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Calorimetry.

Water:ChCl 2 3 4 5 6 7 10
Molar Ratio
Xcha 0.3320 0.2463 | 0.1999 | 0.1665 | 0.1419 | 0.1238 0.0902
Tm (K) 278.20 - - 218.35 | 233.65 | 239.15 254.35
Tee (K) ~218.15 ~203.15

Table S1: Melting temperatures Tm (K) and Cold Crystallization Te. (K) obtained for all

investigated ChCl:water mixtures. Xcna represents the ChCl Molar Fraction.




Density.

Water:ChCl Molar Ratio n
T(K) 2 3 4 5 6 7 10 20
278.15 | 1.11285 | 1.10094 | 1.09194 | 1.08481 | 1.07685 | 1.07162 | 1.05838 | 1.03694
283.15 | 1.11059 | 1.09877 | 1.08984 | 1.08279 | 1.07492 | 1.06974 | 1.05668 | 1.03566
288.15 | 1.10822 | 1.0965 | 1.08765 | 1.08066 | 1.07285 | 1.06773 | 1.05483 | 1.03414
293.15 | 1.10583 1.0942 1.08541 | 1.07847 | 1.07072 | 1.06566 1.0529 1.0325
298.15 | 1.1035 | 1.09194 | 1.08319 | 1.07632 | 1.0686 | 1.06359 | 1.05092 | 1.03077
303.15 | 1.10115 | 1.08966 | 1.08094 | 1.07411 | 1.06643 | 1.06147 | 1.04887 | 1.02892
308.15 | 1.0988 | 1.08737 | 1.07867 | 1.07189 | 1.06422 | 1.0593 | 1.04675
313.15 | 1.09647 | 1.08509 | 1.07639 | 1.06965 1.062 1.05711 | 1.04457
318.15 | 1.09412 | 1.08277 | 1.07407 | 1.06736 | 1.05971 | 1.05485 | 1.04221
323.15 | 1.09177 | 1.08043 | 1.07173 | 1.06504 | 1.05738 | 1.05254
328.15 | 1.08939 | 1.07808 | 1.0693 | 1.06268 1.055 1.05017

Table S2: Experimental density (g/cm?®) values for the ChCl/water mixtures at each n, as a function
of temperature in a range of 278.15 K-333.15 K (except for n=10 and n=20, where the temperature
range is 278.15 K-323.15 K and 278.15 K-303.15 K, respectively).



Water:ChCl molar ratio | A (107 g-em*K-2) B (104-g'em-3 ‘K1) Qo (grem?)
n

2 -0.42 -4.4 1.23973

3 2.4 -3.1 1.20644

4 -4.7 -1.7 1.17508

5 -5.9 -0.9 1.15449

6 -8.1 0.5 1.12514

7 -9.5 1.5 1.10425
10 -17 6.1 1.02099
20 -25 11.5 0.91251




Table S3: Fitting parameters of the experimental density for the ChCl/water mixtures at each n as a
function of temperature, in terms of the model: p(T)=AT? +BT+ po.
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Figure S1: Density as a function of n for the ChCl/water mixtures at 298.15 K. The red solid line is

related to the fitting procedure executed using the model pyog 15k = A; + 4, - e 43. Data are
compared with those reported from Zhang et al. [1].

A1 (g/cm?) 1.02485
Az (g/emd) 0.10325
As 7.11041
R 0.99936

Table S4: Fitting parameters of the experimental density at 298.15 K for the ChCl/water mixtures

n
as a function of n, in terms of the model py9g 15x = A1 + 4, " e 4s.



Water:ChCl molar ratio n
T (K) 2 3 4 5 6 7 10 20
278.15 41.584 40.206 39.423 38.415 36.943 35.402 31.450 | 24.928
283.15 41.708 40.505 39.931 39.031 37.761 36.355 33.104 | 27.412
288.15 41.833 40.805 40.442 39.652 38.584 37.314 34.765 | 29.905
293.15 41.958 41.107 40.955 40.276 39.411 38.277 36.436 | 32.410
298.15 42.085 41.411 41.472 40.903 40.243 39.246 38.115 | 34.927
303.15 42.211 41.716 41.992 41.534 41.080 40.220 39.804 | 37.457
308.15 42.339 42.023 42,515 42.169 41.921 41.200 41.503 | 40.001
313.15 42.467 42.332 43.041 42.808 42.768 42.186 43.212
318.15 42.595 42.642 43.570 43.450 43.620 43.178 44.933
323.15 42.725 42.955 44.102 44.097 44.478 44.176 46.664
328.15 42.854 43.269 44.638 44.748 45.341 45.181
333.15 42.985 43.585 45.177 45.403 46.210 46.192

Table S5: Isobaric thermal expansivity values for the ChCl/water mixtures at each n, as a function
of temperature in a range of 278.15 K-333.15 K (except for n=10 and n=20 where the temperature
range is 278.15 K-323.15 K and 278.15 K-303.15 K, respectively).



