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Figure S1. (a) The ESW of AQ electrolyte at a scan rate of 5 mV s'! on stainless steel
electrodes (blank line) and redox potential of LMO positive electrode and Zn negative
electrode vs. Zn/Zn?*. (b) Typical voltage profile of the Zn//LMO full battery using

AQ electrolyte at constant current (0.5 C).
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Figure S2. Cycling stability and coulombic efficiency of Zn//LMO full battery using

AQ electrolyte (at 4 C).
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Figure S3. Typical voltage profile of the Zn//LMO full battery using ZLU eutectic

electrolyte at constant current (0.5 C).
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Figure S4. ESWs of eutectic electrolytes with different molar ratios at a scan rate of 5

mV sl
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Figure SS. Cycling stability (a) and coulombic efficiency (b) of Zn//LMO full battery
using eutectic electrolyte with different molar ratios (at 4 C). (c) Average capacity and
coulombic efficiency of Zn//LMO full battery using eutectic electrolyte with different

molar ratios (at 4 C).
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Figure S6. The rate capability (Zn//LMO) in ZLU eutectic electrolyte: (a) ZLU (0.5-
1-4)at 0.25C,0.6 C,1.2C,3 C, 12 Cand 30 C; (b) ZLU (1-1-6) at 0.25 C, 0.6 C, 1.5
C,4C,20C; (c) ZLU (2-1-10)at 0.25 C, 0.6 C, 2 C, 3 C, 12 C. (d) Comparison of

rate capability (Zn//LMO) using ZLU eutectic electrolyte with different molar ratios.
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Figure S7. Ionic conductivity of ZLU eutectic electrolyte with different molar ratios

at 25°C.
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Figure S8. Cycling stability and coulombic efficiency of Zn//LMO full battery
employing ZLU (0.5-1-4) eutectic electrolyte at 3 C.
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Figure S9. Storage performance of Zn//LMO full battery employing ZLU eutectic
electrolyte evaluated by resting for 24 h at 100% state of charge (SOC) after five

cycles at 0.5 C, followed by full discharging.
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Figure S10. Volatility tests of AQ electrolyte and ZLU eutectic electrolyte in the

atmosphere for 18 days at room temperature.
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Figure S11. Thermogravimetric analysis of AQ electrolyte and ZLU eutectic

electrolyte in the N, atmosphere with 10 °C/min.

Table S1. Comparison of composition, price and ionic conductivity between our

developed eutectic electrolyte and reported representative TFSI-based high-
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concentration electrolyte. (Price data were collected from Shanghai Aladdin

Biochemical Technology Co.).

Ionic
Price
Electrolyte Composition(wt%) conductivity  Ref.
(US$/kg)
(mS cm™)
“Water-in-Salt” LiTFSI: 85.8
. 314 8.21 (25°C) !
21m LiTFSI H,0: 14.2
L LiTFSI: 74.2
“Water-in-Bisalt” ]
) ) LiOTf: 13.5 347.6 6.5 (25°C) 2
21 m LiTFSI-7 m LiOTf
H,0:12.3
Hydrate Melt” .
Li(TFSD)ys(BETD)52H,0 101369
i .
OATT IR LiBETI:32.9 14552 3.0 (30°C) 3
194 m LiTFSI-83 m
i H,0:10.2
LiBETI)
“Hybrid )
LiTFSI: 81.2
Aqueous/Nonaqueous”
) i DMC: 9.4 297.3 5.0 (30°C) 4
21 m LiTFSI in H,0-9.25 m
LiTFSI in DMC (wt%=1:1)
“Monohydrate Melt” .
Li(PTFSD(TESu 1H,0 ik 32
' 0007 TSI IPTFSI: 60.4 N/A 0.1(30°C) 5
222m  LiTFSI-33.3 m
. H,0:5.4
LiPTFSI)
Li(TFSI)pg(MM3411)9,-1.4  LiTFSI:72.4
H,O 31.4m LiTFSI-79 m LiMM3411:19.6 N/A 0.33 (25°C) 6
LiMM3411 H,0:8.0
ZnAc,:20.3
. LiAc:14.6 This
ZnAc,+LiAc+urea 23.7 0.7 (25°C)
Urea:53.1 work
H,0:12
ZnAc,:17.8
LiAc:12.7 .
) This
ZnAc,+LiActurea+EG Urea:46.3 22.1 2.34 (25°C) N
EG:12.7 o
H,0:10.5
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Bubbles

Figure S12. In situ observation of Zn plating in AQ (a) and ZLU (b) electrolyte by

optical microscopy at a current density of 1 mA cm-2 for Sh.

