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Table S1. Non-bonding force field parameters for ions and DMA molecule used in this study.

System | Atom q(e) o(A) | e(kcal/mol)

TEA Cy 0.0797 3.475 0.1094
H, 0.0715 1.960 0.0157

N -0.1884 3.296 0.1500

C, -0.2454 3.475 0.1094

H» 0.1066 2.650 0.0157

TPA Cy 0.0054 3.475 0.1094
H, 0.0800 1.960 0.0157

N -0.3465 3.296 0.1500

C, 0.0644 3.475 0.1094

H» 0.0584 1.960 0.0157

Cs -0.3395 3.475 0.1094

Hs 0.1100 2.650 0.0157

TBA Ci -0.0454 3.475 0.1094
H, 0.0499 1.960 0.0157

N 0.2226 3.296 0.1500

C, -0.1145 3.475 0.1094

H» 0.0735 1.960 0.0157

Cs 0.0440 3.475 0.1094

Hs 0.0387 1.960 0.0157

Cy -0.2540 3.475 0.1094

Hy 0.0800 2.650 0.0157

OH (0] -1.2558 3.166 0.1554
H 0.2558 0.000 0.0000

DMA N -0.0005 3.250 0.1700
(0] 0.5656 2.960 0.2100




Cl -0.2294 | 3.500 0.0660
C2 0.5345 3.750 0.1050
C3 -0.3334 | 3.500 0.0660
C4 -0.3334 | 3.500 0.0660
H1 0.0673 2.500 0.0300
H2 0.1209 2.500 0.0300

Table S2. Density (g.cm™)of IL + DMA mixtures at different mole fractions.

IL 0.25 X1 0.50 X1 0.75 X
TEAH 0.939 0.959 0.972
TPAH 0.945 0.960 0.966
TBAH 0.947 0.962 0.964

Table S3. First minima and coordination number from Cation-Cation, Anion-Anion, Cation-Anion centre of mass

RDFs.
IL X CA CcC AA CD AD DD
FM [ CN | FM CN FM CN FM | CN | FM [ CN | FM CN
TEA | 025 | 0.53 [ 287 | 0.94 [ 836 [ 090 | 7.74 | 0.87 | 5.88 [ 0.60 | 1.26 | 0.80 | 1091
0.50 | 0.53 [ 3.00 | 0.94 [ 9.15 | 090 | 850 [ 0.87 | 498 [ 0.60 | 1.04 | 0.80 | 7.52
0.75 1 0.53 | 3.14 | 0.94 | 1094 | 0.90 | 10.05 [ 0.87 | 2.88 | 0.60 | 0.62 [ 0.80 | 3.31
TPA | 025 | 0.57 | 242 [ 093 | 441 | 090 | 424 | 0.74 | 421 | 0.61 | 1.74 | 0.80 [ 8.83
0.50 | 0.57 [ 273 1 093 [ 598 | 090 | 578 [ 0.74 | 2.64 | 0.61 | 1.03 | 0.80 | 5.04
0.75 1 0.57 [ 290 | 093 [ 7.61 | 090 | 721 [ 074 | 1.21 | 0.61 | 048 | 0.80 | 2.16
TBA | 025 | 0.61 | 2.14 | 090 | 2.89 [ 090 | 294 | 0.76 | 476 | 0.62 | 2.07 | 0.80 [ 7.35
0.50 | 0.61 [ 252 1 0.90 [ 421 | 090 | 443 | 0.76 | 2.51 | 0.62 | 1.07 | 0.80 | 3.87
0.75 1 0.61 [ 2.74 | 0.90 [ 5.09 | 090 | 543 [ 076 | 1.05 | 0.62 | 043 [ 0.80 | 1l.61




CA=cation-anion, CC=cation-cation, AA=anion-anion, CD=cation-DMA, AD=anion-DMA, DD=DMA-DMA,
FM=first minimum, CN=coordination number

Table S4. Ion pair lifetimes (ns) of IL + DMA mixtures at different mole fractions.

IL 0.25 X1 0.50 X1 0.75 X
TEAH 7.31 8.56 10.65
TPAH 8.78 12.92 14.80
TBAH 10.65 23.50 28.17

Table S5. Domain count according to polar and non polar definitions.

