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Calculation details

The ion pair formation equilibrium can be written as

4-NA + HA S 4-NAH'A"

where 4-NA represents 4-nitroaniline, HA the acid under investigation, and 4ANAH" A" is the ion pair

formed.

The equilibrium constant will be given by:

[4-NAH® A° |

[HA] [4-NA]

Kass =

The analytical concentration of 4-nitroaniline can be defined as:

[4-NA], = [4-NA] + [4-NAH'A] = Caxa

The analytical concentration of acid can be defined as:

[HAJ; = [HA] + [4-NAH'A] =C,

The absorbance of a measurement solution will be equal to:

A =As4nat Asnana=b-eana - [4-NA] + b-eanana-[4-NAHA]

The absorbance of the 4-nitroaniline solution will be equal to:
Ao =b-gsana - Cana
The absorbance variation as a consequence of the acid addition will be:

AA = Ao— A = b-g4na-Cana - b-eanana-[4-NAH'A] + b-esna-[4-NAH'A]

Considering Eq. 2 , the above equation can be written as:
AA =b-Ae-[4-NAH'A"]

where Ag = €4.NA - €4-NAHA

(1)

2

3)

4)

)

(6)

(7
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From Eq. 1 the following expression is obtained:

C4-NA* Kass ¥ [HA]
1+ Kgss " [HA]

[4-NAH © AC =

By substitution in Eq. 7, it can be written as:

b* Ae* Cqnp ™ Kass * [HA]

AA =
1+ Kges ™ [HA]

®)

€))

In solution of ILs, K, was determined by non-linear fitting the following equation:

b*Ae*Cyna ™ Kass (HA]-a)

AA =
1+ Kass * ([HA]‘a)

(10)

K. values reported in Table S1 where obtained by estimating the concentration of free HA by an
iterative method applied to equations 1,2 and 3 until differences in Kus values lower than 5% were

calculated.

Table S1. Equilibrium association constant K, (M) at 298.1 K, between 4-nitoraniline and sulfonic acids.

MSA p-TSA TFMSA
1,4-Dioxane [al (el 310+ 30
Methanol 17+1 27+3 2613

[bmim][BF;] 60+ 11 65%5 190 £ 18

[bmim][PFs] 100 £ 16 800 £ 100 440 £ 60
[bmim][SbF] 61£9 250 £20 1800 + 400
[bmim][NTf;] 450 +£40 2500 £ 240 7400 £+ 100
[bmpyrr][NTf,] 270 + 40 630 + 100 2400 £ 400
[bm,im][NTf,] 140 + 20 540 + 60 4000 + 1000

[a] Spectroscopic variations were too low to obtain an acceptable value for Kass.
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Table S2. Second order kinetic constants k7 (s' M) for the 1 =2 rearrangement reaction at 298 K.

TCA TFA MSA p-TSA TFMSA
1,4-Dioxane a a (4.8+0.2)-1073 (1.5+0.1)-102 1.6 0.2
Methanol (7.3+£0.5)-10* (6.8+0.4)-10* (2.9+0.1)102 (3.7+0.2)-10° (3.2+0.1)102
[bmim] [BF4] (5.0+0.3)-10° (7.0+0.2)-10° 0.42 +0.03 1.7£0.1 3.7£0.3
[bmim] [PFs] (1.23 £0.09)-10° (1.06 £ 0.06)-102 1.30 £ 0.05 29+0.2 b
[bmim] [SbFs] (6.9+0.3)10° (5.4+0.4)107 0.47 +£0.03 1.52+0.05 b
[bmim][NTf:] (1.00 £ 0.13)-10° (2.2+0.2)-10° 1.11+£0.07 33%0.1 b
[bmpyrr][NTf:] (9.9+0.7)-10° (2.75£0.03)-10° 2.8+0.1 3.6+0.2 b
[bm2im] [NTf] (5.9+0.4)10° (6.2+0.6)-107 2.0+0.1 27+0.2 b

[a] Reaction too slow to determine kinetic constants. [b] Reaction too fast to determine kinetic constants.
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Table S3. Absorbance variations as a function of acid concentration, in the presence of 4-NA, in 1,4-dioxane

at 298.1 K for TMSA.

