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1. Characterization of lonic Liquids
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Figure S1. IR-ATR spectrum of BMMI-Im.
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Figure S2. IR-ATR spectrum of MMMI-Im.
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Figure S3. HRMS spectrum of MMMI-Im in water negative.
GRACIZAGUAPOS 4 (0.075) AM (Cen,2, 80.00, Ht,5000.0,0.00,1.00); Sm (Mn, 2+3.00); Sb (140,00 ); Cm (2:13) TOF MS ES+
1110785 4.77e3
100
PN
/NTN‘*-
CgHy1Na
Exact Mass: 111,0922
Mol. Wt.: 111,1649
C, 6483, H 9.97: N, 25.20
2
231552
1120089
2571363
284.1612
RS B2 911957 FTIO 799 3730900 3503
s e o s L A L L A s A LA LA e e R AL B e A A AL LA AR L AL A ASALE Lised A eidbissa Anals Abkoa nsRL
100 200 800 400 500 600 700 8OO 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1300

Figure S4. HRMS spectrum of MMMI-Im in water positive.
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Figure S5. "H-NMR (400 MHz, 25 °C) spectrum of BMMI-Im in D;0 (1 M).
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Figure S6. *C{*H}-NMR (100.6 MHz, 25 °C) spectrum of BMMI-Im in D,0 (1 M).
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Figure S7. "H-NMR (400 MHz, 25 °C) spectrum of MMMI:Im in D0 (1 M).
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Figure S8. 13C{lH}—NMR (100.6 MHz, 25 °C) spectrum of MMMI:-Im in D,0 (1 M).
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2. NMR-Spectral Data

2.1. Deuteration after 1h
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Figure S9. 'H-NMR (400 MHz, 25 °C) spectrum of BMMI-Im in CDCl; (0.2 M) after 1h.
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Figure $10. 'H-NMR (400 MHz, 25 °C) spectrum of MMM I-Im in CDCl; (0.2 M) after 1h.
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Figure S11. 'H-NMR (100.6 MHz, 25 °C) spectrum of BMMI:Im in CDs0D (0.2 M) after

1h.
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Figure S12. 'H-NMR (400 MHz, 25 °C) spectrum of MMMI-Im in CD;0OD (0.2 M) after
1h.
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Figure S13. '"H-NMR (400 MHz, 25 °C) spectrum of BMMI-Im in CDsCN (0.2 M) after 1h.
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Figure $14. "H-NMR (400 MHz, 25 °C) spectrum of MMM I:Im in CD5CN (0.2 M) after 1h.
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Figure $15. "H-NMR (400 MHz, 25 °C) spectrum of BMMI-Im in [Dg]DMSO (0.2 M) after
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Figure $16. "H-NMR (400 MHz, 25 °C) spectrum of MMM I-Im in [Dg]DMSO (0.2 M) after
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Figure S17. 'H-NMR (400 MHz, 25 °C) spectrum of BMMI:Im in D,0 (0.2 M) after 1h.
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Figure $18. 'H-NMR (400 MHz, 25 °C) spectrum of MMM I-Im in D,0 (0.2 M) after 1h.
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2.2. Deuterium transfer test and water confined prove
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Figure $19. 'H-NMR (400 MHz, 25 °C) spectrum of BMMI-Im in DO (2 M) after 2h.
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Figure S20. ’H-NMR (61.4 MHz, 25 °C) spectrum of BMMI:Im in D,0 (2 M) after 2h.
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Figure $S21. 'H-NMR (400 MHz, 25 °C) spectrum of BMMIIm in CHCl; (0.5 M)
([Dg]DMSO capillary).
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Figure S22. *C{*H}-NMR (100.6 MHz, 25 °C) spectrum of BMMI-Im in CHCl; (0.5 M)
([Dg]DMSO capillary).
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Figure S23. 'H NMR (400 MHz, 25 °C) spectrum of MMMI:-Im in [Dg]DMSO (1 M) after
72h: without water (a), addition of 25 uL H,O (b).
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Figure S24. ’H-NMR (61.4 MHz, 25 °C) spectrum of MMMI-Im in [Dg]DMSO (1 M) after

72h: without water (a), addition of 25 uL H,O (b).
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Figure $25. °*C{'"H} NMR (100.6 MHz, 25 °C) spectrum of MMMI-Im in [Dg]DMSO (1 M)
after 72h: without water (top), addition of 25 puL H,0 (bottom).

