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Research advances of FRET -based artificial light-harvesting systems

JIANG Weiwei, ZHANG Dengqing, YI Tao’
College of Chemistry and Chemical Engineering, Donghua University, Shanghai 201620, China

Abstract: In recent years, artificial light-harvesting systems based on Férster resonance energy transfer
(FRET) mechanism have become cutting-edge interdisciplinary research in chemistry, biology and material sci-
ence, etc. owing to their efficient light energy capture and directional energy transfer characteristics. FRET -
based artificial light-harvesting systems have the following advantages: (1) Highly directional energy transfer.
Precise spectral matching and spatial arrangement (1~10 nm) of donor-acceptor (D-A) pairs enable cascaded
energy transfer networks with quantum efficiencies exceeding 80% , significantly surpassing conventional sys-
tems; (2) Superior multi-step energy transfer. Multi-level energy migration pathways enhance overall energy
utilization efficiency; (3) Dynamic reversibility and tunability. External stimuli Ce. g., light, chemical sub-
stances) allow real-time modulation of energy transfer dynamics. FRET-based artificial light-harvesting sys-
tems have recently achieved leapfrog development and made a series of breakthroughs in both fundamental theo-
ries and technological applications. This field is expected to break through the bottlenecks of energy efficiency
and functionality, and promote its innovative penetration into cross-field applications of energy, healthcare, and
information through multi-disciplinary collaborative innovation. This paper systematically reviews the research

progress of FRET -based artificial light-harvesting systems in four major application directions, 1. e. catalytic
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conversion, optical anti-counterfeiting, biological application and precise detection, and deeply discusses the

key challenges and future directions existing in this field at present.

Keywords: artificial light-harvesting systems; Forster resonance energy transfer; molecular self-assembly; su-

pramolecular chemistry
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Figure 1 Design and synthesis of ALHS using M1 as a building block and its application as a photocatalys
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Figure 2 Schematic representation of the host-guest strategy between Zn-1 and encapsulated ESY'’
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Figure 3 Construction process of PPTA-WP5-ESY-NiR in aqueous solution and its availability as a catalyst for CDC reaction''"
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Figure 4 The energy transfer processes of NPF-500 and NPF-500-H,TCPP and their applications as catalysts
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Figure 5 (1) Cascade ALHS based on protein nanosheets and (2) its application for the catalytic reaction of benzothiazole

with diphenylphosphine'"*!
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(1) Construction of a light-harvesting system with sequential energy transfer in aqueous solution and (2) its

Figure 7

application for anti-counterfeiting
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Figure 8

(1) Intelligent light-responsive bionic ALHS constructed based on G/H@NiR and (2) its application in anti-

counterfeiting field*"!
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Figure 9

BEEFEBYLE; (2)MCC-Co/FIEEHE
(1) Molecular structure of fluorescent MCC-Co and F1 and their FRET mechanism; (2) application of MCC-Co/
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B 17 (1) NPS-SC4AD-NiB 43K 4 F 9 B A 331372 ; (2) NPS-SC4AD-NiB K fi F PC-3 48 A AL 15"
Figure 17 (1) Self-assembly process of NPS-SC4AD-NiB nanoparticles; (2) NPS-SC4AD-NiB applied to PC-3 cell imaging™’
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Figure 18

@SC4AH/NiB for imaging lysosomes in cells
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