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Table S1. Rietveld refinement results for sample (i) with  = 0.2, y = 0.8, x = 0.6 in Li10+δ[SnySi1–y]1+δP2–

δS12 (Li4–x[SnySi1–y]1–xPxS4) at 300 K

Atom Site g x y z

Li(1) 16h 0.425(4) 0.2533(3) 0.2705(4) 0.1826(3)

Li(2) 4d 1 0 0.5 0.9491(3)

Li(3) 8f 0.877(8) 0.2411(2) = x(Li(3)) 0

Li(4) 4c 0.645(3)* 0 0 0.2466(3)

Sn(1) 4d 0.39 0 0.5 = z(P(1))

Si(1) 4d 0.26 0 0.5 = z(P(1))

P(1) 4d 0.35 0 0.5 0.68753(6)

P(2) 2b 1 0 0 0.5

S(1) 8g 1 0 0.18798(10) 0.40900(9)

S(2) 8g 1 0 0.28667(14) 0.09885(13)

S(3) 8g 1 0 0.69897(14) 0.78740(11)

*6−0.35−4×g(Li(1))−g(Li(2))−2×g(Li(3))

Atom B11 B22 B33 B12 B13 B23

Li(1) 4.1(3) 4.7(2) 16.3(4) 1.46(16) −1.5(3) −5.6(3)

Li(2) 8.9(2) 9.0(2) 15.6(3) 0 0 0

Li(3) 10.5(2) = B11(Li(3)) 31.2(6) −4.9(2) 9.01(18) =−B13(Li(3))

Li(4) 3.4(3) 12.3(4) 6.7(3) 0 0 0

Sn(1) = B11(P(1)) = B22(P(1)) = B33(P(1)) = B12(P(1)) = B13(P(1)) = B23(P(1))

Si(1) = B11(P(1)) = B22(P(1)) = B33(P(1)) = B12 (P(1)) = B13(P(1)) = B23(P(1))

P(1) 4.81(6) 3.13(5) 3.94(6) 0 0 0

P(2) 3.29(4) = B11(P(2)) 5.43(10) 0 0 0

S(1) 4.93(7) 3.29(7) 4.48(8) 0 0 −0.07(6)

S(2) 2.26(6) 6.73(8) 4.92(8) 0 0 −0.80(6)

S(3) 5.16(8) 5.90(7) 3.71(8) 0 0 1.90(7)

Space group P42/nmc; a = 8.74128(3) Å, c = 12.75215(7) Å, V = 974.391 Å3; RWP = 2.01%, Re = 0.28%, Rp = 1.52%, goodness of fit S 
= RWP/ Re = 7.18, RB = 2.27%, RF = 3.35%; and secondary phase: Li3PO4 (~1.0 mass%). 
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Table S2. Rietveld refinement results for sample (ii) with  = 0.5, y = 0.2, x = 0.5 in Li10+δ[SnySi1–

y]1+δP2–δS12 (Li4–x[SnySi1–y]1–xPxS4) at 300 K 

Atom Site g x y z

Li(1) 16h 0.515(5) 0.2504(4) 0.2610(4) 0.1913(3)

Li(2) 4d 1 0 0.5 0.9434(3)

Li(3) 8f 0.726(10) 0.2431(3) = x(Li(3)) 0

Li(4) 4c 0.738(4)** 0 0 0.2454(4)

Sn(1) 4d 0.15 0 0.5 = z(P(1))

Si(1) 4d 0.6 0 0.5 = z(P(1))

P(1) 4d 0.25 0 0.5 0.68978(8)

P(2) 2b 1 0 0 0.5

S(1) 8g 1 0 0.18814(15) 0.40817(13)

S(2) 8g 1 0 0.29602(14) 0.10102(15)

S(3) 8g 1 0 0.69543(17) 0.78651(12)

**6−0.25−4×g(Li(1))−g(Li(2))−2×g(Li(3))

Atom B11 B22 B33 B12 B13 B23

Li(1) 6.7(3) 2.5(3) 17.8(8) 2.34(17) −2.2(3) −4.6(3)

Li(2) 8.2(3) 9.1(3) 8.4(3) 0 0 0

Li(3) 8.8(3) = B11(Li(3)) 22.9(8) −4.9(3) 4.7(2) =−B13(Li(3))

