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ABSTRACT: In response to the accelerating global demand for portable electronics and electric vehicles, there 
has been an explosive surge of interest in developing advanced battery technologies with superior energy den-
sity. Current research efforts are increasingly directed toward unveiling next-generation secondary batteries 
that can surpass the limitations of conventional lithium-ion batteries (LIBs) through the use of innovative active 
materials and interfacial design strategies. In particular, the electrode–electrolyte interface plays a pivotal role 
in governing surface reactions and electrode utilization, thereby exerting a profound influence on the overall 
energy density of batteries.
Herein, functionalization strategies based on non-covalent organic hybrid materials are introduced to enhance 
the electrochemical performance of electrodes. First, coordination-bonded soft carbon materials derived from 
the molecular reassembly of tannic acid are employed to induce electrochemical functionalization of interfacial 
stabilization layer for silicon nanoparticles, enabling high-energy LIBs. Second, hydrogen-bonding interactions 
between p-phenylenediamine and polymer binders are utilized to develop an electrolytic binder, thereby reduc-
ing the electrolyte-to-capacity ratio in polymer-electrolyte-based all-solid-state batteries. Third, to transcend 
the intrinsic energy-density limitations of lithium-based systems, hydrogen-storage anode reactions are real-
ized through coordination-bonded catalytic interfacial layers, paving the way for high-energy hydrogen-ion 
batteries.
Collectively, this work highlights the critical importance of interfacial control via non-covalent organic hybrid 
materials and presents a strategic roadmap for advancing next-generation high-energy battery technologies.
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