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Figure S1. Calculated Li-Li, P-P, S-S and Li-P radial distribution functions (RDF) of glass-
ceramic (gc) (LixS),(P,Ss)1.. (gc-LPS) phases with changing compositions from x = 0.867 to x =
0.385. Each line is an average RDF of ten lowest energy structures at certain composition. Since
the gc-LPS structures are generated with genetic-algorithm (details in Methods Section), the color
represents their parent crystalline structure (i.e., black: Li,PSg, blue: y-Li;PS,, green: 3-Li;PS,,
orange: Li,P;S,,, pink and red: LiPS;). The dashed lines represent measured RDF for crystalline
phases.!
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Figure S2. Percentage of (Li,S).(P,Ss),., structures that can be uniquely assigned to a reference
crystal structure based on their Pearson similarity value S,,. The y axis, the Similarity Margin, is
the similarity difference to the second most similar reference structure. Data for four different
similarity thresholds are shown. In the present work, we considered only structures that have a
similarity of S;, = 0.4 with any of the reference structures (green curve). With this choice, more

than 95% of the structures can be assigned uniquely to a reference structure subject to a similarity
margin of 0.2.
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Figure S3. The mean-squared-displacement (MSD) of Li ions in gc-LispPi6Se at elevated
temperatures (700 K, 900 K, 1200 K and 1500 K).
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Figure S4. (a) P-S radial distribution functions (RDFs), (b) cluster analysis of Li site
environments, (c)-(d) visualization and analysis of exemplary sampled structures. As also
established in prior work, the P-S RDF shown in panel (a) correlates with the PS, motifs present
in a structure. The cluster analysis of panel (b) allows the comparison of Li site environments. In
the sampled structures, the Li environment is not necessarily defined by the PS, motifs. One
example is the (Li,S)o647(P2S5)03s3 structure shown in panel (c), which exhibits P,S; motifs as its
parent crystal structure Li;P;S,,, whereas the Li environments are more similar to those in the -
Li;PS, crystal structure. In the other two examples shown in panels (d) and (e), the PS, motifs and
the Li environment are inherited from the parent structure.
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