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Fig. S1 The optimized structures of electrolyte solvent molecule DOL with (a) Li,S4, (b) Li,Se, (¢) Li,Ss,
and DME with (d) LizS4, (e) Li2S6, (f) LizSg.

Table S1 The binding energies (in eV) between long-chain Li,S, clusters and electrolyte solvent
molecules (DOL and DME).

! DOL ! DME
Clusters ! Ey (eV) Ey (eV) Ey (eV) Ey (eV) ! h . Ey (eV) Ey (V) Ey (eV)
| . | 1S WOTr|
| Thiswork  Ref.[1]  Ref[2]  Ref[3] | Ref.[1]  Ref[2]  Ref[3]
LS, | 087 0.87 0.87 080 | 09 092 0.94 0.80
Lise | 090 0.90 0.92 083 | 095 095 097 0.5
Liss | 09 092 0.93 077 1 097 0.98 0.99 078

Table S2 The calculated parameters of e-P with adsorbed Li,S, LiS+Li or 2Li+S. The nearest distances
between Li/S and P atoms (Day.; and Days), the distance between Li and S atoms in adsorbed species
(dris1 and di;sp), the longest distance between two adjacent P atoms in &-P (dp.p), the serious distance
change of P-P bond in &-P with adsorbed species (Adp.p), the P-S bond population (Pp.s), Mulliken atomic
population of Li atoms (e, er;2), total Mulliken charge magnitude of S atoms (es) and total Mulliken
charge difference of -P. Here, Mulliken charge difference means the difference of charge value between
adsorbed case and free-standing case (Aeaym)(e). (In free Li,S, di;.s=2.094 A; in free &-P, dpp=2.230 A)

&P Do Duss s i o Ader Pps eui(e)  ewn(e)  es(e) Aeam(e)
&) &) &) &) &) &)
Li,S 2.542 2.112 2.507 2.470 3.156 0.926 0.41 0.96 0.95 -0.83 1.08
LiS+Li 2.532 2.018 2.412 - 2314 0.084 0.59 0.97 0.95 -0.62 1.30

2Li+S 2.543 2.112 - - 2.262 0.032 0.33 0.98 0.97 -0.25 1.70
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Fig. S2 Energy profiles of lithium sulfides diffusions along the directions with the lowest barriers. (a)
a-P, (b) B-P, (¢) y-P, (d) 3-P.

Table S3 Diffusion energy barriers (eV) of lithium sulfides along different crystal orientations on pB-P

and y-P.
Barrier (V)  B-P[100]  B-P[010]  B-P[110]  y-P[100]  y-P[010]
Ss 0.069 0.132 0.137 2.957 3.19
Li,Sg 0.127 0.161 0.178 17.456 16.446
Li,Se 0.104 0.134 0.197 14.198 13.226
Li,S, 0.285 0.385 0.498 14.303 12.075
Li,S; 0.268 0.269 0.374 10.417 21.36
Li,S, 0.358 0.394 0.426 15.369 20.459
Li,S 0.544 0.667 0.762 28.246 30.953
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Fig. S3 Non-equivalent [100], [010] and [110] diffusion directions for Li,Ss on B-P. The energy profiles



with different barriers along [100], [010] and [110] directions for Li,S¢ diffusion on -P.

Fig. S4 (a) Electron density difference between Li,Sg, Li,Ss3, Li,S and LiS+Li species and e-P AM; (b)
Electron density difference between Li,S4 and various AMs, a-P, &-P, {-P and 0-P. The charge transfer

is defined as the charge difference between before and after Li,S,, cluster is absorbed on AM, and can be
expressed as Ap = p(AM + LiS,) = p(AM) - p(LiZS"), where P(AM + LiZSn), p(AM), and p(LLS,)

are the charge densities for bound system, pristine AM and Li,S, cluster, respectively. Here, blue

(yellow) is the spatial regions gain (loss) in charge. The isosurface level is set as 0.01 e A-3.
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Fig. S5 (a) Atomic partial density of states (PDOS) for pristine B-P and -P with adsorbed Li,Sg or Li,S;
(b) Band structure of pristine B-P; (¢) Band structure of B-P with adsorbed Li,Sy; (d) Band structure of



B-P with adsorbed Li,S.
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Fig. S6 Schematic diagrams of the conversions by embedding an array of dislocations, with the

corresponding structural units highlighted by shaded regions and arrows. (a) from a-P to B-P, (b) from

B-P to y-P, (c) from y-P to 5-P.
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