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Figure S1. Band structures of (a) LigPSsCl (b) Lis75PS475Cl; 25 (¢) LissPS45Clys (d)
Lis 75PS4 75C1Brg 25 (€) Lis 75PS4.75Cllg 25
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Table S1: Room temperature Ionic Conductivities and Activation Energies

Compound Ionic Conductivity (mS/cm) Activation Energy (eV)
LigPSsCl 1.33 0.25
Lis75PS4.75Cl; 25 4.69 0.26
Lis sPS,;5Cl; 5 18.86 0.23
Lis 75PS4.75C1Brg 25 6.64 0.25
Lis sPS45CIBry 5 15.79 0.23
Lis 75PS475Clly 25 6.37 0.24
LissPS45Cllys 17.46 0.21

Table S2: Interfacial reaction energies (AEp) for LiCoO,/electrolyte pairs

Electrolyte Cathode X Phase Equilibria AE; (meV/atom)
LiCoO, 0.47 LiCl, Li;PO, Co,Ss, Li,SOy, Li,S -330
LigPS;Cl
Liy5Co0, 0.49 LiCl, Li;POy4 CoySs, Li,SOs, Li,S -450
. LiCoO, 0.48 LiCl, Li;PO,4 Co,Ss, Li,SOy, Li,S -334
Lis 75PS4.75Cl) 25 . . . . .
LigsCo0, 0.49 LiCl, Li;POy4 CoySs, Li,SOs, Li,S -455
. LiCoO, 0.48 LiCl, Li;PO,4 Co,Ss, Li,SOy, Li,S -338
Lis sPS,5Cl, 5 . . . .
Liy5Co0, 0.49 LiCl, Li;POy4 CoySs, Li,SOs, Li,S -460
) LiCoO, 0.48 LiCl, LiBr, Li;PO, CosSg, Li;SO4, LirS -333
Lis 75PS4.75CIBrq 55 . . . . . .
Liy5Co0, 0.49 LiCl, LiBr, Li;PO4 CosSs, Li,SOs4, Li,S -453
. LiCoO, 0.48 LiCl, LiBr, Li;PO4, CooSs, Li,SO4, Li,S -336
Lis sPS, sCIBr 5 . . . . . .
Liy5Co0, 0.50 LiCl, LiBr, Li;PO4 CooSg, Li,SOy, Li,S -458
. LiCoO, 0.48 LiCl, Lil, Li;PO4 Co4Ss, Li,SO4, Li,S -332
Lis 75PS475Cll 25 . i . i . .
Liy5Co0, 0.49 LiCl, Lil, Li;PO,4, CoySg, Li,SO,, Li,S -452
LiCoO, 0.48 LiCl, Lil, Li;PO4 Co,Ss, Li,SO4, Li,S -333
Lis sPS,sCll s
Li;5C00, 0.50 LiCl, Lil, Li;POg4, CooSg, Li,SO,, Li,S -455
. LiCoO, 0.48 LiCl, Lil, Li;PO4 Co4Ss, Li,SO4, Li,S -336
Lis sPS4 5Cl, 55lg.25 . . . . . .
Liy5Co0, 0.5 LiCl, Lil, Li;PO4 CoySs, Li,SO4, Li,S -458
. LiCoO, 0.48 LiCl, Lil, Li;PO4 Co4Ss, Li,SO4, Li,S -331
Lis sPS, sClo.7slo.75 R . . . . .
Liy5Co0, 0.5 LiCl, Lil, Li;PO4 CoySs, Li,SO4, Li,S -453
LiCoO, 0.48 LiCl, Lil, Li;PO4 Co4Ss, Li,SO4, Li,S -330
Lis sPS,sClosl R . N . .
Liy5Co0, 0.5 LiCl, Lil, Li;PO4 CoySs, Li,SO4, Li,S -452
. LiCoO, 0.48 LiCl, Lil, Li;PO4 Co4Ss, Li,SO4, Li,S -331
Lis sPS45sClosl s R . . . . .
L10V5C002 0.5 LlCl, LlI, L13PO4’C09Sg, L12S04, les -453
. LiCoO, 0.48 Lil, Li;PO4 Co4Ss, Li,SOy, Li,S -332
LissPSysl; s . . . . .
L10,5C002 0.5 LII, L13P04. COQSg, leSO4, L125 -454




