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Fig. S1 Dielectric constants of G4 and EGDE solvents.
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Fig. S2 Optical images of G4 and EGDE based electrolyte with maximum
LiTFSI solubility. The concentration of LiTFSI in EGDE is up to 4.0 M (Left), and
the concentration of LiTFSI in G4 can reach 6.0 M (Right).



R & < _(Esé\DE
c EGDE e
o (&]
< 31 < 3] .
£ £ :
T = J
o o :
3 °f — go————
Lirrss : Lil/CNT :
3 4 5 6 2 3 4 5
Potential (V) Potential (V)

Fig. S3 Linear sweep voltammetry curves of G4 and EGDE solvents with (a)

Stainless steel and (b) Carbon nanotubes electrodes.
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Fig. S4 (a) Temperature-dependent ionic conductivity of G4 and EGDE based
electrolytes. (b) The voltage profiles of Li-Li symmetrical cells with G4 and

EGDE electrolytes at a current density of 0.2 mA cm™.



Fig. S5 Optical images of G4 and EGDE mixed solution (G4/EGDE (v/v = 5/5))
with 0.3 M LiTFSI (Left) and 0.4 M LiTFSI (Right).
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Fig. S6 Enlarged section of the 'TH NMR in Fig. 2b.
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Fig. S7 Quantification of LiTFSI concentrations in ether/ether BLE (1 M LiTFSI

in G4/EGDE (v/v = 5/5)) by ICP-AES analysis. LiTFSI concentrations in

negative electrolyte (NE) and positive electrolyte (PE).



¢ After 10 ns

Fig. S8 MD simulations of the immiscible electrolyte mixture in Fig. 2h.
Note: To facilitate the observation of the immiscibility phenomenon of
ether/ether BLE, lithium salts were normalized. G4 and EGDE molecules are

depicted as green, orange colors, respectively.
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Fig. S9 Optical images of ether/ether based BLEs before and after 6 months.
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Fig. S10 Optical images of ether/ether based BLEs at different temperatures.

As the ambient temperature rises, the electrolyte interface remains clear.
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Fig. S11 Optical images of ether/ether based BLE with 20 mM Brs™ as a color

indicator after violent shaking.
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Fig. S12 (a) Photographs of the mixture of 20 mM Brs™ and solvents (G4/EGDE
(v/v =5/5)) without (left) and with (right) 1 M LiTFSI. (b) Photograph of the mixed
electrolyte (1 M LiTFSI in G4/EGDE (v/v = 5/5)) without (left) and with (right) 20
mM LiPSs.
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Fig. S13 Quantification of RM concentrations in NE in ether/ether BLE by the

o

UV-Vis absorption spectra. UV-vis absorption spectra of RMs (a, b, c) and the
corresponding standard curve and diluted RM concentrations (d, e, f) obtained
from the absorption intensity at (a, b, ¢). (a, d) 2-EAQ. (b, e) BDTD. (c, f) MPT.
Note: Quantification of BDTD, 2-EAQ, MPT concentrations in NE: BDTD, 2-
EAQ, MPT (5 mM) were dissolved in G4 (1 mL), and then 1 uL, 3 uL, 5uL, 7
uL, 9 uL of above samples were dispersed in G4 (3 mL) and UV-Vis absorption
spectra were recorded. The standard curves are obtained from the linear
relation between BDTD, 2-EAQ and MPT concentrations and absorbance
intensity. Subsequently, 10 uL of NE (20 mM RM) was added into 3 mL G4
solvent to obtain the diluted RM solution, and the corresponding absorption
intensity was recorded. Finally, the diluted BDTD, 2-EAQ, and MPT
concentrations calculated from the absorption intensities were 2.349, 1.589,
and 3.673 uM, respectively. It can be seen that the concentrations of BDTD, 2-

EAQ and MPT before dilution are 0.7, 0.48 and 1.1 mM, respectively.
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Fig. S14 The structure of beaker cells with the SLE (1 M LiTFSI in G4, left) and

BLE (1 M LiTFSI in G4/EGDE (v/v = 5/5), right). Lithium foil and CNTs were

used as the negative and positive electrode, respectively.
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Fig. S15 Enlarged section of the UV-vis absorption spectra curves of Brziin NE

in Fig. 4c.
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Fig. S16 Temperature-dependent ionic conductivity of the PE, NE and BLE.
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Fig. S17 CV curves of 0.2 M 2-EAQ in EGDE (1 M LIiTFSI) electrolyte in the
voltage range between 1.8 V and 2.8 V.
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Fig. S18 Cell voltage profiles versus capacities in (a) SLE and (b) BLE at

various cycle numbers.
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Fig. S19 (a) Cell voltage profiles versus capacities in EGDE (1 M LIiTFSI)
electrolyte at various cycle numbers. (b) Coulombic efficiency and specific
discharge energy densities as a function of cycle time (the specific energy
density is calculated according to the electrolyte volume) in static LRFBs with

EGDE (1 M LiTFSI) electrolyte.
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Fig. S20 Cycling performances of static Li-SFBs with EGDE (1 M LiTFSI)
electrolyte.
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Fig. S21 Photograph of lithium anode before cycle.
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Fig. S22 Front view of SEM images of Li metal with 10 cycles using SLE or BLE.
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Fig. S23 Contact angle measurement of PE and NE on the lithium foil surface.
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Fig. S24 Energy-dispersive X-ray spectroscopy (EDS) elemental mapping of
the Li anodes after 10 cycles in Li-Oz2 batteries with SLE or BLE.
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Fig. S25 (a) Surface element content of Li anode in Li-Oz2 cells with SLE or BLE

after 10 cycles. (b) Enlarged section of the Br element content in (a).
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Fig. S26 XPS spectra of C 1s, F 1s, and O 1s for the surface of Li anode in the
Li-Oz2 cells with SLE and BLE after 10 cycles. (a) C 1s. (b) F 1s. (c) O 1s.
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Fig. S27 Cycling performance of Li-Oz2 cells with EGDE (1 M LiTFSI) electrolyte

at a current density of 200 mA g with a fixed capacity of 500 mAh g (a), and

at a current density of 400 mA g* with a fixed capacity of 1000 mAh g (b).
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