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Figure S1. Synthesis process of the obtained CuBDC nanosheets.

Figure S2. The CuBDC bulk solution prepared by using single solution method



Figure S3. SEM imaged of the obtained CuBDC bulk nanocomposites

Figure S4. SEM images of the obtained CuBDC nanosheets
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Figure S5. The 2D CuBDC sheets powder immersed in polysulfides for more than 60 days and the corresponding

XRD pattern of the 2D CuBDC sheets powder washed by DOL/DME after immersed in polysulfides for 60 days.



Figure S6. The digital photos of the CuBDC bulk coated Al,O5/PP separator.

Figure S8. The photos of the obtained CuBDC nanosheets solution and the 2D CuBDC sheets coated separator.
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Figure S9. XRD patterns of the two CuBDC MOF based separators
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Figure S12. Polysulfides permission experiments of the CuBDC bulk based separator with the same mass loading as

that of the 2D CuBDC sheets based separator.



Figure S14. Wetting behavior LiTFSI/DOL-DME-based electrolyte on 2D CuBDC sheets separator.
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Figure S16. Electrical impedance spectroscopy of (a) PP separator and (b) 2D CuBDC sheets separator and (c and d)

-1/2
the corresponding relationship between 0W / and Z' of different separators.

The Li-ion diffusion coefficient (Dy;) of both the commercial separator and 2D CuBDC sheets based separator
can be calculated from the formula shown in the following:

D = R*T22An*F*C2s2 (1)

Where D is ion diffusion coefficient, R is molar gas constant (8.314 J mol-! K-!), T is absolute temperature, A
is electrode area, n is electron transfer number, and F is Faraday constant (96500 C mol™!). C is the
concentration of lithium ion. ¢ is Warburg factor, calculated by the formula:

Z =Ry+R,+ow @)

(2, R, Ry and o represent true resistance, Ohm solution impedance, charge transfer impedance and the
; : . 7 w12
frequency at low frequency region, respectively.) o is the slope of the line Z ~0® /
' -i/2
which can be obtained from the line of £ ~0@ / (as Figure S16 ¢ and d).

The calculated lithium diffusion coefficient Dy; (cm? s7!) of the commercial separator is 5.75 x 10712 ¢cm? 571,
however the lithium diffusion coefficient of 2D CuBDC sheets based separator is only 5.07 x 10712 ¢cm? s™!. So, the
lithium-ion diffusion coefficient of 2D CuBDC sheets based separator was only slightly lower than that of
commercial separator.
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Figure S17. CV curves of the CuBDC bulk based Li—S battery.
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Figure S18. Cycling performance of the CuBDC bulk based separator Li—S battery at 0.5 C with the same MOF mass

Cycle number (n)

loading as that of CuBDC sheets based separator.
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Figure S19. Cycling performance of the CuBDC bulk based separator Li—S battery at 1 C with the same MOF mass

Cycle number (n)

loading as that of CuBDC sheets based separator.
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Figure S20. Rates performance of the CuBDC bulk based separator Li—S battery with the same MOF mass loading

as that of CuBDC sheets based separator.
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Figure S21. Rates performance of the commercial separator Li—S battery.

Figure S22. Photos of the CNTs freestanding film before pounced into sulfur hosts.

Figure S23. Photos of the CNTs freestanding film after pounced into sulfur hosts.



Figure S24. SEM images of the CNTs freestanding film after sulfur loading before heat treatment.
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Figure S25. Electrochemical performances of the high sulfur loading (5.2 mg cm2) with MOF separator cycled at
0.5 C with initial activation at 0.05 C.
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Figure S26. Electrochemical performances of the high sulfur loading of 4.6 mg cm™2 with MOF separator initially
cycled at 0.05 C.
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Figure S27. SEM images of the 2D CuBDC sheet based KJC/S cell after cycling for 500 cycles at 0.5 C.
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Figure S28. XRD pattern of the the 2D CuBDC sheet based KJC/S cell after cycling for 500 cycles at 0.5 C.
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Figure S29. SEM images of the CuBDC sheet separator used in CNTs/S film based Li—S battery after cycled at 0.5

C for 500 cycles.
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Figure S30. XRD pattern of the 2D CuBDC sheet based CNTs/S film cell after cycling for 500 cycles at 0.5 C.
Perfectly preserved 2D nanostructure can be suspected from the XRD pattern as highlighted by the light blue

triangle. More important, no any peaks from sulfur species can be observed, which highlight the important role of

CuBDC sheets in suppressing polysulfides.
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Figure S32. SEM images of the CNTs/S cathode after cycled at 0.5 C for 500 cycles.

Figure S33. SEM images of the Li anodes from (a) 2D CuBDC sheets separator based Li—S battery with 5.2 mg
cm2 sulfur loading after cycled at 0.5 C for 500 cycles; (b) PP separator based Li—S battery with 2.2 mg cm™2 sulfur
loading after cycled at 0.5 C for 500 cycles.
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Table S1. Electrochemical performances of the Li—S batteries copped with multiple functional separators (with S
loading below 2.0 mg cm™2)

Functional S contents S loading Cycle life Capacities Capacity Ref.
separators (mg cm™?) (mAh g™ decay
(per cycle)

GO 35% 1.0-1.2 400 750 at1C 0.08% S2

Zn-MOF 70% 1.0 200 738 at 0.2 C 0.21% S4

CNTs 70% 1.0 100 58lat2C 0.03% S6

Phosphorus 66% 1.5-2.0 100 800at1.2C 0.07% S8

2D CuBDC sheets 70% 1.8-2.3 400 830at1C 0.02% This work
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Table S2. Electrochemical performances of the Li—S batteries copped with multiple functional separators/interlayers
(with high S loading about 3.5-6.0 mg cm2)

Functional S contents S loading Cycle life Capacities Capacity Ref.
separators (mg cm™) (mAh g decay
(per cycle)
LDH/graphene 63% 43 100 800at0.2 C 0.06% S1
Cellular graphene 80% 53 100 703 at 0.1 C 0.07% S9
PP/GO/Nafion 60% 4 30 930at0.2 C 0.7% S10
N-polymer/GO 70% 33 200 738at1C 0.15% S11
Porphyrin sheets 63% 3.6 400 688 at 0.2 C 0.16% S12
MWCNT 53% 3.0 100 851at0.5C 0.23% S13
BaTiO3 65% 3.0 50 925at0.1 C 0.34% S14
2D CuBDC sheets 70% 52 500 795 at 0.5 C 0.05% This work
2D CuBDC sheets 70% 4.6 500 516at1C 0.08% This work
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