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D
Li* diffusion coefficient ( Li +)
After cycling at 0.1 C for 4 cycles for activation, the CV curves at the fourth scan were taken
for conducting D;;. analysis. D;;. was examined by the Randles-Sevcik equation:
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where IP is the peak current, n is the number of electrons transferred in the reaction (n=2 for

D C
Li-S batteries), A is the electrode area, Li *is the Li* diffusion coefficient, Lit s the Li*

concentration, and V refers to the scan rate. 1, was normalized by the capacity fade.

Li* conductivity
To estimate the influence of the interlayer on the ionic conductivity, the functional materials
was tape cast on the surface of Celgard separator with a coating thickness of ~10 um. The ionic

conductivity of the coated separator was measured by EIS method and calculated using the

L
0=—r
equation RbS, where L and S are the thickness and area of the separator/or modified

separator, respectively, and R, is the bulk Ohmic resistance of the electrolyte.



Fig. S1 HRTEM image of the mesoporous SiO, nanospheres.
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Fig. S2 N, adsorption-desorption isotherms of the mesoporous SiO, nanospheres.
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Fig. S3 HRTEM image of the exfoliated MoS,.
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Fig. S4 XRD patterns of SiO,@MoS,, MoS, nanoflakes and bulk MoS,.
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Fig. S5 Folded-recovery test of the SiO,@MoS, interlayer coated cathode, showing excellent

adhesion.

Fig. S6 SEM and the corresponding elemental maps of the surface of the SiO,@MoS, coated

cathode.
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Fig. S7 Visual examination of PS entrapment at different cycle times of Li-S batteries with (a)

the SiO,@MoS, interlayer coated cathode and (b) the sulfur cathode without an interlayer, both

at current rate of 1 C.
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Fig. S8 (a) XPS survey spectra of SiO,@MoS,. (b) S 2p, (c) Mo 3d and (d) O 1s XPS spectra
of Si0,@MoS, nanocomposites before and after PS adsorption.
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Fig. S9 CV curves at various scan rates of the cells with (a) the SiO,@MoS,, (b) the mesoporous

Si0,, (c) the MoS; nanoflake interlayers and (d) without any interlayer. Plots of the CV peak

1
current (1 ») versus the square root of the scan rate (v /2) at: (e) the cathodic peak at around 2.35

C (peak A), (f) the cathodic peak at around 2.05 V (peak B) and (g) the anodic peak (peak C).



Fig. S10 SEM images of the MoS, nanoflake interlayer (a) and the mesoporous SiO; interlayer

(b).
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Fig. S11 EIS curves of different interlayer coated separators and the corresponding ionic

conductivities.
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Fig. S12 Coulombic efficiencies of cells with different configurations during the rate

performance.
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Fig. S13 (a) Cycling performance at 1 C and (b) the corresponding charge-discharge profiles
of MoS, naonsheets anode as a typical Li-S battery in a voltage window of 1.7-2.6 V vs Li*|Li.
MoS, anode was prepared by mixing MoS, nanosheets and PVDF (weight ratio of 9:1) in NMP
and then cast the slurry on Al foil..
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Fig. S14 The sulfur utilization rate of different batteries at various rates.
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Fig. S15 Galvanostatic charge-discharge profiles at various current rates of cells with (a) the

mesoporous SiO,, (b) the MoS, nanoflake interlayers and (c) without any interlayer.
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Fig. S16 Galvanostatic charge-discharge curves of the cell with the Si0,@MoS, interlayer at 1

C.
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Fig. S17 UV-Vis spectra and photographs (inset) of the cycled (a) separators and (b) cathodes

in THF.
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Fig. S18 Galvanostatic charge-discharge curves of cells with (a) the SiO,@MoS; interlayer and

(b) without any interlayer at a raised sulfur loading of 4.0 mg cm™.
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Fig. S19 Rate performance at a sulfur loading of 4.0 mg cm™. Specific capacies are calculated

based on the mass of sulfur (black), total mass of the cathode (blue) and the total mass of the

cathode and the Si0O,@MoS,; interlayer (red).
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Fig. S20 TEM image of SiO,@WS,.
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Table S1 Li* diffusion coefficients of cells with different configurations calculated from the

Randles-Sevcik equation after adjusting for capacity fade.

