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Figure S1.

'H NMR spectra of [C;MIM][OAC] (a) and [C2MIM][OOct] (b) at 20 °C. The chemical structure
is shown with the inset and peaks are labelled accordingly.
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Figure S2

Chemical shift as a function of temperature for [Co2MIM][OACc] (a) and [C2MIM][OOc] (b).
Resonances are numbered according to Figure 1, see also Figures S1a and S1b, respectively.
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Figure S3

Steady-state viscosity as a function of shear rate for [C:MIM][OAc] (a) and [Co2MIM][OOct]
(b).
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Figure S4
Density as a function of temperature for [Co2MIM][OAc] and [CoMIM][OOct].



Table S1. Fitting parameters for relaxation data, based on BPP theory *

[C2MIM][OAC] [C:MIM][OOct]: T1 | [C2MIM][OOct]: T2
Als? 9.50x108 6.69x108 6.69x108
ran /A 2.12 2.25 2.25
Ea /kImol? 38.4 21.6 435
w /s 2.37x10%6 3.94x10 1.56x10°1°

Low-field relaxometry measurements were carried out on a 20 MHz Maran Benchtop NMR
spectrometer. Figure S5 shows the low-field relaxation times for [Co:MIM][OAc] and
[C2MIM][OOct] as a function of temperature. T1 and T increase as temperature increases for
both ILs. This type of behaviour is predicted by Bloembergen, Purcell, and Pound (BPP)
theory 1. BPP theory can be used to relate the NMR relaxation times to the molecular
rotational correlation times in the simplified case of two protons at a fixed distance ry.+ apart,
interacting with each other via their dipolar fields as follows,
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where 7 is the correlation time of the molecular rotation, « is the Larmor frequency, y is the
gyromagnetic ratio for protons, 7 is the reduced Planck constant, po is the permeability of free

space and ru.H is the inter-proton distance.

The T1 behaviour indicates that at the 1/(20 MHz) timescale, both ILs are in a ‘liquid-like’
state at the upper end of the temperature range studied. However, the T; values for
[CoMIM][OOct] show a turning point at around 0 °C. This turning point indicates the
transition from the ‘liquid-like’ regime to the ‘solid-like’ regime, on the 20 MHz timescale.
The dashed lines in Figure S5 show theoretical fits, obtained from BPP theory . The
correlation time was modelled using a simple Arrhenius-type equation, as shown below,

Int =1 —
nt TlT0+RT



where 1o is the correlation time at “infinite temperature”, Ea is activation energy for molecular
rotation, R is the molar gas constant and T is the temperature. Typical values for the

correlation times are ~1079 s.

The data for [C:MIM][Ac] are modelled reasonably well by classical BPP theory at most
temperatures studied and the fitting parameters are given in Table S1. It is noteworthy that
the distance between protons, ru.n, is close to the expected value based on the density and

molar volume of the ILs.

The fits for [C2MIM][Ac], shown in Figure S5a, indicate that the dynamics of [CoMIM][Ac] are
relatively simple at these timescales, with a single correlation time across the system.
Conversely, the [CoMIM][OOct] data is not described well by classical BPP theory. It was not

possible to simultaneously fit both T1 and T2 with a single correlation time.

The fits shown in Figure S5b were obtained by separately fitting the T: and T, datasets,
indicating that the two NMR relaxation processes were described by two different correlation
times. T2 is more sensitive than T1 to slower dynamics. This suggests there is a significant
presence of these slower processes in [C2MIM][OOct] than in [C:MIM][Ac], which could be
explained by the more complex dynamics stemming from the formation of larger aggregates,

as suggested in the main article.
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Figure S5

T1 and T relaxation times for [C2MIM][Ac] (a) and [C2MIM][OOct] (b) as a function of
temperature, taken on a low-field (20 MHz) NMR spectrometer.



Diffusion coefficients for the ILs were measured using pulsed field gradient (PFG) NMR, as
detailed in the main article. Figure S6 shows a plot of signal intensity as a function of
gradient field strength for a single resonance in [C2MIM][OOct] at 30 °C. Each resonance
was fitted in the same way for both ILs and all temperatures. Figure S6 exhibits a very high
quality of fit, typical of all the experiments, thus there are no indications of restricted

diffusion or the need for more than one self-diffusion coefficient per resonance.

All PFG NMR experiments presented in the main article were undertaken with a diffusion
time, 4, of 100 ms. Additional experiments were undertaken, varying 4 between 50 ms and
200 ms. The diffusion coefficients found were the same for all 4 values used, within

experimental error of <5%.
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Figure S6

Example fit of signal intensity and gradient field strength in a PFG NMR experiment on
[C2MIM][OOct] at 30 °C. Points show experimental data and dashed line shows a Gaussian
fit, based on the Stejskal-Tanner equation 2.
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Figure S7

DSC traces of a) [C2MIM][OACc] and b) [C2MIM][OOct], showing the glass transitions at
temperatures below — 60 °C. See main article for further details.
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