Figure S13. SEM images of the Zn anode after plating in the reference AQ electrolyte
(a) and ZLU eutectic electrolyte (b).
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Figure S14. Galvanostatic Zn plating/stripping in Zn//Zn symmetrical cells with AQ

electrolyte at 0.5 mA cm?and 0.5 mA h cm™.
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Figure S15. Galvanostatic Zn plating/stripping in Zn//Zn symmetrical cells with ZLU

Voltage

electrolyte at 1 mA cm?and 1 mA h cm™2.
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Figure S16. Galvanostatic Zn plating/stripping in Zn//Zn symmetrical cells with ZLU

o
=

electrolyte at different current densities.

The DOD is respectively 0.86%, 1.71%, 4.3% and 8.5% (0.1 mAh/cm2, 0.2 mAh cm?,
0.5 mAh cm?and 1 mAh cm™).

Figure S17. SEM images of cycled Zn in Zn//Zn symmetrical cells using AQ

electrolyte.
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Figure S18. XRD profiles of the cycled Zn with AQ and ZLU electrolyte.
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Figure S19. Zn plating/stripping voltage profiles of Zn//Cu asymmetrical cells using

reference AQ electrolyte.
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Figure S20. Cycling stability and coulombic efficiency of full battery with free-anode
(Cu current collector was used as negative electrode) employing ZLU eutectic

electrolyte at 12 C.
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Figure S21. DSC profiles of ZLU, ZLUE-2, ZLUE-4 and ZLUE-6 eutectic electrolyte
from -70 to 80 °C.
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Figure S22. Optical photos of ZLU and ZLUE eutectic electrolyte at -20 °C.
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Figure S23. Viscosity of ZLU and ZLUE eutectic electrolyte with different contents
of EG at 25°C.
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Figure S24. FTIR spectra of the C—N and C=O0 stretching vibration with different

contents of EG.
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Figure S25. Raman spectra of eutectic electrolyte with different contents of EG.
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Figure S26. EIS of ZLU (a) and ZLUE (b) at vary temperature.
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Figure S27. The rate capability (Zn//LMO full battery) in ZLUE eutectic electrolyte.
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Figure S28. The capacity of Zn//LMO full battery employing ZLUE eutectic

Table S2. Comparison of cycle stability between our developed Zn//LMO full battery

electrolyte over a wide range temperature at 2 C.

employing ZLUE eutectic electrolyte and reported representative other batteries.

Cathode Anode Electrolyte Capacity Ref.
retention
(cycles)
LiMn,04 VO, Saturated LiNO; 83% (42) 7
LiMn,04 V,05 Saturated LiNO; 89% (100) 8
LiMn,04 LiTiy(PO4); 1 M Li,SO4 82% (200) ?
LiMn,O4/CNT Li foil IM LiPFq 92% (50) 10
(EC/DMC/EMC)
Porous Metallic 1 M LiPFg 73% (1000) 1
LiMn,0, lithium (EC/DMC)
LiMn,0, Zn foil Thixotropic gel 61% (1000) 12
LiMn,0, Zn foil Pb**-containing gel 75% (300) 13
LiMn,0,4 with Zn foil 1 M Li,SO4#+2 M 87% (600) 14
RGO films ZnS0Oy,
LiMn,0, Zn foil 1 M Zn(OTf),+20 92% (300) 15
M LiTFSI
LiMn,Oy4 Zn foil ZLUE eutectic 92% (920) This
electrolyte work
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Table S3. Comparison of cycle stability between our developed Zn//LMO full battery

employing ZLUE eutectic electrolyte and reported representative other batteries.