2.3. NMR-Spectra 'H-'H NOESY
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Figure $26. 'H-"H NOESY NMR (400 MHz, 25 °C) spectrum of BMMI-Im in CDCls, (0.2 M)
after 1h.
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Figure $26.1. "H-'H NOESY NMR (400 MHz, 25 °C) spectrum of BMMI-Im in CDCls, (0.2
M) after 1h, expansion of H6 and H8.
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Figure $27. '"H-"H NOESY NMR (400 MHz, 25 °C) spectrum of BMMI-Im in CDCls, (1 M)

after 1h.
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Figure $27.1. 'H-"H NOESY NMR (400 MHz, 25 °C) spectrum of BMMI-m expansion in
CDCl3, (1 M) after 1h.
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Figure $28. H-'H NOESY NMR (400 MHz, 25 °C) spectrum of MMMI-Im in CDCls, (0.2
M) after 1h.
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Figure $29. 'H-'H NOESY NMR (400 MHz, 25 °C) spectrum of MMMI-Im in CDsCN (0.2
M) after 1h.
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Figure $29.1. 'H-'H NOESY NMR (400 MHz, 25 °C) spectrum of MMMI-Im in CDsCN (0.2
M) after 1h, expansion of H6/H8.
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Figure S30.1. 'H-'H NOESY NMR (400 MHz, 25 °C) spectrum of BMMI:Im in [Dg]DMSO

(0.2 M) after 1h, expansion (water exchange).
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Figure S31. *H-'H NOESY NMR (400 MHz, 25 °C) spectrum of BMMI-Im in [Dg]DMSO (1
M) after 1h.
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Figure S32. 'H-H NOESY NMR (400 MHz, 25 °C) spectrum of MMMI:Im in [Dg]DMSO (1

M) after 72h.
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Figure $32.1. 'H-'H NOESY NMR (400 MHz, 25 °C) spectrum of MMMI-Im in [Dg]DMSO

(1 M) after 72h, expansion of H6/H8 and H7 (water exchange).
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Figure $33. 'H-"H NOESY NMR (400 MHz, 25 °C) spectrum of MMMI-Im in [Dg]DMSO (1
M) and 25 uL H,O after 72h.
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Figure $33. "H-'H NOESY NMR (400 MHz, 25 °C) spectrum of MMM I:Im in [Dg]DMSO (1
M) and 25 pL H,0 after 72h, expansion of H6/H8 (water exchange).
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Figure S34. 'H-'H NOESY NMR (400 MHz, 25 °C) spectrum of BMMI:Im in D,0 (0.2 M)
after 1h.
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Figure $35. '"H-'"H NOESY NMR (400 MHz, 25 °C) spectrum of BMMI-Im in D,O (1 M)
after 1h.
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Figure $35.1. *H-'H NOESY NMR (400 MHz, 25 °C) spectrum of BMMI-Im in D,0 (1 M)

after 1h, expansion of H4/H5, H13 and H15/H16.
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3.

X-Ray Diffraction Analysis for MMMI-Im

Table S1. Crystal data and structure refinement for MMMI-Im

Identification code OJDULA
Empirical formula CoH1gN4O
Formula weight 196.26
Temperature/K 120(2)
Crystal system Monoclinic
Space group P2:/n

a/A 7.3864(4)
b/A 12.0203(7)
c/A 12.5938(7)
o/° 90

B/ 103.725(6)
v/° 90
Volume/A® 1086.24(11)
Z 4
Peaic/cm’ 1.200
u/mm™ 0.669
F(000) 424.0

Crystal size/mm?