1,4-dioxane

TFMSA

Concentration (M) AA

0 0
0.000608 0.0697
0.000790 0.148
0.00122 0.245
0.00243 0.348
0.00365 0.455
0.00487 0.561
0.00583 0.594
0.00734 0.621
0.00974 0.683
0.0128 0.712
0.0170 0.718
0.0213 0.733
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Table S4. Absorbance variations as a function of acid concentration, in the presence of 4-NA, in methanol, at

298.1 K for sulfonic acids.

Methanol
MSA
Concentration (M) AA
- 0
0.00232 0.0317
0.00696 0.0583
0.0116 0.144
0.0185 0.1899
0.0232 0.264
0.0289 0.291
0.0465 0.383
0.0578 0.459
0.0869 0.496
0.115 0.590
0.139 0.617
0.185 0.642
0.232 0.682
p-TSA
- 0
0.00193 0.0651
0.00386 0.0827
0.00565 0.0955
0.00773 0.143
0.0193 0.232
0.0282 0.303
0.0386 0.387
0.0565 0.443
0.0808 0.527
TFMSA
- 0
0.00193 0.0651
0.00386 0.0827
0.00565 0.0955
0.00773 0.143
0.0193 0.232
0.0282 0.303
0.0386 0.387
0.0565 0.443
0.0808 0.527
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Table S5. Absorbance variations as a function of acid concentration, in the presence of 4-NA, in [bmim][BF4]

at 298.1 K for sulfonic acids.

[bmim][BF;]
MSA
Concentration (M) AA

0.0130 0.0990
0.0158 0.249
0.0169 0.288
0.0226 0.359
0.0282 0.503
0.0395 0.597
0.0452 0.691
0.0565 0.731
0.0740 0.735
0.0904 0.791

p-TSA
0.00414 0.0234
0.00643 0.0941
0.00804 0.189
0.00965 0.219
0.0121 0.307
0.0144 0.365
0.0161 0.428
0.0193 0.479
0.0241 0.523
0.0322 0.582
0.0402 0.667
0.0483 0.687
0.0603 0.732
0.0804 0.751

TFMSA
0.00582 0
0.00730 0.0651
0.00852 0.0827
0.00973 0.0955
0.0121 0.143
0.0146 0.232
0.0170 0.303
0.0212 0.387
0.0242 0.443
0.0298 0.527
0.0341 0.831
0.0426 0.838
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Table S6. Absorbance variations as a function of acid concentration, in the presence of 4-NA, in [bmim][PFs]

at 298.1 K for sulfonic acids.

[bmim][PF4]
MSA
Concentration (M) AA
- 0
0.00160 0.111
0.00273 0.144
0.00362 0.187
0.00549 0.292
0.00701 0.310
0.00825 0.430
0.0109 0.432
0.0120 0.511
0.0164 0.627
0.0211 0.690
0.0274 0.681
0.0351 0.732
0.0439 0.738
0.0549 0.726
p-TSA
- 0
0.000154 0.135
0.000304 0.196
0.000736 0.301
0.00127 0.384
0.00152 0.379
0.00255 0.480
0.00500 0.547
0.00762 0.617
0.0102 0.680
0.0161 0.716
0.0191 0.682
0.0191 0.754
0.0255 0.680
TFMSA
- 0
0.00313 0.589
0.000626 0.169
0.00156 0.442
0.00626 0.780
0.00939 0.901
0.0152 0.922
0.000939 0.379
0.00469 0.699
0.00782 0.815
0.0182 0.948
0.0126 0.886
0.0220 0.959
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Table S7. Absorbance variations as a function of acid concentration, in the presence of 4-NA, in [bmim][SbF]

at 298.1 K for sulfonic acids.

[bmim][SbFs]
MSA
Concentration (M) AA
0.0000 0
0.00306 0.107
0.00613 0.200
0.00917 0.320
0.0122 0.459
0.0158 0.469
0.0242 0.6131
0.0302 0.607
0.0359 0.700
0.0482 0.694
0.0613 0.740
0.0685 0.748
0.0876 0.847
p-TSA
- 0
0.000519 0.112
0.00105 0.194
0.00265 0.329
0.00373 0.462
0.00536 0.543
0.00725 0.625
0.00973 0.658
0.0130 0.739
0.0163 0.759
0.0223 0.770
0.0274 0.809
0.0328 0.832
TFMSA

0.000487 0.0866
0.000619 0.190
0.000767 0.226
0.000917 0.382
0.00106 0.479
0.00121 0.644
0.00129 0.709
0.00166 0.749
0.00227 0.789
0.00290 0.837
0.00402 0.856
0.00523 0.874
0.00641 0.874
0.00761 0.909
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Table S8. Absorbance variations as a function of acid concentration, in the presence of 4-NA, in

[bmpyrr[NTf] at 298.1 K for sulfonic acids.

