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Table S1. Viscosity and dielectric constant of used chemicals.

Chemical Abbreviation | CAS No. frIaI::ittiica)llll r;j:iy mgz’rs &
acetonitrile AN 75-05-8 >99.9 % 0.3! 36!
propionitrile PN 107-12-0 99.9 % 0.422 | 25.93
dimethyl carbonate DMC 616-38-6 | >99.0 % 0.59! | 3.1!
diethyl carbonate DEC 105-58-8 | >99.0 % 0.75' | 2.8!
hestericonioninivn oo | 4905 soson | e |
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Figure S1. 'H and COSY NMR spectra of [P66614][NT£].
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Figure S2. 3C NMR (APT) spectrum of [P66614][NTf,].
S NMR *'P
3
+ -
[(CeH13)3(C14H20)PI [N(SO,CF3),]
\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\
200 150 100 50 0 -50 -100 -150

Chemical Shift (ppm)

Figure S3. 3'P NMR spectrum of [P66614][NTf,].
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Figure S4. °F NMR spectrum of [P66614][NTf].
Table S2. Interpretation of 'H, *C, I°F and *'P NMR signals.
NMR Chemical | Number of | Multiplicity of Spln-s.pln .
nucleus | shift/ ppm nuclei signal coupling Interpretation
constant/ Hz
241 8 m. - 1, 1*
1.71 8 m - 2, 2%
oty 1.50 8 m. - 3, 3*
1.33 18 m - 4,4*% 5,5*% 13
1.28 14 S. - 6,7,8,9,10,11, 12
0.88 12 m. - 6%, 14
120.83 1 q., 'J (BC-F) 321.46 CF;
32.70 1 s. - 6
31.76 3 d., 4 (BC3'P) 0.91 4%
3145 1 d., 3] (3C-31P) 15.19 3
31.17 3 d., 3] (BC3'P) 15.19 3*
30.37 1 S. -
30.45 1 S. -
30.43 2 s. - 7,8,9, 10, 11, 12,
30.35 1 S. - 13
13C 30.14 1 S. -
30.09 1 s. -
29.57 1 d., 4 (BC31P) 0.91 4
23.39 1 S. - 5
23.07 3 s. - 5*
22.02 4 d., 2J (BC-3'P) 4.57 2,2%
19.20 3 d., T (3C3P) 47.75 1*
19.15 1 d., 'J(BC3'P) 47.75 1
14.42 1 S - 14
14.29 3 S - 6*
F -79.01 3 S. - CF;
’'P 33.20 1 S - [P(CeH13)3(CraH20)]"




Table S3. Electrical conductivities (9) of [P66614][NTf;] binary solutions in AN, PC, DMC and DEC as function of IL mole fraction (xi) atT=293K
measured in this work and calculated using the QSPR model.

AN PN DMC DEC
x; o/ OQsPr/ X, o/ OQsPr/ X, o/ OQsPr/ X, o/ Oospr/
mS-ecm™ | mS-cm™! mS-em™ | mS-cm™! mS-em™ | mS-cm™! mS-em™ | mS-cm™!
1.0000 0.07 0.47 1.0000 0.08 0.48 1.0000 0.06 0.47 1.0000 0.06 0.46
0.5586 0.30 0.69 0.6969 0.19 0.58 0.6265 0.16 0.55 0.6938 0.11 0.51
0.4075 0.60 0.95 0.5555 0.32 0.70 0.4594 0.29 0.68 0.5484 0.17 0.57
0.3102 1.07 1.38 0.4331 0.57 0.93 0.3598 0.47 0.84 0.4456 0.25 0.63
0.2502 1.75 2.00 0.3601 0.85 1.19 0.2857 0.70 1.05 0.3760 0.32 0.70
0.2113 2.45 2.64 0.2920 1.33 1.62 0.2474 0.88 1.21 0.3203 0.39 0.77
0.1805 3.30 341 0.2359 2.02 2.25 0.2157 1.06 1.37 0.2774 0.47 0.84
0.1580 4.11 4.14 0.1969 2.76 2.92 0.1891 1.22 1.52 0.2446 0.53 0.89
0.1393 4.96 4.92 0.1668 3.57 3.65 0.1591 1.39 1.67 0.2177 0.58 0.94
0.1241 5.82 5.71 0.1430 4.39 441 0.1396 1.50 1.77 0.1945 0.62 0.98
0.1118 6.65 6.45 0.1222 5.30 5.23 0.1215 1.56 1.83 0.1752 0.65 1.00
0.1012 7.41 7.14 0.1060 6.11 5.97 0.1034 1.59 1.86 0.1563 0.67 1.02
0.0926 8.15 7.82 0.0942 6.77 6.57 0.0880 1.55 1.82 0.1410 0.68 1.03
0.0842 8.94 8.53 0.0843 7.37 7.11 0.0791 1.50 1.77 0.1287 0.68 1.03
0.0779 9.56 9.10 0.0750 7.97 7.66 0.0697 1.40 1.68 0.1193 0.68 1.03
0.0724 10.07 9.57 0.0671 8.44 8.08 0.0616 1.29 1.58 0.1098 0.66 1.01
0.0680 10.46 9.92 0.0600 8.84 8.45 0.0550 1.16 1.47 0.1017 0.65 1.00
0.0637 10.90 10.32 0.0543 9.14 8.72 0.0498 1.07 1.38 0.0936 0.62 0.98
0.0601 11.27 10.65 0.0495 9.36 8.92 0.0453 0.99 1.31 0.0862 0.60 0.96
0.0563 11.66 11.01 0.0455 9.50 9.04 0.0411 0.90 1.23 0.0806 0.58 0.94
0.0534 11.94 11.26 0.0419 9.61 9.15 0.0375 0.82 1.15 0.0748 0.55 091
0.0501 12.29 11.58 0.0386 9.66 9.19 0.0336 0.72 1.07 0.0690 0.52 0.88