0.9416 x 0.63 x 0.5186

Radiation

CuKa (A = 1.54184)

20 range for data collection/®

10.316 to 149.746

Index ranges

-9<h<6,-14<k<12,-14<1<15

Reflections collected

4439

Independent reflections

2149 [Rint = 0.0296, Rsigma = 0.0272]

Data/restraints/parameters

2149/0/136

Goodness-of-fit on F>

1.060

Final R indexes [I>=20 (I)]

R1=0.0509, wR, = 0.1423

Final R indexes [all data]

R1=0.0542, wR, = 0.1456

Largest diff. peak/hole / e A’

0.23/-0.26
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4. DFT Calculations

Figure $36. Optimized structure obtained by DFT calculation of the ionic pair of

MMMI-Im (left) and the ionic pair MMMI-Im (parallel displaced) with water.

Table S2. Water

Coordinates (A)
Atomic Number X Y Z
1 0.000000 0.759537 -0.466331
8 0.000000 0.000000 0.116583
1 0.000000 -0.759537 -0.466331

Theory Level: wB97XD//spAug-cc-pVTZ
Total Molecular Energy: -76.4396415 Ha
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Table S3. 1,2,3-trimethyl-1H-imidazol-3-ium

Coordinates (A)

Atomic Number X Y Z
6 0.046597 -0.032631 -0.016606
6 0.025605 -0.034840 1.332487
6 2.138510 -0.100722 0.691906
7 1.366880 -0.072501 -0.397435
1 -0.752772 -0.006147 -0.733679
1 -0.795996 -0.010226 2.024001
7 1.333918 -0.076772 1.756960
6 3.617624 -0.143952 0.690768
1 3.973663 -0.969046 0.074465
1 4.026779 0.781657 0.283984
1 4.005615 -0.276375 1.696218
6 1.764121 -0.097401 3.151890
1 2.288051 -1.025269 3.367611
1 2.407695 0.753667 3.358911
1 0.881984 -0.034974 3.780515
6 1.858717 -0.100127 -1.769684
1 1.019048 0.045221 -2.441204
1 2.579079 0.699708 -1.922605
1 2.323979 -1.060733 -1.979386
Theory Level: wB97XD//spAug-cc-pVTZ
Total Molecular Energy: -344.5638538 Ha
Table S4. Imidazol-1-ide
Coordinates (A)
Atomic Number X Y Z
6 1.969476 -2.897942 0.690783
6 3.970586 -3.288968 1.237980
6 3.867334 -3.302384 -0.140605
7 2.574668 -3.049741 -0.496038
1 0.909697 -2.683183 0.768948
1 4.843035 -3.450942 1.857780
1 4.638045 -3.476776 -0.880200
7 2.745014 -3.027933 1.777101

Theory Level : wB97XD//spAug-cc-pVTZ
Total Molecular Energy: -225.6471675 Ha
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Table S5. 1,2,3-trimethyl-1H-imidazol-3-ium imidazol-1-ide (MMMI-Im) near anti-

parallel displaced conformation

Coordinates (Angstroms)

Atomic Number X Y z
6 0.049079 0.041674 -0.017592
6 0.025972 0.021333 1.330896
6 2.137516 0.016178 0.692845
7 1.368668 0.057967 -0.398715
1 -0.747674 0.040756 -0.736878
1 -0.795417 0.000174 2.021608
7 1.332557 0.024389 1.758960
6 3.608759 -0.019141 0.698760
1 3.949975 -1.028938 0.435368
1 4.007641 0.691844 -0.023338
1 3.996961 0.218864 1.684236
6 1.772666 -0.223388 3.125011
1 2.218826 -1.222791 3.156538
1 2.487890 0.536056 3.432389
1 0.904413 -0.174690 3.775313
6 1.862811 -0.146603 -1.752207
1 1.045627 0.025819 -2.446264
1 2.663251 0.558176 -1.965261
6 1.969408 -2.890887 0.690218
6 3.972885 -3.283797 1.237806
6 3.870645 -3.294580 -0.140080
7 2.578188 -3.033254 -0.494318
1 0.904063 -2.708147 0.769046
1 4.839580 -3.463170 1.856397
1 4.633799 -3.491160 -0.878228
7 2.749286 -3.012874 1.774908
1 2.219578 -1.179143 -1.822553

Theory Level: wB97XD//spAug-cc-pVTZ
Total Molecular Energy: -570.3606343 Ha
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Table S6. 1,2,3-trimethyl-1H-imidazol-3-ium imidazol-1-ide (MMMI:Im) near parallel

displaced conformation

Coordinates (A)

