255€e62.5 [4] DFT 0.02 0.18 3.33 0.10 0.30 2.63 0.65 1.05 0.40
Gei1sAsasSeso [1] RMC 1.07 119 1.74 0.71 0.83 1.48 0.44 0.62 1.03

GeasAsi10Sess Method GeGe GeAs GeSe AsGe AsAs AsSe SeGe SeAs SeSe
This Work DFT 0.03 0.03 3.60 0.07 0.07 2.87 1.38 0.44 0.37
GeasAsi0Sess [5] DFT 0.16 0.07 3.11 0.00 0.18 2.87 1.20 0.44 0.57
Geaa.5Asz55e67.5 [2] RMC 1.68 0.52 1.82 1.18 0.36 1.49 0.61 0.22 1.16
Gear.5As255€e62.5 [2] RMC 1.84 047 1.72 130 0.30 1.42 0.76 0.23 1.02

Table SII. Coordination numbers of a-Gei12.5As255€62.5, a-Geas AsaoSess, a-Geas AsioSess, and a-GeisAssaSes1 compared with
previous DFT models and RMC models obtained by fitting experimental diffraction data with similar compositions. The
discrepancy between our results and previous DFT data [5] for the Gezs As20Segs alloy mostly comes from a different choice of
the bonding cutoff.

Gei1sAs34Sest Method GeGe GeAs GeSe AsAs AsSe SeSe
This Work DFT 2.55 252 245 255 245 245
G615A834Ses1 [1} RMC 2.38 245 2.33 243 2.37 2.36
GeasAsaoSess Method GeGe GeAs GeSe AsAs AsSe SeSe
This Work DFT 2.58 2.52 2.45 2.55 247 2.42

GeoaAsapSess [2} RMC 2.38 245 236 240 2.39 2.35
Ger2.5A8255€e62.5 Method GeGe GeAs GeSe AsAs AsSe SeSe

This Work DFT 252 252 242 255 2.47 2.42
G615ASQ5SE}60 [1} RMC 2.37 2.44 2.34 2.40 2.40 2.37
GeasAsipSess Method GeGe GeAs GeSe AsAs AsSe SeSe
This Work DFT 2.52 249 2.44 2.54 2.46 2.41

G622‘5A525See7‘5 [2] RMC 236 245 237 235 2.39 2.33
G627A5A825Se(32‘5 [2] RMC 240 245 235 241 2.37 2.36

Table SIII. Nearest neighbors distances (from the first peak of the partial pair correlation functions) of a-Gei2.5As25Se62.5,
a-Geas As20Sess, a-GeasAsipSess, and a-GeisAssaSes: compared with previous DFT models and RMC models obtained by
fitting experimental diffraction data with similar compositions.



composition ¢ AsSe GeSe AsAs GeAs SeSe GeGe
(ps) (%)

Ge25A53QSe45 120 26 49.5 15 8 - 1.4
> 40 26 50.5 16 6 07 05
> 12 28 47 14 9 07 19

G615AS34SQ51 120 48 34 12 5 1 0.3
> 40 46 36 14 35 1 05
> 12 44 33 14 6 2 03
> 6 44 34 14 5 3 -

G625ASQOS€55 120 33 58 4 3 1.5 0.7
> 40 33 56 1.5 1.2
> 12 37 53 2 5 2 2

w
(@8

Ge12A5Asz5Ser5 120 55 33 1.3 2 7 0.5
> 40 51 35 3.7 13 9 -
> 12 49 31 45 13 13 05

G625A8108665 120 22 68 0.3 0.5 9 0.3
> 40 21 65 0.3 1 12 0.5
> 12 21 64 03 13 13 0.3

Table SIV. Percentage of the different types of bonds in the models of amorphous GeyAsySeipo—z»—y generated by quenching
from the melt with different quenching times 7.



composition ¢ Ge; abs. Ge; with  isolated Ge; corner sh. edge sh.
(ps) (%) number wrong bonds couples couples
G625AS3()S€45 120 36 27 25 9 15 0
> 40 23 17 13 9 2 2
> 12 32 24 23 10 9 0
GeisAszaSes; 120 40 18 11 11 5 0
> 40 44 20 13 7 8 1
> 12 49 22 16 11 6 1
> 6 40 18 13 10 5 0
G625ASQQSG55 120 36 27 16 8 11 1
> 40 43 32 23 14 13 2
> 12 35 26 21 9 10 0
G612,5A5258662,5 120 68 26 11 14 5 2
> 40 63 24 5 9 7 2
> 12 32 12 6 12 - -
Geg5Aste65 120 57 43 3 6 24 3
> 40 49 37 6 8 20 2
> 12 41 31 6 10 14 1
Si10G€15ASgoSe45 120 35 26 24 11 7 3
> 40 28 21 19 14 4 —
> 12 36 27 24 13 8 1