Viscosity.

Water:ChCl molar ratio n

TK) |2 3 4 5 6 7 10 20
278.15 | 69.23 | 26.8 | 1348 | 9.639 | 6.738 | 5.696 | 3.373 | 2.048
283.15 | 55.19 | 22.07 | 11.32 | 8.253 | 5.813 | 4.846 | 2.941 1.79
288.15 | 44.16 | 1812 | 9.641 | 7.081 | 5.057 | 4.206 | 2.59 1.648
29315 | 36.55 15.1 8.29 6.143 4.42 3.684 | 2.293 | 1.473
298.15 | 30.24 | 12.71 | 7.203 | 5.293 3.9 3.356 | 2.049 | 1.324
30315 | 25.31 | 10.85 | 6.229 | 4.735 | 3.447 | 2987 | 1.844 | 1.194
308.15 | 20.73 | 9.349 5.57 4.2 3.088 | 2.615 | 1.732 1.082
313.15 | 1779 | 8.14 | 4933 | 3.757 | 2.781 | 2.338 | 1.581 | 0.9871
318.15 | 1531 | 7171 | 4.423 | 3.38 | 2.524 | 2.136 1.45 | 0.9055
323.15 | 69.23 | 26.8 13.48 | 9.639 | 6.738 | 5.696 | 3.373 | 2.048
Table S6: Experimental dynamic viscosity (mPa's) values for the ChCl/water mixtures at each n, as

a function of temperature in a range of 278.15 K-323.15 K.

Water:ChCl Molar Ratio n In(no) D To (K)
2 -3.998 1464 105.4
3 -4.068 1333 101.7
4 -3.871 1238 91.5
5 -3.880 1188 89.6
6 -3.927 1145 86.6
7 -4.009 1124 87.1
10 -3.887 1027 81.1
20 -5.107 1432 37.2

Table S7: Fitting parameters of the experimental dynamic viscosity for the ChCl/water mixtures at each n as
a function of temperature, in terms of the Vogel-Fulcher-Tammann model.



Water:ChCl Dynamic viscosity
Molar Ratio n at 298.15 K [mPa’s]
2 36.550a
37.760p
2.6 25.060°
3 15.1002
3.3 12.2300
4 8.290=
5 6.1432
6.376°
6 4.4202
7 3.6842
8 3.2690
10 2.2932
20 1.473=
Reline 2333¢
(ChCl:Urea 1:2)

Table S8: Dynamic viscosity values at 298.15 K for the ChCl/water mixtures at each n2. Data from literature
have also been included:

bref. [1]

cref [2].
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Figure S2: Dynamic viscosity as a function of n for the ChCl/water mixtures at 298.15 K. Data are compared
with those reported from Zhang et al[1].



Electrical conductivity.

T(K)\n |2 3 4 5 6 7 10 20
278.15 [0.953 |1.854 [2.83 |3.6 434 479 |559 |5.45
283.15 [1.181 |2.28 [3.34 [427 |509 |565 [6.45 |6.3
288.15 [1.438 269 [3.88 [491 |[581 637 [732 |7.11
293.15 [1.735 |3.15 [4.49 [562 |657 |72 822 |7.97
298.15 [2.07 367 [514 |636 |[739 808 [9.14 [8.85
303.15 (244 422 [583 |72 835 [9.04 |102 |98
308.15 [2.86 |4.84 [6.58 [809 [9.25 [10.05 [11.27 |10.77
313.15 [3.31 [549 [7.33 [8.88 |10.13 [10.83 |[12.15 |116

Table S9. Electrical conductivity (k, S/m) for the ChCl/water mixtures at each n, as a function of

temperature in a range of 278.15 K-313.15 K.




Water:ChCl In(Ko) Dk (K) Tk (K)

Molar Ratio n
2 4.783 482.6 178.9
3 4.897 447.1 173.6
4 8.861 1995 22.30
5 5.745 620.3 138.8
6 5.409 505.2 149.6
7 5.399 499.4 147.2
10 5.462 498.6 1445
20 5.350 493.7 142.4

Table S10. Fitting parameters of the experimental electrical conductivity for the ChCl/water
mixtures at each n as a function of temperature, in terms of the Vogel-Fulcher-Tammann model.