0.0472 12.57 11.84 0.0358 9.68 9.21 0.0304 0.64 0.99 0.0630 0.48 0.85
0.0444 12.84 12.08 0.0322 9.61 9.14 0.0264 0.54 0.90 0.0576 0.45 0.82
0.0418 13.07 12.29 0.0293 9.50 9.04 0.0233 0.45 0.82 0.0522 0.41 0.78
0.0389 13.37 12.56 0.0265 9.34 8.90 0.0213 0.40 0.77 0.0464 0.37 0.74
0.0359 13.45 12.64 0.0241 9.14 8.72 0.0193 0.35 0.73 0.0414 0.33 0.71
0.0334 13.53 12.71 0.0221 8.94 8.54 0.0174 0.30 0.68 0.0353 0.27 0.66
0.0309 13.53 12.71 0.0197 8.63 8.26 0.0300 0.22 0.61
0.0283 13.52 12.70 0.0176 8.28 7.94 0.0256 0.18 0.57
0.0252 13.36 12.55 0.0156 7.87 7.56 0.0221 0.15 0.54
0.0222 13.02 12.24 0.0142 7.47 7.20 0.0196 0.12 0.52
0.0199 12.80 12.05
0.0182 12.50 11.77
0.0166 12.18 11.48
0.0152 11.81 11.15
0.0142 11.48 10.85
0.0132 11.12 10.52
0.0123 10.82 10.25

Standard uncertainties: u(o) =+0.02 mS-cm™!, u(7) = +0.05 K.
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Figure S5. Comparison between experimental and calculated with QSPR model electrical
conductivities of [P66614][NTf,] binary solutions in AN (a), PC (b), DMC (c) and DEC (d).



Table S4. Electrical conductivity (9) of [P66614][NTf;] binary solutions in AN, PC, DMC and DEC as function of IL mole fraction (xi) at
T=(298 —348) K.

X 0/ mS-cm™!
' 208K | 303K | 308K | 313K | 318K | 323K | 328K | 333K | 338K | 343K | 348K
[P66614][NTH]
This work | 0.08 0.10 0.13 0.17 0.20 0.26 0.31 0.38 0.46 0.55 0.65
Ref 0.104 5 0.134 5
' 0.108 6
[P66614][NTE] + AN
0.0200 11.46 12.08 12.73 13.37 14.03 14.72 15.38 16.05 16.75 17.46 18.16
0.0308 14.39 15.24 16.11 16.98 17.87 18.75 19.63 20.50 21.39 22.28 23.17
0.0500 12.96 13.86 14.77 15.67 16.58 17.52 18.47 19.43 20.38 21.36 22.35
0.1000 7.74 8.45 9.18 9.90 10.60 11.35 12.14 13.01 13.86 14.67 15.52
0.1500 4.80 5.35 5.92 6.51 7.08 7.65 8.23 8.82 9.47 10.15 10.87
0.2000 2.95 3.36 3.79 4.23 4.67 5.11 5.55 5.97 6.57 7.14 7.71
[P66614][NTH] + PN
0.0200 9.25 9.75 10.24 10.73 11.25 11.74 12.24 12.74 13.23 13.72 14.22
0.0373 10.33 10.96 11.60 12.27 12.92 13.58 14.26 14.93 15.59 16.26 16.92
0.0500 9.96 10.62 1131 11.98 12.69 13.42 14.13 14.84 15.56 16.28 17.00
0.1000 6.67 7.26 7.87 8.51 9.14 9.80 10.49 11.17 11.87 12.59 13.33
0.1500 3.98 4.43 4.90 5.39 5.89 6.40 6.94 7.51 8.09 8.67 9.25
0.2000 2.58 2.93 3.32 3.69 4.08 4.51 4.96 5.43 5.94 6.41 6.95
[P66614][NTf,] + DMC
0.0200 0.41 0.46 0.51 0.58 0.64 0.70 0.76 0.83 0.91 0.97 1.05
0.0500 1.16 1.34 1.49 1.66 1.83 2.01 2.19 2.38 2.58 2.79 2.99
0.1100 1.64 1.86 2.08 2.32 2.58 2.84 3.12 3.41 3.72 4.01 431
0.1500 1.43 1.63 1.83 2.07 2.30 2.57 2.84 3.11 3.42 3.71 4.04
0.2000 1.13 1.32 1.49 1.69 1.91 2.14 2.39 2.65 2.92 3.21 3.49
0.5000 0.28 0.34 0.42 0.50 0.61 0.70 0.82 0.94 1.09 1.24 1.39