E it h/k
Batter Type Cathode Anode ( Il’l(:vgei ((lif:lssll t)),' ‘x /lig% Ref.
LiMn,0, VO, 75 (8) 16
Li-ion . -
battery LlMl’l204 LITIZ(PO4)3 60 (240) 9
LlMl’le4 LlV}Og 55 (1 1) 17
NaTiz(PO4)3 Na0,44MnOz 33 (1 65) 18
Na-ion .
battery N3T12(PO4)3 K0_27MHOZ 55 (1 10) 19
CuHCF MnHCF 27 (27) 20
ZnHCF Zn foil 100 (100) 21
Na0‘95Mn02 Zn foil 78 (156) 22
Zn-dualion | bep Zn foil 52 (477) 2
battery
Na3V2(PO4)3 Zn foil 90 (88) 24
LiMn,0y4 Zn foil 197 (295) This work
a 1.8 b /_\]()0
Lﬁ’”’_"/’j:_ﬂ_’:f{’// :2?80
S 14 ol €
< e | Eeo
%n 1.2 4C .
E 1.0 e § L
0.8 §f20
0.6 = 0 L 1 1 L L
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0 20 40 ﬁga:;]dtl;ll(]r:jg’;;l] 160 180 200 Cycle number (n)
Figure S29. (a) The rate capability (Zn//LFP full battery) in ZLUE eutectic electrolyte.

(b) Cycling stability and coulombic efficiency of Zn//LFP full battery at 6 C.
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Figure S30. XPS spectra of 1st cycled LMO and cycled LMO with 200 cycles.

Figure S31. Adhesive photos between PZLUE eutetogel and glass bottles and glass
caps.
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Figure S32. EIS data and ionic conductivity of PZLUE eutetogel with different

contents of Aam monomer.
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Figure S33. Volatility tests of PZLUE eutetogel in the atmosphere for 18 days at

room temperature.
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Table S4. Comparison of cycling life of Zn//Zn cells between our developed eutectic

electrolyte and eutectogel and other reported Zn//Zn cells.

Electrolyte composition

CE

(%) Cycling life of Zn//Zn cells

Ref.

4 M ZI’ISO4

4 M Zn(TFSI),

30 m ZnCl,

ZnCl, + Zn(OAc),-2H,0
(molar ratio 10:6)

18 m NaClO;+ 0.5 m
Zn(ClO4)2

30mKAc+3mLiAc+3m
Zl’lA02

SN/ HzO/ ZH(CIO4) b

ZLU eutectic electrolyte

PZLUE eutectogel

250 h
97 at 0.25 mA cm?2,025mAh
cm2
770 h
99 at 0.25 mA cm?, 0.25 mA h
cm?2
600 h
95.4 at0.2 mA cm?2,0.2mAh
cm2
1200 h
99.59 at 0.2 mA cm?2, 0.2 mA h
cm2
1200 h
98.2 at 0.2 mA cm?2, 0.2 mA h
cm2
1000 h
99.6 at 0.1 mA cm2, 0.2 mA h
cm 2
800 h
98.4 at0.05mA cm2 0.5mAh
cm 2
1000 h
99.8 at 1 mA cm=2, 0.5mAh
cm 2
1000 h
99.5 t0.5mAcm?2 05mAh
cm 2
920 h
99.7 at 0.5 mA cm?, 0.5mA h
cm?
1130 h
99.8 at 0.5 mA cm?, 0.5mA h
cm?

25

25

26

27

28

29

31

32

This

work

This
work
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Figure S34. Electrochemical stability window of ZLUE and PZLUE eutectic
electrolyte.
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Figure S35. Zn plating/stripping voltage profiles of Zn//Cu asymmetrical cells

employing PZLUE eutetogel electrolyte.
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Figure S36. CE of Zn//Cu asymmetrical cells employing PZLUE eutectogel

electrolyte.

Figure S37. SEM image of the cycled Zn anode in the Zn//Zn cells with PZLUE

eutetogel.
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Figure S38. The rate capability (Zn//LMO) in PZLUE eutetogel electrolyte.
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Figure S39. Cycling stability and coulombic efficiency of Zn//LMO full battery
employing PZLUE eutetogel electrolyte at 4 C.
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