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1. Structural analysis 

In Li32Ti40O96, the fractional coordinates of 16d Li are as follows 

(0.375, 0.875, 0.125), (0.625, 0.625, 0.625), (0.125, 0.375, 0.875), (0.875, 0.125, 

0.458), (0.375, 0.375, 0.542), (0.625, 0.125, 0.708), (0.125, 0.875, 0.792), (0.875, 

0.625, 0.958) 

 

2. Defect formation energy 

The chemical potential of Li4Ti5O12 (𝜇𝐿𝑖4𝑇𝑖5𝑂12
), which represents the energy of each 

chemical molecular unit in a perfect Li4Ti5O12 crystal, can be described by  

𝜇𝐿𝑖4𝑇𝑖5𝑂12(𝑏𝑢𝑙𝑘) = 4𝜇𝐿𝑖 + 5𝜇𝑇𝑖 + 12𝜇𝑂. 

The three adjacent phases in equilibrium were used to to determine the chemical 

potentials of 𝜇𝑇𝑖 , 𝜇𝑂 and 𝜇𝐿𝑖 at points A-G. For instance, at point A, the Li4Ti5O12, 

Li2O and Li2O2 phases are in equilibrium. Therefore, the 𝜇𝑖 of the element follows 



 

 

the following equation. 

𝜇𝑂=𝜇𝐿𝑖2𝑂2(𝑏𝑢𝑙𝑘) − 𝜇𝐿𝑖2𝑂(𝑏𝑢𝑙𝑘) 

𝜇𝐿𝑖=
1

2
[2𝜇𝐿𝑖2𝑂(𝑏𝑢𝑙𝑘) − 𝜇𝐿𝑖2𝑂2(𝑏𝑢𝑙𝑘)]  

𝜇𝑇𝑖 =
1

5
[𝜇𝐿𝑖4𝑇𝑖5𝑂12(𝑏𝑢𝑙𝑘) − 12𝜇𝑂−4𝜇𝐿𝑖] 

Where 𝜇𝑂, 𝜇𝐿𝑖, 𝜇𝐿𝑖2𝑂2(𝑏𝑢𝑙𝑘) and 𝜇𝐿𝑖2𝑂(𝑏𝑢𝑙𝑘) are the chemical potentials of O2, Li, 

Li2O2 and Li2O. Similar calculation steps for point B-G are given as below. 

Phase point B： 

𝜇𝑂 =
1

2
𝜇𝑂2(𝑏𝑢𝑙𝑘) 

𝜇𝐿𝑖 =
1

2
[𝜇𝐿𝑖2𝑂2(𝑏𝑢𝑙𝑘) − 𝜇𝑂2(𝑏𝑢𝑙𝑘)

] 

𝜇𝑇𝑖 =
1

5
[𝜇𝐿𝑖4𝑇𝑖5𝑂12(𝑏𝑢𝑙𝑘) − 4𝜇𝐿𝑖 − 12𝜇𝑂] 

Phase point C： 

𝜇𝑂 =
1

2
𝜇𝑂2(𝑏𝑢𝑙𝑘) 

𝜇𝑇𝑖 = 𝜇𝑇𝑖𝑂2(𝑏𝑢𝑙𝑘) − 𝜇𝑂2(𝑏𝑢𝑙𝑘) 

𝜇𝐿𝑖 =
1

4
[𝜇𝐿𝑖4𝑇𝑖5𝑂12(𝑏𝑢𝑙𝑘) − 12𝜇𝑂 − 5𝜇𝑇𝑖] 

Phase point D： 

𝜇𝑂 = 2𝜇𝑇𝑖𝑂2(𝑏𝑢𝑙𝑘) − 𝜇𝑇𝑖2𝑂3(𝑏𝑢𝑙𝑘) 

𝜇𝑇𝑖 = 2𝜇𝑇𝑖2𝑂3(𝑏𝑢𝑙𝑘) − 3𝜇𝑇𝑖𝑂2(𝑏𝑢𝑙𝑘) 

𝜇𝐿𝑖 =
1

4
[𝜇𝐿𝑖4𝑇𝑖5𝑂12(𝑏𝑢𝑙𝑘) − 12𝜇𝑂 − 5𝜇𝑇𝑖] 

Phase point E： 



 

 

𝜇𝑂 =
1

3
[𝜇𝑇𝑖2𝑂3(𝑏𝑢𝑙𝑘) − 2𝜇𝑇𝑖] 

𝜇𝑇𝑖 = 𝜇𝑇𝑖(𝑏𝑢𝑙𝑘) 

𝜇𝐿𝑖 =
1

4
[𝜇𝐿𝑖4𝑇𝑖5𝑂12(𝑏𝑢𝑙𝑘) − 12𝜇𝑂 − 5𝜇𝑇𝑖] 

Phase point F: 

𝜇𝑂 =
1

12
[𝜇𝐿𝑖4𝑇𝑖5𝑂12(𝑏𝑢𝑙𝑘) − 4𝜇𝐿𝑖 − 5𝜇𝑇𝑖] 

𝜇𝑇𝑖 = 𝜇𝑇𝑖(𝑏𝑢𝑙𝑘) 

𝜇𝐿𝑖 = 𝜇𝐿𝑖(𝑏𝑢𝑙𝑘) 

Phase point G: 

𝜇𝑂 = 𝜇𝐿𝑖2𝑂(𝑏𝑢𝑙𝑘) − 2𝜇𝐿𝑖 

𝜇𝑇𝑖 =
1

5
[𝜇𝐿𝑖4𝑇𝑖5𝑂12(𝑏𝑢𝑙𝑘) − 4𝜇𝐿𝑖 − 12𝜇𝑂] 

𝜇𝐿𝑖 = 𝜇𝐿𝑖(𝑏𝑢𝑙𝑘) 

