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Supporting Information

Fig. S1. Low magnification TEM images. (a) single phase TiN, (b) rutile TiO2, and (c) TiO2-
TiN heterostructure.

Fig. S2. Energy dispersive X-ray spectroscopy (EDS). (a) 2TiN: 8TiO2, (b) 7TiN: 3TiO2.



Fig. S3. SEM images. (a) TiO2, (b) 2TiN: 8TiO2, (c) 7TiN: 3TiO2 and (d) TiN.

Fig. S4. Phase characterization. Raman spectroscopy for the as-synthesized single phase 
TiN, rutile TiO2, and TiO2-TiN heterostructures.



Fig. S5. Element mappings (titanium, oxygen, nitrogen). (a) 2TiN: 8TiO2, (b) 7TiN: 3TiO2. 

Fig. S6. The geometrical configurations of Li2S4 and lithium diffusion. (a) Initial state, transition 
state, and final state of Li2S4 migration along the [001] direction on the rutile TiO2 (110) surface; 
(b) Energy profile for lithium migration along [001] direction on the rutile TiO2 (110) surface; 
(c) Top and side views of minimum energy path for lithium migration along [001] direction on 
the rutile TiO2 (110) surface.



Fig. S7. Fitting of current vs. time curve on different surfaces. (a) CP-7TiN:3TiO2, (b) 
CP-2TiN: 8TiO2, (c) CP-TiN, (d) CP, (e) CP-TiO2. The cells were discharged 
galvanostatically at 0.112 mA to 2.06 V and kept potentiostatically at 2.05 V until the 
current was below 10-5 A. The whole process of Li2S nucleation/growth lasted for 
11,000 s approximately. The nucleation/growth rate of lithium sulfide were 
mathematically evaluated based on the whole charge according to Faraday’s law.
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Fig. S9. SEM images of typical top-view and cross-sectional images of the coatings. (a and 
b) TiO2-G; (c and d) 2TiN: 8TiO2-G; (e and f) TiN-G coating layers, the insets are elemental 
distribution maps.

Fig. S10. The loading of sulfur in active materials. Thermogravimetric analysis (TGA) for the 
graphene-sulfur hybrid and pure sulfur.
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Fig. S8. The structure of TiO2-TiN-G. (a) 7TiN: 3TiO2-G, (b) 2TiN: 8TiO2-G.



Fig. S11. Electrochemical performances of cells with graphene-only coated separators (G) 
and commercial separator. (a) rate performance at different current densities, (b) cycling 
stability of cells with different as-synthesized TiO2-TiN coating layer as well as the control 
samples (7TiN: 3TiO2-G, 2TiN: 8TiO2-G, TiO2-G, TiN-G, G, commercial separator) at 1 C for 
500 cycles, (c) cycling stability at 0.3 C for 300 cycles.

Fig. S12. N2 adsorption-desorption isotherms. (a) TiO2, (b) 2TiN: 8TiO2, (c) 7TiN: 3TiO2 and 
(d) TiN.



Fig. S13. Sulfur content after cycling. (a) SEM image of the separator with 7TiN: 3TiO2-
G coating layer (close to the lithium anode) after 500 cycles at 1 C, the inset is its 
elemental map for sulfur. (b) Sulfur content from EDS of the separators with different as-
synthesized TiO2-TiN coating layers as well as the control samples (7TiN: 3TiO2-G, 2TiN: 
8TiO2-G, TiO2-G, TiN-G, G, commercial separator) after cycling. 

Fig. S14. Nyquist plots of cells with graphene-only coated separators (G) and commercial 
separator. (a) before cycling and (b) after 300 cycles at 1 C from 100 kHz to 10 mHz at room 
temperature.

Fig. S15. Charge/discharge profiles at 0.3 C and 1 C. (a and b) The charge/discharge profiles 
of the cells with 7TiN:3TiO2-G, 2TiN: 8TiO2-G, TiN-G and TiO2-G with the overpotentials (△E) 
labeled.



Table S1. Summary of performance of Li-S batteries with different interlayers or 
coating layers.

Sample
number

Reference
Interlayer/
Coating layer

Cathode Electrochemical performance

I This work 7TiN: 3TiO2-G Graphene/S

1C, 2000 cycles, 704 mAh g-1, 
(89.1% capacity retention); 
0.3C, 300 cycles, 926 mAh g-1 
(92% capacity retention)

Ⅱ
1 Nature Energy 1, 
16094 (2016)

MOF@GO
MesoC-
sulfur

1C, 1500 cycles, 855 mAh g-1, 
(71% capacity retention)

Ⅲ
2 Adv Mate 28, 
9551-9558 (2016)

LDH@NG MWCNT-S
3.4 mAh cm-1, 100 cycles, 800 
mAh g-1 

Ⅳ
3 Adv Mater 28, 
9797-9803 (2016)

black-phosphorus
modified

Pure sulfur
0.4 A/g, 100 cycles, 800 mAh g-1, 
(86% capacity retention)

Ⅴ
4 Adv Mater 27, 
641-647 (2015)

Graphene Pure sulfur
1.5A/g, 500 cycles, 663 mAh g-1, 
(71.1% capacity retention)

Ⅵ
5 Nano Energy 30, 
1-8 (2016)

G+LTO Pure sulfur
1 C, 500 cycles, 697 mAh g-1, 
(85.7% capacity retention)

Ⅶ
6 Nano Energy 17, 
224-232 (2015).

Graphene 
embedded 
Carbon Fiber film

Pure sulfur 1 C, 300 cycles, 798 mAh g-1

Ⅷ

7 Advanced 
Functional 
Materials 25, 
5285-5291 (2015)

Functional 
Mesoporous 
Carbon

MesoC-
sulfur

0.5 C, 500 cycles, 723 mAh g-1

Ⅸ
8 Nano Energy 30, 
138-145 (2016)

MPBL-coated NPCS-S
1 C, 1000 cycles, 472 mAh g-1, 
(57.6% capacity retention)

Fig. S16. Cyclic voltammograms profiles. The cells with (a) 7TiN:3TiO2-G, (b) 2TiN: 8TiO2-G 
over a voltage range from 1.7 to 2.8 V. 
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