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model Get with Ge As Se total

Ge25As30Se45 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

Ge25As30Se45 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

Ge25As30Se45 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 2.37

Ge15As34Se51 40 %

(120 ps) Ge 0.04 0.47 3.00 3.51

As 0.21 0.94 1.87 3.02

Se 0.88 1.25 0.07 2.20

Ge15As34Se51 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 0.05 2.18

Ge15As34Se51 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

Ge15As34Se51 40 %

(6 ps) Ge 0.00 0.47 2.96 3.42

As 0.21 1.06 1.72 2.98

Se 0.87 1.14 0.16 2.17

Ge25As20Se55 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

Ge25As20Se55 43 %

(40 ps) Ge 0.13 0.27 3.07 3.47

As 0.33 0.43 2.23 3.00

Se 1.39 0.81 0.07 2.28

Ge25As20Se55 36 %

(12 ps) Ge 0.21 0.28 2.91 3.40

As 0.35 0.27 2.43 3.05

Se 1.32 0.88 0.10 2.30

Ge12.5As25Se62.5 68 %

(120 ps) Ge 0.11 0.24 3.34 3.68

As 0.12 0.13 2.76 3.01

Se 0.67 1.11 0.29 2.07

Ge12.5As25Se62.5 63 %

(40 ps) Ge – 0.13 3.53 3.66

As 0.07 0.37 2.59 3.03

Se 0.71 1.04 0.35 2.09

Ge12.5As25Se62.5 32 %

(12 ps) Ge 0.11 0.13 3.13 3.37

As 0.07 0.45 2.47 2.99

Se 0.63 0.99 0.53 2.14

Ge25As10Se65 59 %

(120 ps) Ge 0.03 0.03 3.60 3.65

As 0.07 0.07 2.87 3.00

Se 1.38 0.44 0.37 2.19

Ge25As10Se65 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

Ge25As10Se65 41 %

(12 ps) Ge 0.03 0.07 3.37 3.47

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
(Get) and average coordination numbers for different pairs of
atoms computed from the partial pair correlation functions for
the GexAsySe100−x−y models generated by quenching from
the melt with different quenching times.
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Figure S1. Pair correlation functions of a-Ge25As30Se45 generated by quenching from the melt in 120, 40 and 12 ps.
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Figure S2. Pair correlation functions of a-Ge15As34Se51 generated by quenching from the melt in 120, 40 and 12 ps.
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Figure S3. Pair correlation functions of a-Ge25As20Se55 generated by quenching from the melt in 120, 40 and 12 ps.
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Figure S4. Pair correlation functions of a-Ge12.5As25Se62.5 generated by quenching from the melt in 120, 40 and 12 ps.
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Figure S5. Pair correlation functions of a-Ge25As10Se65 generated by quenching from the melt in 120, 40 and 12 ps.
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Ge15As34Se51 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

Ge15As34Se51 [1] RMC 0.64 1.61 1.66 0.71 1.15 1.06 0.49 0.71 0.84

Ge25As20Se55 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

Ge21As21Se58 [3] DFT 0.08 0.35 3.37 0.35 0.65 1.97 1.22 0.71 0.12

Ge22As20Se58 [2] RMC 1.46 0.88 1.69 0.96 0.66 1.41 0.64 0.48 0.93

Ge12.5As25Se62.5 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

Ge12.5As25Se62.5 [4] DFT 0.02 0.18 3.33 0.10 0.30 2.63 0.65 1.05 0.40

Ge15As25Se60 [1] RMC 1.07 1.19 1.74 0.71 0.83 1.48 0.44 0.62 1.03

Ge25As10Se65 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

Ge25As10Se65 [5] DFT 0.16 0.07 3.11 0.00 0.18 2.87 1.20 0.44 0.57

Ge22.5As25Se67.5 [2] RMC 1.68 0.52 1.82 1.18 0.36 1.49 0.61 0.22 1.16

Ge27.5As25Se62.5 [2] RMC 1.84 0.47 1.72 1.30 0.30 1.42 0.76 0.23 1.02

Table SII. Coordination numbers of a-Ge12.5As25Se62.5, a-Ge25As20Se55, a-Ge25As10Se65, and a-Ge15As34Se51 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 Ge25As20Se65 alloy mostly comes from a different choice of
the bonding cutoff.