[bmpyrr][NTT;]
MSA
Concentration (M) AA
- 0
0.000565 0.0884
0.00136 0.182
0.00145 0.262
0.00272 0.321
0.00452 0.489
0.00565 0.522
0.0113 0.568
0.0170 0.641
0.0227 0.697
0.0339 0.699
0.0452 0.780
0.0565 0.814
p-TSA
0.00070 0.0312
0.00137 0.216
0.00144 0.136
0.00153 0.305
0.00185 0.315
0.00233 0.341
0.00271 0.413
0.00315 0.475
0.00479 0.543
0.00645 0.548
0.00763 0.611
0.00976 0.631
0.0117 0.630
0.0139 0.628
0.0164 0.624
TFMSA
0.000229 0.0173
0.000386 0.129
0.000388 0.179
0.000499 0.299
0.000613 0.428
0.000641 0.506
0.000788 0.547
0.00108 0.629
0.00140 0.665
0.0020 0.705
0.00260 0.745
0.0036 0.781
0.00485 0.795
0.00611 0.814
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Table S9. Absorbance variations as a function of acid concentration, in the presence of 4-NA, in

[bm,im][NTH;] at 298.1 K for sulfonic acids.

[bm2im][NTH;]
MSA
Concentration (M) AA

- 0
0.00122 0.119
0.00306 0.223
0.00359 0.343
0.00492 0.419
0.00613 0.485
0.00919 0.573
0.0122 0.639
0.0158 0.695
0.0245 0.697
0.0292 0.803
0.0359 0.813
0.0429 0.833
0.0513 0.903

p-TSA

- 0
0.000244 0.175
0.000496 0.281
0.00100 0.323
0.00153 0.421
0.00260 0.545
0.00368 0.601
0.00532 0.739
0.00780 0.794
0.0108 0.800
0.0163 0.857
0.0218 0.866
0.0273 0.887

TFMSA

- 0
2.04e-05 0.0470
5.67e-05 0.110
0.000121 0.264
0.000169 0.361
0.000190 0.405
0.000305 0.495
0.000397 0.642
0.000424 0.758
0.000495 0.791
0.000794 0.839
0.00131 0.871
0.00170 0.878
0.00234 0.886
0.00297 0.880
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Table S10. Absorbance variations as a function of acid concentration, in the presence of 4-NA, in

[bmim][NTf:] at 298.1 K for sulfonic acids.

[bmim][NTH]
MSA
Concentration (M) AA
- 0
0.000548 0.173
0.00112 0.289
0.00169 0.355
0.00286 0.439
0.00433 0.532
0.00583 0.635
0.00882 0.654
0.0117 0.723
0.0178 0.769
0.0238 0.752
0.0299 0.739
p-TSA
- 0
0.000105 0.103
0.000228 0.260
0.000359 0.376
0.000500 0.441
0.00142 0.567
0.00304 0.642
0.00465 0.703
0.00626 0.704
0.00960 0.746
0.0123 0.755
0.0161 0.716
TFMSA
- 0
1.38-107 0.00610
3.80-107 0.163
8.84-107 0.261
0.000151 0.422
0.000224 0.595
0.000390 0.678
0.000760 0.727
0.00115 0.753
0.00134 0.745
0.00174 0.808
0.00223 0.779
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Table S11. Observed kinetic constant values in 1,4-dioxane solution at 298.1 K for 1 —2 rearrangement

reaction in the presence of TFMSA, MSA, and p-TSA.

