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The Laboratory of Physical Chemistry of Sustainable Solvents (PCS?) is a component of the Chemistry
Department at the Sapienza University of Rome. Its activity concentrates on the exploration of
chemical physical properties of complex liquid systems, exploiting the synergy and complementarity
of experimental and computational techniques, leading to the advance in knowledge on the
relationship between microscopic features and bulk performances, with a focus on sustainability.
Recently, we focused the attention on ionic liquids, deep eutectic solvents and non-conventional
electrolytes.

Water-in-salt (WIS) systems, i.e. super-concentrated aqueous electrolytes, such as lithium
bis(trifluoromethanesulfonyl)imide 21 mol/kguwater, have been recently discovered to perform
unexpectedly large electrochemical windows and high lithium transference numbers, thus paving the
way to safe and sustainable charge storage devices. [1,2] The peculiar transport features in these

electrolytes are influenced by their intrinsically nano-separated morphology, stemming from the anion

hydrophobic nature and manifesting as nano-
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oos} correlation is however a matter of strong debate, yet.
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We enhance the apolar nature of the anions, exploring

o the properties of the aqueous electrolytes of lithium
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salts with a strongly asymmetric anion, namely
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imide. Using a synergy of experimental and
computational tools, we detect a remarkable level of structural heterogeneity at mesoscopic level,
between anion-rich and water-rich domains. Such a ubiquitous sponge-like, bicontinuous morphology
develops across the whole concentration range, evolving from large fluorinated globules at high

dilution to a percolating fluorous matrix intercalated by water nano-wires, at super-concentrated
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regimes. Even at the extremely concentrated conditions, a large population of fully hydrated lithium
ions, with no anion coordination, is detected. One can then derive that the concomitant coexistence
of i) a mesoscopically segregated structure and ii) fully hydrated lithium clusters disentangled from
anion coordination enables the peculiar lithium diffusion features that characterise water-in-salt
systems.

These results were recently published.[3]
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