Ge15As34Se51 Method GeGe GeAs GeSe AsAs AsSe SeSe

This Work DFT 2.55 2.52 2.45 2.55 2.45 2.45

Ge15As34Se51 [1] RMC 2.38 2.45 2.33 2.43 2.37 2.36

Ge25As20Se55 Method GeGe GeAs GeSe AsAs AsSe SeSe

This Work DFT 2.58 2.52 2.45 2.55 2.47 2.42

Ge22As20Se58 [2] RMC 2.38 2.45 2.36 2.40 2.39 2.35

Ge12.5As25Se62.5 Method GeGe GeAs GeSe AsAs AsSe SeSe

This Work DFT 2.52 2.52 2.42 2.55 2.47 2.42

Ge15As25Se60 [1] RMC 2.37 2.44 2.34 2.40 2.40 2.37

Ge25As10Se65 Method GeGe GeAs GeSe AsAs AsSe SeSe

This Work DFT 2.52 2.49 2.44 2.54 2.46 2.41

Ge22.5As25Se67.5 [2] RMC 2.36 2.45 2.37 2.35 2.39 2.33

Ge27.5As25Se62.5 [2] RMC 2.40 2.45 2.35 2.41 2.37 2.36

Table SIII. Nearest neighbors distances (from the first peak of the partial pair correlation functions) of a-Ge12.5As25Se62.5,
a-Ge25As20Se55, a-Ge25As10Se65, and a-Ge15As34Se51 compared with previous DFT models and RMC models obtained by
fitting experimental diffraction data with similar compositions.
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composition τq AsSe GeSe AsAs GeAs SeSe GeGe

(ps) (%)

Ge25As30Se45 120 26 49.5 15 8 – 1.4

≫ 40 26 50.5 16 6 0.7 0.5

≫ 12 28 47 14 9 0.7 1.9

Ge15As34Se51 120 48 34 12 5 1 0.3

≫ 40 46 36 14 3.5 1 0.5

≫ 12 44 33 14 6 2 0.3

≫ 6 44 34 14 5 3 –

Ge25As20Se55 120 33 58 4 3 1.5 0.7

≫ 40 33 56 3 5 1.5 1.2

≫ 12 37 53 2 5 2 2

Ge12.5As25Se62.5 120 55 33 1.3 2 7 0.5

≫ 40 51 35 3.7 1.3 9 –

≫ 12 49 31 4.5 1.3 13 0.5

Ge25As10Se65 120 22 68 0.3 0.5 9 0.3

≫ 40 21 65 0.3 1 12 0.5

≫ 12 21 64 0.3 1.3 13 0.3

Table SIV. Percentage of the different types of bonds in the models of amorphous GexAsySe100−x−y generated by quenching
from the melt with different quenching times τq.
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composition τq Get abs. Get with isolated Get corner sh. edge sh.

(ps) (%) number wrong bonds couples couples

Ge25As30Se45 120 36 27 25 9 15 0

≫ 40 23 17 13 9 2 2

≫ 12 32 24 23 10 9 0

Ge15As34Se51 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

Ge25As20Se55 120 36 27 16 8 11 1

≫ 40 43 32 23 14 13 2

≫ 12 35 26 21 9 10 0

Ge12.5As25Se62.5 120 68 26 11 14 5 2

≫ 40 63 24 5 9 7 2

≫ 12 32 12 6 12 – –

Ge25As10Se65 120 57 43 3 6 24 3

≫ 40 49 37 6 8 20 2

≫ 12 41 31 6 10 14 1

Si10Ge15As30Se45 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 (Get) 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

Se2: 5.2 Se3: 69.0 Se4: 8.6

AsSe2: 12.1

GetSe2: 3.4

As2Se: 1.7

Get: — — 100

(23 %) AsSe3: 35.3

Se4: 23.5

As2Se2: 23.5

GeSe3: 11.8

As3Se: 5.9

As: — 95.5 4.4

As2Se: 31.1 GetAsSe2: 1.1

AsSe2: 22.2 GetGeAs2: 1.1

As3: 13.3 Ge3As: 1.1

Se3: 7.8 AsSe3: 1.1

GetAs2: 5.6

GetSe2: 4.4

GetAsSe: 4.4

GeAsSe: 3.3

GeAs2: 2.2

Get2Se: 1.1

Se: 56.3 43.0 0.7

GeAs: 17.0 Ge2As: 15.6 Ge2As2: 0.7

As2: 12.6 Ge3: 10.4

GetGe: 10.4 GetGe2: 6.7

GetAs: 7.4 GetGeAs: 4.4

Get2: 3.7 GeAs2: 4.4

Ge2: 2.2 Ge2Se: 1.5

AsSe: 1.5

GeSe: 1.5

Table SVI. Statistics of coordination environments in a-Ge25As30Se45 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