[P66614][NTH] + DEC

0020 | 013 | o015 | o017 | 019 | o021 | 024 | 026 | 027 | 030 | 033 | 035




0.0500 0.44 0.50 0.56 0.63 0.70 0.77 0.85 0.93 1.02 1.11 1.21
0.1000 0.71 0.82 0.94 1.05 1.18 1.31 1.45 1.60 1.74 1.91 2.06
0.1380 0.79 0.91 1.03 1.17 1.32 1.48 1.64 1.82 1.98 2.17 2.36
0.1500 0.75 0.86 0.99 1.12 1.27 1.42 1.59 1.76 1.93 2.13 2.33
0.2000 0.69 0.80 0.92 1.06 1.21 1.35 1.52 1.71 1.89 2.09 2.31
0.5000 0.21 0.26 0.31 0.39 0.46 0.55 0.64 0.75 0.86 0.99 1.14

Standard uncertainties: u(¢) =+0.02 mS-cm™!, u(7) = +0.05 K.
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Table S5. Coefficients of determination (R?) and values of parameters of the best-fit to

A
A dependencies from * with Eq. 4 — 5.

A
E, and

E4 A4
Solvents @ (Eq. 4) o (Eq.3)
a b d R? c f R?
AN 1.88+0.26 | 0.12+0.03 4.74+0.5 0.9928 4.944+0.16 | 0.58+0.04 0.9849
PN 2.46+0.27 | 0.08+0.03 3.5+0.5 0.9930 | 4.13+0.11 | 0.80+£0.03 0.9970
DMC 0.32+0.20 | 0.23+0.02 15.24+0.4 0.9945 4.95+0.17 | 0.62+0.04 0.9896
DEC 0.26+0.07 | 0.18+0.03 15.3+£0.6 0.9896 | 4.22+0.22 | 0.81+0.05 0.9893
A) 40 = AN B) 5500 & AN
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Fig. S6. Arrhenius activation energy (a) and pre-exponential factor (b) vs. mole fraction of
[P66614][NTH;] in binary solutions. Solid lines show the best fit curves.




Table S6. Experimental and literature densities of [P66614][NTf,] binary solutions in AN, PN, DMC and DEC at atmospheric pressure in the
temperature range of T = (293 — 348) K. Mole fractions of [P66614][NTf,] in solutions correspond to their highest conductivities (see Table 2).

P/ g-cm3

T/ K [P66614][NTT,] [P66614][NTf,] + | [P66614][NTf,] + | [P66614][NTf,] + | [P66614][NTL,] +

This work References AN PN DMC DEC
293 1.0885 1.0807, 1.07118, 1.0676° 0.8751 0.8683 1.0795 1.0325
298 1.0849 1.065!°,1.070390!!, 1.05012 0.8701 0.8637 1.0746 1.0279
303 1.0811 1.06677411, 1.0483'2, 1.0603° 0.8649 0.8589 1.0696 1.0234
308 1.0775 1.045212 0.8598 0.8543 1.0647 1.0188
313 1.0739 1.059538!1, 1.0420'2, 1.0529° 0.8549 0.8496 1.0599 1.0144
318 1.0700 1.039212 0.8497 0.8448 1.0548 1.0097
323 1.0660 1.05229711, 1.0356!2, 1.0457° 0.8443 0.8398 1.0496 1.0048
328 1.0624 1.032912 0.8392 0.8351 1.0446 1.0002
333 1.0588 1.045089!!, 1.0296'2, 1.0386° 0.8342 0.8304 1.0398 0.9957
338 1.0555 0.8291 0.8258 1.035 0.9913
343 1.0515 1.0315° 0.8237 0.8207 1.0297 0.9864
348 1.0477 0.8183 0.8158 1.0245 0.9817

Standard uncertainties: u(p) =+1.0-10*g-cm3, u(7) = £0.05 K.




