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Figure S1. DSC trace of [N111101][TFSI] at @) 10 °C min't and b) 2 °C min‘! for heating and cooling

cycles.

The DSC analysis of the IL [N111101][TFSI] was first measured using a cooling and heating rate of
10 °C/min (Figure S1a). In the first and second heating run, a peak was seen at between -3 °C and
0 °C, and a second peak was seen at 23 °C. In the third heating run, these two peaks merged into
one larger peak with almost the same total entropy, seen at 11 °C. To assign, with reliability,
these peaks to their corresponding transitions, a subsequent DSC measurement was conducted
with slow cooling to -100 °C at 2 °C /min, before heating at 2 °C/min (Figure S1b). In the second
run, the TFSI-based salt displayed one solid-solid transition at -3 °C with the formation of a

metastable phase and a T,, of the metastable phase at 23 °C.
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Figure S2. Thermogravimetric analysis of the [N;13101]* based salts.
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Figure S3. Isothermal thermogravimetric analysis of [N111101][TFSI] and [Nii11101][FSI]. The

samples were held at 80 °C for 16 hours (960 minutes). [N111,101][TFSI] and [N111,101][FSI] displayed

weight loss of 0.2 and 1.3 %, respectively.
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Figure S4. Temperature dependent density of [N111,101][TFSI].
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Figure S5. Solid-state NMR 'H Full Width at Half Maximum (FWHM) line widths against

T
40

Temperature (°C)

20000

190001

180004

17000+

160004

H FWHM (Hz)

30004

2000

1000+

= Broad Component
=— Narrow Component

Y

T T T
20 30 40
Temperature (°C)

20000
19000
18000

7317000

<

= 16000

I

= 15000
i

Y

H

3000

20004

1000

—=— Broad

®— Narrow Component

Component

T T T T T
30 40 50 80 7O

Temperature (°C)

T T T
80 90 100 110

temperature for a) [N111,101][DCA], b) [N111,101][BF4], c) [N111,101][0Tf] and d) [N111,101][PF6]-

Note: [N111101][FSI] *H FWHM line widths in phase | could not be determined as it displayed an

asymmetric peak. As temperature was increased, three peaks became distinguishable which

correspond to the three 'H environments present, as seen in solution-state NMR.
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Figure S6. Solid-state NMR °F FWHM line width values against temperature for solid materials
with fluorinated anions. [N111,101][OTf] values presented are in phase Il only as the phase | *°F
spectrum presented complex CSA patterns. [Ni31101][BF4] displayed a broad and narrow peak

from 20 °C but this peak could only be accurately integrated from 45 °C.
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Figure S7. Solid-state NMR deconvolution fitting using DMfit software of a) *°F [N111 101][BF4] at

40 °Cand b) *H [N111 101][BF4] at 40 °C. The green peak represents the broad components and the



purple peaks represent the narrow component. The red peak is the cumulative peak and the

NMR spectra are blue. The insets show the cumulative peak only, on top of the NMR spectrum.
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Figure S8. Solid-state NMR deconvolution fitting using DMfit software of *H [N11; 101][DCA] at 40
°C. The green peak represents the broad component and the purple peak represent the narrow
component. The red peak is the cumulative peak and the NMR spectrum is blue. The inset show

the cumulative peak only, on top of the NMR spectrum.
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Figure S9. 19F static NMR spectra of [N131,10:][OTf] at 60 °C. The different spectra were recorded
after a) the sample was heated to 60 °C from the ambient temperature, b) the sample was cooled

to 0 °C then heated to 60 °C, and c) the sample was heated to melt at 80 °C and cooled to 60 °C.
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Figure S10. '°F static NMR spectra of [N111,101][FSI] at a) -20 °C, -10 °C and 10 °C on same y-axis

scale, and b) -20°C and -10 °C on the same scale.
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Figure S11. 'H PFG data for [Ni1101][FSI] displaying two diffusive species a) 'H PFG NMR

. . . B=ﬁfﬁ@-ﬂ .
attenuation at 40 °C, where B is a prefactor defined by 3) where vy is the nuclear
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gyromagnetic ratio, g is the gradient strength, A is the diffusion time and & is the gradient pulse

222, 0
-vg 5(A—§)D

S=5pe written as:

_ -BD
length. B is shorthand for the Stejskal Tanner equation S=S5ee

for measuring the diffusion coefficient where S is the measured NMR signal intensity, Sy is the
measured signal intensity in the absence of diffusion effects (e.g., the signal measured with no

field gradients applied) and b) *H DOSY processing, where two diffusive species are observed.
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Figure $12. The relationship between conductivity of the OIPCs and a) the average fractional free
volume (FFV) as determined by PALS, b) Intensity, I3 (%) (defect concentration), c) vacancy
volume (A3) and d) FFV of FSl-based salts in literature.’ PALS analysis in this study were

performed at room temperature.
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