Se2: 2.0 Se3: 62.0 Se4: 6.0

AsSe: 2.0 AsSe2: 14.0

GetSe2: 10.0

GetAsSe: 4.0

Get: — — 100

(33 %) As2Se2: 32.0

AsSe3: 24.0

GeSe3: 20.0

GeAsSe2: 8.0

GetSe3: 8.0

Se4: 4.0

As3Se: 4.0

As: — 100.0 —

AsSe2: 32.2

As2Se: 22.2

GetAsSe: 12.2

As3: 6.7

Se3: 5.6

GetAs2: 4.4

GetGeSe: 3.3

GetSe2: 3.3

GeAsSe: 3.3

GeAs2: 2.2

GetGeAs: 2.2

Get2Se: 1.1

Get2As: 1.1

Se: 63.7 35.6 0.7

GetAs: 16.3 Ge2As: 14.1

GeAs: 14.1 GetGe2: 6.7 Ge4: 0.7

As2: 14.1 Ge3: 5.9

GetGe: 8.9 GetGeAs: 3.0

Get2: 3.7 GeAs2: 3.0

Ge2: 2.2 Get2Ge: 1.5

AsSe: 2.2 Ge2Se: 0.7

GeSe: 0.7 As3: 0.7

GetSe: 0.7 Get2As: 0.7

Table SVII. Statistics of coordination environments in a-Ge25As30Se45 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
a-Ge25As30Se45 generated with different quenching time.
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Figure S7. Distribution of coordination numbers of models of
a-Ge15As34Se51 generated with different quenching time.
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Figure S8. Distribution of coordination numbers of models of
a-Ge25As20Se55 generated with different quenching time.
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Figure S9. Distribution of coordination numbers of models of
a-Ge12.5As25Se62.5 generated with different quenching time.
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Figure S10. Distribution of coordination numbers of models
of a-Ge25As10Se65 generated with different quenching time.
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Figure S11. Ge-Se partial pair correlation function resolved
for tetrahedral and octahedral/pyramidal geometries for the
mq120 model of a-Ge25As20Se55.

composition τq Get-As Ge-As ratio

Ge25As30Se45 120 27 (6 %) 33 (8 %) 82 %

≫ 40 17 (4 %) 26 (6 %) 65 %

≫ 12 27 (6 %) 37 (9 %) 73 %

Ge15As34Se51 120 17 (4 %) 21 (5 %) 81 %

≫ 40 12 (3 %) 14 (3.5 %) 86 %

≫ 12 21 (5 %) 23 (6 %) 91 %

≫ 6 17 (4 %) 21 (5 %) 81 %

Ge25As20Se55 120 14 (3 %) 14 (3 %) 100 %

≫ 40 18 (4 %) 20 (5 %) 90 %

≫ 12 18 (4 %) 21 (5 %) 86 %

Ge12.5As25Se62.5 120 9 (2.4 %) 9 (2.4 %) 100 %

≫ 40 5 (1.3 %) 5 (1.3 %) 100 %

≫ 12 5 (1.3 %) 5 (1.3 %) 100 %

Ge25As10Se65 120 2 (0.5 %) 2 (0.5 %) 100 %

≫ 40 4 (1 %) 4 (1 %) 100 %

≫ 12 4 (1 %) 5 (1 %) 80 %

Si10Ge15As30Se45 120 36 (5 %) 49 (7 %) 74 %

≫ 40 22 (3 %) 38 (5 %) 58 %

≫ 12 32 (4.5 %) 45 (6 %) 71 %

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

S
 [

a
rb

. 
u

n
it
s
]

IP
R

Energy [eV]

 

 

 

 

 

 

 

 

−15 −10 −5  0  5
 0

 0.1

 0.2

 0.3

 0.4

Figure S17. The DOS superimposed to the Inverse Participation Ratio (IPR, right scale) for the mq120 model of a-Ge15As34Se51.
The higher the IPR value the more localized is the individual Kohn-Sham state. The HSE functional is used.
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Ge-As bond

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-Ge15As34Se51 quenched
in 120, 40 and 12 ps (HSE functional). The assignment of the
most localized states for the mq120 and mq12 models is given
in Fig. 10 in the article.

Ge-As bond

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-Ge25As30Se45 quenched
in 120, 40 and 12 ps (HSE functional). The assignment of the
most localized states for the mq120 and mq12 models is given
given in Fig. 13 in the article.

Se-Se
homopolar
bond

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-Ge25As20Se55 quenched in 120,
40 and 12 ps (HSE functional). The LUMO state of the mq120
model and the LUMO+1 of the mq40 model are localized on
corner-sharing and isolated Ge tetrahedra respectively.
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Se-Se
homopolar
bond

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-Ge25As10Se65 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.

Se-Se
homopolar
bond

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-Ge12.5As25Se62.5 quenched in 120, 40 and 12 ps (HSE functional).
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