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S1. Synthesis of ME-FILs
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Scheme 1. Synthesis of MEF-ILs.
X= NTf, [bis(trifluioromethylsulfonyl)amine], (1) n=1, R;=CH;, R,=CH;, R3;=H: ME-FIL1,
[MImCH>OCH;][NTf2]; Ri=C;Hs, MEF-IL2, [MImCH:OC>Hs][NTf:]; Ri=C:Hs, R3;=CHs;, MEF-IL4,
[MMImCH,O0C,H;s][NTf:]; R1=C;Hs, R,=C4Ho, MEF-ILS, [BMImCH,OC,H;][NTf:];. (2) n=6, R;=C:Hs, R,=CHj3,
Rs=H, MEF-IL3, [MIm(CH,)sOC,Hs][NT£].
X=BF,, n=1, R;=C,Hs, R;=CHj, Rs=H, MEF-IL6, [MIm(CH,),OC,Hs][BFa].

X= PFG, n:1, R1:C2H5, R2:CH3, R3:H, MEF-IL7, [MIm(CH2)20C2H5] [PF()].

Example for synthesis of ME-FIL1

Under reflux condition, 2.10 g 1-methylimidazole (0.025 mol) was dissolved in 3.60 g 2-bromoethyl methyl ether
(0.026 mol) and stirred for 3 h at 70 °C. A viscous liquid was obtained after evaporated the resultant mixture at 80
°C under vacuum and transferred into an aqueous solution of lithium bis(trifluoromethanesulfonyl)imide (0.025
mol). After agitation for 2 h at room temperature, the mixture separated automatically into two layers. The bottom
product layer was separated and washed with distilled water (20 mLx4), then rotary evaporated in vacuum, and
9.66 g ME-FIL1 was obtained, the yield attained to 92%.

ME-FIL2, 4, and 5 were prepared as the aforementioned method except that 2-bromoethyl ethyl ether was used for
synthesis of ME-FIL2, 1,2-dimethylimidazole, and butylimidazole were used, respectively, for synthesis of 4 and 5.

The prepared procedures for ME-FIL6 and 7 were the same as 2 except that the anion exchange in the second step.



$2. NMR spectral data of some representative ME-FILs

ME-FIL1: I-methoxymethylene-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, (MImCH,OCH3][NT1,]):
"H NMR (CD3;OD): 2.08 (s, 1H), 3.28 (s, 3H), 3.63 (s, 3H), 3.85 (t, 2H), 4.25 (t, 2H), 7.27 (d, 1H), 7.34 (d, 1H),
8.51 (s, 1H). *C NMR (CD;OD): 36.1,49.7, 58.6, 76.6, 121.3 (q, CF3, J), 123.3, 136.1. '’F NMR

(CD;0OD):-79.3(C-F).

ME-FIL2: I-ethoxymethylene-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, ([MImCH,OC,Hs][NTf]):
(IMImCH,OC,H;5][NT£]): 'HNMR (CD;0D): 1.16(t, 3H), 1.92 (s, 1H), 3.49 (t, 2H), 3.73 (s, 3H), 3.92 (t,
2H),4.32(t,2H), 7.31 (d, 1H), 7.41 (d, 1H), 8.62(d, 1H). '*C NMR (CDs;OD): 14.7, 36.2, 50.0, 67.7, 76.7, 121.4 (q,

CFs, J), 123.2, 136.1. '°F NMR (CD;0D):-79.2(C-F).

ME-FIL3: I-ethoxyhexamethylene-3-methylimidazolium bis(trifluoromethylsulfonyl)imide,
(IMIm(CH2)s0C,Hs][NT£]):  'H NMR (CD;0D): 1.13 (t, 3H), 1.29 (quint, 4H), 1.50 (quint, 2H), 1.80 (quint,
2H), 3.32 (t, 2H), 3.39 (q, 2H), 3.88 (s, 3H), 4.11 (t, 2H), 7.19 (d, 1H), 7.32(d, 1H), 8.76(s, IH). '*C NMR
(CD30D): 15.2,25.4,26.1, 28.0, 29.8, 33.9, 50.2, 66.0, 70.7, 121.4 (q, CF3, J), 123.6, 136.3. 'F NMR

(CD30D):-79.0(C-F).