 

  



 

 

 

Table S1. Total energies of pure (Li4Ti5O12)8 and S-doped (Li4Ti5O12)8 supercells 

Compound Total energy (eV) 

Li32Ti40O96 -1333.363 

Li32Ti39SO96 -1317.600 

Li32Ti40O95S -1320.311 

 

Table S2. The chemical potentials of related compounds 

Compound Chemical potential (eV) 

S -7.316 

SO2 -17.208 

O2 -9.892 

Ti -7.833 

Li -1.750 

Li2O -14.314 

Li2O2 -19.403 

TiO2 -26.934 

Ti2O3 -44.912 

Li4Ti5O12 -165.625 

 

Table S3. Calculated formation energies of relevant compounds at 0 K per formula 

unit along with reported results 

Compound Space group 

Formation Energy (eV)  

This work 
Calculated  

results [1] 

Experimental  

results [2-3] 

Ti2O3 R-3c -14.41 -14.28 -16.60 

TiO2 I41/amd -9.99 -9.12 -10.56 

Li2O Fm-3m -5.86 -5.60 -6.22 

Li2O2 P63/mmc -6.01 -5.71 -6.58 

Li4Ti5O12 Fd-3m -20.21 -19.35 - 

 



 

 

Table S4. Defect formation energy at point A-G 

Point Ti-S(eV) O-S(eV) 

A 5.657 15.279 

B 2.575 15.422 

C 6.037 15.422 

D 14.057 11.412 

E 15.246 10.619 

F 15.246 10.303 

G 17.107 9.556 

 

  



 

 

Table S5. Discharge capacity of the S-doped Li4Ti5O12 electrode prepared in this work 

as well as of those of analogous doped Li4Ti5O12 materials reported in previous 

studies 

Doping 

element 

Electrode 

Material 

Discharge Capacity 

(mAh g-1) 
Rate(C) Reference 

S 

 

S doped Li4Ti5O12 

 

176.0 ( 250 cycles) 

147.6 (1000 cycles) 

126.4 (1000 cycles) 

1C 

5C 

20C 

This 

work 

P P doped Li4Ti5O12 156.0 ( 160 cycles) 1C [4] 

Zn Li4Zn0.05Ti5O12 141.7 (1000 cycles) 5C [5] 

Ca 

 

Li3.9Ca0.1Ti5O12 

 

162.4 ( 100 cycles) 

148.8 ( 100 cycles) 

138.7 ( 100 cycles) 

1C 

5C 

10C 

[6] 

V 
Li4Ti4.9V0.1O12 

 

136.4 ( 1713 cycles) 

103.0 ( 400 cycles) 

2C 

5C 
[7] 

Cr 
Li4‑xCr3xTi5−2xO12 

(x = 0.1) 
155.0 ( 1000 cycles) 1C [8] 

W Li4Ti4.9W0.1O12 128.1 ( 100 cycles) 10C [9] 

Nb Li4Ti4.95Nb0.05O12 
169.1 ( 100 cycles) 

115.7 ( 100 cycles) 

1C 

10C 
[10] 

Ta Li4Ti4.995Ta0.005O12 132.2 ( 50 cycles) 5C [11] 

Na Li4-xNaxTi5O12 

Li4-xNaxTi5O12(x=0.1) 

133.0 ( 200 cycles) 

Li4-xNaxTi5O12(x=0.15) 

135.0 ( 200 cycles) 

5C [12] 

K Li3.98Na0.01K0.01Ti5O12 165.0 ( 50 cycles) 1C [13] 

Al 
Li4Ti4.85Al0.15O12 

Li3.85Al0.15Ti5O12 

Li4Ti4.85Al0.15O12: 

101.0( 100 cycles) 

Li3.85Al0.15Ti5O12 : 

88.0 ( 100 cycles) 

1C [14] 

Br 
Li4Ti5O12−xBrx 

(x=0.2) 

159.0 ( 50 cycles) 

150.2 ( 50 cycles) 

0.5C 

1C 
[15] 

 



 

 

Table S6. The initial specific capacities 

Sample 5C 20C 

 

Initial 

specific 

capacitiy 

(mA h g-1) 

Specific 

capacity 

after 1000 

cylces  

(mA h g-1) 

Capacity 

retention 

rate 

Initial 

specific 

capacitiy 

(mA h g-1) 

Specific 

capacity 

after 1000 

cylces  

(mA h g-1) 

Capacity 

retention 

rate 

LTO 122.1 95.7 78.4% 139.8 98.2 70.2% 

SLTO 170.4 147.6 86.6% 160.4 126.4 78.8% 

 

Table S7. Atomic charges (in e) for Li, Ti, O and S as obtained from a purely ionic 

model (Qi), Bader analysis (QB) and their differences (Q = QB − Qi). 

Compounds Atoms Bader electrons(QB) Qi Q= QB- Qi 

Li32Ti40O96 

Li (8a) 2.11 3 -0.89 

Li (16d) 2.12 3 -0.88 

Ti (16d) 7.89 10 -2.11 

O (32e) 7.17 6 +1.17 

Li32Ti39SO96 

Li (8a) 2.11 3 -0.89 

Li (16d) 2.12 3 -0.88 

Ti (16d) 7.89 10 -2.11 

O (32e) 7.17 6 +1.17 

S(16d) 4.23 6 -1.77 

 

 

Figure S1. Nitrogen adsorption-desorption isotherm of (a)LTO (b)SLTO. 



 

 

 

Figure S2. FTIR spectra of LTO and SLTO 

 

 

Figure S3. Discharge/charge curves of LTO 

 



 

 

 

Figure S4. EIS equivalent circuit diagram 

 

 

Figure S5. UV-vis DRS spectra of LTO and SLTO  
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