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Acidity of ionic liquids
Figure S1. Acidity of ionic liquids
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Hammett acidity functions:
Ho - pK(I1)aq + log([1}/[IH])

Table S1. For Calculation and comparison of different ionic liquids Ia-I¢c

Compound Amax [171(%) [IH*](%) Ho
Blank 1.2280 100 0 -

Ic 0.2812 22.90 77.10 0.27

Ib 0.2176 17.72 82.28 0.13

la 0.1235 10.06 89.94 -0.15

Amax: the maximum absorption, [I]: the concentration of indicator, [IH*]: the concentration of protonated
indicator, Ho: Bragnsted acidity



Figure S2. Acidity of ionic liquids
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Table S2. For Calculation and comparison of different ionic liquids Ia,
Id-If

Compound Amax [17 (%) [IH*] (%) Ho
Blank 1.2290 100 0 -

la 0.3064 24.93 75.07 0.32

Id 0.3765 30.63 69.37 0.45

le 0.3681 29.95 70.05 0.43

If 0.3159 25.70 74.30 0.34

Amax: the maximum absorption, [I]: the concentration of indicator, [IH*]: the concentration of protonated
indicator, Ho: Brgnsted acidity

Figure S1 and Figure S2 shows the acidity of ionic liquids with different concentrations.
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Parameter value
Origin Varian
Spectrometer vnmrs
Solvent cdcl3 &M
Temperature 20.0 AcO
Pulse Sequence s2pul AcO AcO SiAe
Experiment 1D ’a
Number of Scans 216
Receiver Gain 30
Relaxation Delay 2.0000
Acquisition Time 1.3107
Spectrometer Frequency 100.53
Spectral Width 25000.0
Lowest Frequency -1441.7
Nucleus 13C
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Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cdcl3
4 Temperature 20.0
5 Pulse Sequence s2pul
6 Experiment 1D
7 Number of Scans 36 AcO _OAc
8 Receiver Gain 30 0
9 Relaxation Delay 1.0000 AcO OAc
10 Spectrometer Frequency 399.76 AcO
11 Spectral Width 6410.3 b
12 Lowest Frequency -806.6
13 Nucleus 1H

| 1 il LJlA \
i L Al Padon
I T T T T T T T T T T T T T T ﬁ' T T T T T T T 'vﬁ T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)



—— —

——

89.433

20.600
20.526
20.363
20.261

Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cdcl3
4 Temperature 20.0
5 Pulse Sequence s2pul AcO _OAc
6 Experiment 1D & O
7 Number of Scans 176 AcO OAc
8 Receiver Gain 30 fel
9 Relaxation Delay 2.0000 2b
10 Acquisition Time 1.3107
11 Spectrometer Frequency 100.53
12 Spectral Width 25000.0
13 Lowest Frequency -1455.5
14 Nucleus 13C
— R—— I R
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f1 (ppm)



Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cdcl3
4 Temperature 20.0
5 Pulse Sequence s2pul
6 Experiment 1D
7 Number of Scans 24 AcO OAG
8 Receiver Gain 44 0
9 Relaxation Delay 1.0000 A/%SO/&A
10 Spectrometer Frequency 399.76 OAc
11 Spectral Width 6410.3 22
12 Lowest Frequency -806.6
13 Nucleus 1H
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Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cdcl3 AcO OAc
4 Temperature 20.0 0
5 Pulse Sequence s2pul Af&g&u‘
6 Experiment 1D OAc
7 Number of Scans 144 2
8 Receiver Gain 30
9 Relaxation Delay 2.0000
10 Spectrometer Frequency 100.53
11 Spectral Width 25000.0
12 Lowest Frequency -1459.3
13 Nucleus 13C
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Parameter
Origin
Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of Scans
Receiver Gain
Relaxation Delay

Value

Varian
vamrs
cdcl3
20.0
s2pul
1D

24

42
1.0000

10 Spectrometer Frequency 399.76
11 Spectral Width
12 Lowest Frequency
13 Nucleus

6410.3
-806.6
1H

5.477
5.453
5.452
5.428

4.933
4.924
4.892
4.866
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170.408
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169.371
96.564