Table SV. Statistics of Ge atoms in tetrahedral environment (Ge;) in the models at different compositions and for different
quenching times.
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2 3 4
Ge: 5.2 86.2 8.6
Sea: 5.2 Ses: 69.0 Ses: 8.6
AsSes: 12.1
GetSEQZ 3.4
AssSe: 1.7
Ge': — — 100
(23 %) AsSes: 35.3
Seq: 23.5
AssSes: 23.5
GeSez: 11.8
AssSe: 5.9
As: — 95.5 4.4

AssSe: 31.1  Ge'AsSes: 1.1
AsSes: 22.2  GelGeAss: 1.1
Ass: 13.3 GesAs: 1.1

Ses: 7.8 AsSes: 1.1
Ge'Asy: 5.6

Ge'Sey: 4.4

Ge'AsSe: 4.4

GeAsSe: 3.3

GeAss: 2.2

GebSe: 1.1

Se: 56.3 43.0 0.7

GeAs: 17.0 GezAs: 15.6 GegAsa: 0.7
Aso: 12.6 Ges: 10.4

Ge'Ge: 10.4 Ge'Ges: 6.7

Ge'As: 7.4 Ge'GeAs: 4.4

Geb: 3.7 GeAsy: 4.4

Geg: 2.2 GegSe: 1.5

AsSe: 1.5

GeSe: 1.5

Table SVI. Statistics of coordination environments in a-GezsAssoSess quenched in 40 ps. The percentage of the total number
of atoms of each element is given for configurations with a weight greater than 1 %.
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2 3 4
Ge: 4.0 90.0 6.0
Sea: 2.0 Ses: 62.0 Seq: 6.0
AsSe: 2.0  AsSes: 14.0
Ge'Ses: 10.0
Ge'AsSe: 4.0
Ge':  — — 100
(33 %) AssSes: 32.0
AsSes: 24.0
GeSes: 20.0
GeAsSes: 8.0
Ge'Ses: 8.0
Ses: 4.0
As3Se: 4.0
As: — 100.0 —
AsSeq: 32.2
AssSe: 22.2
GelAsSe: 12.2
AS3: 6.7
Ses: 5.6
GelAsy: 4.4
Ge'GeSe: 3.3
Ge'Ses: 3.3
GeAsSe: 3.3
GeAss: 2.2
Ge'GeAs: 2.2
GebSe: 1.1
GebAs: 1.1
Se: 63.7 35.6 0.7

Ge'As: 16.3 GezAs: 14.1

GeAs: 14.1 Ge'Ges: 6.7 Geq: 0.7
Aso: 14.1 Ges: 5.9

Ge'Ge: 8.9 Ge'GeAs: 3.0

Geb: 3.7 GeAss: 3.0

Gey: 2.2 GebGe: 1.5

AsSe: 2.2 GezSe: 0.7

GeSe: 0.7 Assz: 0.7

Ge'Se: 0.7 GebAs: 0.7

Table SVII. Statistics of coordination environments in a-Geas AsspSess quenched in 12 ps. The percentage of the total number
of atoms of each element is given for configurations with a weight greater than 1 %.
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Figure S6. Distribution of coordination numbers of models of Figure S8. Distribution of coordination numbers of models of
a-Geas AszoSess generated with different quenching time. a-Geas Asa0Sess generated with different quenching time.
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Figure S7. Distribution of coordination numbers of models of
a-GeisAszaSes1 generated with different quenching time.
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composition T Gei-As Ge-As  ratio
100 a
c GegsAspSegs
_g 80 120 ps
2 60 tera GeasAssoSeus 120 27 (6 %) 33(8%) 82%
B 4o > 40 17 (4 %) 26(6 %) 65 %
° Ge As Se
® 20 > 12 271(6%) 37(9%) 73 %
100 | 405 Ge1sAs34S 120 17 (4 %) 21 (5%) 81 %
S 80 e15AszaSest (4 %) (5 %) o
3 60 > 40 12(3%) 14 (3.5 %) 86 %
% 40 > 12 21(6%) 23(6%) 91 %
2 20 > 6 17(4%) 21(5%) 81%
1
5 gg 12ps GeasAsaoSess 120 14 (3%) 14 (3 %) 100 %
3 50 > 40 18(4%) 20(5%) 90 %
% 40 Q > 12 18(4%) 21(5%) 86 %
® 20 §
0 = Geia.5Asas5Ses2s 120 9 (2.4 %) 9 (2.4 %) 100 %
12345 12345 12345 > 40 5(1.3%) 5(1.3%) 100 %
coordination number
> 12 5(1.3%) 5 (1.3 %) 100 %
Figure S10. Distribution of coordination numbers of models
of a-GeasAs10Sess generated with different quenching time. Geas As10Sess 120 2 (0.5 %) 2 (0.5 %) 100 %
> 40 4 (1 %) 4 (1 %) 100 %
> 12 4 (1 %) 51%) 80 %

