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Ionogel characterization
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Figure S1. N, adsorption isotherm obtained using the Micromeritics Tarazona DFT model for
cylindrical-pore oxides.
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Figure S2: 'H diffusion for IG with 0.5M LiTFSI at 40°C. Black symbols are experimental data, blue
curve is best single-value fit, red curve is two-value fit.

Self-diffusion coefficients

Temperature Samples Dpi(m*s™) | Dyym?s™)  Dyp(m?s™Y)  Dyapg(mis!
(OM LiTFSI) )
IL 1.45x 10! 2.16 x 101! 4.53 x 1012 2.04 x 1011
0
20°€C (93%) (7%)
1G 9.25 x 1012 1.41x 101 2.11x 1012
(90%) (10%)
IL 823 x 101 1.05 x 1010 - -
60°C
1G 5.16x 10! 6.79 x 10! - -
IL 2.27 x 1010 2.85x 1010 - -
100°C
1G 1.54 x 1010 1.89 x 1010 - -
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Table S1. Self-diffusion coefficients (D) of TFSI- (F) and BMIM™" (H) in ionic liquids (ILs)
and ionogels (IGs) with OM LiTFSI, at different temperatures. For ILs, the percentage values
within parenthesis are the weighting factors 4 and B and they represent different aggregates;
Dy 1s the weighted average of Dy, and Dy». For IGs, these weighting factors correspond to
Wy (larger value) and W, (smaller value) (see Eq. (20) in the main manuscript for more
details) and Dy, is Dy,,rfor BMIM™.

Samples

Temperature DLil(mzs —1) DFl(mZS —1) DFz(mZS —1) DFAvg(mZS -1 DHl(mZS —1) DHz(mZS -1 DHAvg(mZS -1
(0.5M ) ) )
LiTFSI)
IL 6.09 x 10 8.93x 1012 284x 10 7.65x 1012 1.78 x 10711 482x10  1.29x 10"
20°C (79%) (21%) (62%) (38%)
1G 2.75x 10 452x 107 131x 102 7.96 x 10 5.75x 103
(75%) (25%) (73%) (27%)
IL 1.72x 101 256 x 107! - 402x 10
40°C
1G 6.72x 102 9.88 x 102 - 2.06x 107! 275 x 102
(84%) (16%)
L 3.62x 101! 542x 101 : 8.19x 10!
60°C
G 1.63x 10! 246 x 10! - 5.18x 101! 136 x 107!
(78%) (22%)
L 7.15x 101! 1.00 x 1010 - 1.52x 1010
80°C
1G 3.23x 107 481x 10" - 8.24 x 1071 9.65 x 1012
(92%) (8%)
L 117 x 107 1.64 x 10710 : 2.42x 10710
100°C
G 5.60 x 101! 827 x 10! - 137x1010  275x 10"
(93%) (7%)
Table S2. Self-diffusion coefficients (D) of Li*, TFSI- (F) and BMIM* (H) in ionic liquids
(ILs) and ionogels (IGs) with 0.5M LiTFSI, at different temperatures. For ILs, the percentage
values within parenthesis are the weighting factors 4 and B that represent different aggregates;
D4, 1s the weighted average of D;; and D;,, where i stands for F or H. For IGs, these weighting
factors correspond to Wy, (larger value) and Wi,,s (smaller value) (see Eq. (20) in the main
manuscript for more details) and D;, is Dy,,s, where i stands for F or H.
Temperature Samples Dyi1 Diiz Dpy Dg2 Dravg Dy Dy2 Dhavg
Li(;ll:gl) (mzs -1 (mzs -1 (mzs -1 (mzs -1 (mzs -1 (mzs -1 (mzs -1 (mzs -1
L 1.62 x 1012 - 246x 102 653x 100 228x 10 | 628x102  296x 102  5.08x 1012
(90%) (10%) (64%) (36%)
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IG 1.03x 1012 265x 10" | 1.04x1072  290x 10 . 324x 1012 339x 1013
20°C (76%) (22%) (85%) (15%) (69%) (31%)
IL 224x 1012 = 336x10"2  1.15x10"2  3.14x10" | 7.78x 1072 2.69x 10"  6.86x 1012
25°C (90%) (10%) (82%) (18%)
IG 126x 1012 345x10"% | 141x10"2  1.57x10 - 463x10"2  455x 10"
(85%) (15%) (89%) (11%) (69%) (31%)
IL 5.84x 1012 - 8.65x10'2  278x10"2  8.06x10™ | 1.74x 10"  3.50x 102  1.64x 10!
40°C (90%) (10%) (93%) (7%)
IG 347x101  581x101 | 3.83x107  1.00x 103 - 927x10"2  538x1013
(89%) (11%) (92%) (8%) (85%) (15%)
IL 1.85x 1011 - 2.93 x 107! - - 445x 1010 722x10"2  426x 10"
60°C (95%) (5%)
IG 9.75x10"2  123x10"2 | 1.07x10""  591x1073 - 231x10""  546x1013
(91%) (9%) (94%) (6%) (92%) (8%)

Table S3. Self-diffusion coefficients (D) of Li*, TFSI- (F)and BMIM* (H) in ionic liquids (IL)
and ionogels (IG) with 1M LiTFSI, at different temperatures. For ILs, the percentage values
within parenthesis are the weighting factors 4 and B that represent different aggregates; D,
is the weighted average of D;; and D;,, where i stands for F or H. For IGs, these weighting
factors correspond to Wy, (larger value) and Wj,,s (smaller value) (see Eq. (20) in the main
manuscript for more details) and D;; is Dy, where i stands for Li, F or H.

