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Fig. S 1 1D "N spectra of [C2C1IM][SCN] (a) and [C2C+1IM][N(CN)2] (b) are shown.



Table S 1 T; '®N relaxation times (+ standard deviation) of [C2C+IM]*-based ILs at 293.2 K measured under 'H broadband decoupling.

Tq[s]
40.6 MHz 71 MHz

N1 4.16+0.14 1.35+0.39
N3 3.53+0.10 1.13+0.19

N111.20+0.42 5.504+0.18
N3 9.80+0.17 4.26+0.20

N114.10+0.72 6.63+0.56
N312.80+0.60 6.68+0.18

N1 -8 5.4840.22
N3 -2 4874+0.14

N1 2.27+0.16 1.18+0.18
N3 1.95+0.27 1.1640.06

N1 4.46+0.16 2.10+0.34
N3 3.47+0.28 1.634+0.30

3.154+0.20 1.37+0.19
4.21+0.74 1.324+0.27

N1 2.60+0.31 1.214+0.18
N3 2.60+0.28 1.084+0.26

N117.08+2.41 6.54+0.67
N314.98+1.86 7.19+1.07

N1 -2 6.2840.94
N3 -2 4.39+0.03

2 no signal or insufficient signal intensity for a reliable evaluation

(a) [C2C1IM][CH3CO2]

(b) [C2C+IM][CF3CO2]

(c) [C2C1IM][BF4]

(d) [C2C1IM][(C2F5)3PF3]

(e) [C2C+IM][(C2H5)2PO4]

(f) [C2C1IM][C2H5S04]

(9) [C2C1IM][(CsH14 02)304]“;

(h) [C2C1IM][CeH13S04]

(i) [C2C1IM][N(CN)2]

(j) [C2C+IM][SCN]




d = —(uoMinm)/ (BT ARR) (S1)

C=—wn(d)—61)/3 (S2)
2 Tc

Ry = % = 3(d? + ¢®)J(wn) + A2 [J(wy — w) +6J(wy +wn)] (S4)

1
R30-6MHz _ % = %(c/2 +02)[4J(0) +3J(wn)] + %dZ[J(wH — wy) +6J(wy) +6J(wy +wy)] + B (S5)

2
R5MHz _ % = %(d2 +02)[4J(0) +3J(wy)] + %dZ[J(wH — wy) +6J(wy) +6J(wy +wy)]+ C (S6)
2
NOE = 1+ 2H g2 [8J(n +wn) — J(wy — wn)] (S7)
N Ay

Table S 2 Best-fit globally optimized parameters and calculated '°N relaxation times (T4, T») and 'N-{'H} NOEs (NOE) of [C2C1IM]*-based ILs
at 293.2K. Experimental Ty, T, and NOE values are taken from Table 2 of the main manuscript. Egs. to were employed for global

optimization.

Tc (6 — o) A B C T1 [s] To [s] NOE X2

[ns] [ppm] 406 MHz 71 MHz 406MHz 71MHz 40.6 MHz 71 MHz
(a) [C2C1IM] N1 0.86 191.54 1.06 043 0.14 3.01 1.28 1.22 0.89 0.44 0.93 0.00
[CH3CO2] N3 0.86 198.68 1.09 0.29 0.00 2.85 1.19 1.43 0.95 0.49 0.94 0.00
(b) [C2C411IM] N1 0.46 123.362 1.15 0.34 0.21 10.51 4.93 2.25 2.25 -0.49 0.72 1.03
[CF3CO2] N3 0.26 178.02 1.12 0.19 0.11 9.66 4.19 3.28 2.56 -0.50 0.61 0.45
(c) [C2C1IM] N1 0.68 84.042 118 0.29 0.20 13.25 7.05 2.70 2.67 -0.47 0.74 4.80
[BF4] N3 0.60 92.882 1.20 0.18 0.14 12.66 6.51 3.69 3.05 -0.53 0.73 15.50
(d) [C2C+11IM] N1 0.15 248.68 1.08 0.40 0.23 9.44 3.71 1.91 1.83 -0.14 0.65 9.87
[(CoFs5)3PF3] N3 0.80 97.432 1.20 0.25 0.25 9.75 4.81 2.71 1.97 -0.05 0.84 1.73
(e) [C2C1IM] N1 233 163.98 1.02 195 1.78 1.84 1.13 0.37 0.29 0.81 0.97 0.83
[(C2H5)2P04] N3 248 164.67 1.04 0.79 1.01 1.77 1.12 0.63 0.36 0.82 0.97 0.09
(f) [C2C11M] N1  0.36 237.43 1.10 046 0.25 4.62 1.80 1.42 1.11 0.17 0.85 0.26
[C2H5S04] N3 0.37 249.96 112 0.32 0.14 414 1.58 1.67 1.13 0.26 0.87 14.32
(g) [C2C1IM] N1 1.00 174.07 1.05 0.36 0.20 3.06 1.37 1.34 0.87 0.46 0.93 0.03
[(C5H1102)S04] N3 1.16 170.05 1.06 0.20 0.04 2.74 1.29 1.56 0.93 0.51 0.94 0.01
(h) [C2C411IM] N1 1.41 170.07 1.09 0.68 0.89 2.55 1.20 0.86 0.48 0.71 0.96 0.72
[CeH13S04] N3 2.06 156.04 1.05 050 0.69 2.13 1.24 0.89 0.48 0.76 0.96 0.98
(i) [C2C1IM] N1 0.12 201.67 1.09 0.17 0.10 15.86 6.64 4.23 3.62 -0.52 0.46 0.00
[N(CN)2] N3 0.14 189.50 1.13 0.12 0.07 15.54 6.54 5.30 4.07 -0.52 0.48 0.11
(i) [C2C11IM] N1 1.04 80.472 1.14 035 0.22 9.44 5.39 212 2.16 -0.01 0.84 24.56
[SCN] N3 1.01 88.642 1.15 0.29 0.19 8.42 4.65 2.31 2.16 0.01 0.85 19.07