Table S7. Values of parameters of the best-fits to temperature dependencies of density of
[P66614][NTf,] solutions with Eq. (8).

A/ g-cm B-10%/ g-cm>-K! R?
[P66614][NTE] 1.3059 ~7.42 0.9998
[P66614][NTH] + AN 11772 ~10.15 0.9999
[P66614][NTH,] + PN 1.1480 —9.54 0.9999
[P66614][NTf,] + DMC 1.372 —9.98 0.9999
[P66614][NTf,] + DEC 13038 —9.23 0.9999

Table S8. Isobaric thermal expansion coefficients of [P66614][NTf;] and its AN, PC, DMC and
DEC solutions calculated using Eq. (9). Mole fractions of [P66614][NTf;] in solutions
correspond to their highest conductivities (see Table 1).

104 K-
T/K [P66614][NTH] | [P66614][NTE,] | [P66614][NTH] | [P66614][NTHE]
[P666T4][NTH] + AN +PN +DMC +DEC
293 6.82 11.54 10.98 9.24 8.93
298 56'78;4;2 11.60 11.05 9.29 8.97
303 6.86 11.67 11.11 9.33 9.01
308 6.89 11.74 11.17 9.37 9.05
313 6.91 11.81 11.23 9.42 9.09
318 6.93 11.88 11.29 9.46 9.14
323 6.96 11.95 11.36 9.51 9.18
328 6.98 12.02 11.42 9.55 9.22
333 7.01 12.09 11.49 9.60 9.26
338 7.03 12.17 11.56 9.65 9.31
343 7.06 12.24 11.62 9.69 9.35
348 7.08 12.32 11.69 9.74 9.39

Standard uncertainty: u(7) = +£0.05 K.
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Fig. S7. NMR intensity — gradient strength plots of [P66614][NTf;] solutions in AN (a), PN (b),
DMC (c) and DEC (d). Solid lines show the best fit curves.

Table S9. Values of parameters of the best-fits to NMR intensity — gradient strength

222, 6 1
-Dy“g"8"(A-<-2)

plots (Fig. S6) with Stejskal-Tanner equation I'=1Ige e
Iy d/s v/ Hz-G"! Als /s
[P66614][NTf,] + AN/ 1°F 12373 0.005 4005.3 0.15 0.0002
[P66614][NTf,] + AN/ 3P 11338 0.004 1723.5 0.15 0.0002
[P66614][NTf,] + PN/ I°F 12519 0.004 4005.3 0.1 0.0002
[P66614][NTf,] + PN/ 3'P 12402 0.004 1723.5 0.1 0.0002
[P66614][NTf,] + DMC/ '°F 18169 0.005 4005.3 0.15 0.0002
[P66614][NTf,] + DMC/ 3P 5574 0.005 1723.5 0.5 0.0002
[P66614][NTf,] + DEC/ '°F 18437 0.005 4005.3 0.1 0.0002
[P66614][NTf,] + DEC/3'P 11053 0.005 1723.5 0.5 0.0002
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Table S10. PFG-NMR intensities of 1°F and 3!P PFG-NMR used for calculation of cation and anion diffusion coefficients

in [P66614][NTf,] solutions in AN, PN, DMC and DEC.

[P66614][NTE,] + AN [P66614][NTE,] + PN [P66614][NTE,] + DMC [P66614][NTE,] + DEC
g/ G-enr! I_1p I_sip I_p I_3p I_19g I_sp I 19p I_sp
1.703 11537 11273 12245 12366 18023 5549 18377 11026
7.224 3216 9974 8068 11797 15583 5213 17374 10731
10.074 1269 9177 5402 11247 13490 5045 16394 10465
12.279 764 8279 3714 10807 11710 4498 15497 10103
14.145 583 7213 2639 10496 10166 4081 14650 9310
15.791 504 7063 1968 9668 8880 3831 13861 9047
17.282 455 6249 1526 9155 7753 3555 13111 8892
18.653 417 5300 1217 8608 6790 3273 12420 8224
19.931 399 5264 1019 8266 5981 3012 11722 8031
21.131 378 4857 895 7849 5296 2731 11102 7411
22.267 355 4461 795 7418 4677 2755 10518 7375
23.348 358 3752 725 7299 4164 2449 9957 6811
24.381 330 3861 651 7107 3714 2223 9446 6559
25.371 332 3382 642 6423 3335 2118 8944 6449
26.325 333 2865 602 6057 2996 1947 8488 5946
27.245 325 2920 589 6077 2720 1877 8049 5996
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