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Introduction

The rapid increase in renewable energy demands efficient, high-capacity energy storage solutions. Nonaqueous redox flow batteries (NARFBs) offer greater electrochemical stability and
energy density compared to aqueous systems. TEMPO ((2,2,6,6-tetramethylpiperidin-1-yl)oxyl) and benzothiadiazole (BTD) are attractive redox-active materials for NARFBs but face
significant stability challenges, particularly the irreversible reduction of TEMPO to aminoxy anion that overlaps with BTD reduction potentials. This study investigates electrolyte engineering
using ionic liquids (ILs) in acetonitrile to shift TEMPQO’s degradation potential negatively. By selecting ILs with sterically hindered cations and suitable anions, electrochemical stability and
battery performance can be enhanced. Experimental cyclic voltammetry and molecular dynamics simulations are combined to clarify how IL composition influences solvation environments,
providing critical insights for optimizing electrolyte designs in advanced NARFB systemes.
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~ CONCLUSIONS

Our work underscores the pivotal influence of solvation chemistry on suppressing the destructive TEMPO - TEMPO~ process in TEMPO/BTD non-aqueous redox-flow batteries.
Comprehensive electrochemical tests and molecular simulations reveal that electrolytes formulated with bulky, sterically demanding cations and suitably non-coordinating anions drive
TEMPOQ'’s reduction peak to lower (more negative) potentials, diminishing its overlap with the BTD couple. While this approach does not entirely eliminate capacity fade, it clearly shows that
electrolyte tailoring can unlock valuable voltage headroom for high-energy organic flow systems. Moving forward, expanding the solvent—ionic-liquid design space and conducting extended
flow-cell cycling will be essential to translate these gains into long-term, practical performance.
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