@ results were only obtained with fitting parameter outside specified bounds



Table S 3 Best-fit globally optimized parameters and calculated '°N relaxation times (T4, T») and 'N-{'H} NOEs (NOE) of [C2C1IM]*-based ILs
at 293.2 K. Experimental T, and NOE values are taken from Table 2 of the main manuscript. T values are taken from Table 3 of the main
manuscript. Egs. (S7) to were employed for global optimization.

T (¢ —=dL) A B C T1[s] T2 [s] NOE X2

[ns] [ppm] 406MHz 71MHz 40.6MHz 71 MHz 40.6 MHz 71 MHz
(a) [C2C1IM] N1 048 22397 1.6 054 036  4.16 1,57 1.22 0.89 0.44 092 024
[CH3CO2] N3 046 24982 114 037 014 352 1.31 1.43 0.95 0.49 092  0.69
(b) [C2C1IM] N1 053 107.9628 1.16 034 023 11.22 5.49 2.25 2.25 -0.49 073  1.23
[CF3C02] N3 023 18800 1.09 019 0.12  9.81 4.22 3.28 2.56 -0.50 058  0.07
(¢) [C2C1IM] N1 015 193.34 1.11 029 019  14.61 6.10 2.70 2.67 -0.47 0.51 1.67
[BF4] N3 016 17854 112 020 015 15.15 6.42 3.69 3.05 -0.53 051  14.47
(€) [C2C1IM] N1 1.83 16530 1.10 2.13 208 227 1.17 0.37 0.29 0.80 097 074
[(C2Hs)2P04] N3 228 16276 1.05 0.88 1.18 1.95 1.16 0.63 0.36 0.82 0.97  0.09
(f) [C2C1IM] N1 087 14522 1.06 0.44 030  4.46 2.10 1.42 1.11 0.17 0.88  0.00
[C2H5S04] N3 208 56932 092 020 045 333 3.82 1.69 1.11 0.27 079  10.29
(9) [C2C1IM] N1 093 17959 1.07 037 022  3.15 1.37 1.34 0.87 0.46 093  0.03
[(CsH1102)SOs] N3 0.43 24431 117 035 026  3.97 1.46 1.56 0.93 0.51 092  0.31
(h) [C2C1IM] N1 141 16877 1.09 0.68 0.91 2.59 1.22 0.86 0.48 0.71 096  0.73
[CeH13S04] N3 1.16 19064 1.16 066 085 260 1.09 0.89 0.48 0.76 097  1.13
(i) [C2C1IM] N1 010 21421  1.07 017 011  16.64 6.94 4.23 3.62 -0.52 0.44  0.43
IN(CN)z2] N3 014 18950 1.13 0.12 007 1554 6.54 5.30 4.07 -0.52 0.48 0.1

2 results were only obtained with fitting parameter outside specified bounds



d = —(uohm)/ (8T AR) (S8)

