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Sec. S1 Inaccuracies of MTP Training and Validation

Table S1: The training and validation Mean Absolute Errors (M AE) on energies
per atom (in meV /atom) and forces (in meV/A) for the fitted Moment Tensor
Potentials (MTPs) of argyrodite LigPS5Cl.

Training MAE Validation MAE
Energy Force Energy Force
Exchange-correlation functional
PBE 4.70 50.50 2.07 45.63
PBEsol 4.93 64.26 8.66 75.30
SCAN+1vv10 6.35 56.25 6.50 64.68
optB88 6.26 78.63 7.22 85.18
Temperature
High Temperature 8.61 97.44 11.22 122.48
Simulation time
Less snapshots 5.98 75.45 15.00 138.38

Table S2: The training and validation MAE on energies per atom (in meV /atom)
and forces (in meV/A) for the fitted MTPs of argyrodite LigPS;Cl containing
different types of defects. The functional used is PBEsol.

Training MAE Validation MAE
Energy Force Energy Force

Li; 4.93 64.26 8.66 75.30
Clg 5.28 61.69 8.62 72.49
Sci 2.97 52.85 2.38 49.23
Vi 5.06 80.15 4.47 79.37
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Table S3: The training and validation MAE on energies per atom (in meV /atom)
and forces (in meV/A) for the fitted MTPs of argyrodite LigPS;I.

Training MAE Validation MAE
Energy Force Energy Force
Exchange-correlation functional
PBE 2.35 37.96 2.38 37.67
PBEsol 4.32 52.15 4.79 53.63
SCAN+1vv10 2.10 37.47 0.62 20.78
OptB88 2.24 40.82 0.82 20.43
Temperature
High Temperature 6.08 71.54 1.68 44.64
Simulation time
Less snapshots 5.26 65.15 0.95 29.03

Table S4: Training and validation MAE on energies per atom (in meV /atom)
and forces (in meV/A) of the fitted MTPs of a-NasPS,.

Training MAE Validation MAE

Energy Force Energy Force

Exchange-correlation functional
PBE 1.29 32.71 1.52 34.37
PBEsol 1.20 32.01 1.60 32.00
R2SCAN 1.09 30.43 1.30 31.14
OptB8&8 0.98 28.09 0.94 28.03

Temperature
Low  Temperea- 0.55 22.71 0.30 19.64
ture
Simulation time

More snapshots 1.52 41.24 2.61 57.68
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Sec. S2 Calculated Lattice Parameters

Table S5: DFT calculated lattice parameters (in A) and volumes (in A®) of ar-
gyrodites LigPS;X (X = CI, I) and tetragonal a-NagPS, using different exchange
and correlation functionals. The relative error of the predicted volumes concern-
ing the experimental values is shown in percentage.

Functional Lattice constants Volume AV/V %
LigPS5Cl1
Exp.! 9.898 969.711 —
PBE 10.005 1003.884 3.5
PBEsol 9.846 951.370 -1.9
SCAN 10.229 1070.162 10.3
R2SCAN 10.258 1079.566 10.2
SCAN+rvv10 10.193 1058.729 8.4
optB88 9.905 970.084 0.04
LigPSs1
Exp.! 10.141 1043.007 —
PBE 10.199 1064.860 2.1
PBEsol 10.051 1024.023 -1.8
SCAN 10.152 1052.573 0.92
R2SCAN 10.173 1058.733 1.51
SCAN+rvv10 10.105 1039.942 -0.29
optB8&8 10.118 1044.546 0.15
a-NazPS,
Exp.? 6.96, 7.09 343.745 —
PBE 6.98, 7.13 347.516 1.09
PBEsol 6.86, 6.99 329.235 —4.22
SCAN 6.85, 7.00 328.016 ~4.58
R2SCAN 6.86, 7.01 330.209 -3.94
SCAN+rvv10 6.82, 6.95 323.209 -5.97
optB8&8 6.89, 7.03 333.324 -3.03
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Sec. S3 Activation Energies

Table S6: Activation energies E, (in €V) derived from Arrhenius plots with the
estimated standard errors(stderr), and room temperature (300 K) conductivities
orr (in mS/cm), for LigPS5Cl using MTPs trained with different strategies.

MTP type Ea + stderr ORT Experimental £, Experimental orr
Exchange-correlation functional

PBE 0.392 £ 0.002  0.145 0.45 £ 0.021 ~0.01-4.963°6
PBE-Exp lattice. 0.362 = 0.006  0.260 - -

PBEsol 0.421 £ 0.006  0.070 - -
PBEsol-Exp lattice ~ 0.368 £ 0.006  0.240 - -
SCAN-+rvv10 0.368 £0.005 0.234 - -

OptB88 0.367 £ 0.002  0.227 - -

Temperature

High Temperature 0.349 £ 0.0009  0.365 - -
Simulation time
Less Snapshots 0.386 £ 0.003  0.252 - -

Table S7: Activation energies E, (in €V) derived from Arrhenius plots with the
estimated standard errors(stderr), and room temperature (300 K) conductivities
orr (in mS/cm), for LigPSsI using MTPs trained with different strategies.

