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RESEARCH VISION
[ How can we connect material structure and chemistry to electrochemical behavior —and turn that understanding into rational design rules? ]

Expanding the chemical space of organic redox materials through molecular design I ) )
Designing bipolar materials through molecular fusion

Organic rechargeable batteries Exploring bio-inspired redox chemistry for energy storage . N N _S.
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v Chemical tunability Energy Storage System « This work opens new opportunities for utilizing bio-derived molecules as redox- « This strategy enables the development of a broad range of bipolar organic materials
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Mechanistic understanding of organic electrode reactions Proposed p-type redox mechanism of DMPZ
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Need for quantitative understanding of SEI and electrolyte
Potential and challenge of m metal anodes Understanding SEI and electrolytes for achieving high CE “By how much do they improve CE?”

“What is ‘good’ SEI/Electrolyte?”

<Reported descriptors>

+ Too many “descriptors” to establish quantitative L electrode potential
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Li metal Enz_b|ES_ exceptionally high Enerwdeﬁsnv ballerlE_S 3 + Qualitative insights have driven substantial improvements in CE
*  Commercialization remains limited by insufficient Coulombic efficiency SEI > Yet, translating empirical insights into quantitative understanding
What causes the inefficiency? remai;ms challenging
* Li*SEI: Growth and of solid i (SEN)
(direct inefficiency, unavoidable)
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Independent phenomena
or a common underlying mechanism?

Energy

* Systematic evaluation of key descriptors across a consistent electrolyte set
+ Identifying common factors governing CE across different descriptors

« Dead Li®: Electronically isolated metallic lithium
(indirect inefficiency)

Future Re h Plan and Vision Research Interests and Achievements
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* Quantitatively connect materials properties with electrochemical Organic electrode materials Lithium metal batteries s

behaviors to uncover fundamental design principles. Blo-inspired redox motifdiscovery Quantitative framework

Electrometallurgy

* Establish an automated research platform to generate standardized “;“”) (20 & A e o i Generate standardized datasets f—
. f f f i o B &
datasets and enable mechanism-guided materials design. . e L _ Kl amcal
} - - s - i
 Extend this framework beyond batteries to CO, reduction and e Rsrel el L o A T Electro- | Materials Y energy storage €O, reduction

chemistry | engineering

Connecting thermodynamics, chemistry,
Fundamental charge-storage mechanism e e U R E AT

electrometallurgy for sustainable electrochemical technologies.
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