ME-FIL4: [-ethoxymethylene-2,3-dimethylimidazolium bis(trifluoromethylsulfonyl) imide,
(MMImCH,OC,H;s][NT£]): 'HNMR (CD;OD): 1.04 (t, 3H), 2.52 (s, 3H), 3.36 (q, 2H), 3.50 (s, 3H), 3.70 (t,
2H), 4.15 (t, 2H), 6.75 (d, 1H), 7.15 (d, 1H). '*C NMR (CDsOD): 5.6, 14.7,32.9, 48.9, 66.7, 77.1, 114.8, 121 .4,

125.2 (q, CF3,J), 144.7.  'F NMR (CDs0OD):-79.2(C-F).

ME-FILS: [-ethoxymethylene-3-butylimidazolium bis(trifluoromethylsulfonyl) imide, ((BMImCH,OCoH5][NT£]):
"H NMR (CD;OD): 0.99 (t, 3H), 1.14 (t, 3H), 1.31 (m, 2H), 1.80 (quint, 2H), 3.38 (q, 2H), 3.72 (t, 2H), 3.87(t,2H),
3.92(t,2H), 7.01 (d, 2H), 7.28 (s, 1H). '3C NMR (CD;0D): 13.9, 15.2, 20.0, 34.8, 49.7, 53.8, 65.7, 72.8, 117.4 (q,

CF3, J),141.3, 144.6. 'F NMR (CD;0D): -79.6(C-F).



ME-FIL6: I-ethoxymethylene-3-methylimidazolium tetrafluoroborate, ((MImCH>OC,Hs][BF4]):
([MImCH,0C,H;s][BF4]): 'H NMR (CD;OD): 1.16(t, 3H), 1.92 (s, 1H), 3.49 (t, 2H), 3.73 (s, 3H), 3.92 (t,
2H),4.32(t,2H), 7.31 (d, 1H), 7.41 (d, 1H), 8.62(d, 1H). '*C NMR (CDsOD): 14.7, 36.2, 50.0, 67.7, 76.7, 123.2,

136.1. F NMR (CD;0D):-151.1(B-F).

MEF-IL7: I-ethoxymethylene-3-methylimidazolium hexafluorophosphate, (MImCH>,OC,Hs][PFs)):

(IMImCH,OC,Hs][PFe]):  1.16(t, 3H), 1.92 (s, 1H), 3.49 (t, 2H), 3.73 (s, 3H), 3.92 (t, 2H),4.32(t,2H), 7.31 (d,
1H), 7.41 (d, 1H), 8.62(d, 1H). '*C NMR (CD:OD): 14.7, 36.2, 50.0, 67.7, 76.7, 123.2, 136.1. '°F NMR

(CD;0D):-73.4(P-F).



S§3. NMR spectra of some representative ME-FILs in CD30D
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Figure S1. 'H spectra of ME-FIL1.
- - A A a (2] (%) B w
w N N © o) © (2]
o N [*%) N © - [}
& | N e = © | o N
o N 0 /~,
— 5000(
I -
|
I | o
[ ‘ ‘ { T
I I I I I
200 150 100 50 0
ppm (t1)

