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Next-Generation Carbon-Neutral Chemical Processes: From Ultrafast

Mechanism to Catalytic Innovation

Multi-Pollutant Synergistic Valorization

To develop catalytic systems for synergistic conversion of CO, with methane, NO,,
chemicalreagents, orpolymers(wasteplastics), so as to produce high-value chemicals
and oxygenates, overcoming selectivity limitations in existing thermal/catalytic routes
through innovative reaction network design.

Transformation under Multi-Physical Energy Fields

To expand reaction pathways for carbon valorization using coupled energy inputs
(photo/electro/thermal/plasma and their hybrids e.g.,, photo-thermal, photo-electro),
exploring novel activation mechanisms and product distributions under unconventional
excitation modes.

Operando Mechanistic Tracking of Chemical Transformation

To resolve transient intermediates and reaction pathways during activation using
ultrafast X-ray/optical probes under operational conditions, and to construct machine
learning-enhanced multiscale models quantifying kinetic bottlenecks and catalyst
degradation mechanisms for carbon-neutral processes.

Functional Materials Engineering

To design atomically tailored capture-conversion materials (e.g., frustrated Lewis pairs,
redox-active MOFs, ionic composites) via defect/interface engineering, optimizing
adsorption kinetics for targeted molecules (e.g. CO,CH4NOsetc.) and catalytic
conversion efficiency through combinatorial synthesis and in-situ characterization.

Scalable Catalyst Systems Engineering

To establish dynamic structure-performance relationships across laboratory-to-pilot
scales using operando spectroscopy, deciphering active-site reconstruction during scale
transition and developing accelerated aging protocols for industrial reactor implementation.