C=7wN(5”76L)/3 (Sg)
2 Tc
Ry = % =3(d? + ¢?)J(wn) + A2[J(wy — wn) +B6J(wy +wy)] + D (S11)
1

R30-6MHz _ % = %(c/2 +02)[4J(0) +3J(wn)] + %dZ[J(wH — wN) +6J(wh) +BJ(wy +wn)] + B (S12)

2
R5MHz _ % = %(d2 +02)[4J(0) +3J(wy)] + %dZ[J(wH —wy) +6J(wy) +6J(wy +wn)]+ C (S13)

2
NOE = 1+ 2H g2 [8J(wn +wn) = J(wy — wn)] (S14)

N Ay

Table S 4 Best-fit globallyoptimized parameters and calculated >N relaxation times (T4, T») and '*N-{'H} NOEs (NOE) of [C2C1IM]*-based ILs
at 293.2K. Experimental T+, T, and NOE values are taken from Table 2 of the main manuscript. Egs. to were employed for global

optimization.
e |@p—-d) A B (o D T+ [s] T [s] NOE X2
[ns] [ppm] 406 MHz 71 MHz 40.6 MHz 71 MHz 40.6 MHz 71 MHz
(a) [C2C1IM] N1 0.86 191.17 1.06 043 0.14 0.00 3.01 1.28 1.22 0.89 0.44 0.93 0.00
[CH3CO2] N3 0.88 198.60 1.09 0.28 -0.02 -0.01 2.87 1.19 1.43 0.95 0.49 0.94 0.00
(b) [C2C411IM] N1 0.21 171.16 1.13 036 0.23 0.02 10.50 4.99 2.25 2.25 -0.47 0.58 0.00
[CF3CO2] N3 0.21 189.56 1.12 0.20 0.13 0.01 9.65 4.29 3.28 2.56 -0.50 0.57 0.00
(c) [C2C1IM] N1 0.10 193.32 1.12 032 0.24 0.03 13.25 7.05 2.70 2.67 -0.47 0.46 0.00
[BF4] N3 0.07 236.43 1.06 0.21 0.18 0.03 12.65 6.56 3.69 3.05 -0.52 0.41 0.00
(d) [C2C11IM] N1 0.13  229.50 1.15 043 0.31 0.03 9.32 4.33 1.91 1.83 -0.09 0.65 1.84
[(CoFs5)3PF3] N3 0.21 169.42 1.27 029 031 0.04 9.78 4.81 2.71 1.97 0.00 0.74 0.00
(e) [C2C1IM] N1 1.34 148.86 125 238 260 0.28 1.84 1.13 0.37 0.29 0.80 0.98 0.68
[(C2H5)2P04] N3 1.82 146.63 119 115 1.71 0.23 1.77 1.12 0.63 0.36 0.82 0.98 0.11
(f) [C2C11M] N1 0.37 235.22 1.10 046 0.25 0.00 4.62 1.80 1.42 1.11 0.17 0.85 0.26
[C2oH5S04] N3 0.36 249.93 1.13 0.32 0.16 0.01 4.08 1.59 1.68 1.13 0.26 0.87 14.21
(g) [C2C1IM] N1 0.82 183.51 1.10 041 0.28 0.04 3.06 1.37 1.34 0.87 0.46 0.93 0.03
[(C5H1102)S0O4] N3 0.78 188.20 1.15 031 0.22 0.09 2.74 1.29 1.56 0.93 0.51 0.94 0.02
(h) [C2C411IM] N1 1.02 178.75 1.18 0.80 1.11 0.09 2.55 1.20 0.86 0.48 0.71 0.97 0.78
[CeH13S04] N3 0.96 158.13 1.33 086 1.37 0.25 2.13 1.24 0.89 0.48 0.76 0.97 1.14
(i) [C2C1IM] N1 0.12  201.69 1.09 0.17 0.10 0.00 15.70 6.65 4.23 3.62 -0.52 0.46 0.00
[N(CN)2] N3 0.14 190.67 1.13 0.12 0.08 0.01 14.92 6.55 5.30 4.07 -0.51 0.48 0.00
(i) [C2C11IM] N1 0.09 232.62 1.14 041 0.30 0.05 9.45 5.11 212 2.16 -0.01 0.65 5.78
[SCN] N3 0.09 249.98 1.15 0.36 0.28 0.06 8.42 4.61 2.31 2.16 0.02 0.66 2.20




