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Abstract:

Under confinement inside 1.4 nm Carbon NanoTubes (CNT), water adopts a very specific geometry characterized by a linear
configuration of a fraction of the molecules. This peculiar local structure induces unexpected dynamical effects at the macroscopic scale:
when forced inside a CNT membrane, water is experimentally found to flow-up three orders of magnitude faster than predicted by the
continuum hydrodynamics picture: this is water superlubricity. We propose to extend the results observed on water to the case of Ionic
Liquids (IL). The IL will be confined in macroscopically oriented CNT membranes. This macroscopic orientation will make it possible
to disentangle the radial and longitudinal (perpendicular and alongside the CNT axes respectively) contributions to the overall dynamics.
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surface. Indeed, CNT allow very strong confinement potential
(they can reach less than 1 nm in diameter) and possess fric-

Water confined within carbon nanotubes (CNT) exhibits tremen-
dous enhanced transport properties. Here, we extend this result to

ionic liquids (IL) confined in vertically aligned CNT membranes.
Under the IL self-diffusi is increased by
a factor 3 compared to its bulk reference. This could lead to high

power battery separators.

Confinement of fluids in nanopores is well known to modify
the physical properties observed in bulk.' For instance, a
typical signature of the nano-confinement of fluids is depicted
by the so<alled Gibbs-Thomson effect: the melting tempera-

tionless or low friction surfaces.” This unique porous system
offers therefore the possibility to decouple confinement effects
from surface interactions.

Recent technological developments have enabled the
design of a new, appealing material: a macroscopic 1D nano-
porous CNT based matrix, so-called Vertically Aligned CNT
(VA-CNT)." These VA-CNT have opened a path to high impact
functional materials in terms of technological developments
(membranes for filtration, electrochemistry, electronics etc.),” 7

ture downshift is inversely proportional to the pore size of the

as well as fundamental research: this exceptional model
confining material.® While this effect can be blurred by non-

system with (i) no tortuosity and (ii) no or weak interaction of
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When probed at the macroscopic scale, lonic Liguids (ILs) behave as highly dissociated (i.e. strong)
electrolytes while, at the molecular scale, they show clear characteristics of weak ionic solutions. The
multi-scale analysis we report in this paper reconciles these apparently at odds behaviors. We investigate
by quasi-elastic neutron scattering (QENS) and neutron spin-echo (NSE), the nanometer/nanosecond
dynamics of OMIM-BFs, an imidazolium-based IL showing strong nanostructuration. We also probe the
same IL on the microscopic (um and ms) scale by pulsed field gradient NMR. To interpret the neutron
data, we introduce a new physical model to account for the dynamics of the side-chains and for the
diffusion of the whole molecule. This model describes the observables over the whole and unpre-
cedented investigated spatial ([0.15-1.65] A™Y) and time ((0.5-2000] ps) ranges. We arrive at a coherent
and unified structural/dynamical description of the local cation dynamics: a localized motion within the IL
nanometric domains is combined with a genuine long-range translational motion. The QENS, NSE and
NMR experiments describe the same long-range translational process, but probed at different scales. The
associated diffusion coefficients are more than one order of magnitude different. We show how this
apparent discrepancy is a manifestation of the IL nanostructuration.
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