Parameter value
Origin Varian
Spectrometer vnmrs
Solvent cdcl3
Temperature 20.0
Pulse Sequence s2pul
Experiment 1D OAc
Number of Scans 168 Aco/ég‘
Receiver Gain 30 AcO
Relaxation Delay 2.0000 ACOOM &
Acquisition Time 1.3107 2d
Spectrometer Frequency 100.53
Spectral Width 25000.0
Lowest Frequency -1451.3
Nucleus 13C
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Value
Varian
mercury
cdcl3
25.0
s2pul
1D
28
26
1.0000
2.5575
Spectrometer Frequency 400.43
6406.1
-800.0
1H

o

(=

o

wv

1
Parameter

Spectrometer
Temperature
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Experiment
Number of Scans
Receiver Gain
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Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cdcl3
4 Temperature 20.0
5 Pulse Sequence s2pul
6 Experiment 1D o
7 Number of Scans 96 Ag\gmop\c
8 Receiver Gain 30 OAc
9 Relaxation Delay 2.0000 2e
10 Acquisition Time 1.3107
11 Spectrometer Frequency 100.53
12 Spectral Width 25000.0
13 Lowest Frequency -1443.1
14 Nucleus 13C
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Parameter Value
1 Origin Varian
2 Spectrometer mercury
3 Solvent cdcl3
4 Temperature 25.0 AcQ OAc OAc
5 Pulse Sequence s2pul AcO O O/é&ﬂ\
6 Experiment 1D AcO AcO OAc
7 Number of Scans 28 2t AcO
8 Receiver Gain 39
9 Relaxation Delay 1.0000
10 Spectrometer Frequency 400.43
11 Spectral Width 6406.1
12 Lowest Frequency -800.3
13 Nucleus 1H
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Parameter value

Origin Varian

Spectrometer vnmrs

Solvent cdcl3 AcO OAc OAcC

Temperature 20.0 0

Pulse Sequence s2pul AcO &/Aoo&&w OAcC

Experiment 1D AcO "¢ AcO

Number of Scans 248 2

Receiver Gain 30

Relaxation Delay 2.0000

Acquisition Time 1.3107

Spectrometer Frequency 100.53

Spectral Width 25000.0

Lowest Frequency -1445.9

Nucleus 13C

20.911
20.803
20.611
20.461

¢

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)
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Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cdel3
4 Temperature 20.0
5 Pulse Sequence s2pul OBn
6 Experiment 1D o
7 Number of Scans 32 HO S
AcO
8 Receiver Gain 46 OAc
9 Relaxation Delay 1.0000 4a
10 Spectrometer Frequency 399.76
11 Spectral Width 6410.3
12 Lowest Frequency -806.6
13 Nucleus 1H { [ f
) S W, U
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10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
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Parameter value

Origin Varian

Spectrometer vnmrs OBn

Solvent cdcl3 H O&/ &

Temperature 20.0 AcO OA \©\

Pulse Sequence s2pul e

Experiment 1D 4a

Number of Scans 30

Receiver Gain 30

Relaxation Delay 2.0000

Acquisition Time 1.3107

Spectrometer Frequency 100.53

Spectral Width 25000.0

Lowest Frequency -1418.8

Nucleus 13C
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Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cdcl3
4 Temperature 20.0
5 Pulse Sequence s2pul OBn
6 Experiment 1D o)
HO
7 Number of Scans 72 BnO S
8 Receiver Gain 30 OBn
9 Relaxation Delay 1.0000 4b
10 Spectrometer Frequency 399.76
11 Spectral Width 6410.3
12 Lowest Frequency -806.6
13 Nucleus 1H
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Parameter value
Origin Varian
Spectrometer vnmrs
Solvent cdcl3
Temperature 20.0
Pulse Sequence s2pul OBn
Experiment 1D H O&/
Number of Scans 60 BnO S \©\
Receiver Gain 30 OBn
Relaxation Delay 2.0000 4b
Acquisition Time 1.3107
Spectrometer Frequency 100.53
Spectral Width 25000.0
Lowest Frequency -1446.7
Nucleus 13C

21.090
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Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cdcl3
4 Temperature 20.0 OBn
5 Pulse Sequence s2pul
6 Experiment 1D HO %
AcO
7 Number of Scans 24 ACOOM
8 Receiver Gain 30 ac &
9 Relaxation Delay 1.0000
10 Spectrometer Frequency 399.76
11 Spectral Width 6410.3
12 Lowest Frequency -806.6
13 Nucleus 1H
J“ Jll M\‘J JL e
T o7 T o
& g 8% 8 s 8 &3
<t — [=Ye) o <t o [a\KaN]
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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Parameter value