Subunit IL Domain Count D-Vol(A%) ‘ D-Surf(A?) Qperi
0.25 X
Nonpolar
TEAH 1.290 15537 17974 0.14
TPAH 2414 16345 16881 0.36
TBAH 1.290 37032 33035 0.15
Polar
TEAH 1.002 72803 20632 0.26
TPAH 1.000 71725 31316 0.14
TBAH 1.000 70601 38111 0.10
0.5 Xi
Nonpolar
TEAH 1.117 33429 37588 0.09
TPAH 1.110 56686 48839 0.09
TBAH 1.001 84655 56136 0.07
polar
TEAH 1.002 66432 39773 0.09
TPAH 1.000 65641 51574 0.06
TBAH 1.220 59237 52071 0.11
0.75 X
Nonpolar
TEAH 1.014 52094 54379 0.05
TPAH 1.002 89087 62974 0.06
TBAH 1.000 126781 64353 0.08
polar
TEAH 1.003 60598 54663 0.05
TPAH 1.000 60449 62994 0.04
TBAH 1.002 59076 63803 0.05




Table S6. Diffusion coefficients of ions and DMA molecules at different mole fractions in three ILs. (107 cm?s™)

XIL | Cation | Anion | DMA
TEAH

0.25 | 0.48(+0.005) | 0.44(+0.007) | 25.97(%£0.006)

0.50 | 0.14(£0.006) | 0.17(+0.001) | 2.69(+0.004)

0.75 | 0.01(£0.001) | 0.02(+0.001) | 0.03(+0.001)
TPAH

0.25 | 0.78(+0.006) | 0.85(+0.004) | 10.73(%0.050)

0.50 | 0.06(+0.001) | 0.06(+0.001) | 0.89(+0.080)

0.75 | 0.01(£0.001) | 0.01(+0.001) | 0.08(+0.001)
TBAH

0.25 | 0.88(+0.003) | 0.99(+0.006) | 8.32(+0.038)

0.50 | 0.09(+0.0001) | 0.10(+0.001) | 1.23(+0.009)

0.75 | 0.02(£0.001) | 0.02(+0.001) | 0.22(+0.001)

Table S7. Fraction of free volume in IL + DMA mixtures at different mole fractions.

IL 0.25 X1 0.50 X1 0.75 X
TEAH 0.847 0.840 0.833
TPAH 0.841 0.832 0.827
TBAH 0.836 0.827 0.823
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Figure S1. COM radial distribution functions for 0.5 mole fraction between cation-anion (CA), cation-cation (CC)
and anion-anion (AA).
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Figure S2. COM radial distribution functions for 0.75 mole fraction between cation-anion (CA), cation-cation (CC)
and anion-anion (AA).
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Figure S3. Charge density distributuion along the z-axis in IL + DMA mixtures.
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Figure S4. COM radial distribution functions for 0.5 mole fraction between cation-DMA (CD), anion-DMA (AD)
and DMA-DMA (AA).
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Figure S5. COM radial distribution functions for 0.75 mole fraction between cation-DMA (CD), anion-DMA (AD)
and DMA-DMA (AA).
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Figure S6. Comparison of COM radial distribution functions between possible pairs with changing mole
fraction of TEAH in TEAH+DMA mixture.
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Figure S7. COM radial distribution functions between all the possible pairs to see the effect of mole fraction
of TPAH in mixture.
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Figure S8. COM radial distribution functions between different pairs that are possible in TBAH + DMA
mixture with changing mole fraction of IL.
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Figure S9. Polar and nonpolar network formation of all the systems studied in this systems. Top, middle and
bottom rows show the mixtures of DMA with TEAH, TPAH, and TBAH, respectively. Red color indicates the
polar network and green color indicates nonpolar network. DMA, anions, nitrogen atoms of cation and methylene
groups that are attached to nitrogen atoms of cation are considered as polar part and methyl and methylene groups

0.5 X,

0.75 X,

that are not attached to nitrogen atom of cation are considered as nonpolar part.
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Figure S10. Mean square displacements corresponding to 0.5 mole fraction of IL. Colors are according to

Figure 8.
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Figure S11. Mean square displacements corresponding to 0.75 mole fraction of IL. Colors are according to
Figure 8.
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Figure S12. Distribution of interstitial spheres at different times in DMA + IL systems.



Optimized structures of ions in XYZ format
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