Table S 5 Best-fit globallyoptimized parameters and calculated >N relaxation times (T4, T») and '>N-{'H} NOEs (NOE) of [C2C1IM]*-based ILs
at 293.2 K. Experimental T, and NOE values are taken from Table 2 of the main manuscript. T values are taken from Table 3 of the main
manuscript. Egs. (S8) to were employed for global optimization.

o |6-6) A B C D T1 [s] T, [s] NOE \2

sl [ppm] 40.6MHz 71MHz 40.6MHz 71MHz 40.6MHz 71 MHz
(a) [C2C1IM] N1 069 21708 1.08 043 0.0 -0.09  4.16 135 1.22 0.89 0.44 093  0.00
[CH3CO2] N3 0.80 22613 1.07 021 -022 -0.13  3.53 113 1.43 0.95 0.49 0.94  0.00
(b) [C2C+1IM] N1 021 16055 1.16 0.37 026 0.02  11.20 5.50 2.25 2.25 -0.47 0.58  0.00
[CF3CO2] N3 021 19191 141 019 0.2 000  9.80 4.26 3.28 2.56 -0.50 057  0.00
(c) [C2C1IM] N1 010 21211 1.08 031 022 001  14.10 6.63 2.70 2.67 -0.47 0.46  0.00
[BF4] N3 0.07 23350 1.07 021 0.9 0.03 12.80 6.68 3.69 3.05 -0.52 041  0.00
(e) [C2C1IM] N1 099 17258 129 239 258 018 227 1.18 0.37 0.29 0.80 098 067
[(CoHs)2POs] N3 192 15299 1.15 1.08 156 0143 195 1.16 0.63 0.36 0.82 098  0.11
(f) [C2C1IM] N1 060 16454 113 050 038 004  4.46 2.10 1.42 1.11 0.17 0.88  0.00
[C2H5S04] N3 017 24700 121 047 056 019  3.41 2.09 1.69 1.11 0.27 080 3.16
(9) [C2C+1IM] N1 0.87 183.05 1.08 039 024 001 3.5 1.37 1.34 0.87 0.46 093 0.03
[(CsH1102)SO4] N3 059 18432 125 041 046 006  3.97 175 1.56 0.92 0.52 0.94 1.51
(h) [C2C1IM] N1 067 20521 126 0.86 122 012  2.60 1.21 0.86 0.48 0.71 096 0.74
[CeH13S04] N3 057 24095 131 077 1.06 008  2.60 1.08 0.89 0.48 0.76 097 1.07
(i) [C2C1IM] N1 010 21623 1.07 0147 0.1 000 16.64 6.93 4.23 3.63 -0.52 044 0.44
[N(CN)2] N3 014 17478 117 043 0.10 0.02  14.90 7.19 5.30 4.07 -0.51 048  0.00




d = —(uohm)/ (8T AR) (S15)

C=7wN(5”76L)/3 (816)
2 Tc
Ry = % = 3(d? + ¢®)J(wn) + A2 [J(wy — w) +6J(wy +wn)] (S18)
1
Ro = %2 = %(d2 +02)[4J(0) +3J(wy)] + %dz[J(wH —wN) +6J(wh) +6J(wy +wn)] + B (S19)
NOE = 1 + MH g2 [8J(wh +wn) = J(wy — w)] (S20)
N Ry

Table S 6 Best-fit globally optimized parameters and calculated '°N relaxation times (T4, T2) and ">N-{'H} NOEs (NOE) of [C2C1IM]*-based ILs
at 293.2K. Experimental T4, T, and NOE values are taken from Table 2 of the main manuscript. Egs. to were employed for global

