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Figure S1. Structural formula of potassium perfluorobutanesulfonate.
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Figure S2. FTIR spectra of various electrolytes.
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Figure S3. FTIR spectra of v(SO4%) in various electrolytes.
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Figure S4. Binding energies of Zn?*"-H,0 in ZSO, Zn?*"-H,0 in ZSO with FSK, and Zn?**-
Perfluorobutanesulfonate (PFBS-) in ZSO with FSK.
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Figure S5. Nyquist plots of the Zn||Zn symmetric cell at various temperatures (a) in ZSO electrolyte and
(b) in FSK50 electrolyte.

6
s ZSO
° FSK50
33.5 KJ mol™
= 91
g
‘.‘n:'é'
c
- 4.
* ]
3 L] L) L] L] L)
3.4 3.3 3.2 3.1 3.0 29 2.8

1000/T (K™

Figure S6. Arrhenius curves and comparison of activation energies.
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Figure S7. Tafel plots of the Zn electrode in FSK1, FSKS5, FSK10 and FSK100 at 1 mV s*!' using Zn||Zn

symmetrical cells.
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Figure S8. Linear sweep voltammetry (LSV) curves at 5 mV s! in the Na,SO, electrolytes with/without
FSK.
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Figure S9. CV curves for Zn||Cu cells at 0.5 mV s
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Figure S10. In situ Raman spectra of ZSO at 5 mA cm? and 10 mAh cm2: (a) v(OH), (b) w(SO4*), under
open-circuit conditions: (¢) v(OH), (d) v(SO4*). In situ Raman spectra of FSK at 5 mA ¢cm? and 10 mAh
cm2: (e) v(OH), (f) v(SO4%), under open-circuit conditions: (g) v(OH), (h) v(SO4>).
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Figure S11. In situ Raman difference spectra of v(OH) at the electrode/electrolyte interface under open-
circuit conditions: (a) ZSO electrolyte, (b) FSK50 electrolyte; v(SO4>"): (c) ZSO electrolyte, (d) FSK50

electrolyte.
400
—2ZS0

. —— FSK1
"‘E 300 - —FSK5

. —— FSK10
= —— FSK50

§ 200- ——— FSK100
£ 1mvs’

5 m

2100-

o -X/

0 \L— o A,

-0.10 -0.05 0.00 0.05 0.10
Voltage (V vs. Zn/Zn?*)

Figure S12. Differential capacity curves of Zn||Zn symmetric cells at the scan rate of I mV s*! in various
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electrolyte.
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Figure S13. HRXPS spectra of F 1s for Zn anode in (a) FSK50 and (b) ZSO.
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Figure S14. The cycling performance the Zn||Zn symmetrical cell (a) in ZSO and FSK50 at 10 mA cm
and 1 mAh cm?, (b) in FSK1, FSK5, FSK10 and FSK100 at 10 mA ¢cm™ and 10 mAh cm™.



Figure S15. SEM image of Zn||Zn symmetric cells with (a) ZSO, (b)FSK1, (¢) FSKS5, (d) FSK10, (e)
FSK50 and (f) FSK100 after 50 cycles at 1 mA ¢cm and 1 mAh cm-
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Figure S16. Coulombic efficiency of different cells at 1 mA cm?and 1 mAh cm™.



Figure S17. SEM images of Zn plating at 5 mA cm2 and 10 mAh cm on the surfaces of (a) ZSO and (b)

FSKS50.
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Figure S18. XRD patterns of different Zn electrodes after Zn plating at 5 mA cm and 10 mAh cm? in
7S50 and FSK50, respectively.
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Figure S19. SEM image of V,0; powder.
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Figure S20. XRD pattern of V,0s powder.
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Figure S21. GCD curve of (a) cell with FSK50 and (b) cell with ZSO.
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Figure S22. Long-term cycling performanceof Zn||V,Os full cells with FSK50 after standing for 7 days.
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Table S1. Performance comparison of this work with other previous reports.

Modification strategies Current den.sity (mA em?), Cycle life (h) Ref.
Areal capacity (mAh cm?)
CH@AGM 1,1 110 1
Carboxymethyl cellulose 1,1 1050 2
B-CD 55 350 3
TBA,SO, 10,2 400 4
ZF@F-TiO, 1,1 460 5
Trehalose 5,25 200 6
Saccharin 10,10 550 7
Sodium citrate 5,2 850 8
Ammonium succinate (AS) 10, 2 1230 9
Zn@KL 44,1.1 800 10
DMSO 0.5, 0.5 1000 u
Locust bean gum (LBG) 2,2 1160 12
Zn@ZnS 2,2 1125 13
EG 2,1 140 14
1,1 1500 )
FSK This work
10,1 1200
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