Sample Dy;+ at peak A Dy;+ at peak B Dy;+ at peak C
(cm? ) (cm? s1) (cm? s71)
Si0,@MoS, 1.30x 108 3.56x 108 7.04 x 108
Si0, 1.29x 108 3.54x 10 6.85x 10°®
MoS, 4.12x 107 7.63 x 10 1.72x 108
Celgard 4.97 x 10 1.18x 10® 2.01 x 108

Table S2. Summary of the impedance parameters of cells with different configurations.
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Parameters Celgard MoS, SiO, SiO,@MoS,

R, (Q) 7.5 5.1 5.7 43
Ry (Q) 101.5 25.7 40.5 7.0
R (Q) 60.3 33.5 11.1 3.1
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Table S3 The electrochemical performance comparison of Li-S batteries with MoS,-related

interlayers in recent publications.

Interlayer Nanocomposite fabrication Cathode Rate Cycle Capacity decay Yearlrefl
method ©) life (%)

SiO,@MoS, Self-assembly Pure sulfur 2 2500 0.028 This
work

MoS,/tGO Hydrothermal method Pure sulfur 1 500 0.116 2018!

MoS,/CNT Vacuum filtration Pure sulfur 1 500 0.061 20182

MoS,/CNT Layer-by-layer filtration S/CNT 0.5 500 - 20173

composites
MoS, - Pure sulfur 0.5 600 0.08 20174
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Table S4 Comparison of Li-S batteries using prisine sulfur cathodes and various interlayers in

recent publications.

Interlayer Interlayer S loading S content S Electrolyte  Capacity Rate Year(Ref
thickness (um)  (mg cm2) (%) content” volume fading (%  performance !
(%) (uL/mg S)  per cycle) (mAh g1)
SiO,@MoS, 3 1.2, 60 43, 15 0.028 783 (3 C) This
4.0 (high S) 54 (2500t work
Sb,S3/CNT 10 1.0 65 51 ca. 44° 0.049 530(2C) 20183
(1000t
Laponite/CB 3.5 1.0-1.2 70 48 ca. 44° 0.028 758 2 C) 20186
(500™)
MWCNT/NCQD >20¢ 1.4, 60 56, ca. 51° 0.05 667 (3 C) 20187
3.0 (high S) 58 (1000t
Mesoporous SiO, 20 0.75 70 62 - 0.057 501 (1 C) 20188
(300™)
LiF/GO - 1.3, 80 73, - 0.043 5243 C) 2018°
2.6 (high S) 76 (400™)
Niobium Carbide 10 1.5, 60 44, 25 0.037 730 (5 C) 201810
4.0 (high S) 53 (1500t
Indium Nitride 6.5 1.5 80 69 20 0.015 415(50) 2018
(1000t
MoP,/CNT >20¢ 1.2, 50 44, - 0.025 360 (5 C) 201812
2.8 (high S) 47 (500™)
MoS,/rGO 8 1.8-2.0 70 64 ca. 23% 0.116 615(2C) 2018!
(500t
MoS,/CNT 2 1.4 50 46 25 0.061 784 (10 C) 20182
(500™)
MoS; nanosheets 0.35 - 60 - 65 uL per 0.083 550(1C) 20174
cell (600™)
CNT@TiO, 12 1.7, 60 48, - 0.056 740 (2 C) 201713
3 (high S) 53 (1000t
Co/Co304/TiOx/N >20¢ 1.5 60 - - 0.147 651 (1C) 201714
-doped porous C (100t)
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BN-carbon 13 2.1 60 - - 0.09 702 (4 C) 201713

(250t)

CNF@5-MnO2 2 2.1,4.1 80 - ca. 23% 0.13 554 (2 C) 201716
(high S) (200th)

V,05/CNF >20¢ 2.0 70 52 - 0.03 709 (5 C) 201717
(1000

Graphene/chitosan 22.5 1.6-2.0 75 71 ca. 180 0.021 750 2 C) 2017'8
(3000t)

Acidized CNT >20¢ 1.0 70 - - 0.1 (400t) 660 (2 C) 201719

CNT >20¢ 1.0 70 - - 0.66 466 2.5C) 201720
(100t)

SRGO 10 1.3, 60 51, - 0.15 471 (4 C) 2017%
5 (high S) 59 (250™)

LTO/graphene 35 1.0-1.2 60 50 - 0.03 709 (2 C) 2016%
(500t)

GO - 1.0-1.5 63 59 - 0.23 ca. 600 (2C) 20152
(100t)

Activated CNF 25 2.1-23 70 63 ca. 18° 0.13 - 2015%
(200t)

« § content including the weight of the interlayer. ® calculated based on a cathode disk 12 mm in diameter. °© free-standing

@ e

interlayers usually with thickness > 20 pm. “-* means data not available.
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