optimization.
e |0 =01l A B Ty [s] T [s] NOE X
[ns] [ppm] 406 MHz 71 MHz 40.6MHz 71 MHz 406MHz 71 MHz
(a) [C2C1IM] N1 0.86 191.22 1.06 0.30 3.01 1.28 1.45 0.78 0.44 0.93 3.15
[CH3COz2] N3 0.87 196.20 1.09 0.19 2.88 1.21 1.66 0.81 0.49 0.94 2.36
(b) [C2C41IM] N1 057 106.192 114 0.25 10.49 5.26 2.79 2.09 -0.50 0.73 8.96
[CF3CO2] N3  0.31 160.37 114 017 9.66 4.27 3.55 2.28 -0.50 0.65 5.15
(c) [C2C1IM] N1 0.68 83.982 118 0.22 13.24 7.05 3.29 2.56 -0.47 0.74 6.91
[BF4] N3  0.63 89.232 119 0.16 12.64 6.65 4.02 2.93 -0.53 0.73 18.00
(d) [C2C1IM] N1 0.50 133.08 117 0.33 9.37 4.08 2.24 1.62 -0.14 0.81 15.03
[(C2Fs)3PF3] N3 0.80 97.362 1.20 0.25 9.75 4.82 2.72 1.97 -0.05 0.84 1.73
(e) [C2C1IM] N1 233 163.71 1.02 1.86 1.84 1.13 0.38 0.28 0.80 0.97 0.91
[(C2Hs)2P04] N3 253 165.64 1.05 0.78 1.77 1.12 0.63 0.39 0.83 0.97 0.36
(f) [C2C11M] N1 0.97 131.7728 1.05 0.41 4.63 2.30 1.51 1.03 0.17 0.88 4.29
[C2H5S04] N3  0.87 166.51 1.06 0.26 3.55 1.62 1.70 0.96 0.27 0.90 31.22
(9) [C2C11IM] N1 1.10 163.66 1.04 0.32 3.06 1.43 1.40 0.80 0.46 0.93 1.18
[(CsH1102)S04] N3  1.21 164.53 1.05 0.19 2.74 1.33 1.58 0.82 0.50 0.93 2.86
(h) [C2C1IM] N1 1.41 170.08 1.09 0.76 2.55 1.20 0.80 0.51 0.71 0.96 1.28
[CeH13S04] N3 213 156.83 1.07 0.50 2.13 1.24 0.88 0.52 0.79 0.97 1.36
(i) [C2C1IM] N1 0.13 196.54 110 0.16 15.98 6.71 4.36 3.02 -0.52 0.47 2.09
[N(CN)2] N3 0.16 179.90 115 0.1 15.52 6.59 5.42 3.48 -0.54 0.49 5.26
(i) [C2C11IM] N1 1.09 76.852 1.13 0.32 9.44 5.61 2.27 1.82 -0.01 0.83 27.22
[SCN] N3 1.03 86.512 115  0.21 8.42 4.74 2.89 2.08 0.00 0.84 23.84

2 results were only obtained with fitting parameter outside specified bounds



d = —(uoMinm)/ (BT ARR) (S21)

C=7wN(5” 76L)/3 (822)
2 Tc

-5 (o) (529
Ry = % = 3(d? + ¢®)J(wn) + A2 [J(wy — w) +6J(wy +wn)] (S24)

1
R30-6MHz _ ;—2 = %(c/2 +02)[4J(0) +3J(wn)] + %dZ[J(wH — wN) +6J(wh) +BJ(wy +wn)] + B (S25)

2

Ry1MHz _ %2 = %(d2 +02)[4J(0) +3J(wn)] + %dz[J(wH — wy) +6J(wy) +6J(wy +wn)] + (%) (S26)
NOE = 1 + MH g2 [8J(wh +wn) = J(wy — w)] (S27)

N Ry

Table S 7 Best-fit globally optimized parameters and calculated '°N relaxation times (T3, T2) and ">N-{'H} NOEs (NOE) of [C2C1IM]*-based ILs
at 293.2K. Experimental T4, T, and NOE values are taken from Table 2 of the main manuscript. Egs. to were employed for global

