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Supporting Information
Density Functional Theory Studies on Tuning TaxTi-

xSz For Insoluble Li;S>-LixS Conversion in Lithium-

Sulfur Batteries
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Figure S1. Energy band structure and PDOS of (a)Tao.06 Ti0.94S2 (b) Tao.13Ti0.87S2 (¢) Tao.19Tio.81S2
(d)Tao.25Ti0.75S2 (€)Tao.31Ti0.60S2 (f) Tao.44Tio.5652 (g) TaosTio.5S2 (h) Tao.s6 Ti0.44S2
(1)Tao0.63Ti0.37S2(j) Tao.60Ti0.31S2 (k) Tao.75Tio.25S2 (1) Tao.s2Ti0.18S2 (m) Tao.ssTio.12S2 and
(n)Ta0.94Ti0.0652, respectively.
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Figure S2. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)L12S2(d)Li3S2 on TiS2. The grey, yellow brown and purple atomis Ti, Srys,, Stipss, and Li
respectively.

Figure S3. The top and side views of the most optimized geometric structures of (a)LiS (b)LizS
(c)Li2S2(d)Li3S2 on Tao.06Ti0.94S2.The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, , Tigo,S,> SLiPss, and Li respectively.
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Figure S4. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.13Tio.87S2.The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, ., Tiy 4,S,> SLiPss, and Li respectively.

Figure S5. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.19Tio.81S2.The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, . Tig 4,S,> SLiPss, and Li respectively.
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Figure S6. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.25Ti0.75S2. The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, ,.Tiy ,sS,> SLiPss, and Li respectively.

(b)

Figure S7. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao31Tio.69S2.The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, ., iy .S,» SLiPss, and Li respectively.
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Figure S8. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.44Tio.56S2 . The grey, green, yellow brown and purple atom is Ti,
Ta,Sta,,, iy S,» SLiPss, and Li respectively.

(@)

Figure S9. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.sTio.5S2.The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, . 1i, 5, SLiPss, and Lirespectively.
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Figure S10. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.56Ti0.44S2 . The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, . Tig ,,S,> SLiPss, and Li respectively.

Figure S11. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.63Ti0.37S2.The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, . Ti, 5,S,> SLiPss, and Li respectively.
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Figure S12. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.69Ti0.31S2.The grey, green, yellow brown and purple atomis Ti,
Ta,Sta, . Tiy ,,S,> SLiPss, and Li respectively.

Figure S13. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(¢)Li2S2(d)Li3S2 on Tao.75Tio.25S2.The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, . Tiy ,sS,» SLiPss, and Li respectively.
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Figure S14. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.s2Tio.18S2.The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, ,,Tig ,S,> SLiPss, and Lirespectively.

Figure S15. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.ssTio.12S2 . The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, iy ,,S,> SLiss, and Li respectively.
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Figure S16. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)Li2S2(d)Li3S2 on Tao.94Ti0.0652.The grey, green, yellow brown and purple atom is Ti,
Ta,Sta, ,,Tig S,» SLiPss, and Li respectively.

Figure S17. The top and side views of the most optimized geometric structures of (a)LiS (b)Li2S
(c)L12S2(d)Li3S2 on TaS2. The green, yellow brown and purple atom is Ta,St,s, , Stipss, and Li
respectively.
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Table S1. The calculated adsorption energy (Ea) of LiS, Li2S, Li2S2 and LizS2 on TaxTiq-

x32(0<X<1).
Ea(eV) Lis Li,S Li,S, LisS,
TiS2 -2.51 -3.36 -2.03 -2.75
Tao.06Tio.94S2 -2.41 -3.25 -1.92 -2.69
Tao.13Tio.s7S2 -2.41 3.12 -1.94 -2.64
Tao.19Tio.81S2 -2.37 -3.05 -1.90 -2.59
Tao.25Tio.75S2 -2.29 -3.04 -1.87 -2.56
Tao.31Tio.60S2 -2.29 -2.99 -1.82 -2.53
Tao.38Tio.62S2 -2.40 -3.14 -1.87 -2.58
Tao.44Tio 56S2 -2.31 -3.00 -1.86 -2.51
TaosTiosS2 -2.25 -2.94 -1.77 -2.57
Taos6Tio.4aS2 -2.32 -3.01 -1.98 -2.85
Tao.63Tio.37S2 -2.32 -3.05 -1.95 -2.60
Tao.e9Tio.31S2 -2.34 -3.04 -1.88 -2.53
Tao.75Tio.25S2 -2.38 -3.17 -1.89 -2.59
Tao.s2Tio.1852 -2.31 -2.93 -1.79 -2.48
Tao.ssTio.12S2 -2.38 -3.07 -1.90 -2.55
Tao.94Tio.06S2 -2.32 -2.99 -1.82 -2.48
TaS: -2.42 -2.96 -1.83 -2.48
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Table S2. The closest distance of the Li atom to Sty i (1213 when LiS, Li2S, Li2S2 and Li3Sz2 on
TaxTiq-x)S2(0<X<1).