Origin Varian

Spectrometer vnmrs OBn

Solvent cdcl3 HO /ég‘

Temperature 20.0 AcO

Pulse Sequence s2pul ACOOM e

Experiment 1D 4c

Number of Scans 120

Receiver Gain 30

Relaxation Delay 2.0000

Acquisition Time 1.3107

Spectrometer Frequency 100.53

Spectral Width 25000.0

Lowest Frequency -1454.3

Nucleus 13C

20.775

—55.068
<20‘640
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200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)
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Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cdcl3
4 Temperature 20.0
5 Pulse Sequence s2pul
6 Experiment 1D HO _0Bn
7 Number of Scans 32 0
8 Receiver Gain 30 AcO S
9 Relaxation Delay 1.0000 AcO \©\

10 Spectrometer Frequency 399.76

11 Spectral Width 6410.3
12 Lowest Frequency -806.6
13 Nucleus 1H

| i5F

1.05—=<
1.06

- 2.073
0.99—=
1.91
107:E

{ oo

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
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Parameter value
Origin Varian
Spectrometer Vnmrs
Solvent cdcl3
Temperature 20.0 HO _0OBn
Pulse Sequence s2pul \S g e)
Experiment 1D AcO S\@\
Number of Scans 448 AcO
Receiver Gain 30 ad
Relaxation Delay 2.0000
Acquisition Time 1.3107
Spectrometer Frequency 100.53
Spectral Width 25000.0
Lowest Frequency -1443.0
Nucleus 13C
I T T T T T T T T T T T T T T T T T T T T T T T T T

200 190 180 170 160 150 140 130 120 110 . %00 ) 90 80 70 60 50 40 30 20 10
ppm
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Parameter Value

1 Origin Varian

2 Spectrometer vnmrs

3 Solvent cdel3 HB go/ﬁ/

4 Temperature 20.0 AcO S \©\

5 Pulse Sequence s2pul (0} N e}

6 Experiment 1D

7 Number of Scans 44

8 Receiver Gain 30

9 Relaxation Delay 1.0000 4e

10 Spectrometer Frequency 399.76

11 Spectral Width 6410.3
12 Lowest Frequency -806.6
13 Nucleus 1H

—3.050
—2.264
—1.880

385 ?‘ D

1989 =—

1.83-I
12029
594
201
1.00-T

267X

{3311
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: : —
65 60 55 50 45 40 35
f1 (ppm)
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Parameter value
Origin Varian
Spectrometer vnmrs
Solvent cdcl3
Temperature 20.0 I_B| 8&/
Pulse Sequence s2pul AcO S
Experiment 1D 'e) N O\©\
Number of Scans 240
Receiver Gain 30
Relaxation Delay 2.0000
Acquisition Time 1.3107 te
Spectrometer Frequency 100.53
Spectral Width 25000.0
Lowest Frequency -1445.5
Nucleus 13C

NP " “,Mﬂmhn
w = " borsi

. iy Y Wi Al hd

_~53.591
21.132
20.652
20.540

~~-52.590
—13.908
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200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)
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Parameter
Origin
Spectrometer
Solvent
Temperature
Pulse Sequence
Experiment
Number of Scans
Receiver Gain
Relaxation Delay
Acquisition Time
Spectrometer Frequency
Spectral Width
Lowest Frequency

9.501
9.496
9.484
9.480
9.476
8.398
8.380
8.373
8.359
8.356
8.350
8.115
8.094
8.090
8.086
7.974
7.955
7.949
7.932
7.927

Value
Varian
mercury
cd3od
25.0
s2pul
1D
68
22
1.0000
2.5575
400.43
6406.1
-840.1

7.739
7.718
7.715

Nucleus 1H J ‘
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11.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
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Parameter Value N DE
Origin Varian
Spectrometer mercury
Solvent cd3od MsD -
Temperature 25.0 N
Pulse Sequence s2pul ﬁ_ \.f?
Experiment 1D I:IH
Number of Scans 40
Receiver Gain 22 Ib
Relaxation Delay 1.0000
Acquisition Time 2.5575
Spectrometer 400.43
Frequency
Spectral Width 64061
Lowest Frequency -925/8
Niiclanie 1H
T J"’\ Ty )
8 2288
— N — NO
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1.5 11.0 105 100 95 90 &85 80 75 70 65 . (6.0 ) 55 50 45 40 35 30 25 20 15 10 05
ppm