MTP type Ea + stderr ORT Experimental £, Experimental orr
Exchange-correlation functional
PBE 0.630 £ 0.011 3.029 x 1075 0.380 £ 0.0251 ~ 1073 - 1074¢
PBEsol 0.536 + 0.017 0.0006 - -
SCAN+1vv10 0.584 + 0.003 6.166 x 107 - -
OptB8&8 0.613 £ 0.010 3.008 x 1075 - -
Temperature

High Temperature 0.505 + 0.016 0.001 - —
Simulation time
Less Snapshots 0.572 + 0.027 0.0002 - -
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Table S8: Activation energies £, (in eV) derived from Arrhenius plots with the
estimated standard errors(stderr), and room temperature (300 K) conductivities
orr (in mS/cm), for NagPS, containing Nat vacancies (2%) using different types
of MTPs.

MTP type Ea + stderr ORT Experimental £, Experimental orr
Exchange-correlation functional

PBE 0.057 + 0.003  108.476 0.364 + 0.0157 0.15 + 0.017
PBEsol 0.054 £ 0.002 106.991 - -
R2SCAN 0.071 + 0.002  64.536 - -
OptB8&8 0.077 = 0.005  52.686 - -
AIMD-PBEsol 0.134 + 0.007  26.539 - -

de Klerk and Wagemaker®  0.160 & 0.000 — — —

Temperature
Low Temperature 0.054 £+ 0.0008 108.978 - -
Simulation time
More Snapshots 0.063 £ 0.002  89.701 - -

Table S9: Activation energies E, (in €V) derived from Arrhenius plots with the
estimated standard errors(stderr), and room temperature (300 K) conductivi-
ties orr (in mS/cm) for LigPS5Cl containing different types of defects, i.e., Li
interstitials Li;, antisites Cl, and S¢;, and Li* vacancies V;;+. Li; are the intrinsic
defect types. The exchange-correlation functional used is PBEsol. The MTPs
used are trained specifically for each defect type. The defect concentrations for
each type during MTP-MD simulations are taken from Gorai et al®

Defect Ea + stderr ORT Experimental E, Experimental ogrr
Li; 0.421 + 0.006 0.070 0.45 + 0.02° ~0.01-4.9613°0
Clg 0.462 £ 0.008 0.041 - -

Sai 0.259 + 0.011 0.492 - —
Vi 0.411 £ 0.009 0.094 - -
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Table S10: Activation energies E, (in €V) derived from Arrhenius plots with
the estimated standard errors(stderr), and room temperature (300 K) conduc-
tivities orr (in mS/cm) for LigPS5Cl containing antisite Cl; and Vi;+ at different
concentrations (in ¢m™3). The exchange-correlation functional used is PBEsol.
The MTPs used are trained specifically for each defect type.

Defect Concentration

Cls VLi"" Cls VL'L’""
2.10 x 10% 0.219 £ 0.012 0.277 £ 0.008 25.626 1.123
1.31 x 10%° 0.323 £ 0.018 0.419 £ 0.016 0.586 0.078
1.64 x 10" 0.462 £+ 0.008 0.411 £+ 0.010 0.041 0.09
4.86 x 10'8 0.443 £+ 0.005 0.419 + 0.007 0.056 0.077
2.05 x 10'8 0.438 £ 0.011 0.443 £ 0.006 0.062 0.055
1.05 x 10*® 0.445 £ 0.002 0.441 £ 0.006 0.053 0.057

Table S11: Activation energies F, (in e€V) derived from Arrhenius plots with
the estimated standard errors(stderr), and room temperature (300 K) conduc-
tivities orr (in mS/cm) for LigPS5Cl containing antisite Cl; and V;;+ at different
concentrations (in ¢m™). The exchange-correlation functional used is PBEsol.
The MTPs used are trained for Li;.