Li(4) 9.6(5) 11.6(5) 10.0(4) 0 0 0

Sn(1) = B11(P(1)) = B22(P(1)) = B33(P(1)) = B12(P(1)) = B13(P(1)) = B23(P(1))

Si(1) = B11(P(1)) = B22(P(1)) = B33(P(1)) = B12 (P(1)) = B13(P(1)) = B23(P(1))

P(1) 2.57(7) 2.56(7) 2.42(6) 0 0 0

P(2) 4.40(6) = B11(P(2)) 4.39(11) 0 0 0

S(1) 4.41(9) 4.34(9) 4.26(9) 0 0 0.26(10)

S(2) 4.29(9) 4.78(9) 4.26(8) 0 0 −0.20(7)

S(3) 3.96(8) 3.93(9) 3.74(9) 0 0 0.06(8)

Space group P42/nmc; a = 8.71240(3) Å, c = 12.64584(7) Å, V = 959.894 Å3; RWP = 2.13%, Re = 0.34%, Rp = 1.64%, goodness of fit S 
= RWP/ Re = 6.26, RB = 2.67%, RF = 3.38%; and secondary phase: Li3PO4 (~3.8 mass%). 
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Table S3. Rietveld refinement results for sample (iii) with  = 0.35, y = 0.2, x = 0.55 in Li10+δ[SnySi1–

y]1+δP2–δS12 (Li4–x[SnySi1–y]1–xPxS4) at 300 K

Atom Site g x y z

Li(1) 16h 0.501(3) 0.2495(3) 0.2642(3) 0.1918(2)

Li(2) 4d 1 0 0.5 0.9449(2)

Li(3) 8f 0.689(8) 0.24715(18) = x(Li(3)) 0

Li(4) 4c 0.791(13)*** 0 0 0.2453(2)

Sn 4d 0.135 0 0.5 = z(P(1))

Si 4d 0.54 0 0.5 = z(P(1))

P(1) 4d 0.325 0 0.5 0.68999(6)

P(2) 2b 1 0 0 0.5

S(1) 8g 1 0 0.18834(10) 0.40969(8)

S(2) 8g 1 0 0.29646(11) 0.10121(10)

S(3) 8g 1 0 0.69147(13) 0.78485(8)

***6−0.325−4×g(Li(1))−g(Li(2))−2×g(Li(3))

Atom B11 B22 B33 B12 B13 B23

Li(1) 10.4(2) 8.9(2) 14.6(4) 3.42(16) −1.03(18) −10.3(2)

Li(2) 13.6(2) 7.78(14) 6.89(16) 0 0 0

Li(3) 8.1(3) = B11(Li(3)) 37.8(7) −0.7(2) 1.75(16) =−B13(Li(3))

Li(4) 9.4(4) 35.7(6) 7.5(4) 0 0 0

Sn(1) = B11(P(1)) = B22(P(1)) = B33(P(1)) = B12(P(1)) = B13(P(1)) = B23(P(1))

Si(1) = B11(P(1)) = B22(P(1)) = B33(P(1)) = B12(P(1)) = B13(P(1)) = B23(P(1))

P(1) 5.10(7) 4.51(6) 4.40(7) 0 0 0

P(2) 3.81(5) = B11(P(2)) 8.20(10) 0 0 0

S(1) 5.54(6) 4.71(8) 3.10(7) 0 0 0.86(6)

S(2) 4.58(7) 6.15(7) 3.88(7) 0 0 −0.04(5)

S(3) 5.14(8) 5.14(8) 3.44(7) 0 0 1.26(6)

Space group P42/nmc; a = 8.71073(2) Å, c = 12.62060(6) Å, V = 957.610 Å3; RWP = 3.47%, Re = 0.37%, Rp = 2.42%, goodness of fit S 
= RWP/ Re = 9.38, RB = 3.27%, RF = 4.84%; and secondary phase: Li3PO4 (~1.0 mass%). 
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Fig. S1. Schematic illustration of the Li1S4 tetrahedra (coordination number (C.N.): 4) (a) and the Li1S6 
octahedron (C.N.: 6). 