The closest distance(A) duis dys dys, dyis,
TiS2 2.46 2.42 2.57 2.53
Tao.o6Tio.94S2 2.45 2.46 2.58 2.54
Tao.13Tio.87S2 2.44 2.45 2.57 2.54
Tao.19Tio.81S2 2.45 2.42 2.56 2.53
Tao.25Tio.75S2 2.44 2.45 2.57 2.54
Tao.31Tio.60S2 2.44 2.41 2.58 2.53
Tao.38Tio.62S2 2.45 2.41 2.56 2.53
Tao.44Tio.56S2 2.45 2.45 2.55 2.53
Tao.5Ti0.5S2 2.46 2.42 2.56 2.54
Tao.s6Tio.44S2 2.45 2.44 2.56 2.48
Tao.63Tio.37S2 2.46 2.43 2.59 2.53
Tao.69Tio.31S2 2.45 2.41 2.55 2.52
Tao.75Tio.25S2 2.46 2.41 2.57 2.53
Tao.s2Tio.18S2 2.46 2.41 2.55 2.52
Tao.ssTio.12S2 2.46 2.41 2.54 2.52
Tao.04Tio.06S2 2.43 2.41 2.53 2.49
TaS: 2.45 2.42 2.47 2.49
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Table S3. Bader charge numbers indicate the number of electrons transferred from LiS, LiS,
Li2S2 and Li3S» to TaxTi1-x)S2(0<X<1). Here, Bader charge difference means the difference of
charge value between adsorbed case and free-standing case.

AetayTig_ys,=

Quis Quis Quis, Quiss,
-Aeypss

TiS2 -0.54 -1.12 -1.01 -1.09
Tao.06 Tio.94S2 -0.48 -1.21 -0.98 -1.09
Tao.13Tio.87S2 -0.53 -1.15 -0.98 -1.08
Tao.19Tio.81S2 -0.53 -1.12 -1.03 -1.07
Tao.25Tio.75S2 -0.50 -1.18 -0.95 -1.04
Tao.31Tio.69S2 -0.54 -1.21 -0.92 -1.04
Tao.38Tio.62S2 -0.46 -1.09 -0.97 -1.06
Tao.44Tio.56S2 -0.50 -1.17 -0.94 -1.03
Tao.5Tio.5S2 -0.50 -1.15 -0.93 -1.02
Tao.56Tio.44S2 -0.52 -1.12 -0.92 -1.45
Tao.63Ti0.37S2 -0.48 -1.15 -0.90 -1.02
Tao.69Ti0.31S2 -0.51 -1.14 -0.93 -1.02
Tao.75Tio.25S2 -0.46 -1.10 -0.92 -1.01
Tao.82Tio.18S2 -0.47 -1.16 -0.87 -0.99
Tao.88Tio.12S2 -0.50 -1.15 -0.90 -1.00
Tao.94Ti0.06S2 -0.50 -1.13 -0.87 -0.98
TaS:2 -0.47 -1.11 -0.83 -0.99
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Table S4. Bader charge numbers indicate the number of electrons transferred from Liand S of
LiS, LixS, LSz and Li3S2 to TaxTi(1-xS2(0<X<1). Here, Bader charge difference means the
difference of charge value between adsorbed case and free-standing case.