Defect Concentration ol Ea Vo . IRT v
5.24 x 10%Y 0.258 + 0.004 0.279 £ 0.011 10.228 1.055
1.31 x 10%° 0.366 £+ 0.019 0.387 £ 0.014 0.230 0.118
1.64 x 10" 0.390 £+ 0.036 0.399 + 0.013 0.116 0.101
4.86 x 108 0.386 + 0.003 0.354 + 0.018 0.142 0.266
2.05 x 108 0.400 £ 0.003 0.406 £ 0.008 0.111 0.100
1.05 x 10%8 0.398 £+ 0.004 0.398 + 0.002 0.115 0.114
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Figure S1: Crystal structures of (a) argyrodites LigPS;X (X = CIl, I) and (b)
tetragonal a-NazPS,
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Figure S2: Comparison of the predicted volumes of argyrodites LigPS;X (X =
Cl, I) and NazPS, using different functionals. The relative error of the predicted
volumes concerning experimental values is shown in percentage.
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Figure S3: Activation energies F, (in eV) derived from Arrhenius plots with the
estimated standard errors(stderr) for LigPSsI using MTPs trained with different
strategies. (a) The computational variable considered is exchange-correlation
functional. The experimental value is labeled in green, and (b) the computa-
tional variables considered are simulation temperature and time. The exchange-
correlation functional is fixed to PBEsol. ‘Reference’ refers to the value of
‘PBEsol’ in (a).
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Figure S4: Activation energies (F,) derived from Arrhenius plots with the es-
timated standard errors(stderr) for NazPS, using MTPs trained with different
strategies. E, calculated by using different functionals are shown in the zoom-in
plot. E, calculated by using the strategy ‘Temperature’ and ‘Simulation time’
are included in the error bar of the result for ‘PBEsol’. FE, calculated by 40
ps-long AIMD simulations are labeled in red. E, taken from de Klerk et al® is
labelled in blue, where the error in F, is not reported. The experimental value
is labeled in green.?!
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Figure S5: Activation energies (F,) derived from Arrhenius plots with the esti-
mated standard errors(stderr) for LigPS5Cl containing (a) Vi; and (b) antisite
Clg with different concentrations (in cm ™). The exchange-correlation functional
used is PBEsol. FE, of Li; with error bars calculated from MTPQ@PBEsol are
labeled in green, and the regions where FE, of either Vi; or Clg are close to the
green region are labeled in yellow and considered as the dilute regimes. The
MTPs used are either trained for Li interstitials (labeled as Li;) or specifically
for each defect type (labelled as Vy; and Clg, respectively).
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Figure S6: The calculated Li" transport properties of argyrodite LigPS5Cl con-
taining different types of defects, i.e., Li interstitials Li;, antisites Clg and Scy,
and Li" vacancies Vy;. Li; are the intrinsic defect types. (a) Li* diffusivity (in
cm?/s) and (b) conductivity (in mS/cm). The exchange-correlation functional
used is PBEsol. The MTPs used are trained specifically for each defect type.
The defect concentrations for each type during MTP-MD simulations are taken
from Gorai P et al.®
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Figure S7: The calculated Li" transport properties of argyrodite LigPS5Cl con-
taining antisites Clg with different concentrations (in cm™3). (a) Li" diffusivity
(in cm?/s) and (b) conductivity (in mS/cm). The exchange-correlation func-
tional used is PBEsol. The MTPs used are trained for Clg
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Figure S8: The calculated Li" transport properties of argyrodite LigPS5Cl con-
taining antisites Clg with different concentrations (in cm™3). (a) Li" diffusivity
(in cm?/s) and (b) conductivity (in mS/cm). The exchange-correlation func-
tional used is PBEsol. The MTP used is trained for Lij;
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Figure S9: The calculated Li" transport properties of argyrodite LigPS5Cl con-
taining Vi; with different concentrations (in cm~2). (a) Li" diffusivity (in cm?/s)
and (b) conductivity (in mS/cm). The exchange-correlation functional used is
PBEsol. The MTP used is trained for Vy;
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Figure S10: The calculated Li" transport properties of argyrodite LigPS5ClI con-
taining V; with different concentrations (in cm~?). (a) Li" diffusivity (in cm?/s)
and (b) conductivity (in mS/cm). The exchange-correlation functional used is
PBEsol. The MTP used is trained for Li;
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Figure S11: The calculated Li" transport properties of argyrodite LigPSsI using
different types of MTPs. (a) Li" diffusivity (in cm?/s) and (b) conductivity (in

mS/cm).
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Figure S12: The calculated Na' transport properties of NazPS, by using MTPs
trained with different strategies. (a) Na™ diffusivity (in cm?/s) and (b) conduc-
tivity (in mS/cm).
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Figure S13: Zoom-in plots of generalized phonon density of states (GDOS) of Li
atoms in argyrodites LigPS5Cl calculated from MTP-MD simulations at (a) 300
K and (b) 500 K.
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Figure S14: Generalized phonon density of states (GDOS) of Li atoms in argy-
rodites LigPS;I calculated from MTP-MD simulations at (a) 300 K and (b) 500
K.
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Figure S15: Zoom-in plots of generalized phonon density of states (GDOS) of Li
atoms in argyrodites LigPSsI calculated from MTP-MD simulations at (a) 300
K and (b) 500 K.

(a) (b)

Xl()_“ Xlu—(i

2.0F
%) — Na w5 §|— Na
O t P @ i P
Q15 | Q 4} ]
O I S o ,': S
8 1.0 l: === Total 8 3 :'l === Total
T i © | |
= 1) S 2 I
2 NI il O - hi
AR R AY '= al ey \ '||
S | N\A ' S~ \A A
I W I | V| 2 W S
0 20 40 60 80 100 0 20 40 60 80 100
Energy (meV) Energy (meV)

Figure S16: Generalized phonon density of states (GDOS) of Na atoms in NazPS,
calculated from MTP-MD simulations at (a) 300 K and (b) 500 K.
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Figure S17: The distinct part of van Hove correlation function G4 calculated
from MTP-MD simulations for (a) LigPS;Cl and (b) LigPSsI at 500K, at the
initial 10 ps. The exchange-correlation functional used is PBEsol.
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Figure S18: Distinct part of van Hove correlation function G4 calculated from
MTP-MD simulations for NasPS,. The exchange-correlation functional used is

PBEsol.
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