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The future of lithium-based energy storage hinges on uniting precise molecular chemistry with 

scalable structural engineering. In this presentation, we explore molecular-to-macro strategies 

that integrate functional aromatic systems with advanced electrode architectures, addressing 

longstanding challenges in lithium-ion and lithium–sulfur batteries, including low initial 

Coulombic efficiency (ICE), mechanical degradation, and unstable interphases. 

 

At the molecular level, we harness the redox versatility and lithium-donating capability of 

aromatic compounds—such as biphenyl and other polycyclic hydrocarbons—for wet chemical 

and integrated contact prelithiation. These approaches dramatically improve ICE in silicon-based 

anodes (reaching >100%) and stabilize the solid electrolyte interphase (SEI), enabling fast and 

uniform lithiation. Additionally, small-molecule PAHs are investigated as sustainable, low-

solubility active materials, supported by DFT-calculated binding energies and dissolution 

pathways. Moreover, in lithium–sulfur systems, we demonstrate that lithium–arene–sulfur 

catholytes enable ultrahigh sulfur loading (up to 12 M) with extended cycle life beyond 500 cycles. 

 

On the structural side, we showcase scalable fabrication techniques including solid–liquid–solid 

nanowire growth, coral-shaped porous silicon derived from Al–Si alloys, and double-shelled 

Si@SiO2@rGO configurations. These architectures mitigate volume expansion, promote 

ion/electron transport, and maintain interfacial integrity under cycling stress. Fabrication methods 

such as ball milling, spray drying, and solution deposition are emphasized for their eco-

friendliness and compatibility with industrial-scale processes. Electrochemical evaluations reveal 

synergistic benefits: high-capacity operation (>1800 mAh g⁻¹), excellent rate performance up to 

3C, and stable cycling over hundreds of cycles.  

 

By integrating molecular-level chemistry with macrostructural design and process accessibility, 

these molecular-to-macro strategies offer a unified framework for developing practical, high-

performance lithium battery technologies across multiple chemistries. 

 


