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Design and applications of lignin-based optical materials

GUAN Yanhua''?, LIU Haibo''?, WANG Ruonan''?, DAI Lin'*?

(1. State Key Laboratory of Bio-based Fiber Materials, Tianjin University of Science and Technology, Tianjin 300457, China;
2. College of Light Industry and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract As a natural aromatic polymer, lignin holds great promise for advanced optical applications ow-
ing to its distinctive chemical and photophysical properties. This review systematically outlines lignin’s
light-modulating behavior enabled by its hierarchical structures, broad-band absorption from aromatic
chromophores, and mechanisms of photonic energy conversion. The application potentials in photonic
crystals, photothermal materials, and luminescent systems are thoroughly discussed. Furthermore, strat-
egies such as aggregation-induced emission, chemical modification, and controlled self-assembly are high-
lighted for enhancing lignin’s optical performance and expanding its functional scope, thereby providing
important insights for the high-value utilization of this renewable biopolymer.
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Fig. 1 Schematic diagram of the primary pathways for energy conversion and dissipation in lignin following light absorption
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