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Supplementary Figure 1. 'H NMR spectrum of DF-PEG-DF in CDCl;.
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Supplementary Figure 2. (a) The strain-dependent G’ and G’ of the CS/DF-PEG-DF

gel by strain sweep experiments (frequency: 1.0 Hz); (b) The self-healing behavior of



the CS/DF-PEG-DF gel by the damage-healing cycles.
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Supplementary Figure 3. Thermogravimetric Analysis (TGA) results of (a) CS/DF-
PEG-DF film and (b) CS/DF-PEG-DF@Li.
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Supplementary Figure 4. Elastic modulus mapping of (a) CS and (b) DF-PEG-DF.
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Supplementary Figure 5. (a) Temperature dependence of ionic conductivity of
CS/DF-PEG-DF; (b) The impedance spectra of CS/DF-PEG-DF films at various

temperatures from 25 to 85 °C.
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Supplementary Figure 6. (a) Electrochemical impedance spectroscopy (EIS) for the
Li||Li cells before and after measured by the chronoamperometry experiment;
(b)Chronoamperometry curves of Li||CS-DF-PEG-DF]||Li with a static potential of 10
mV.
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Supplementary Figure 7. Solubility of DF-PEG-DF in different electrolyte (add 0.1
g DF-PEG-DF to 1 ml electrolyte).
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Supplementary Figure 8. Cross-section SEM images of CS/DF-PEG-DF (a) before
and (b) after 5 days of immersion in ester electrolyte. It can be seen that there is no

obvious swelling of CS/DF-PEG-DF film after soaking.



Supplementary Figure 9. SEM images of CS/DF-PEG-DF@Li fabricated by adding
(a)100 pL, (b) 200 pL, (c) 400 pL of CS/DF-PEG-DF/DMSO solution on Li metal.
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Supplementary Figure 11. Elastic modulus mapping of (a) CS/DF-PEG-DF@Li1 and
(b) CS/DF-PEG-DF@Li after 24 h immersion in electrolyte.
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Supplementary Figure 12. Stress-strain curves of CS/DF-PEG-DF film, CS/DF-
PEG-DF film after reaction with lithium metal (CS/DF-PEG-DF/Li), and CS/DF-
PEG-DF/Li immersed in electrolyte for 24 h (CS/DF-PEG-DF/Li soaked).
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Supplementary Figure 13. XPS spectra of DMSO treated Li foil (DMSO@L1i). The
high-resolution XPS spectra of (a) C 1s, (b) Li Is, and (¢) S 2p for DMSO@Li.
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Supplementary Figure 14. Voltage profiles of (a) bare Li and (b) DMSO@Li anode



in symmetric cell at 10 mA cm™ under a fixed capacity of 10 mAh cm™.
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Supplementary Figure 15. (a-d) Symmetric cell cyclic stability comparison between
CS/DF-PEG-DF@Li formed by adding different volumes of CS/DF-PEG-DF/DMSO

solution at 10 mA cm™ under a fixed capacity of 10 mAh cm™.
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Supplementary Figure 16. EIS evolution of symmetric cells using CS/DF-PEG-



DF@Li anodes over 100 cycles.
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Supplementary Figure 17. Voltage profiles of CS/DF-PEG-DF@Li anodes in

symmetric cell at (a) 50 mA cm™ under a fixed capacity of 10 mAh cm™ and (b) 10

mA c¢cm™ under a fixed capacity of 50 mAh cm™.
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Supplementary Figure 18. Typical Li stripping curve of the thin Li anode (50 pm in

thickness).
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Supplementary Figure 19. Cycle stability of symmetrical cells employing (a) DF-
PEG-DF@Li, (b) CS@Li, and (c) CS/DF-PEG-DF@Li at 10 mA cm™ under a fixed

capacity of 10 mAh cm?,

Supplementary Figure 20. SEM images of the (a) DF-PEG-DF@Li, (b) CS@L1, and

(c) CS/DF-PEG-DF@Li anodes after 50 cycles at 10 mA cm™.
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Supplementary Figure 21. S 2p XPS spectra of (a) bare Li and (b) CS/DF-PEG-

DF@Li anodes after 10 cycles at 10 mA cm™ under a capacity of 10 mAh cm™.
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Supplementary Figure 22. CEs of bare Cu and CS/DF-PEG-DF@Cu electrodes with

different capacities and different current densities in ether electrolyte.
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Supplementary Figure 23. Typical voltage profiles of Li||CS/DF-PEG-DF@Cu cell

at 1 mA cm™ under a fixed capacity of 1 mAh cm™.
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Supplementary Figure 24. CEs of (a) Li||S and (b) Li||LFP full cells.



Supplementary Table 1. Cyclic stability comparison of our CS/DF-PEG-DF@Li

anode with the reported modified SEI in Li||Li symmetric cells.

Current density  Areal capacity  Cycle time

Modified SEI (mA em?) (mAh cm?) (h) Ref.
ey inerface. 1 1 2000
b 2 >

Mg@Cso 3 1 180 3

Ge-THF-treated Li 3 1 375 4
hybrid polyurea film 5 1 85 5
LiF 5 1 500 6

LizSx 5 5 150 7

Li-Nafion/LiCl 8 1 120 8
Graphite fluoride-LiF 10 1 33 ?

CNT with ZnO 10 1 100 10

Al-Li alloy/LiCl 10 5 300 t

MgO 10 5 2500 12
xPCMS-g-PEGMA/LN 10 10 2800 13

Li-Hg alloy 12 12 200 14

Li/AlsLio-LiF 20 1 10 15

LiPEO-UPy layer 20 1 400 16

Li3Sb/LiF 20 2 320 17

Li/Li»Sns 30 5 66.67 18

MXene layer 35 1 420 19

CS/DF-PEG-DF 10 10 3200 This

50 50 600 work




Supplementary Table 2. Li utilization comparison of our CS/DF-PEG-DF@Li anode

with the reported literature in Li||Li symmetric cells.

Composite anode Ma}zrifilci?%dty (IrﬁAl?laS;l_%) Li ut(i(l;()z)ation Ref.
PI-ZnO Li 3 26.3 11.4 20
MgO@WC 3.5 20.0 17.5 2

CG host 1 4.0 25.0 2
CNF-TiN 1 3.0 33.3 23
PA-MXene-Li 20 43.0 46.5 19
CF/Ag-Li 10 21.0 47.6 24
N-doped graphene Li 12 23.6 50.8 25
D-Cu@CuSe 5 8.0 62.5 26
Li@MnZnO/CNF 10 14.3 70.0 27
Cu/Li 6 8.0 75.0 28
CS/DF-PEG-DF@Li 8 9.1 88.0 v{(l)‘r'i
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