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Supplementary Figure 1. The snapshots of the MD simulation of different systems, in which No.3
and No.7 appeared to have apparent phase separation while others demonstrated a homogeneous phase.

This is consistent with the experimental phenomenon in Figure 1a.
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Supplementary Figure 2. The DEE-DMA radial distribution function at the beginning and end of

MD simulations in different systems.
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Supplementary Figure 3. The normalized spatial density distribution of DEE and DMA in different

systems.
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Supplementary Figure 4. Electrochemical impedance spectra of the No.2 electrolyte in the top phase

and bottom phase, respectively.
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Supplementary Figure 5. ‘Li NMR spectra (a) and °F NMR (b) of the top and bottom phases, the
dashed lines in them are the integral curves of the spectra. (c) *H NMR spectra of the top and bottom

phases.

The integral area of the NMR signal peak has a linear relationship with its concentration. Therefore,

according to the results demonstrated in Figure S5d,
Cpee-1 = 7.4Cppa-t (1)

Cpee- = 1.0Cppma-p (2)
Coee-1 and Cpee-s are the concentration of DEE in the top and bottom phases, respectively; Cowma-T,
and Cpwma-s are the concentration of DMA in the top and bottom phases, respectively.

In the No.2 system, the total volume of electrolyte is 3 ml, of which the top phase is 1.1 ml, and the

Integral area

bottom phase is 1.9 ml. The solvent mole in the electrolyte system is 30.02 mmol, of which DEE is 19.
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23 mmol. These lead to the following relationship:

1.1Cppp_7 + 1.1Cppar + 1.9Cope—5 + 1.9Cppa_p = 30.02

1'1CDEE—T + 1'9CDEE—B = 19.23

Combined equations (1) to (4), we can obtain that:
Cpgg—1 = 8.67 mM
Coma—r = 1.17 mM
Cpgg—p = 5.10 mM
Cpma—p = 5.00 mM

Therefore, the moles of solvent in the top and bottom phases can be obtained.

Npgg—1 = 9.54 mmol
Npya-r = 1.29 mmol
Npgg—p = 9.69 mmol
Npya-g = 9.50 mmol
For the lithium salts concentration:
1.1Cy_7 + 1.9Cy;_p = 2
99C,;_r —100C,;_ =0

)
(6)

1.1Crps—r + 1.9Crpsi—p =1 (7)

470Crps;-r — 50Crps;-p =0 (8)

(3)

Therefore, the moles of lithium salts in the top and bottom phases can be obtained.

nyi—r = 0.11 mmol

n;;_g = 1.89 mmol
Nypsi—r = 0.10 mmol
Nrrsi—g = 0.89 mmol
Nyosz—r = 0.01 mmol

Nyoz—p = 0.99 mmol



3>
> € H
@ Li
@c
o N
Bottom phase Top phase @®o

Supplementary Figure 6. Solvation structure of Li* in the top and bottom phases after DFT

optimization and their electrostatic potential distribution maps.
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Supplementary Figure 7. Dissolution photograph of 10 mM lithium polysulfides (Li2Ss, Li2Se, Li2Sa)
in DEE and DMA obtained by stirring stoichiometric amounts of Li2S and sulfur for 24 h.



Supplementary Figure 8. The digital photograph of Li2Ss in DMA-DEE biphasic system, in which

the top phase exhibits a slight blue color.
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Supplementary Figure 9. The digital photograph of lithium polysulfides in DMA-DEE biphasic
system after adding 0.5 mM TEMPO.
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Supplementary Figure 10. The spontaneous recovery process of biphasic electrolyte system after

external disturbance. 10 mM of Li2Ss was dissolved in the electrolyte.
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Supplementary Figure 11. The UV/Vis spectrum of 5 mM lithium polysulfides (Li2Ss, Li2Se, Li2S4)
in DEE and DMA.
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Supplementary Figure 12. The ex situ Raman tests of the top phase electrolyte in Li-S BSBs during
discharge/charge. The Raman spectra of the electrolyte in the top phase of BSBs with different states

of charge (a) are summarized in the right (b).



_____________________________________________________________________________

0 hours 5 hours 1 day 15 days

Biphasic | A All DMA }

~ - ‘m-—' LS ) e— “'3’-?35‘ ———

interface lithium

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|

M Y

Supplementary Figure 13. The stability of metallic lithium in the top phase of the No.2 biphasic
system and pure DMA.
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Supplementary Figure 14. The digital photograph of the well-designed Swagelok cell.

16



Voltage (V)

T T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400

Specific capacity (mAh g™

Supplementary Figure 15. The discharge/charge profiles of Li-S BSB at various current densities.
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Supplementary Figure 16. (a)-(h) EIS of Li-S BSBs at different cycle numbers and their

corresponding fitting results. (i) The equivalent electrical circuit for fitting EIS data after battery cycle

and fitting results.

b 30 c ¥
1st charge Sth charge
25 25
€20 ’gzo
o) =
015 o1
N 10 N 10
-
5 5
0 0
320 330 340 350 360 370 380 320 330 340 350 360 370 380
Z' (ohm) Z' (ohm)
30 f 30
€ | 15th charge 20th charge
25 25
’é‘zo ’é‘zo
ey c
o115 S5
N 10 N 10
5 F/‘-\V 5
0 0
240 250 260 270 280 290 300 310 210 220 230 240 250 260 270 280
Z' (ohm) Z' (ohm)
30 . R1 R2 R3 R4 CPE1
h 33th Charge I CPE2 CPE3 CPE4
25
—~20 cyclenumber R1(Q) R2(Q) R3(Q) R4(Q)
1 325.2 4,333 9.573 24.12
o115 5 3297 4164 9.59 22.44
=I\|I 10 10 306 4,019 10.36 22.06
. 15 248.4 10.35 12.54 19.6
5 20 217 5.035 255 10.91
25 196.5 3.434 30.81 16.03
0
160 180 200 220 240 260 280 33 177 154 6897 1895

