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Fig. S1. Fourier transform infrared spectroscopy of AVIMFSI, blank Cu, and 

polymerized AVIMFSI on Cu.
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Fig. S2. TEM image of inorganic-rich SEI.
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Fig. S3. Corroding properties of the two electrolytes on Al. a, Leakage current test 

under a constant voltage of 5 V for 2 h. b, Optical images of a pristine glass fiber 

separator and glass fiber separators charged in the two electrolytes. Optical and SEM 

images of pristine Al and Al charged in the two electrolytes (c, d).

Note 1: When charging for 2 h under a constant voltage of 5 V, the battery using 1 M 

AVIMFSI electrolyte showed almost no leakage current, indicating the negligible 

corrosion of Al1. However, the battery with the 1 M ECDEC electrolyte showed a 

continuously increasing leakage current, indicating increasing corrosion of Al 

(Supplementary Fig. S3a). After disassembling the batteries, the optical images of the 

separators and the optical and SEM images of Al foils were obtained (Supplementary 

Fig. S3b-d). Compared with the pristine separator (Supplementary Fig. S3b), the one 

with 1 M AVIMFSI electrolyte showed almost no change, but the one with 1 M ECDEC 

electrolyte turned black, indicating the presence of undesired side reactions. The Al foil 

charged in 1 M AVIMFSI electrolyte was almost identical to the pristine Al foil 

(Supplementary Figs. S3c and d), implying negligible corrosion. However, the 

corrosiveness of 1 M ECDEC electrolyte resulted in the formation of many small pits 

in the Al foil, which was obvious in both optical and SEM images.



6

Fig. S4. Flame retardancy test of the six electrolytes used in this study.

Note 2: The 1 M ECDEC electrolyte and 4 M EMC electrolyte are both flammable. In 

contrast, the four ionic liquid electrolytes are all non-flammable.
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Fig. S5. Linear sweeping voltammetry (LSV) (a) and thermogravimetric analysis 

(TGA) results (b) of the six electrolytes.

Note 3: 1 M ECDEC electrolyte shows the lowest decomposition potential. After 

increasing the concentration of electrolyte (4 M EMC), the decomposition potential 

increases as well. The decomposition potential of the nonfunctional ionic liquid 

electrolyte is slightly higher than the concentrated one. The functional ionic liquid 

electrolytes have the highest decomposition potential (Supplementary Fig. S5a). For 

the four ionic liquid electrolytes, no significant weight loss was observed until 200 ℃. 

In contrast, the 1 M ECDEC and 4 M EMC electrolytes showed a significant weight 

loss at the beginning and experienced continuous loss with the increasing temperature 

because of the volatile carbonate solvents (Supplementary Fig. S5b).
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Fig. S6. Impendence spectra of the four ionic liquid electrolytes.
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Fig. S7. Properties of the four ionic liquid electrolytes.

Note 4: The functional ionic liquid cationic monomers and their abbreviation are shown 

in Supplementary Fig. S7. The ionic conductivity of each ionic liquid electrolyte was 

calculated based on the test results shown in Supplementary Fig. S62. The 

decomposition temperature was calculated based on the TGA results shown in 

Supplementary Fig. S5b.
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Fig. S8. Cycling performance of symmetric batteries with 1 M ECDEC and 4 M EMC 

electrolytes.
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Fig. S9. Rate performance of symmetric batteries with 1 M AVIMFSI electrolyte. 

Fig. S10. Surface SEM images of potassium metal after cycling in the six electrolytes.
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Fig. S11. EIS of symmetric batteries after cycling for 20 h with 1 M BVIMFSI 

electrolyte.
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Fig. S12. EIS after different cycling times of symmetric batteries with 1 M AVIMFSI 

electrolyte.
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Fig. S13. SEM surface and cross-sectional images of potassium metal after cycling in 

1 M EMIMFSI electrolyte.
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Fig. S14. Cycling performance of symmetric batteries with 1 M VC electrolyte.
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Fig. S15. Atomic ratio change of C 1s, N 1s, K 2p, S 2p, O 1s, and F 1s as a function 

of sputtered thickness.
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Fig. S16. XPS spectra of F 1s (a) and S 2p (b) collected from a graphite electrode 

sputtered to different thicknesses. 
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Fig. S17. Depth profiles of various secondary ions of interest contained in the sputtered 

area and volume. 
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Fig. S18. a, Diagrams of DMT (elastic) modulus (E) test at different depths. b, DMT 

(elastic) modulus (E) mapping of organic-rich SEI formed in 1 M ECDEC electrolyte 

shown on a smaller modulus range (depth: ~8 nm, ~11 nm, ~ 15 nm).
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Fig. S19. a, Plating-stripping voltage curves of a Li||Cu battery. b, Charge-discharge 

voltage curves of a Li||graphite battery.
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Table S1. The summary of the potassium metal symmetric battery information in 

different works.
Electrode Electrolyte Current density 

(mA cm-2)
Area capacity 
(mAh cm-2)

Cycling time 
(hour)

K metal3 buffered K-Cl-IL 0.25 0.125 300

K metal4 2.3 M KFSI in DME 
+ 50 mM KNO3

0.05 0.15 300

Al@Al@K5 4 M KFSI in DME 0.5 0.5 440

KxPy@K6 1 M KTFSI in 
EC/DEC (1:1, w:w)

0.5 0.5 550

PVA-
Borax@Cu@K7

3 M KFSI in DME 0.5 0.25 700

K2Te@K8 1 M KFSI in 
EC/DEC (1:1, v:v)

0.5 0.5 800

CCPP9 3 M KFSI in 
EC/DEC (1:1, v:v)

0.5 0.5 1000

Co−CNF@K10 1 M KFSI in DME 0.5 0.5 1300

CBC@K11 1 M KFSI in DME 0.5 0.5 1400

PCNF@SnO2@K12 1 M KFSI in DME 0.5 0.5 1700

BVC@K13 3 M KFSI in DME 0.1 0.2 1800

K metal14 4 M KFSI in DME 0.5 0.5 2000

NC@GDY-Al15 4 M KFSI in DME 0.2 0.2 2000

K metal
(This work)

1 M KFSI in 
AVIMFSI

0.2 0.2 5000
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