Kmax (S/m)

Mmax (Mol/kg)

b (kg?/mol?)

9.66

4.16

0.823

-0.00292

Table S11. Casteel-Amis Fitting parameters for conductivity data reported in Figure 8 of the main

paper.




Refractive index.

Water:ChCl molar ratio n

T (K) 2 3 4 5 6 7 10 20

293.15 1.4700 1.4550 1.4445 1.4340 1.4255 1.4190 1.4010 1.3760

303.15 1.4680 1.4535 1.4425 1.4325 1.4235 1.4170 1.3990 1.3746

313.15 1.4660 1.4515 1.4405 1.4310 1.4215 1.4150 1.3970 1.3728

323.15 1.4635 1.4495 1.4385 1.4290 1.4200 1.4130 1.3960 1.3710

Table S12: Experimental refractive index at A=589 nm for the ChCl/water mixtures as a function of

temperature.
Water:ChCl molar ratio n A (-104/K) B
2 2.12 1.532
3 1.81 1.508
4 1.96 1.502
5 1.62 1.481
6 1.82 1.479
7 1.96 1.477
10 1.67 1.450
20 1.70 1.425

Table S13: Linear fitting parameters of the temperature dependence of the refractive index at
A=589 nm for the ChCl/water mixtures.
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Figure S3: Refractive index as a function of n for the ChCl/water mixtures at 293.15 K. The red

n
solid line is related to the fitting procedure executed using the model np,q; ;5 = A1 + 45 € 4.
Fitting parameters are indicated in Table 514.

Aq 1.36808
A 0.134

As 7.11204
R2 0.99961

Table S-14: Fitting parameters of the experimental refractive index for the ChCl/water mixtures at

n
each n as a function of temperature, in terms of the model np,q; ;o = A1 + 45 € 4.



NMR spectroscopy
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Figure S4: '"H NMR spectra of choline/water samples with n=2-20 acquired at 300 K.
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Figure S5: %*Cl NMR spectra of choline/water samples with n=2-20 acquired at 300 K.



Water:ChCl ratio 35CI 5 (ppm) 33Cl FWHM (Hz) 35CI T2 (ms)
2 38.1 1230.5 0.26
3 33.63 717.8 0.44
4 30.45 446.26 0.71
5 28.25 265.23 1.20
6 25.65 259.52 1.22
7 24.68 212.44 1.50
10 21.36 148.02 2.15
20 14.98 83.16 3.83

Table S15: 3°C1 NMR chemical shift (ppm), FWHM (Hz) and T:relaxation times (ms) of
choline/water samples with n=2-20 measured at 300 K.
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Figure S6: %Cl spin-spin relaxation times Tz of choline/water samples with n=2-20 measured at 300 K.



Water:ChCl ratio

D(H,0-OH) m?/s

D(choline) m?/s

2 1.66-101° 3.09-10
3 3.51.10%° 8.41.10"
4 5.06-10° 1.37.10"°
5 6.29-10°%° 1.82-101°
6 8,27-10°%° 2.44-101°
7 1.08-10° 3.01-10%°
10 1.44-10° 4.38-10"°
20 1.81-10° 7.16:10"°

Table S16: 'H NMR diffusion coefficients for choline and water for ChCl/water systems.
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Figure S7. Longitudinal (spin-lattice, T1) relaxation times for different hydrogen species in

ChCl/water as a function of n, at 300 K.

Water:ChCl ratio | T1(OH) (s) | T1(H20)(s) | T1(CH2)-3 (s) T1(CH2)-2 (s) T1(CH3)-1 (s)
2 0.370 0.361 0.493 0.438 0.225

3 0.554 0.528 0.693 0.613 0.384

4 0.734 0.667 0.890 0.764 0.474

5 0.950 0.909 1.06 0.954 0.732

6 1.248 1.191 1.253 1.147 0.81

7 1.265 1.21 1.34 1.22 0.87

10 - 1.67 1.674 1.54 1.25

20 - 2.18 2.23 2.10 1.66

Table S17: Longitudinal (spin-lattice, T1) relaxation times for different hydrogen species in
ChCl/water systems.
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Figure S8. 'H-"H NOESY spectrum of choline/water (n=4) system acquired at 300 K and with a

mixing time of 50 ms.
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