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Abstract

Rechargeable proton batteries have attracted increasing attention as safe and high-rate energy storage systems;
however, their practical development has been hindered by the narrow electrochemical window of aqueous electro-
lytes and the dissolution of active materials. We systematically investigated material and electrolyte design strate-
gies for proton storage, focusing on TiO2—-based negative electrodes. While rutile TiO2 exhibited reversible proton
insertion, its performance was limited by competitive hydrogen evolution. Amorphization of TiO2 (a-TiO.) shifted
the reaction potential positively and enhanced reversible capacity, but severe dissolution occurred in conventional
acidic aqueous electrolytes. To address this issue, concentrated phosphate buffer solutions and protic ionic liquids
were applied to suppress free water activity, leading to improved cycling stability. Furthermore, water—free eutectic
solvents composed of hydrogen-bond donors and acceptors effectively eliminated dissolution, despite reduced ion-
ic conductivity governed by a vehicle mechanism. Notably, stable charge —discharge behavior was achieved in the
eutectic system, highlighting that electrode stability and suppression of side reactions dominate battery perfor-
mance over ionic conductivity. These findings demonstrate that solvent structure, including the state of proton sol-

vation, critically governs electrode stability and reaction reversibility in proton-based rechargeable batteries.
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Current density: 335 mA g1~ (d)

Cut-off potential: =1.1~0.5 V in citric buffer solution
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