AeTaxTi(l_x)Sz LiS les LizSz Li3Sz
=-Aeppss Aey; Aes Aei  Aes Aey; Aes  Aey; Aes
TiS2 -0.87 0.33 -1.72 0.60 -1.73 0.72 -2.62 1.53

Tao.06Tio.94aS2  -0.87 0.39 -1.74  0.53 -1.74 0.76 -2.63 1.54

Tao.13Tio.s7S2  -0.87 034 -175 060 -1.74 076 -263 155

Tao.19Ti081S2  -0.87 034 -174 062 -1.76 073 -262 155

Tao.2sTio.7sS2  -0.88 038 -1.74 05 -1.74 079 -262 158

Tao.31TioeeS2 -087 033 -1.74 053 -1.74 082 -263 159

Tao.3sTioe2S2  -0.87  0.41 -1.74 065 -174 077 -263 157

Tao.44Tio56S2  -0.87 037 -1.74 057 -1.74 080 -262 159

TaosTosS2  -0.88 038 -1.74 060 -1.74 081 -262 1.60

TaoseTio.ssS2  -0.87 035 -1.74 062 -1.75 083 -2.61 1.16

Taoe3Tio37S2  -0.87 039 -1.73 058 -1.74 084 -262 1.60

TaoesTi031S2 -087 036 -1.74 060 -1.74 081 -262 160

Tao.75Tio2sS2  -0.87  0.41 -1.73 063 -1.74 082 -262 1.61

Tao.s2Tio.18S2  -0.87 040 -1.74 057 -1.74 087 -262 1.63

Tao.ssTio.12S2  -0.87 037 -1.74 059 -1.74 084 -262 1.62

Tao.e4Ti0.0eS2 -0.87 037 -173 060 -1.74 087 -262 164

TaS2 -087 040 -1.74 063 -174 091 -262 1.63
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Table S5. The difference of Work function(AWF), when LiS, LixS, Li2S2 and Li3S2 absorb on
TaxTiq-x)S2(0<X<1).

AWF(eV) AWFLs AWF;,s  AWF5,  AWFq,

TiS2 -0.27 -0.60 -0.19 -0.84
Tao.06 Tio.0aS2 -0.30 -0.57 -0.19 -0.84
Tao.13Tio.s7S2 -0.27 -0.54 -0.19 -0.84
Tao.19Tio.s1S2 -0.27 -0.54 -0.16 -0.82
Tao.25Tio.75S2 -0.27 -0.54 -0.16 -0.82
Tao.31Tio.eoS2 -0.24 -0.49 -0.14 -0.82
Tao.38Tio.62S2 -0.14 -0.38 -0.08 -0.71
Tao.44Tio.56S2 -0.19 -0.41 -0.11 -0.79
TaosTiosS2 -0.22 -0.46 -0.11 -0.79
Taos6Tio.44S2 -0.22 -0.41 -0.14 -0.19
Taoe3Tio.37S2 -0.14 -0.44 -0.11 -0.79
Tao.e9Tio.31S2 -0.22 -0.47 -0.11 -0.76
Tao.75Tio.25S2 -0.19 -0.44 -0.08 -0.73
Tao.s2Tio.1852 -0.16 -0.46 -0.08 -0.73
Tao.ssTio.12S2 -0.14 -0.44 -0.05 -0.73
Tao.94Tio.06S2 -0.14 -0.41 -0.05 -0.73

TaS2 -0.16 -0.90 0 -0.68
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Figure S18. COHP diagram of the Li-St, 1 (1215 (0<X<1)bond in(a)TiSz, (b)Tao.06Ti0.94S2,
(c)Tao.13Tio.87S2,(d) Tao.19Tio.81S2, (€)Tao0.25Ti0.75S2, (f) Tao.31 Tio.69S2, (g) Tao.38Ti0.62S2, (h) Tao.44Tio.56S2,
(1)Tao.5Tio0.5S2, (j)Tao.s6Tio.44S2, (k)Tao.63Ti0.37S2, (1) Tao.e9Tio.31S2, (m)Tao.75Tio.25S2, (n) Taos2Tio.18S2,
(0)Tao.88Ti0.12S2, (p) Tao.uTi0.06S2, and (q) TaS2, respectively.
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Figure S19. Side views of the Plane-averaged charge density difference between (a) LiS, (b)
LizS, (c) Li2S2, (d) LisS2 on TiS». blue and pink represent charge depletion and gain, respectively.
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Figure S21. Side views of the Plane-averaged charge density difference between (a) LiS, (b)
LizS, (c) Li2S2, (d) LisS2 on Tao.13Ti0.87S2. blue and pink represent charge depletion and gain,

respectively.
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Figure S22. Side views of the Plane-averaged charge density difference between (a) LiS, (b)

LiS, (c) Li2Sz, (d) Li3S2 on Tao.19Tio.s1S2. blue and pink represent charge depletion and gain,
respectively.
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Figure S23. Side views of the Plane-averaged charge density difference between (a) LiS, (b)
LizS, (c) Li2S2, (d) Li3S2 on Tao.25Ti0.75S2. blue and pink represent charge depletion and gain,

respectively.

