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Fig. S1 FTIR spectra of different solvents and electrolytes.
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Fig. S2 Calculated HOMO and LUMO of the solvents and Li salts.
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Fig. S3 The binding energy of (a) Li*-DME and (b) Li"-FEC.
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Fig. S4 B 1s XPS profiles of the LiCoO, cathode in Li/LiCoO; cells with

the (a) LD and (b) LDF electrolytes after 100 cycles.
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Fig. S5 S 2p XPS profiles of the LiCoO, cathode in Li/LiCoO, cells with

the (a) LD and (b) LDF electrolytes after 100 cycles.

Fig. S6 TEM morphologies of pristine LiCoO; cathode
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Fig. S7 (a-c) Electrochemical impedance spectra (EIS) of the Li/LCO cells

after different cycles. All data were collected at fully discharged state of
the cells. (d-f) Impedance changes during charging process. (a,d) E-

control-1, (b,e) LD and (c,f) LDF electrolyte. (g) The corresponding

equivalent circuit.
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Fig. S8 lonic conductivity for E-control, LD, and LDF electrolytes.



Fig. S9 Cross-sections SEM images of the Li metal anode in Li/LCO cells

with (a) E-control-1, (b) LD and (c) LDF electrolytes after 100 cycles.
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Fig. S10 Optical microscopy images of the Li metal anode in Li/LCO cells

with (a) E-control-1, (b) LD and (c) LDF electrolytes after 100 cycles.
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Fig. S11 (a) Cycling performance of Li/Li symmetric cell in different
electrolytes with a capacity of 5 mAh cm™ at a current density of 5 mA cm’

2, (b) Enlarged galvanostatic charge-discharge curves based on a.
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Fig. S12 Li" transference numbers and the chronoamperometry profiles of

Li/Li symmetrical cells in (a) E-control (b) LD (c) LDF electrolytes.
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Fig. S13 Voltage profiles of Li/Cu plating/stripping processes at specific

cycles in different electrolytes. (a) E-control, (b) LD, (c) LDF.
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Fig. S14 CV curves of Li/Cu cells for different electrolytes.
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Fig. S15 Oxidation stability of electrolytes in Li/SS cells tested by linear

sweep voltammetry (LSV) at a scan rate of 1 mV s7!.
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Fig. S16 CV curves of Li/LiCoO; cells for different electrolytes.
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Fig. S17 Voltage profiles of Cu/ LiCoO, cells employing (a) E-control, (b)

LD, (c) LDF.
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Fig. S18 (a) Long-term cycling performances of Li/LiCoO; cells. (b-c)

Corresponding voltage profiles of Li/LiCoQO; batteries employing different

electrolytes. (b) E-control-2; (¢) E-control-3. (d) Rate performances.
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Fig. S19 (a) Long-term cycling performances

Cycle number

of LI/NCM532 cells. (b-¢)



Corresponding voltage profiles of Li/NCMS532 batteries employing

different electrolytes. (b) E-control-2; (c) E-control-3. (d) Rate

performances.
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Fig. S20 (a) Cyclic voltammogram of Li/NCMS532 cells in the potential
region of 3.0 V—4.4 V at a scan rate 0of 0.05 mV s™! in different electrolytes.
(b-d) dQ/dV vs. V profiles of Li/NCMS532 cells with different electrolytes

at potential range of 3.0-4.4 V. (b) E-control-1, (¢) LD and (d) LDF

electrolyte.
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Fig. S21 (a-e) Galvanostatic cycling performance of Li/NCMS811 cells. (a)
Long-term cycling performances of cells. (b) rate performances. Voltage

profiles of cells employing (c¢) E-control-1, (d) LD, (e) LDF.



Table S1. Corresponding impedance values of Figure S7 a-c.

Electrolyte LD LDF
system
Cycle Rb Rse1 | Rct Rb Rsei | Rct
number Q | @ | @ | @ | ©Q | (©Q
1 68.70 | 5.33 7.34 | 66.81 | 3.99 5.18 | 47.14
50 137.78 | 6.09 | 10.12 | 92.03 | 4.67 6.41 58.31
100 193.50 | 6.32 | 13.28 | 120.77 | 5.61 7.46 | 67.83
200 397.63 | 10.27 | 24.24 | 22036 | 7.76 | 11.32 | 102.91
300 593.70 | 11.59 | 27.57 | 250.72 | 9.55 | 14.49 | 131.89




Table. S2 Performance comparison and summary of lithium metal batteries

with different conditions and electrolytes in the reported researches.

Electro.l}fte Li'Anode Cathode Voltage N/P Electrochemical Ref
composition | thickness range ratio performance
1 0
FES? | soum  |NCMSIL| 28-44V | 22 | 580(;?168 !
LiFSI- R0%
1.2DME+3TT 50um | NCMS8I11| 2.8~44V | 2.38 2
E 155 cycles
4.6 M LiFSI - 28%
23 M 150 um | NCM622 44V 21 300 cycles 3
LiTFSI-DME
1.5 M LiFSI- 80%
RTTD-2DME 20um | NCMS811 | 2.8~47V | 2.5 100 cycles 4
1 M LiPF¢ +
(V)
gf\?ol\ﬁ 45um | NCMS8I11 | 2.8~43V | 4.16 2852;21% 5
FEC/DME
2.0M
LiFSI+1 M
LiTFSI in 80%
DME-1 wt.% 100 pm | NCMS811 | 3.0~42V | 75 241 cycles 6
LiDFBP+3
wt.% L1N03
1.2M
LiFSI+0.15 M R4%
LiDFOB in 50um | NCM333 | 2.7~43V | 23 100 cveles 7
EC/EMC/BT y
FE
This work 50 um LiCoO, 3~44V | 647 817
' ' 300 cycles
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