Z' (ohm)

18




fresh lithium

’ 15th chargé

£, &5

Supplementary Figure 17. (a)-(e) The surface morphology of lithium anode in Li-S BSBs at different

cycle numbers.
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Supplementary Figure 18. (a) Schematic illustration of the Li-S BSB with the stirring system. (b)
Charge/discharge profiles of Li-S BSBs under stirred environment. (c) Phase interface stability of Li-S

BSB during charge and discharge under stirred environment.
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Supplementary Figure 19. Design consideration of DMSO-DOL-DEE biphasic electrolyte
system. (a)-(b). Snapshots of the MD simulation results of DMSO-DEE system without/with DOL. (c)
The normalized spatial density distribution of DMSO, DEE, and DOL in the simulation box. (d)
Calculated MSD of Li*in DMSO-DEE system with/without DOL as a simulation time function. The
diffusion coefficient of Li* was deduced by fitting. () Li* conductivity of the top and bottom phases

in DMSO-DEE-DOL biphasic electrolyte system.
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Supplementary Figure 20. Polysulfide-confinement of DMSO/DEE/DOL biphasic electrolyte
system

(@) Snapshots of the MD simulation results of DMSO-DEE-DOL system containing different lithium
polysulfides. (b) RDFs of polysulfide ions between DMSO and DEE. (c)-(f) Normalized spatial
density distribution of DMSO and DEE in DMSO-DEE-DOL biphasic system containing various
polysulfides. (g) Spontaneous recovery process of DMSO-DEE-DOL biphasic electrolyte system after
external disturbance. 10 mM of Li2Sswas dissolved in the electrolyte. (h) Charge/discharge profiles of

a Li-S BSB used DMSO-DEE-DOL biphasic electrolyte system.

Supplementary note:
To demonstrate the universality of our design considerations for nonaqueous biphasic electrolyte

systems, we further developed another biphasic electrolyte system formed by the ternary of dimethyl
sulfoxide (DMSO), 1,3-dioxolane (DOL), and DEE. DMSO has high permittivity (€omso=48.9) and
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high LPSs solubility, enabling it to spontaneously separate from DEE under the salting-out effect of
lithium salt and constrain LPSs effectively (Supplementary Figure 19). The addition of DOL can
significantly enhance the Li* conductivity between the bottom and top phases. As demonstrated in
Supplementary Figure 19c, the diffusivity of DMSO-DEE system with DOL was estimated to be
1.374x10° cm? s, almost twice as much as without DOL. Finally, the Li* conductivity of the
bottom/top phase in DMSO-DEE-DOL biphasic electrolyte system reaches 5.2 and 0.48 mS cm™,
respectively.

As demonstrated in Supplementary Figure 20, this DMSO-DEE-DOL biphasic electrolyte system
can also effectively confine different LPS species in the bottom phase and resist external interference.
The Li-S BSB based on this biphasic electrolyte system was also fabricated, which delivers a specific

discharge capacity of 815 mAh g*, demonstrating its potential in nonaqueous BSBs.
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Supplementary Table 1. The amounts of different components add to different systems.

No.
No.
No.
No.
No.
No.
No.
No.

O N OO U1 AW NP

DEE
1mL
2 mL
3mL
1mL
1mL
2 mL
2 mL
2 mL

DMA
1mL
ImL
1mL
2 mL
3mL
ImL
1mL
ImL

24

LiTFSI
287.5mg
287.5mg
287.5mg
287.5mg
287.5mg
287.5mg

0mg

O0mg

LiINO,
68.9 mg
68.9 mg
68.9 mg
68.9 mg
68.9 mg

0 mg
68.9 mg

0O mg



Supplementary Table 2. The integrated area of the signal peak in Supplementary Figure 5c.

Top phase

DEE

DMA

Bottom phase

DEE

DMA

Peak position(ppm)

3.5
1.1
2.0
2.9

Peak position(ppm)

3.5
1.1
2.0
2.9

25

Peak area

9.4
14.8
1.0
2.0

Peak area

1.0
1.5
1.0
2.0



Supplementary Table 3. The molecule number of each component in different systems for MD

simulations.
DEE DMA Lit TFSI- NO;~ polysulfides
Figure Sla 962 1070 200 100 100 0
Figure 1b 1924 1070 200 100 100 0
Figure S1b 1070 2886 200 100 100 0
Figure Slc 962 2140 200 100 100 0
Figure S1d 962 3210 200 100 100 0
Figure Sle 1924 1070 200 200 0 0
Figure S1f 1924 1070 200 0 200 0
Figure S1g 1924 1070 0 0 0 0
Figure 2a 954 128 11 11 0 0
Figure 2c 970 942 189 89 100 0
1924 1070 240 100 100 20 Sg*
Figure 3a 1924 1070 240 100 100 20 Sg*
1924 1070 240 100 100 20 S~
1924 1070 240 100 100 20 S~
DMSO DEE DOL Li* TFSI- NO;~ polysulfides
Figure S17a 705 720 0 100 50 50 0
Figure S17b 705 720 353 100 50 50 0
705 720 353 120 50 50 10 Sg>
Figure S18a 705 720 353 120 50 50 10 Sg*
705 720 353 120 50 50 10 S,*

705 720 353 120 50 50 10 S,*
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Supporting Data. Coordinates of structures used in this work

Top phase in No.2 system
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Bottom phase in No.2 system
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