(a) 6 (b) 6
A“ A4-
? ?
22— 22-

x X

30 3o
& 8

Q2 Q2
2 a

4- 4

6 . A - 6 . T

10 15 Azo 25 10 . 15 . (A;o 25
Z position osition

(©) 6 il ] (@6 e
] A4_
5, s,

x X

Sof—— { 2o
8 &
Q-2- Q-2-
< <

4- 4

6 . e - 6 . L. ,

10 15 20 25 10 15 20 25
Z position(A) Z position(A)

Figure S24.Side views of the Plane-averaged charge density difference between (a) LiS, (b)
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Figure S25.Side views of the Plane-averaged charge density difference between (a) LiS, (b)
LizS, (c) Li2S2, (d) LisS2 on Tao.38Tio.62S2. blue and pink represent charge depletion and gain,
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Figure S26. Side views of the Plane-averaged charge density difference between (a) LiS, (b)
LiS, (¢) Li2Sz, (d) LizS2 on Tao.44Tio.56S2. blue and pink represent charge depletion and gain,
respectively.
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Figure S28. Side views of the Plane-averaged charge density difference between (a) LiS, (b)
LiS, (c) Li2Sz, (d) Li3S2 on Tao.56Ti0.44S2. blue and pink represent charge depletion and gain,
respectively.
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Figure S30. Side views of the Plane-averaged charge density difference between (a) LiS, (b)
LiS, (c) Li2Sz, (d) Li3S2 on Tao.69Ti0.31S2. blue and pink represent charge depletion and gain,
respectively.
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Figure S31. Side views of the Plane-averaged charge density difference between (a) LiS, (b)
LizS, (c) Li2S2, (d) LisS2 on Tao.75Tio.25S2. blue and pink represent charge depletion and gain,

respectively.

(a) 6 (b) 6 7
— 4 — 44
& &
e 2 S 24
> >
30 30
8 8
Q-2 Q-2
< <

4 4

-6 : L S S 6

10 15 20 25
Z position(A)

(c) 6 . ; : (d) &
o~ 4- 'ﬁ‘ y 4
5 ' 5
1% 2' ' - 1; 24
:' ' .

3 1 i —
&" \/v,ﬂ Fo
Q. a2l
" : <

4- 4-

6 —— Sl = 6 . & :

10 15 20 25 10 15 20 25
Z position(A) Z position(A)

Figure S32. Side views of the Plane-averaged charge density difference between (a) LiS, (b)
LiS, (c) Li2Sz, (d) Li3S2 on Tao.s2Tio.18S2. blue and pink represent charge depletion and gain,
respectively.
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Figure S33. Side views of the Plane-averaged charge density difference between (a) LiS, (b)
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respectively.
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Figure S34. Side views of the Plane-averaged charge density difference between (a) LiS, (b)

LiS, (c) Li2Sz, (d) Li3S2 on Tao.04Ti0.06S2. blue and pink represent charge depletion and gain,
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Figure S35. Side views of the Plane-averaged charge density difference between (a) LiS, (b)

Li2S, (c) LizS2, (d) LisS2 on TaS:. blue and pink represent charge depletion and gain, respectively.
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Figure S37. The leave-one-out cross-validation of TaxTi1-x)S2 MSE and RMSE.

Table S6. The correlation (Pearson correlation coefficient) between a single parameter and the
Gibbs free energy of Pathways 1.

Pearson
correlation WE AWFijs  AWFs, Ad-p AX  Eays Eays,
coefficient
AG1-P1 -0.57 -0.21 0.42 0.32 -0.57 0.81 0.42
Pearson
correlation Qu,s  Qu,s, du,s  diys, [COHR;s ICOHP s,
coefficient
AGI1-P1 -0.09 0.65 0.09 -0.46 -0.45 -0.06
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