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Figure S1. Flowchart of the methods used to develop machine-learned interatomic potentials
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Figure S2. (a) Energy and (b) force calculated using MLIP and DFT for the Li—P—S—Cl system,
including RMSE values.
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Figure S3. Li-ion MSD values for LigPSsCl at 300 K using (a) a unit cell, (b) a 2x2x2 supercell,
(c) a 3x3x3 supercell, (d) a 4x4x4 supercell, (¢) a 5x5x5 supercell, and (f) a comparison plot
for (a—e). The MSD values were averaged over five independent MD simulations, and the error

range in plots (a-e) represents the maximum and minimum values observed during these five

MD simulations.
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Figure S4. (a) Energy above the hull for Lis.xPSs.xCli+x phases with varying degrees of S/Cl

site inversion, and (b) their corresponding configurational entropies.
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Figure S5

disorder between the 4a and 4d sites, shown at different degrees of S/Cl site inversion of 0%,

The left column shows the atomic structures, including Li (white),

75%, and 100%.
P (pink), S (yellow), and Cl (green) atoms;
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ion trajectories and atomic structures.
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Figure S6. The self-part of the van Hove correlation function in LigPSsCl as a function of the
degree of S/Cl site inversion, ranging from 0% to 100%, based on a 10 ns MD simulation at

300 K, shown for: (a) 0%, (b) 6.25%, (c) 25%, (d) 50%, (€) 75%, (f) 93.75%, and (g) 100%
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Figure S7. Site energy distributions for Li at the T2, T4, and TS sites at different degrees of
S/Cl site inversion of (a) 0%, (b) 25%, (c) 50%, (d) 75% and (e) 100%.
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Figure S8. Ionic conductivity of Cl-rich argyrodites LisxPSs.xCli+x (0 < x < 1) as a function of

chlorine content, with varying degrees of S/Cl site inversion: (a) heat map and (b) contour map.
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Figure S9. The radial distribution function (RDF) plot for the bonds between all Li and CI in
the 4d sites for the Li-deficient phase, Lis375PS4375Clis2s, and the Li-added phase,
Li6PS4.375Cl1 625.



