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Fig. S1 Atomic structures of (a)LigPSsBr, (b)LigPSsCland (c)LisPOS4Br( 5Clg s.



Fig. S2 Atomic structures of (a,b)16e site LigPOg,5S475B1¢5Cly 5 (c,d for Cl and e,f for Br) 4a site
inversed Li6P00_25S4,75BI'()'5C10.5.



Table. S1 Lattice constants of (a,b)16e site LigPOg,5S475BrosCly 5 (c,d for Cl and e,f for Br) 4a

site inversed LigPOg 1554 .75Brg sClg s.

a b € alpha beta gamma
16e site L1gP0g.2554.7:Br0sClos 10.17 10.17 10.23 88.50 91.51 88 14

Cl - 4a zite mversed L1sPOp 25584 7:BrosClos 10.08 10.39 1039 9021 8842 91.58
Br - 4a site inversed Li1sPOq 2554.7:BrosClos 10.51 10.08 10.08 92.55 90.37 90.37
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Fig. S3 Density of states for S and O in LigPOy 5S4 5Br5Clj 5.(Dotted arrows are band gaps).
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Fig. S4 Atomic structures before and after the exchange between S and O in (a, b)
LigPOg5S45Bro5Clys.; PDOSs of the exchanged S, O on the surface and S in the bulk for
(c)LigPOy 5S4.5Br( sClj 5s.(blue shaded areas : surfaces, red shaded area : bulk, black dotted circle :

exchanged elements).



Table S2. Average net charges of S and O at the surface before the exchange.

S on 4d S on 16e O on 4d p

L16PS5BI'()5C105 -1.65 -0.80 X 1.239
LisPOg 5S4 5B1 5Clo 5 -1.63 -0.73 -1.69 1.25
LIGPOS5BI'()5C105 X -0.72 -1.69 1.25

Table S3. Average net charges of S and O at the surface After the exchange.

Son4d Sonl6e  ExchangedO Oon4d P
LigPSsBrysCly s -1.65 -0.77 -1.51 X 1.42
LigPOy 5S4 5Br5Cly 5 -1.64 -0.74 -1.46 -1.69 1.44
LigPOS;sBrysCly 5 X -0.72 -1.42 -1.69 1.42
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Fig. S5 Exchange energy between S and O depending on the positions in LigPSsBrjsClg s,
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Fig. S6 Atomic structures of (a-d) LicPOS, sBr( 5Cly s and (e-h) LicPOSsBr, sCly 5 of reaction steps
from H,O to H,S
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Fig. S7 Morphology and distributions of constituents in (a) LigPSsBrysClys and
(b) LigPOy 5S4.5Br( 5Cl 5.
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Fig. S8 (a)S2p and (b)P2p XPS spectra of LigPSsBrysClys and LigPOg sS4 35BrysClys solid

electrolytes after exposure to dry air.
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