1,4-Dioxane
TFMSA
Concentration (M) kovs (s7")
0.0048 0.036
0.0072 0.045
0.0096 0.046
0.012 0.051
0.014 0.054
0.017 0.057
MSA
Concentration (M) kobs (s°")
0.0046 1.94-10°
0.0069 2.82:10°
0.0092 4.00-107
0.012 4.97-107
0.014 6.41-107
0.016 7.37-107
PTSA
Concentration (M) kons (s7")
0.0022 2.88-107
0.0043 4.89-10°
0.0065 1.04-10"
0.0087 1.31-10"
0.011 1.72-10*
0.013 1.85-10*

Observed kinetic constants are reproducible within + 5% from triplicate runs.
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Table S12. Observed kinetic constant values in methanol solution at 298.1 K for 1 =2 rearrangement reaction

in the presence of TCA, MSA, p-TSA, TFA and TFMSA.

Methanol
TCA
Concentration (M) Kovs (s°)
0.0048 1.33-10°
0.0071 1.50-107
0.0095 1.65-107
0.012 1.93-10°
0.014 2.07-107
0.0167 2.15-107
MSA
Concentration (M) Kovs (1)
0.0049 0.00011
0.0074 0.00018
0.0098 0.00027
0.012 0.00032
0.015 0.00039
0.017 0.00047
p-TSA
Concentration (M) Kovs (1)
0.0043 0.00013
0.0087 0.00029
0.0065 0.00020
0.011 0.00035
0.013 0.00047
0.015 0.00051
TFMSA
Concentration (M) Kovs (1)
0.0046 0.00014
0.0069 0.00023
0.0092 0.00031
0.011 0.00038
0.014 0.00045
0.016 0.00051
TFA
Concentration (M) Kovs (s°)
0.0049 1.21-107
0.0073 1.39-10°
0.0097 1.61-107
0.012 1.72:10°°
0.014 1.84-10°
0.017 5 08.10°

Observed kinetic constants are reproducible within + 5% from triplicate runs.
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Table S13. Observed kinetic constant values in [bmim][BF4] solution at 298.1 K for 1—2

rearrangement in the presence of TCA, MSA, p-TSA, TFA and TFMSA.

[bmim][BF4]
TCA
Concentration (M) kobs (s7)
0.0022 2.19-10°
0.0045 3.81-107
0.011 6.97-10°
0.014 8.82:107
0.018 9.96-107
0.022 1.29-10*
MSA
Concentration (M) kovs (s7)
0.0044 0.00060
0.0066 0.0012
0.0087 0.0021
0.011 0.0030
0.013 0.0039
0.015 0.0054
p-TSA
Concentration (M) kovs (s7)
0.0043 0.000244
0.0065 0.0018
0.0087 0.0075
0.011 0.0115
0.013 0.015
0.015 0.017
TFA
Concentration (M) kovs (s7)
0.0046 6.83-10°°
0.0070 2.30-107
0.0093 3.70-10°
0.012 5.00-10°
0.012 6.83-107°
0.016 8.50-10°
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TFMSA

Concentration (M) Kovs ()
0.0048 0.00086
0.0073 0.0035
0.0097 0.014
0.012 0.026
0.013 0.032
0.017 0.044

Observed kinetic constants are reproducible within + 5% from triplicate runs.
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Table S14. Observed kinetic constant values in [bmim][PFs] solution at 298.1 K for 1—2
rearrangement in the presence of TCA, MSA, p-TSA and TFA.

[bmim][PF]
TCA
Concentration (M) kobs (s7)
0.00603 2.04-10°
0.00905 4.67-10°
0.012 7.82-10°¢
0.015 1.06-10°
0.018 1.67-10°5
0.021 2.02_10-5
MSA
Concentration (M) kovs (s7)
0.0072 0.0057
0.0048 0.0037
0.0096 0.0093
0.0120 0.0121
0.0144 0.0154
0.0168 0.0192
p-TSA
Concentration (M) kovs (s7)
0.0042 0.011
0.0064 0.017
0.0073 0.02
0.0084 0.026
0.011 0.030
0.012 0.034
TFA
Concentration (M) kovs (s7)
0.0056 3.60-107
0.0084 5.20-10°
0.0112 9.55-107
0.0140 1.25-10
0.0168 1.50-10%
0.0196 1.72-104

Observed kinetic constants are reproducible within + 5% from triplicate runs.
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Table S15. Observed kinetic constant values in [bmim][SbFs] solution at 298.1 K for 12 rearrangement in

the presence of TCA, MSA, p-TSA and TFA.

