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Redox flow batteries (RFBs) offer a readily scalable solution to grid scale
energy storage. Nonaqueous RFB chemistries enable higher cell potentials
as compared to agueous systems, but are often limited to solubilities <1 M.
To increase the concentration of redox active species, we argue that RFB
electrolytes should be thought of as electrochemical fuel, where as much of

the electrolyte as possible is incorporated into the charge storing process.

Our Approach: Start with an inexpensive, redox-active metal ionic liquid (MetlL) and introduce redox activity
everywhere: the ion core, ligands, and anions, creating an energy dense MetIL3.
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Stoichiometric quantities of iron salts and ethanolamine

are simply mixed, then briefly heated to 150 °C.
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Electrochemlcal Characterization

Composition

Density

(g cm™)

1.29

1.37

Conductivity
at 25 °C
(mS cm™)
1.79 16.4 0.315
2.94 70.5 (solid)
3.07 0.9 0.210
4.16 85.4 (solid)

MetlLs3 with up to 4.16 mol L! redox active
electrons (RAE) have been synthesized.

IR Spectroscopy
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Potential vs. Ag/AgCl / V
25 °C, 10 um carbon fiber working electrode
10 mM active species in 0.5 M LiTFSI in propylene carbonate
Flow Battery Testing
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The performance of the original MetlL (1a) and the MetlL® with ferrocene-containing
ligands (2a) were compared in a lab-scale flow battery with a cobaltocene anode.
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MetlL3 2a enabled significantly higher

voltage efficiencies and electrochemical
yields vs. the original MetlIL (1a).
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Capacity / mAh

| MetIL3 2a increased capacity
{ 4x compared to the original

MetlL (1a).
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IR peak shifts vs. ethanolamine
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MetlLs3 offer the potential to be the solvent, supporting salt, and redox-
active species, all in one energy-dense fuel for redox flow batteries.