optimization.
e |0 =01l A B Ty [s] T2 [s] NOE X
[ns] [ppm] 406 MHz 71 MHz 40.6MHz 71 MHz 40.6MHz 71 MHz
(a) [C2C1IM] N1 1.11 171.96 1.01  0.07 2.69 1.28 1.95 0.80 0.44 0.93 9.78
[CH3COz2] N3  1.06 181.56 1.06 0.03 2.67 1.21 2.08 0.84 0.49 0.94 5.26
(b) [C2C11IM] N1 0.58 105.742 1.14  0.08 10.47 5.26 5.31 2.10 -0.49 0.74 48.55
[CF3CO2] N3 0.40 139.502 115 0.07 9.64 4.41 5.44 2.1 -0.50 0.69 50.68
(c) [C2C1IM] N1 0.68 83.852 1.18 0.07 13.23 7.05 6.38 2.56 -0.47 0.74 22.72
[BF4] N3  0.67 85.382 1.19  0.06 12.55 6.79 6.84 2.85 -0.53 0.73 64.37
(d) [C2C11IM] N1 0.49 134.22 1.17 0.1 9.36 4.06 4.27 1.57 -0.14 0.81 20.87
[(C2Fs)3PF3] N3 0.96 87.652 1.16  0.09 8.92 4.90 4.64 1.91 -0.05 0.84 25.62
(e) [C2C1IM] N1 2.39 161.51 1.01  0.70 1.84 1.15 0.68 0.26 0.80 0.97 10.58
[(C2Hs)2P0O4] N3 248 158.97 1.01 0.78 1.77 1.17 0.63 0.24 0.78 0.96 10.90
(f) [C2C11M] N1 1.89 50.372 0.96 0.23 457 5.03 1.98 0.99 0.17 0.77 35.14
[C2oH5S04] N3 0.37 249.91 112 0.26 4.15 1.59 1.87 0.65 0.26 0.87 18.36
(9) [C2C1IM] N1 1.26 149.21 1.02 0.15 3.06 1.55 1.85 0.75 0.46 0.93 13.04
[(CsH1102)SO4] N3  1.36 152.16 1.03  0.14 2.74 1.43 1.70 0.71 0.50 0.93 24.67
(h) [C2C11IM] N1 1.41 169.94 1.09 0.35 2.55 1.20 1.20 0.44 0.71 0.96 4.67
[CeH13S04] N3 2.05 153.71 1.03 0.38 2.1 1.26 0.99 0.39 0.73 0.96 5.59
(i) [C2C1IM] N1 0.93 67.322 1.09 0.07 10.14 6.99 5.41 2.48 -0.53 0.70 35.91
[N(CN)2] N3  0.97 64.392 1.08 0.04 8.93 6.72 5.96 3.21 -0.59 0.66 57.98
(j) [C2C1IM] N1 117 71.422 112 0.14 9.43 5.96 3.75 1.52 -0.01 0.83 63.75
[SCN] N3 1.03 86.492 1.15  0.07 8.42 4.74 4.86 2.09 0.00 0.84 46.10

2 results were only obtained with fitting parameter outside specified bounds



d = —(uohm)/ (8T AR) (S28)

C=7wN(5” 76L)/3 (829)
2 Tc
-5 (o) (S50
Ry = % = 3(d? + ¢®)J(wn) + A2 [J(wy — w) +6J(wy +wn)] (S31)
1

R, = %2 = %(dZ +C2)[4J(0) +3J(wn)] + %dZ[J(wH —wn) +6J(wh) +6J(wy +w)] (S32)
NOE = 1 + 1H g2 [8J(wh +wn) = J(wh — w)] (S33)

N Ry

Table S 8 Best-fit globally optimized parameters and calculated '°N relaxation times (T3, T2) and '>N-{'H} NOEs (NOE) of [C2C1IM]*-based ILs
at 293.2K. Experimental T4, T, and NOE values are taken from Table 2 of the main manuscript. Egs. to were employed for global

optimization.
o (6 —6.1)] A Ty [s] T2 [s] NOE X
[ns] [ppm] 406MHz 71 MHz 406MHz 71MHz 406MHz 71 MHz

(a) [C2C1IM] N1 1.27 163.49 0.99 2.49 1.28 2.06 0.93 0.45 0.92 12.39
[CH3CO2] N3  1.11 178.56 1.05 2.59 1.20 2.16 0.91 0.49 0.93 5.67

(b) [C2C41IM] N1 0.14 240.91 1.05 10.38 4.25 9.26 3.69 -0.38 0.54 137.73
[CF3COz2] N3  0.20 203.08 1.10 9.61 4.09 8.61 3.54 -0.50 0.56 113.11
(c) [C2C1IM] N1 0.68 83.842 1.18 13.18 7.03 11.68 5.79 -0.47 0.75 100.82
[BF4] N3  0.18 186.57 1.13 12.63 5.38 11.32 4.66 -0.52 0.52 192.61
(d) [C2C11IM] N1 0.18 230.23 1.10 9.42 3.72 8.34 3.21 -0.14 0.67 26.02
[(C2Fs)3PF3] N3  3.22 81.572 1.44 7.49 5.06 4.65 1.99 0.91 0.99 97.34
(e) [C2C1IM] N1 5.83 172.82 1.14 1.84 1.60 0.70 0.28 0.96 0.99 26.42
[(C2Hs)2P04] N3  6.12 184.04 1.25 1.76 1.49 0.63 0.24 0.98 0.99 28.23
(f) [C2C1IM] N1 0.36 243.47 1.09 4.43 1.72 3.88 1.46 0.17 0.85 96.96
[C2H5S04] N3  0.38 249.79 1.12 4.06 1.56 3.55 1.32 0.26 0.87 43.76
(9) [C2C11IM] N1 0.96 179.87 1.06 3.05 1.33 2.58 1.04 0.48 0.93 30.88
[(CsH1102)SO4] N3  1.83 139.452 1.07 2.74 1.55 2.1 0.97 0.69 0.95 87.87
(h) [C2C1IM] N1 1.44 169.40 1.09 2.53 1.20 2.04 0.83 0.72 0.96 30.22
[CeH13S04] N3  3.97 170.35 4.142 2.03 1.35 1.10 0.41 1.00 1.00 18.18
(i) [C2C1IM] N1 1.10 57.972 1.03 7.84 6.60 6.81 5.08 -0.51 0.65 76.19
[N(CN)2] N3  1.18 54.67 1.04 7.34 6.52 6.32 4.93 -0.43 0.66 102.53
(j) [C2C1IM] N1 0.97 86.162 1.15 9.41 5.09 8.08 3.97 0.00 0.85 119.67
[SCN] N3  0.83 106.532 1.19 8.42 4.01 7.27 3.21 0.09 0.87 132.30

