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Fig. S1. Schematic illustration of the preparation of FJU-90/PP.

Fig. S2. View along the crystallographic ¢ axis of the cylindrical channel before and after PSP

partitioning.
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Fig. S3. Polyhedral drawing of the connected network in FJU-88 (left) and FJU-90 (right)

before and PSP after partitioning.

Fig. S4. Schematic diagram of the shuttle effect of the FJU-88/PP separator.
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Fig. S5. XRD pattern of FJU-88.

Fig. S6. HAADF-STEM image and the corresponding elemental mappings of FJU-90.
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Fig. S7. XRD patterns of (a) FJU-90 and (b) FJU-88 after cycling and after soaking with

polysulfides-containing electrolyte.

In order to demonstrate the stability of MOFs in Li-S battery, crystalline structures of
MOFs after cycling and contacting with PS were provided. As exhibited in Fig. S7, XRD
patterns of the as-synthesized MOFs are well matched with the patterns for cycled MOF and

PS-treated MOF, suggesting good stability of as-prepared MOFs in Li-S battery.

FJU-88/PP FJU-90/PP

Fig. S8. Photographs of the PP, FJU-88/PP, and FJU-90/PP separators



Fig. S10. Schematic of the FJU-90/PP separator for blocking the polysulfides.
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Fig. S11. FJU-90/PP separator at bending state and after recovery.
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Fig. S12. Surface wetting of electrolyte droplet on FJU-88/PP and PP separators.
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Fig. S13. Impedance plots of the batteries with different separators.

The battery was assembled by sandwiching a separator between two stainless steel blocking

electrodes. The electrochemical impedance spectroscopy (EIS) was collected using an
electrochemical working station at open circuit potential with constant perturbation amplitude

of 5 mV in the frequency of 10 Hz-100 KHz. The Li* conductivity of separator was calculated

using the EIS data according to equation below.
oc=L/(Ry,xA)
where o is the Li* conductivity, mS cm-!; L is the thickness of the separator, cm; Ry, is the

bulk resistance, Q; and A is the area of the stainless steel electrode, cm?.
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Fig. S14. (a, ¢, e) Variation of current with time during polarization at an applied voltage of
10 mV. EIS of the (b) Li|PP|Li, (d) Li|FJU-88/PP|Li and (f) Li|[FJU-90/PP|Li symmetric cells
before and after polarization.
The Li* transference number for different separators was determined by chronoamperometry
at a constant step potential of 10 mV. Each membrane was separately sandwiched between
two lithium metal electrodes in a coin type cell and Li* transference number was calculated
according to the following equation:

teit=Is /1o
where t;;+ is transference number; Is and I represent the current at the steady state and initial

state, respectively.



.008
(a) b}
61 O-TmV S ( D,;" at peak A
. 03mV S?! g
E " 0.0064 DLi+ at peak B
= ——D,;" at peak C
£ <
201 < 0.004
ot o
=1 Ll
O34
0.002 4
-6 PP
PP
i i i ' i g 0.000 T T T T T
1.8 2.0 2.2 24 2.6 2.8
Voltage (V versus Li/Li+) 0.010 0.0150 50.023 . 0.3255 0.030 0.035
(© (d) V05 (V05 505)
0.008
] 0.ImV § - p.
_ 6 ey ik D,,;" at peak A
.3mV .
« 0.5mV S 0.006{—Dui at peak B
é 3 0.7mV S ——D,;" at peak C
“ |—1imvs' >
=
9 01 < 0.004
E -
03
0.002 1 * %
61 FJU-88/PP /
FJU-88/PP
T T T T T T 0.000 T T T T r
1-%7 lt2-0 (\%2 24 Lﬂi6+) 2.8 0.010 0.015 0.020 0.025 0.030 0.035
oltage versus 1
(e) : () 0.008 il Ak )
It — o,y
< 3] osmys? 0.006 - Dy;" at peak B
E 0.7mv ™ ——D, ;" at peak C
£ |—imvs! < "
: 2
3 0 20004 -
S ]
=
O3
0.002 4 /
-6 FJU-90/PP e
Z:O 2:2 Z: 2:8 £.000

1:8 4 2:6 X X ) \ Y

s 0.010 0.015 0.020 0.025 0.030 0.035
Voltage (V versus Li/Li") VOS5 (V05 5-0.5)
Fig. S15. Cyclic voltammograms at various voltage scan rates and corresponding linear

fittings of the peak currents of Li-S batteries. (a, b) PP separator, (c, d) FJU-88/PP separator
and (e, f) FJU-90/PP separator.

