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Figure S1. Band structures of (a) Li6PS5Cl (b) Li5.75PS4.75Cl1.25 (c) Li5.5PS4.5Cl1.5 (d)  

Li5.75PS4.75ClBr0.25 (e) Li5.75PS4.75ClI0.25 



Figure S2. Volume distribution of Li Voronoi polyhedral for all I substituted 

compositions



Table S1: Room temperature Ionic Conductivities and Activation Energies

Compound Ionic Conductivity (mS/cm) Activation Energy (eV)

Li6PS5Cl 1.33 0.25

Li5.75PS4.75Cl1.25 4.69 0.26

Li5.5PS4.5Cl1.5 18.86 0.23

Li5.75PS4.75ClBr0.25 6.64 0.25

Li5.5PS4.5ClBr0.5 15.79 0.23

Li5.75PS4.75ClI0.25 6.37 0.24

Li5.5PS4.5ClI0.5 17.46 0.21

Table S2: Interfacial reaction energies (ΔED) for LiCoO2/electrolyte pairs
Electrolyte Cathode xm Phase Equilibria ΔED (meV/atom)

LiCoO2 0.47 LiCl, Li3PO4, Co9S8, Li2SO4, Li2S -330
Li6PS5Cl

Li0.5CoO2 0.49 LiCl, Li3PO4, Co9S8, Li2SO4, Li2S -450

LiCoO2 0.48 LiCl, Li3PO4, Co9S8, Li2SO4, Li2S -334
Li5.75PS4.75Cl1.25

Li0.5CoO2 0.49 LiCl, Li3PO4, Co9S8, Li2SO4, Li2S -455

LiCoO2 0.48 LiCl, Li3PO4, Co9S8, Li2SO4, Li2S -338
Li5.5PS4.5Cl1.5

Li0.5CoO2 0.49 LiCl, Li3PO4, Co9S8, Li2SO4, Li2S -460

LiCoO2 0.48 LiCl, LiBr, Li3PO4, Co9S8, Li2SO4, Li2S -333
Li5.75PS4.75ClBr0.25

Li0.5CoO2 0.49 LiCl, LiBr, Li3PO4, Co9S8, Li2SO4, Li2S -453

LiCoO2 0.48 LiCl, LiBr, Li3PO4, Co9S8, Li2SO4, Li2S -336
Li5.5PS4.5ClBr0.5

Li0.5CoO2 0.50 LiCl, LiBr, Li3PO4, Co9S8, Li2SO4, Li2S -458

LiCoO2 0.48 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -332
Li5.75PS4.75ClI0.25

Li0.5CoO2 0.49 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -452

LiCoO2 0.48 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -333
Li5.5PS4.5ClI0.5

Li0.5CoO2 0.50 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -455

LiCoO2 0.48 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -336
Li5.5PS4.5Cl1.25I0.25

Li0.5CoO2 0.5 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -458

LiCoO2 0.48 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -331
Li5.5PS4.5Cl0.75I0.75

Li0.5CoO2 0.5 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -453

LiCoO2 0.48 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -330
Li5.5PS4.5Cl0.5I

Li0.5CoO2 0.5 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -452

LiCoO2 0.48 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -331
Li5.5PS4.5Cl0.25I1.25

Li0.5CoO2 0.5 LiCl, LiI, Li3PO4, Co9S8, Li2SO4, Li2S -453

LiCoO2 0.48 LiI, Li3PO4, Co9S8, Li2SO4, Li2S -332
Li5.5PS4.5I1.5

Li0.5CoO2 0.5 LiI, Li3PO4, Co9S8, Li2SO4, Li2S -454



Table S3: Interfacial reaction energies (ΔED) for LiFePO4/electrolyte pairs
Electrolyte Cathode xm Phase Equilibria ΔED (meV/atom)