[bmim][SbF]
TCA
Concentration (M) kovs (s7")
0.00461 5.92.10°
0.00691 8.27-107
0.00922 9.45-10°
0.0115 1.07-10*
0.0138 1.28-10*
0.0161 1.40-10*
MSA
Concentration (M) kons (s7")
0.0046 7.40-10*
0.0068 0.00157
0.0091 0.0022
0.011 0.0035
0.014 0.0051
0.016 0.0059
p-TSA
Concentration (M) kons (s7")
0.0046 0.00199
0.0068 0.00572
0.0091 0.00872
0.011 0.0121
0.014 0.0152
0.016 0.0200
TFA
Concentration (M) kons (s7")
0.0064 1.33-10°
0.0096 2.45-10”
0.013 3.96-107
0.016 5.45.10°
0.019 7.52-107
0.022 9.80-10°%

Observed kinetic constants are reproducible within + 5% from triplicate runs.
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Table S16. Observed kinetic constant values in [bmpyrr][NTf] solution at 298.1 K for 12 rearrangement in

the presence of TCA, MSA, p-TSA, and TFA.

[bmpyrr][NTT;]
TCA
Concentration (M) Kovs (s°)
0.00713 2.28-107
0.00951 3.62-107
0.0119 6.31-107
0.0142 8.42.107
0.0166 1.16-10°*
MSA
Concentration (M) Kovs (1)
0.00432 0.0071
0.00648 0.012
0.00864 0.019
0.0108 0.026
0.0133 0.033
0.0152 0.036
p-TSA
Concentration (M) Kovs (s°1)
0.00443 0.0300
0.00554 0.0325
0.00664 0.0387
0.00776 0.0410
0.00886 0.0478
0.0110 0.0527
TFA
Concentration (M) Kovs (1)
0.00822 8.82-10°
0.0109 1.21-10°
0.0137 1.91-107
0.0164 3.01-107
0.0192 3.76-10°°

Observed kinetic constants are reproducible within + 5% from triplicate runs.
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Table S17. Observed kinetic constant values in [bmim][NTf;] solution at 298.1 K for 12 rearrangement in

the presence of TCA, MSA, p-TSA, and TFA.

[bmim|[NTf]
TCA
Concentration (M) kovs (s7")
0.00628 1.29-10°
0.00943 1.78-107
0.0126 2.18-10°
0.0157 2.03-10°
0.0188 2.44-107
0.0220 3.07-10°
MSA
Concentration (M) kons (s7")
0.0044 0.0011
0.0066 0.0025
0.0087 0.0045
0.0113 0.00736
0.0133 0.0099
0.0155 0.0133
p-TSA
Concentration (M) kons (s7")
0.0045 0.00608
0.0067 0.0130
0.0087 0.0185
0.011 0.0284
0.0133 0.0341
0.0152 0.0412
TFA
Concentration (M) kons (s7")
0.0091 4.02-10°
0.012 8.10-10°°
0.015 1.40-107
0.018 2.34-10°
0.021 2.93.10°

Observed kinetic constants are reproducible within + 5% from triplicate runs.
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Table S18. Observed kinetic constant values in [bmxim][NTf;] solution at 298.1 K for 1—2 rearrangement in

the presence of TCA, MSA, p-TSA, and TFA.

[bmuim] [NTf]
TCA
Concentration (M) Kovs (s°)
0.0078 1.41-10”
0.0103 2.22:107
0.013 3.85-107
0.015 5.25.107
0.018 7.33-10°3
MSA
Concentration (M) Kovs (1)
0.0044 0.00382
0.0066 0.00739
0.0088 0.0118
0.011 0.0143
0.0133 0.0214
0.0155 0.0264
p-TSA
Concentration (M) Kovs (1)
0.00457 0.0127
0.00685 0.0200
0.00913 0.0244
0.0114 0.0303
0.0137 0.0408
0.0160 0.0427
TFA
Concentration (M) Kovs (s°)
0.0055 8.34-10°
0.0082 1.72-10°
0.011 3.14-10°
0.014 4.56-10°
0.016 7.50-10°3
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Observed kinetic constants are reproducible within + 5% from triplicate runs.
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Figure S1. Plots relevant to spectroscopic measurements of Kuss.
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Figure S2. Plots of observed kinetic constant as a function of acid concentration.
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