As shown in Fig. S15, the cathodic peaks at 1.8-2.1 V and 2.2-2.4 V are respectively labeled
as A and B, while the anodic peaks at around 2.3-2.5 V as C. By adopting the Randles-Sevick
equation given below®!, the lithium ion diffusion coefficient is calculated based on the slop of
the linear plot of the peak current (I,) versus the square root of the scan rate (V).

[,=2.69 x 10° n'> A Dy;+ %3 Cp; v0°
where Dy i+ represents lithium ion diffusion coefficient (cm? s!), I, is the peak current (A), n is

the number of electrons involved in the reaction (n = 2 for Li-S battery), A is the area of

electrode (cm?), Cy; refers to the lithium ion concentration (mol L") and v is the scanning rate
(Vs
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Table S1. Lithium ion diffusion coefficients of FJU-90/PP, FJU-88/PP, and PP separators.

Dyi+/ em? S Peak A Peak B Peak C
FJU-90/PP 1.0818x107 7.3740x108 1.7413%1077
FJU-88/PP 9.8059x108 5.6868x108 1.3319%x108
PP 7.5140x108 5.1789x108 1.2075%10°7
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Fig. S16. TGA curve of CNT/S composite with 66 wt% sulfur loading.
CNT/S composite was prepared through a conventional melt-diffusion method. As shown
in Fig. S16, a sulfur content of 66 wt% is determined for CNT/S by the weight loss of sulfur

due to the evaporation.
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Fig. S17. Potential gaps between redox peaks obtained from CV results.

~28

3 ——— FJU-90/PP

=2.6-

3 —— FJU-88/PP
—PP

£2.4

E»M At 0.5C

[=F]

on

£20

[=]

>

=
]
L

=
a

0 200 400 600 800 1000 1200 1400
Specific capacity (mAh g1)

Fig. S18. Charge/discharge profiles of FJU-90/PP, FJU-88/PP and PP cells at 0.5 C,

respectively.
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Fig. S19. CV profiles of cell with FJU-90/PP separator.
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Fig. S21. Cyclic performances of FJU-90/PP, FJU-88/PP and PP cellsat 0.5 C.
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Fig. S22. Self-discharge behavior of FJU-90/PP, FJU-88/PP and PP. The cells were tested
with a current density of 0.05 C.
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Fig. S23. TGA curve for CNT/S composite with 78 wt% sulfur content.
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Fig. S24. CV curves of symmetric cells at scan rate of 10 mV s! for the FJU-90 electrodes.
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Fig. S25. CV curves of symmetric cells with cycled FJU-90.

We have performed more experiments for demonstrating that the solid deposits on
modified separator could not block the catalytic process. The FJU-90/PP cell in the discharge
state was disassembled after rate performance test, and the separator modified layer was
collected for symmetrical cell measurements. As shown in Fig. S25, the cycled FJU-90 still
exhibits large redox current, implying well catalytic effect of cycled FJU-90 on the

conversion of PS. The result clearly corroborated that the solid deposit could be reutilized and

not block the catalytic process.
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Fig. S26. SEM images and corresponding EDS elemental mapping of the cycled lithium foils
disassembled from cells run with (a) FJU-90/PP, (b) FJU-88/PP and (c) PP separator.