2 results were only obtained with fitting parameter outside specified bounds
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T

NOE=1+THg? [6J(wh +wn) — J(wh — wn)]

d = —(uonm)/ (B )

c=—wN(d) —31)/3

J(w) =

5

(T

)

= 3(d? + ¢®)J(wn) + A2 [J(wy — w) +6J(wy +wn)]

IN

Ry

(d? + c2)[4J(0) + 3J(wy)] + %dZ[J(wH — W) +6J(wh) +6J(wh +wn)]

(S34)

(S35)

(S36)

(S37)

(S38)

(S39)

Table S 9 Best-fit globally optimized parameters and calculated '°N relaxation times (T4, T2) and ">N-{'H} NOEs (NOE) of [C2C1IM]*-based ILs
at 293.2K. Experimental T4, T, and NOE values are taken from Table 2 of the main manuscript. Egs. to were employed for global

optimization.
T () —6.1)] Ty [s] T2 [s] NOE X
[ns] [ppm] 40.6 MHz 71 MHz 40.6 MHz 71 MHz 40.6 MHz 71 MHz

(a) [C2C1IM] N1 1.21 166.93 2.58 1.28 2.14 0.94 0.45 0.93 12.57
[CH3CO2] N3 1.34 163.93 2.36 1.24 1.94 0.88 0.47 0.93 712

(b) [C2C1IM] N1 0.13 241.13 10.23 4.42 9.22 3.86 -0.68 0.39 151.04
[CF3COz2] N3 0.10 281.132 9.70 4.05 8.70 3.53 -0.53 0.44 118.54
(c) [C2C1IM] N1 0.08 250.00 15.86 6.74 14.28 5.89 -0.66 0.34 327.75
[BF4] N3 0.09 250.00 13.32 5.83 12.05 5.10 -0.80 0.28 401.96
(d) [C2C41IM] N1 1.25 0.182 8.16 11.10 7.05 8.39 -0.68 0.39 256.80
[(C2Fs)3PF3] N3 1.23 72.142 5.27 4.29 4.49 3.19 -0.25 0.73 276.12
(e) [C2C1IM] N1 6.43 160.91 1.84 1.85 0.63 0.28 0.92 0.98 27.83
[(C2Hs)2P04] N3 6.14 159.37 1.75 1.79 0.63 0.29 0.91 0.98 35.01

(f) [C2C1IM] N1 1.34 101.832 4.26 2.75 3.54 1.97 0.17 0.86 128.38
[C2oH5S04] N3 1.17 145.42 3.01 1.62 2.53 1.21 0.25 0.89 62.49
(9) [C2C11IM] N1 1.40 136.07 3.05 1.70 2.49 1.20 0.43 0.92 38.03
[(CsH1102)S04] N3 1.71 127.89 2.73 1.72 2.16 1.11 0.50 0.92 102.11
(h) [C2C1IM] N1 1.48 162.09 2.34 1.23 1.89 0.85 0.58 0.94 91.67
[CeH13S04] N3 2.60 144.50 1.93 1.38 1.34 0.67 0.76 0.96 40.25
(i) [C2C1IM] N1 117 49.712 7.05 6.75 6.10 5.13 -0.53 0.60 79.62
[N(CN)2] N3 1.10 47.862 6.58 6.60 5.75 5.11 -0.71 0.53 120.61
(j) [C2C11M] N1 0.10 300.522 9.73 3.88 8.66 3.36 -0.27 0.55 168.43
[SCN] N3 0.08 365.322 8.42 3.23 7.44 2.79 -0.05 0.63 154.02

2 results were only obtained with fitting parameter outside specified bounds
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Table S 10 Contribution (in %) of the various relaxation mechanisms to the overall T, relaxation time at the both magnetic field strengths used in
this study. Reported are the contribution by dipolar interaction, relaxation by chemical shift anisotropy (CSA) and contributions of '°F in the
anions or the anion in general (D).