Atomic Number X Y z
6 0.013099 0.516021 0.075165
6 0.009948 0.404827 1.418873
6 2.025152 -0.126917 0.705532
7 1.274489 0.184686 -0.351206
1 -0.771082 0.765524 -0.613553
1 -0.777736 0.536868 2.135428
7 1.269683 0.008726 1.794756
6 3.463646 -0.463520 0.659776
1 3.652614 -1.131726 -0.176523
1 4.056803 0.447306 0.550776
1 3.757944 -0.981830 1.566517
6 1.661729 -0.390045 3.140017
1 1.757056 -1.480311 3.150485
1 2.594385 0.096582 3.414929
1 0.882647 -0.075123 3.827389
6 1.688539 -0.012087 -1.731147
1 0.884516 0.318053 -2.381432
1 2.582247 0.571246 -1.942023
6 2.222649 -3.284471 0.749519
6 0.368633 -2.866020 -0.176530
6 0.171068 -3.008726 1.180322
7 1.368798 -3.271738 1.780654
1 3.277212 -3.490170 0.883618
1 -0.359030 -2.675426 -0.953403
1 -0.750342 -2.958992 1.742895
7 1.694685 -3.033127 -0.457360
1 1.876750 -1.079070 -1.873265

Theory Level: wB97XD//spAug-cc-pVTZ
Total Molecular Energy: -570.3577295 Ha
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Table S7.

Hydrated

1,2,3-trimethyl-1H-imidazol-3-ium

[MMMI-Im]-[H,0] near anti-parallel displaced conformation

Coordinates (A)

Atomic Number X Y z
6 0.140387 -0.549890 -0.122112
6 0.038714 -0.134172 1.157152
6 2.166361 -0.046200 0.589663
7 1.466699 -0.469983 -0.463004
1 -0.589967 -0.943322 -0.802536
1 -0.811209 -0.062289 1.808682
7 1.308009 0.188957 1.582563
6 3.632766 0.089307 0.632151
1 4.075851 -0.909994 0.711985
1 3.999122 0.571567 -0.272784
1 3.945915 0.666060 1.497015
6 1.690574 0.462140 2.960193
1 2.248644 -0.397562 3.340543
1 2.291042 1.367664 3.010665
1 0.784165 0.608986 3.539499
6 2.056523 -0.911038 -1.717064
1 1.289206 -1.417985 -2.291247
1 2.455424 -0.057846 -2.263130
6 2.094435 -2.836887 1.785219
6 4.195486 -2.955739 1.987593
6 3.845547 -3.424234 0.738695
7 2.488333 -3.340032 0.606597
1 1.047814 -2.674410 2.007310
1 5.174366 -2.886794 2.437090
1 4.471487 -3.825327 -0.043850
7 3.069689 -2.566389 2.655618
1 2.838256 -1.633782 -1.495215
8 0.470596 -3.426542 -1.233257
1 0.112161 -4.311148 -1.284947
1 1.236447 -3.490294 -0.596468

Theory Level: wB97XD//spAug-cc-pVTZ
Total Molercular Energy: -646.8268967 Ha
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Table S8. Hydrated 1,2,3-trimethyl-1H-imidazol-3-iumimidazol-1-ide [MMMI-Im]-[H,0]

near parallel displaced conformation

Coordinates (A)

Atomic Number X Y z
6 -2.169168 -1.173654 0.264367
6 -2.323801 -1.536966 1.552840
6 -0.326769 -0.622368 1.343144
7 -0.929675 -0.595789 0.153013
1 -2.812429 -1.300969 -0.585033
1 -3.133416 -2.034470 2.051562
7 -1.170399 -1.186389 2.210019
6 0.998504 -0.060610 1.676112
1 1.599418 0.033898 0.777036
1 0.884584 0.921443 2.140191
1 1.523453 -0.723692 2.364212
6 -0.902773 -1.404434 3.624344
1 0.072234 -1.876796 3.751321
1 -0.934412 -0.455903 4.158108
1 -1.674564 -2.061317 4.013869
6 -0.343054 -0.118346 -1.093054
1 -1.144046 0.000120 -1.816711
1 0.129691 0.846779 -0.930125
6 1.804627 -2.766324 -0.042725
6 0.028122 -3.659450 -0.766787
6 0.113356 -3.890841 0.587761
7 1.256676 -3.310758 1.055514
1 2.747005 -2.235917 -0.008010
1 -0.728005 -3.984820 -1.465652
1 -0.549969 -4.443793 1.235714
7 1.112867 -2.934258 -1.169652
1 0.373555 -0.861183 -1.451199
1 1.778099 -2.977758 2.597775
8 2.006207 -2.595503 3.504605
1 2.700407 -3.145372 3.863742