The cells were disassembled and inspected after cycling. As shown in Fig. S26, it can be
seen from the SEM images that the surface of the Li anode in the cell with FJU-90/PP remains
relatively smooth and flat after cycling. In sharp contrast, the surfaces of Li anode in the cells
with FJU-88/PP and PP after cycling are rough with obvious lithium dendrite growth. Besides,
as revealed by energy-dispersive X-ray spectroscopy (EDS) analyses, the sulfur content of the
Li surface for FJU-90/PP cell is 2.79 at%, which is smaller than those of Li surfaces for FJU-
88/PP (7.96 at%) and PP (8.37 at%) cells. The reason for these difference may be related to
the more favorable porous structure of FJU-90 with a pore size distribution narrowly
concentrated at ~9 A, which not only benefits for inhibiting the diffusion of polysulfides, but

also formation of uniform lithium ion flux to achieve stable lithium electrodeposition.
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Table S2. Electrochemical properties of various functional separators in Li-S batteries.

Coating Surﬁ(lf)v i((;]n)tent Ini(triikc}ia?c)ity Izét)e Capac(ia/)deacy Reference
Black Phosphorus 66 930 0.5 0.14(100th) S2
GO 63 920 0.1 0.23(500th) S3
B-rGO 70 1227.8 0.1 0.15(300th) S4
LiyTis012/G 60 1408 0.3 0.15(300th) S5
BN-Carbon 60 1018.5 0.5 0.09(250th) S6
Nafion 50 800 1 0.08(500th) S7
MoS, 65 808 0.5 0.083(600th) S1
CNTs/NCQD 60 1330.8 0.5 0.10(500th) S8
CooSg 70 869 1 0.039(1000th) S9
MoP/rGO 77 880 0.5 0.045(300th) S10
Porous graphene 63 1165 0.5 0.16(150th) S11
SnS, 70 1300 0.2 0.15(150th) S12
BaTiOs 60 1122.1 0.1 0.34(50th) S13
CNT@ZIF 70 1588.4 0.2 0.45(100th) S14
Super P 63 1025 0.6 0.05(500th) S15
LDH/graphene 63 851 2 0.06(1000th) S16
Graphene 70 890.3 0.9 0.064(500th) S17
CoP nanospheres 70 928 1 0.078(500th) S18
Ti;C,Tx MXene 68 811.4 0.5 0.062(500th) S19
ZBCP layer 70 1272 0.25 0.21(200th) S20
Super P/RP 65 890 1 0.18(500th) S21
Zn-HKUST-1@GO 70 1118 1 0.041(1000th) S22
Cu-HKUST-1@GO 70 1207 1 0.019(1500th) S23
Mn-BTC/PP 65 1450 0.1 0. 3(80th) S24
HKUST-1/GF 70 1032 0.25 0.27(300th) S25
ZIF-8/GF 70 989 0.25 0.198(300h) S25
ZIF-7/GF 70 1025 0.25 0.186(300th) S25
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Y-FTZB/GF 70 1101 0.25 0.165(300th) S25

Ni;(HITP),/PP 70 1055 0.5 0.07(200th) S26
PSS@HKUST-1 70 1243 0.5 0.079(500th) S27
Ni-MOF/CNT/PE 60 1358 0.2 0.042(300th) S28
Ui0-66-S/Nafion 70.5 1127.4 0.1 0.109(200th) S29
aMIL-88B 75 953 1 0.045(500th) S30
MOF@PVDF-HFP 87 1269 0.1 0.13(200th) S31
Ce-MOF-2/CNT 88 993.5 0.1 0.054(200th) S32
UiO-66/PP 65 1032 0.5 0.086(500th) S33
PVDF/Mg-MOF-74 70 1383.1 0.1 0.14(200th) S34
Cuy(CuTCPP)/PP 64 850 1 0.032(900th) S35
Ui0-66-S0; 70 1020 0.5 0.056(500th) S36
ZIF-67/GO/PP 70 616.9 1 0.1(200th) S37
MIL-125-Ti/PP 70 1218.3 0.2 0.2(200th) S38
MOF-PAN/tGO-PAN - 1116 1 0.17(100th) S39
Ms-9.0-NSP/PP 70 1316 0.5 0.028(500th) S40
Ui0-66/PP 67 1147.4 0.5 0.08(200th) S41
HKUST-1@PVDF-HFP 69.1 1163.7 0.5 0.08 (700th) S42
NH,-UiO-66/Ce-BTB - 1161.2 0.1 1.35(30th) S43
66 1045 1 0.042(500th) This
FJU-90/PP work
78 1071 0.5 0.091(300th)
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