LiFePO4 0.57 P4S7, FeS2, FePS, LiCl, Li3PO4 -110
Li6PS5Cl

FePO4 0.55 Li4P2O7, FeS2, FePS, LiCl, LiPO3 -208

LiFePO4 0.55 P4S7, FeS2, FePS, LiCl, Li3PO4 -104
Li5.75PS4.75Cl1.25

FePO4 0.55 Li4P2O7, FeS2, FePS, LiCl, LiPO3 -199

LiFePO4 0.60 Li4P2O7, FeS2, FePS, LiCl, Li3PO4 -99
Li5.5PS4.5Cl1.5

FePO4 0.54 Li4P2O7, FeS2, FePS, LiCl, LiPO3 -191

LiFePO4 0.55 P4S7, FeS2, FePS, LiCl, LiBr, Li3PO4 -103
Li5.75PS4.75ClBr0.25

FePO4 0.55 Li4P2O7, FeS2, FePS, LiCl, LiBr, LiPO3 -198

LiFePO4 0.60 Li4P2O7, FeS2, FePS, LiCl, LiBr, Li3PO4 -97
Li5.5PS4.5ClBr0.5

FePO4 0.54 Li4P2O7, FeS2, FePS, LiCl, LiBr, LiPO3 -189

LiFePO4 0.55 P4S7, FeS2, FePS, LiCl, LiI, Li3PO4 -102
Li5.75PS4.75ClI0.25

FePO4 0.55 Li4P2O7, FeS2, FePS, LiCl, I2, LiPO3 -198

LiFePO4 0.60 Li4P2O7, FeS2, FePS, LiCl, LiI, Li3PO4 -95
Li5.5PS4.5ClI0.5

FePO4 0.54 Li4P2O7, FeS2, FePS, LiCl, I2, LiPO3 -187

LiFePO4 0.60 Li4P2O7, FeS2, FePS, LiCl, LiI, Li3PO4 -97
Li5.5PS4.5Cl1.25I0.25

FePO4 0.54 Li4P2O7, FeS2, FePS, LiCl, I2, LiPO3 -188

LiFePO4 0.60 Li4P2O7, FeS2, FePS, LiCl, LiI, Li3PO4 -93
Li5.5PS4.5Cl0.75I0.75

FePO4 0.54 Li4P2O7, FeS2, FePS, LiCl, I2, LiPO3 -185

LiFePO4 0.60 Li4P2O7, FeS2, FePS, LiCl, LiI, Li3PO4 -92
Li5.5PS4.5Cl0.5I

FePO4 0.55 Li4P2O7, FeS2, FePS, LiCl, I2, LiPO3 -185

LiFePO4 0.60 Li4P2O7, FeS2, FePS, LiCl, LiI, Li3PO4 -93
Li5.5PS4.5Cl0.25I1.25

FePO4 0.55 Li4P2O7, FeS2, FePS, LiCl, I2, LiPO3 -186

LiFePO4 0.6 Li4P2O7, FeS2, FePS, LiI, Li3PO4 -94
Li5.5PS4.5I1.5

FePO4 0.55 Li4P2O7, FeS2, FePS, I2, LiPO3 -187

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



Electrolyte Cathode xm Phase Equilibria ΔED (meV/atom)

S 0.59 LiS4, P2S7, LiCl -231
Li6PS5Cl

Li2S 0 - 0

S 0.57 LiS4, P2S7, LiCl -223
Li5.75PS4.75Cl1.25

Li2S 0 - 0

S 0.64 LiS4, P2S7, SCl -215
Li5.5PS4.5Cl1.5

Li2S 0 - 0

S 0.59 LiS4, P2S7, LiCl, SBr -224
Li5.75PS4.75ClBr0.25

Li2S 0 - 0

S 0.64 LiS4, P2S7, SCl, SBr -218
Li5.5PS4.5ClBr0.5

Li2S 0 - 0

S 0.55 LiS4, P2S7, LiCl, I2 -224
Li5.75PS4.75ClI0.25

Li2S 0 - 0

S 0.64 LiS4, P2S7, SCl, I2 -218
Li5.5PS4.5ClI0.5

Li2S 0 - 0

S 0.64 LiS4, P2S7, SCl, I2 -217
Li5.5PS4.5Cl1.25I0.25

Li2S 0 - 0

S 0.64 LiS4, P2S7, SCl, I2 -219
Li5.5PS4.5Cl0.75I0.75

Li2S 0 - 0

S 0.63 LiS4, P2S7, SCl, I2 -222
Li5.5PS4.5Cl0.5I

Li2S 0 - 0

S 0.63 LiS4, P2S7, SCl, I2 -226
Li5.5PS4.5Cl0.25I1.25

Li2S 0 - 0

S 0.62 LiS4, P2S7, SCl, I2 -226
Li5.5PS4.5I1.5

Li2S -


