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Abstract:
Light-molecule interactions under quantum electrodynamics (QED) have long been less emphasized in physical chemistry as 

semi-classical theories have been the prevailing framework due to their conceptual simplicity and practical applicability. Recent 

experimental advances in polariton chemistry highlight the need for a theoretical framework of QED. In this talk, I will present 

macroscopic QED as a unified framework that integrates infinite photonic modes and dielectric environments into chemical 

systems, offering a comprehensive approach to exploring QED phenomena in chemistry. First, we have developed a generalized 

molecular fluorescence theory, extending the Chance-Prock-Silbey model, capable of providing parameter-free predictions for 

fluorescence across weak to strong light–matter coupling regimes. Second, our generalized theory of resonance energy transfer 

incorporates both retardation effects and complex dielectric influences, enabling accurate descriptions of energy transfer 

involving plasmon polaritons and cavity photons. Third, we have established a unified electron transfer theory that bridges 

radiative and non-radiative processes, extending the Marcus theory and addressing its limitations, including the inverted region

anomaly. Furthermore, we present novel mechanisms for non-adiabatic QED effects such as non-adiabatic emission and 

superradiance beyond the Dicke model, providing insights into QED-driven processes. These advancements link quantum optics 

and physical chemistry, offering powerful tools for experimental and theoretical exploration.