Table S3: Interfacial reaction energies (AEp) for LiFePOy/electrolyte pairs

Electrolyte Cathode X Phase Equilibria AE; (meV/atom)
LiFePO, 0.57 P,S,, FeS,, FePS, LiCl, Li;PO, -110
LigPS;Cl
FePO, 0.55 Li,P,04, FeS,, FePS, LiCl, LiPO; -208
. LiFePO, 0.55 P,S,, FeS,, FePS, LiCl, Li;PO, -104
Lis 75PS475Cl) 25 . . .
FePO, 0.55 Li4P,05, FeS,, FePS, LiCl, LiPO; -199
. LiFePO, 0.60 Li,P,05, FeS,, FePS, LiCl, Li;PO, -99
Lis sPS,5Cl, 5 . . .
FePO, 0.54 Li4P,05, FeS,, FePS, LiCl, LiPO; -191
) LiFePO, 0.55 P,S,, FeS,, FePS, LiCl, LiBr, Li;PO, -103
Lis 75PS4.75CIBrq 55 . . . .
FePO, 0.55 LiyP,04, FeS,, FePS, LiCl, LiBr, LiPO; -198
. LiFePO, 0.60 Li,P,05, FeS,, FePS, LiCl, LiBr, Li;PO, -97
Lis sPS4sCIBrq s . . :
FePO, 0.54 LiyP,04, FeS,, FePS, LiCl, LiBr, LiPO; -189
. LiFePO, 0.55 P,S,, FeS,, FePS, LiCl, Lil, Li;PO, -102
Lis 75PS4.75Cllg 5 . . .
FePO, 0.55 Li,P,04, FeS,, FePS, LiCl, I,, LiPO; -198
LiFePO, 0.60 Li,P,0;, FeS,, FePS, LiCl, Lil, Li;PO, -95
Lis sPS,sCll s
FePO, 0.54 Li,P,04, FeS,, FePS, LiCl, I,, LiPO; -187
. LiFePO, 0.60 Li,P,0;, FeS,, FePS, LiCl, Lil, Li;PO, -97
Lis sPS4sCl, 2slo.25 . . .
FePO, 0.54 Li,P,04, FeS,, FePS, LiCl, I,, LiPO; -188
. LiFePO, 0.60 LiyP,04, FeS,, FePS, LiCl, Lil, Li;PO, -93
Lis sPS, 5Clo 751o.75 . . .
FePO, 0.54 Li,P,04, FeS,, FePS, LiCl, I,, LiPO; -185
LiFePO, 0.60 LiyP,04, FeS,, FePS, LiCl, Lil, Li;PO, -92
Lis sPS,sClosl . . .
FePO, 0.55 Li,P,04, FeS,, FePS, LiCl, I,, LiPO; -185
. LiFePO, 0.60 LiyP,04, FeS,, FePS, LiCl, Lil, Li;PO, -93
Lis sPS4 sClo sl s . . .
FePO, 0.55 LisP,04, FeS,, FePS, LiCl, I,, LiPO; -186
. LiFePO, 0.6 Li,P,04, FeS,, FePS, Lil, Li;PO, -94
LissPSysl; s . .
FePO, 0.55 LiyP,0,, FeS,, FePS, I,, LiPO; -187

Table S4: Interfacial reaction energies (AEp) for S cathode/electrolyte pairs



Electrolyte Cathode X Phase Equilibria AEp (meV/atom)
S 0.59 LiS,, P,S,, LiCl -231
LigPSsCl
Li,S 0 - 0
. S 0.57 LiS,, P,S,, LiCl =223
Lis 7sPS475Cl; 25 .
Li,S 0 - 0
. S 0.64 LiS,, P,S,, SCI =215
LissPS,sCl, 5
Li,S 0 - 0
) S 0.59 LiS,, P,S;, LiCl, SBr -224
Lis 75sPS475C1Bro 25 .
Li,S 0 - 0
. S 0.64 LiS,, P,S,, SCI, SBr -218
Lis sPS4sClIBrg s
Li,S 0 - 0
. S 0.55 LiS,, P,S,, LiCl, I, -224
Lis 75PS475Cllg 25 .
Li,S 0 - 0
S 0.64 LiS,, P,S;, SCL 1, =218
Lis sPS4sCllys
Li,S 0 - 0
. S 0.64 LiS,, P,S;, SCL 1, =217
Lis sPS45Cly 25lg.2s .
Li,S 0 - 0
. S 0.64 LiS,, P,S;, SCI, 1, -219
Lis sPS, 5Clo.sslo.7s .
Li,S 0 - 0
S 0.63 LiS,, P,S;, SCI, 1, =222
Lis sPS4sClosl )
Li,S 0 - 0
. S 0.63 LiS,, P,S;, SCL I, -226
LissPS4 5Clo.sl; 25 .
Li,S 0 - 0
S 0.62 LiS,, P,S;, SCL 1, -226

LissPSyslis

Li,S