9.532
9.528
9.524
8.390
8.388
8.382
8.370
8.368
8.365
8.109
8.105
8.100
7.938
7.933
7.921
7918
7915
7.722
7.719
7.717
7.713

NER Ay

4.870

2.575

Parameter Value NO,
Origin Varian -
Spectrometer mercury
Solvent cd3od
Temperature 25.0 N CP__;CDG =
Pulse Sequence s2pul ﬁ_ ‘R
Experiment 1D NH
Number of Scans 24 *
Receiver Gain 26
Relaxation Delay 1.0000 Ie
Acquisition Time 2.5575
Spectrometer Frequency 400.43
Spectral Width 6406.1
Lowest Frequency -852.9
Nucleus 1H
| JUJU L
i it !
8 =38=3 =
= N = o
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
120 11.5 11.0 105 100 95 90 &85 80O 75 70 65 60 55 50 45 40 35 3.0 2. 20 15 10 05
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Parameter Value H
Origin Varian
Spectrometer mercury
Solvent cd3od &
Temperature 25.0 -"J-’._ oTf
NH+ =
Pulse Sequence s2pul
Experiment 1D
Number of Scans 68 1d
Receiver Gain 22
Relaxation Delay 1.0000
Acquisition Time 2.5575
Spectrometer Frequency 400.43
Spectral Width 6406.1
Lowest Frequency -796.1
Nucleus 1H [
i T
g 5 88
— (e} onon
[ T T T T T T T T T T T T T T T T T T T T T T T T T T
120 11.5 11.0 105 100 95 90 85 &80 75 7.0 6.5 55 50 45
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Parameter Value
Origin Varian
Spectrometer mercury
Solvent cd3od
Temperature 25.0 r, M OTf
Pulse Sequence s2pul s
>ed P HN\/}
Experiment 1D
Number of Scans 32 Te
Receiver Gain 24
Relaxation Delay 1.0000
Acquisition Time 2.5575
Spectrometer Frequency 400.43
Spectral Width 6406.1
Lowest Frequency -802.1
Nucleus 1H
J | L
f S ft
S =888 =
— EEREPNPN| @
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
11.5 11.0 105 100 95 90 &85 &80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

29



S YBIR8592435=8 2 2
A QAN OO QG — — — = o ©
I SN RN) i 7
Y
O
Parameter Value
Origin Varian
Spectrometer mercury N _
Solvent cd3od i OTf
Temperature 25.0 NHt)
Pulse Sequence s2pul If
Experiment 1D
Number of Scans 36
Receiver Gain 22
Relaxation Delay 1.0000
Acquisition Time 2.5575
Spectrometer Frequency 400.43
Spectral Width 6406.1
Lowest Frequency -794.1
Nucleus 1H
T ANT/AN & T
3 888 3 >
— — — o o
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
12.0 11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5
f1 (ppm)
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Relative Intensity
1004 145.07653
50
126.11630 | |, ,148.43056
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100

HN
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Relative Intensity
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159.09247
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-80.822
80.836

Y
Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cd3od
4 Temperature 20.0
5 Pulse Sequence s2pul
6 Experiment 1D
7 Number of Scans 44
8 Receiver Gain 30
9 Relaxation Delay 1.0000
10 Acquisition Time 0.7340
11 Spectrometer Frequency 376.11
12 Spectral Width 89285.7
13 Lowest Frequency -76876.0
14 Nucleus 19F
r—+~ 1. 1 1 1 "~ 1 1 " 1 T 1T "~ T "~ T * T " T T T T 1 T T T 1
30 20 10 0 -10 20 -30 40 -50 -60 -70 -80 -90 -110 -170 -190
f1 (ppm)

19F NMR of Ia
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-80.830

30
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Parameter Value
1 Origin Varian
2 Spectrometer vnmrs
3 Solvent cd3od
4 Temperature 20.0
5 Pulse Sequence s2pul
6 Experiment 1D
7 Number of Scans 20
8 Receiver Gain 48
9 Relaxation Delay 1.0000
10 Acquisition Time 0.7340
11 Spectrometer Frequency 376.11
12 Spectral Width 89285.7
13 Lowest Frequency -76885.6
14 Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 20 -30 40 -50 -60 -70 -80 -90 -110

f1 (ppm)
19F NMR after reuse
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