Sample Transference number
20°C 25°C 40°C 60°C 80°C 100°C
0.5M LITFSI IL 0.034 - 0.039 0.039 0.042 0.043
IG 0.033 - 0.033 0.032 0.037 0.038
1M LITFSI IL 0.059 0.063 0.070 0.076 - -
IG 0.12 0.067 0.082 0.088 - -

Table S4. Effective Li-transference numbers at different concentrations of LiTFSI and
temperatures.

Dispersions of the spin-lattice relaxation rate

a) Analysis of hydrogen and fluorine relaxation profiles
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Figure S3. 'H relaxation rate dispersion for [BMIM] TFSI ionic liquid with OM LiTFSI and
its corresponding fitting using the model given by Eq. (7), recorded at 60°C.
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Figure S4. '°F relaxation rate dispersion for [BMIM] TFSI ionic liquid with OM LiTFSI and
its corresponding fitting using the model given by Eq. (7), recorded at 60°C.
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[BMIM] TFSI + 0M LiTFSI

Parameters IL 'H IL 'H IL_"F IL_“F

30°C 60 °C 30°C 60 °C

dor [m] x10°1° 29+0.1  27%02 | ——
dpr [m] X101 25402 23402
dyr [m] x10-1 2.4+0.2 2.340.2 2.4+0.1 2.4+40.2
Dy [m?/s] x10-11 3.3+0.3 10+1 3.3+0.2 10.4+0.5
Dy [m?¥/s] x10-1! 23401 82402 | 2302 82403
Ag [1/5?] x108 1.7£0.2 1.4+0.2 | 0.11£0.01 0.28+0.2
7r [s] x10° 1.8+0.2 1.0£0.1 11£1 2.5+0.2

Table S5. Parameters obtained using the model given by Eq. (7) to describe the measured 'H
and '°F spin-lattice relaxation rate profiles of ionic liquids (IL) with OM LiTFSI, at different

temperatures.
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Figure S5. 'H relaxation rate dispersions for (a) IL and (b) IG with 1M LiTFSI and their
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corresponding fittings using the models given by Eq. (7) and (8), recorded at 40°C.
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Figure S6. '°F relaxation rate dispersions for (a) IL and (b) IG with 1M LiTFSI and their

corresponding fittings using the models given by Eq. (7) and (8), recorded at 40°C.

[BMIM] TFSI + IM LiTFSI
Parameters IL'H IL'H IL'H IG'H IG'H IG'H | IL*F IL“F IL "F IG_"F IG_"F IG_'°F
30°C 40°C  60°C  30°C  40°C 60°C | 30°C  40°C 60 °C 30°C 40 °C 60 °C
dpy [m] X100 [ 28402 27401 27402 2.7+0.1  3.0402  2.8+02 | --em ceeeem e e e e
dep [m] x10° | s 24403 22402 23302  3.1+0.1 3.0£0.2 3.0+0.1
dyr (m] X100 | 23201 23402  23+0.1 2402  24+0.1  2.3+02 | 2.2+0.1 2.0£02 2.6+02  2.7+0.2 2.840.3 2.740.1
Dy [m?fs] x1072 | 7.7¢0.6  16+2  43+3 56203 100506  23+2 | 7.6+05 144l 40+4 5.840.3 11.240.7 2543
Dy [m¥s] x102 | 4.6£0.2 8.7+0.5 2942  2.140.2  4.0+03 11+l | 45802 85804 2943 24403 4.140.4 1242
Doy [m/s] X103 | coooee e 49403 55802  5.6£03 | -om ceem e 0.29+0.01  0.96+0.05  6.3+0.5
Aparp [s37] x10* 1.0£0.1 17402  23#02 | -oeoem ceeeee e 1502 1.40.1 1.1+0.1
Ly (m] x10%° [ oo 1.640.1 21402  2.1402 | —oom e e 1.540.1 1.7+0.2 4.0+0.3
Ly (] x10° | cooes s 3042 5543 7 U= T [ 5+1 2542 57+4
Ag [1/s7] x108 | 25402  1.8£0.1 1.7#0.1 1.540.1  1.4+0.1  1.9+02 | 1.4£02 13+0.1 1.5402 0.11£0.02  0.11£0.01  0.18+0.02
7z [s] x10° 42402  3.120.1 1.120.1 4.3#03 31402  13+0.1 | 141  7.840.5 2.8£0.2 5142 1741 8.4+0.4

Table S6. Parameters obtained using the models given by Eq. (7) and (8) to describe the
measured 'H and °F spin—lattice relaxation rate profiles of ionic liquids (IL) and ionogels (IG)

with 1M LiTFSI, at different temperatures.
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b) Analysis of lithium relaxation profiles
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Figure S7. "Li relaxation rate dispersion for IL with 1M LiTFSI and its corresponding fitting
using the models given by Eq. (14) and (16), recorded 60°C.

[BMIM] TFSI + 1M LITFSI

Parameters IL "Li IL "Li IL "Li IG "Li IG "Li
30°C 40 °C 60 °C 30°C 40 °C

3.1£0.2 23+03  1.1+0.2 1.0+0.1 0.70+0.08

Ag [1/s7] x10°

Tjumpls] X102 3.340.2 2.540.1 2.0+£0.2 4.7+0.2 2.74£0.2

2.0+£0.2 1.9+0.3

Armrp_power [1/5®*D] x107

0.70+£0.05  0.7+0.1

p

Table S7. Parameters obtained using the models given by Eq. (14) and (16) to describe the
measured ’Li spin-lattice relaxation rate profiles of ionic liquids (IL) and ionogels (IG) with
IM LiTFSI, at different temperatures.
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