Figure S2. 1°C spectra of ME-FILL1.
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Figure S3. °F spectra of ME-FIL1.
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Figure S4. 'H spectra of ME-FIL2.
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Figure S5. °C spectra of ME-FIL2.
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Figure S6. '°F spectra of ME-FIL2.
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Figure S7. 'H spectra of ME-FIL3.
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Figure 8. 1*C spectra of ME-FIL3.
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Figure S9. '°F spectra of ME-FIL3.
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Figure S10. 'H spectra of ME-FIL4.
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Figure S11. '3C spectra of ME-FIL4.
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Figure S12. '°F spectra of ME-FILA4.
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Figure S13. 'H spectra of ME-FIL6.
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Figure S14. 1*C spectra of ME-FIL6.
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Figure S15. 'F spectra of ME-FIL6.
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Figure $16. 'H spectra of ME-FIL7.
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Figure S17. '°F spectra of ME-FIL7.
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S4. Mass Spectra of the typical ME-FILs
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Figure S18. The cationic Mass spectrum of ME-FIL1.
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Figure S79. The anionic Mass spectrum of ME-FIL1.

15



N AN
100+ & \C,\ mz=1821
a5 130.1
182.1 &
A W N N =101
210.1
100.0 [ I L
0 | R o oLy B o . - _ N 1 i A miz
LI LR LR | B R | BARA RARLY LA ELEULI S L R L UL AL RN B L LA U5 B L | LR LA | BN P
100 150 200 250 300 350 400 450 500 550 600 650 700
Figure $20. The cationic Mass spectrum of ME-FIL3.
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Figure $21. The anionic Mass spectrum of ME-FIL3.
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S5. Water content of ME-FILs

The water content in all ME-FILs was quantified before each experiment using Karl-Fischer coulometric
titration (C10SX from Mettler-Toledo). Before the titration, the ME-FILs was rotary evaporated in vacuum at 120
°C for 24 h, and treated with anhydrous CaCl, pellets, then 3 g IL was chosen as titration samples (H>O
concentration detection limit = 4 ppm/0.3 mM).

ME-FILs 1 2 3 4 5 6 7
Water 30x10% <100
content R2ppm 18ppm I14ppm 16ppm 15ppm ppm ppm
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S§6. DSC plot of ME-FILs
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Figure §22 DSC curves of MEF-IL1, 3, and 4.
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S7. Cyclic voltammogram of ME-FILs
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Figure §23. CV curves of MEF-IL2 and 3.
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S§8. Calculation of the heat capacity of ME-FILs

In a “three-step” method for the determination of the heat capacity of a material, the same temperature program
must be applied to an empty sample pan, the sample, and the reference sample, both the sample and the reference
sample were sealed in the alumium pans, respectively, as the empty pan, and heat capacities are calculated with the
following equation[1,2].

Qsample - Qempty MNreference

Cp,sample =

p.reference

Qreference Qempty Nsample

where Q stands for the heat flow of the sample (Qsampic), the reference sample (Qreference) Or the empty pan
(Qempty), while n describes the number of moles of sample (7sampie) or of the reference sample (#reference). This
method uncertainty is about 13% [3].
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Figure §24. “Three-step” method for the determination of heat capacities.

In this work, the temperature program contains an isothermal phase of 15 min at starting temperature (-40 °C)
before the temperature is increased with a heating rate of 20 Kmin'!. Afterwards, the final temperature (40 °C) is
kept constant for 15 min. This procedure is illustrated in Figure S20 for ME-FIL1. As showed in Figure S20,
ME-FIL1 is the tested sample, [BMIm][BF4] IL is the reference, where Qsample=4.24 1/g, Qrcference=3.69 J/g,
Qempty=0.611/g at 20 °C, Mrue-FiL1y=407 g/mol, MrsmimBra)y=226.2 g/mol, Msmpie=15.019 mg, Mreference=8.499 mg,
Cp reference=1.6 T K'lg'! (Reference 4).

_ Qsample_Qempty Nreference 4.24— .61 8.499/226.2

C = X C =
psample = e Qempy - Tiample preference ~3 0761 " 15.019/407

Thus, Cpm=1.2xMr=1.2x407=488.4 JK 'mol"'.

x1.6=12JK'g!
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