T4 (40.6 MHz) T1 (71 MHz)

dipolar CSA D dipolar CSA D
(a) [C2C1IM] N1 21.90 78.10 - 6.87 93.13 -
[CH3CO2] N3 20.13 79.87 - 6.22 93.78 -
(b) [C2C11IM] N1 25.18 54.37 20.46 9.90 80.20 9.90
[CF3CO2] N3 28.30 62.16 9.53 10.36 85.34 4.30
(c) [C2C1IM] N1 18.11 42.49 39.39 9.07 69.79 21.14
[BF4] N3 19.67 42.61 37.72 10.13 69.72 20.15
(d) [C2C11IM] N1 14.33 56.87 28.79 5.97 80.67 13.35
[(C2Fs)3PF3] N3 13.17 49.11 37.72 5.40 75.55 19.05
(e) [C2C1IM] N1 26.30 73.70 10.00 90.00
[(C2H5)2P04] N3 26.33 73.67 - 10.05 89.95 -
(f) [C2C11M] N1 18.92 81.08 - 5.33 94.67 -
[CoH5S04] N3 17.58 82.42 - 4.88 95.12 -
(g) [C2C11IM] N1 25.09 74.91 - 8.36 91.64 -
[(C5H1102)S04] N3 26.30 73.70 - 9.12 90.88 -
(h) [C2C41IM] N1 19.82 80.18 - 6.73 93.27 -
[CeH13S04] N3 27.84 72.16 - 10.61 89.39 -
(i) [C2C1IM] N1 31.22 68.78 - 11.90 88.10 -
[N(CN)2] N3 31.76 68.24 - 11.89 88.11 -
(i) [C2C11IM] N1 10.87 40.78 48.35 5.59 68.05 26.35
[SCN] N3 10.09 40.29 49.63 5.22 67.59 27.19

Table S 11 Contribution (in %) of the various relaxation mechanisms to the overall T, relaxation time at the both magnetic field strengths used in
this study. Reported are the contribution by dipolar interaction and relaxation by chemical shift anisotropy (CSA). Field strength dependent
contributions from chemical exchange and other undefined sources are summarized in B and D, respectively.

T, (40.6 MHz) T> (71 MHz)
dipolar CSA B dipolar CSA C
(a) [C2C1IM] N1 9.71 38.01 52.28 5.72 81.87 12.41
[CH3CO2] N3 10.98 47.81 41.21 5.91 94.09 0.00
(b) [C2C11IM] N1 5.53 13.90 80.57 4.61 43.14 52.25
[CF3CO2] N3 9.73 24.90 65.37 6.32 60.12 33.56
(c) [C2C1IM] N1 3.71 10.16 86.12 3.50 31.39 65.11
[BF4] N3 5.90 14.91 79.19 4.77 38.31 56.91
(d) [C2C11IM] N1 2.91 13.46 83.64 2.52 39.57 57.91
[(C2Fs)3PF3] N3 3.84 16.68 79.48 2.27 36.66 61.07
(e) [C2C1IM] N1 7.15 20.79 72.06 4.72 43.71 51.57
[(C2Hs)2P0O4] N3 12.92 37.47 49.61 6.24 57.37 36.40
(f) [C2C11M] N1 5.85 28.97 65.18 3.45 68.87 27.68
[CaH5S04] N3 7.22 39.07 53.71 3.68 80.42 15.90
(9) [C2C1IM] N1 12.27 39.75 47.98 6.61 75.97 17.42
[(CsH1102)S04] N3 17.11 51.46 31.43 8.46 87.83 3.72
(h) [C2C41IM] N1 7.86 33.70 58.44 3.72 53.43 42.84
[CeH13S04] N3 15.07 40.70 44.23 6.91 59.96 33.13
(i) [C2C1IM] N1 8.05 20.69 71.28 6.52 56.24 37.24
[N(CN)2] N3 10.61 26.59 62.81 7.41 63.85 28.74
(i) [C2C11IM] N1 2.39 10.46 87.15 2.30 32.68 65.02
[SCN] N3 2.84 13.25 83.91 2.48 37.39 49.63
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