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Equations used for the calculation of structure factor.
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In equation 2, x; and x; are the number concentrations of atomic species of type i and j in the
stoichiometric unit, respectively; f; and f; are the atomic structure factors. Partial structure factors
are denoted by Hji(q). Hii(q) are calculated from Fourier transform of the pair correlation function,

and q is the scattering variable,
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w(r) is the Lorch window function and is used to limit the finite truncation effects of r.”>*® Half of the
box length is denoted by 7. gii(7) are the pair correlation functions, and py (electrons’/nm?) is the bulk
number density.

Table S1: Non-bonding force field parameters for ions 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 0.1570
N -0.1884 3.296 0.1500
C, -0.2454 3.475 0.1094
H» 0.1066 2.650 0.1570
TPA C 0.0054 3.475 0.1094
H, 0.0800 1.960 0.1570
N -0.3465 3.296 0.1500
C, 0.0644 3.475 0.1094
H» 0.0584 1.960 0.1570
Cs -0.3395 3.475 0.1094
Hs 0.1100 2.650 0.1570
TBA Ci -0.0454 3.475 0.1094
H, 0.0499 1.960 0.1570
N 0.2226 3.296 0.1500
C, -0.1145 3.475 0.1094
H» 0.0735 1.960 0.1570
Cs 0.0440 3.475 0.1094
Hs 0.0387 1.960 0.1570
Cy -0.2540 3.475 0.1094
Hy 0.0800 2.650 0.1570
OH (0] -1.2558 3.166 0.1554
H 0.2558 0.000 0.0000

Table S2: First minima and coordination number from Cation-Cation, Anion-Anion, Cation-Anion centre of

mass RDFs.
IL Cation-Anion Cation-Cation Anion-Anion
First Coordination First Coordination First Coordination
Minimum Number Minima[nm] Number Minima[nm] Number

[nm]

TEAH 0.53 3.36 0.94 13.40 0.90 12.13

TPAH 0.57 3.02 0.93 8.92 0.89 8.00

TBAH 0.61 2.84 0.90 5.72 0.90 6.05

Table S3. Domain analysis of cation and anion subunits. D-Vol indicates domain volume and D-Surf indicates domain

surface.
Subunit IL Domain count D-Vol( A3) D-Surf(A?) Qpert
Cation
TEAH 1.0 112872 22654 0.35
TPAH 1.0 163822 22603 0.51
TBAH 1.0 211735 22711 0.66
Anion




TEAH 497 24 45 0.83
TPAH 500 24 45 0.82
TBAH 500 24 45 0.76
Table S4. Surface Coverage of different domains from Voronoi tesselation
IL
Cation Anion Cation Anion
Cation coverage Anion coverage

TEAH 80.5 19.5 100.0 0.0

TPAH 86.4 13.6 100.0 0.0

TBAH 89.3 10.7 100.0 0.0

Table S5: Fitting parameters of centre of mass cation-anion residence lifetime autocorrelation functions in eq 8.

Correlation coefficient is indicated by c.

IL aj a Ti(ps) | Taps) | T3(ps) c

TEAH | 042 | 0.08 | 0.56 | 224.8 | 12292 | 0.985
TPAH | 0.62 | 0.11 0.53 290.2 | 13486 | 0.973
TBAH | 0.51 0.11 0.53 133.1 | 13789 | 0.971
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Figure S1: Comparing the COM RDFs of different ILs. a. Cation-anion (CA) b. Cation-cation (CC) c. Anion —
anion (AA).
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Figure S2: Radial distribution functions between nitrogen atom of cation and oxygen atom of anion. Solid and
dashed lines indicate the RDFs and number integrals respectively.
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Figure S3: (a-c). Cations are shown with blue and anions are shown with red colours. (d-f) Polar part is shown
with red colour and non-polar part is shown with green colour. Polar part includes anion and nitrogen atoms of
cation and the methylene groups attached to the nitrogen of cation. non-polar parts include the ethyl, propyl
and butyl groups of cation. TEAH, TPAH and TBAH are shown in left, middle and right columns,
respectively.
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Figure S4: Cation-anion+anion-cation, cation-cation and anion-anion structure functions.
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Figure S5: Mean square displacements (top) of cation and anion in ILs. Log-log plots (middle) and 3 values
(bottom) of ions are shown in figure. Black, red, blue colors indicate TEAH, TPAH and TBAH respectively. Left

column indicates cation and right column represents anions.
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Figure S6: Centre of mass residence auto correlation functions between cation and anion.

Optimized structures of ions in XYZ format
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