SiloG615A53OSe45 120 36 (5 %) 49 (7 %) 74 %
> 40 22(3%) 380G% 58%
> 12 32 (45%) 45 (6 %) 71 %

Table SVIII. Number of Ge-As bonds involving tetrahedral
Ge atoms (Ge;) and the total number of Ge-As bonds and
their rato in %.

GeerraSe —
€octa®® —

Figure S11. Ge-Se partial pair correlation function resolved
for tetrahedral and octahedral/pyramidal geometries for the
mq120 model of a-Geas AszpSess.
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— experimental (Kaban 2012) - experimental (Micoulaut 2022)
C;
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Figure S12. a)-e) Comparison of theoretical XRD structure factors of the amorphous models with experimental XRD data
on similar compositions (given in parenthesis). f) Comparison between theoretical and experimental pair correlation function

for the GeisAszaSes1 composition. Experimental data are from Ref. [1] (Kaban 2012), Ref. [2] (Pethes 2015) and Ref. [3]
(Micoulaut 2022).
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Figure S15. Linear fit to the Tauc plot for amorphous GeAsSe alloys at different compositions and for the Si1oGeisAssoSeass
model quenched in 120, 40 and 12 ps (HSE functional).
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Melt (1200 K)

DOS (arb. units)

-12 -8 -4 0
Energy -Ef (eV)

Figure S16. Electronic density of states (HSE functional) of different models (see text) of GeisAszaSes; in the liquid and
amorphous phases. The zero of energy corresponds to the Fermi level in the liquid, and to the highest occupied KS state
(HOMO) in the semiconducting amorphous phase. The DOS at the Fermi level in the liquid is 2 - 1072 states A=3 vt
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Energy [eV]

Figure S17. The DOS superimposed to the Inverse Participation Ratio (IPR, right scale) for the mq120 model of a-Ge15AsszaSess .
The higher the IPR value the more localized is the individual Kohn-Sham state. The HSE functional is used.
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Figure S18. A zooming of the DOS close to the band gap
and the values of the Inverse Participation Ratio (IPR, right
scale) are shown for the models of a-Ge1sAszaSes1 quenched
in 120, 40 and 12 ps (HSE functional). The assignment of the
most localized states for the mq120 and mql2 models is given
in Fig. 10 in the article.
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Figure S19. A zooming of the DOS close to the band gap
and the values of the Inverse Participation Ratio (IPR, right
scale) are shown for the models of a-Gezs AsgoSess quenched
in 120, 40 and 12 ps (HSE functional). The assignment of the
most localized states for the mq120 and mql2 models is given
given in Fig. 13 in the article.
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Figure S20. A zooming of the DOS close to the band gap and
the values of the Inverse Participation Ratio (IPR, right scale)
are shown for the models of a-Gess As20Sess quenched in 120,
40 and 12 ps (HSE functional). The LUMO state of the mq120
model and the LUMO+1 of the mg40 model are localized on
corner-sharing and isolated Ge tetrahedra respectively.



19

120 ps ] 0.08

TTTT"T
L
©
o
IS

40ps ] 0.08

Tetrahedral Ge

Se-Se . 004

h I
o 1 002

=2

T
h

[N Ne)

f R IS
(o))
ddl

DOS [arb. units]

-15 -1 -05 0 05 1 1656 2 25

12ps ] 0.08

TTT"TT
©
o
»

-15 -1 -05 0 05 1 15 2 25
Energy [eV]

Figure S21. A zooming of the DOS close to the band gap and the values of the Inverse Participation Ratio (IPR, right scale)
are shown for the models of a-Geas Asi0Sess quenched in 120, 40 and 12 ps (HSE functional). The LUMO and LUMO+1 states
of the mq40 model are localized on corner-sharing and edge-sharing Ge tetrahedra respectively. The assignment of the other
most localized states is given in Fig. 14 in the article.
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Figure S22. A zooming of the DOS close to the band gap and the values of the Inverse Participation Ratio (IPR, right scale)
are shown for the models of a-Gei2.5As25Se¢2.5 quenched in 120, 40 and 12 ps (HSE functional).
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