Theory Level: wB97XD//spAug-cc-pVTZ
Total Molecular Energy: -646.8250085 Ha
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Table S9. Bond Lengths in A.

Entry | Atom | Atom | Crystallographic | Theoretical
1 N1 |[C2 |1.3321(17) 1.3334
2 N1 C5 1.3772(17) 1.3771
3 N1 |C6 |1.4642(18) 1.4556
4 C2 N3 1.3360(17) 1.3407
5 C2 C7 1.4793(18) 1.4733
6 N3 C4 1.3804(18) 1.3717
7 N3 C8 1.4641(19) 1.4543
8 C4 C5 1.342(2) 1.3489
9 N9 C10 | 1.343(2) 1.3401
10 N9 Cl13 | 1.374(2) 1.3662
11 C10 | N11 | 1.3320(19) 1.3349
12 N11 | Cl12 | 1.3688(18) 1.3657
13 Cl2 | C13 | 1.360(2) 1.3790

Table $10. Bond Angles in ©.

Entry | Atom | Atom | Atom | Crystallographic | Theoretical
1 C2 N1 C5 109.28(11) 108.78
2 C2 N1 C6 125.48(12) 124.66
3 C5 N1 C6 125.04(12) 125.34
4 N1 C2 N3 107.38(11) 107.83
5 N1 C2 C7 126.97(12) 127.09
6 N3 C2 C7 125.62(13) 124.36
7 C2 N3 C4 109.25(11) 109.25
8 C2 N3 C8 125.03(12) 124.36
9 C4 N3 C8 125.72(12) 125.45
10 C5 C4 N3 106.84(12) 106.89
11 C4 C5 N1 107.24(12) 107.21
12 C10 | N9 C13 |102.69(12) 103.30
13 N11 | C10 | N9 115.73(13) 115.76
14 C10 | N11 | C12 |103.08(12) 103.03
15 C13 | C12 | N11 |109.36(13) 109.31
16 Cl2 | C13 | N9 109.15(13) 108.58
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Table S11. Torsion Angles (degree)

10

Crystallographic \ Theoretical
A B C D Angles (°)
N1 C2 N3 or} -0.62(14) -0.26
N1 C2 N3 C8 178.66(12) -175.92
C2 N1 C5 ca 0.29(15) -0.98
C2 N3 ca C5 0.80(15) 1.42
N3 ca C5 N1 -0.65(15) -0.26
C5 N1 C2 N3 0.21(14) 1.87
5 N1 C2 Cc7 -177.90(13) -176.41
C6 N1 C2 N3 -174.90(12) 169.84
C6 N1 C2 C7 7.0(2) -0.34
6 N1 C5 ca 175.43(13) -168.54
c7 C2 N3 ca4 177.52(13) 176.28
c7 C2 N3 Cc8 -3.2(2) 2.40
C8 N3 ca4 C5 -178.47(13) 175.17
N9 C10 N11 C12 -0.15(16) -1.28
C10 N9 C13 C12 -0.15(16) -0.50
C10 | N11 | C12 C13 0.05(16) 0.86
N11 C12 C13 N9 0.07(17) -0.24
C13 | N9 | C10 | N11 0.07(17) 1.15
5. Molecular Dynamics Simulations
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Figure S37. Radial distribution functions for distances between the water protons and

the hydrogens of the cation (left panel) and the anion (right panel) for the BMMI

system.
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Figure S38. Radial distribution functions for distances between the cation’s hydrogens
and the anion’s H10 (left panel) and the anion’s H12 and H13 (right panel) in the BMMI

system.
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