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Fig. 1 Gold clusters with different atomic precisions, ligands, and alloying
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Fig.2 Photoluminescent properties and fluorescence regulation of gold clusters
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Fig.3 NIR-II vascular imaging with gold clusters
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The Near—infrared II Emission of Gold Clusters and Their Applications in
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Abstract Optical imaging is highly valued for its superior temporal and spatial resolution. This is particularly
important in near-infrared II (NIR-II, 1 000-3 000 nm) imaging, which offers advantages such as reduced tissue
absorption, minimal scattering, and low autofluorescence. These characteristics make NIR-II imaging especially
suitable for deep tissue visualization, where high contrast and minimal background interference are critical for
accurate diagnosis and monitoring. Currently, inorganic fluorescent probes—such as carbon nanotubes, rare earth
nanoparticles, and quantum dots—offer high brightness and stability. However, they are hindered by ambiguous
structures, larger sizes, and potential accumulation toxicity in vivo. In contrast, organic fluorescent probes,

including small molecules and polymers, demonstrate higher biocompatibility but are limited by shorter emission

# This work was supported by grants from the National Key Research and Development Program of China (2021YFF1200700), The National Natural
Science Foundation of China (91859101, 81971744, U1932107, 82302361, 82302381), Outstanding Youth Funds of Tianjin (2021FJ-0009), Natural
Science Foundation of Tianjin (23JCYBJC00710), Tianjin Science and Technology Programme (23YDTPJC00160, 21JCZDJC00620,
21JCYBJC00490), China Postdoctoral Science Foundation (2023M732601), and China National Postdoctoral Program for Innovative Talents
(BX20240252).

#:# These authors contributed equally to this work.

w4 Corresponding author.

LIU Chang-Long. Tel: 86-22-27406577, E-mail: liuchanglong@tju.edu.cn

ZHANG Xiao-Dong. Tel: 86-22-83612122, E-mail: xiaodongzhang@tju.edu.cn

Received: March 23, 2025 Accepted: May 19, 2025



2086+ EMUZESEYYIERRE  Prog. Biochem. Biophys. 2025; 52 (8)

wavelengths, lower quantum yields, and reduced stability. Recently, gold clusters have emerged as a promising
class of nanomaterials with potential applications in biocatalysis, fluorescence sensing, biological imaging, and
more. Water-soluble gold clusters are particularly attractive as fluorescent probes due to their remarkable optical
properties, including strong photoluminescence, large Stokes shifts, and excellent photostability. Furthermore,
their outstanding biocompatibility—attributed to good aqueous stability, ultra-small hydrodynamic size, and high
renal clearance efficiency—makes them especially suitable for biomedical applications. Gold clusters hold
significant potential for NIR-II fluorescence imaging. Atomic-precision gold clusters, typically composed of tens
to hundreds of gold atoms and measuring only a few nanometers in diameter, possess well-defined three-
dimensional structures and clear spatial coordination. This atomic-level precision enables fine-tuned structural
regulation, further enhancing their fluorescence properties. Variations in cluster size, surface ligands, and alloying
elements can result in distinct physicochemical characteristics. The incorporation of different atoms can modulate
the atomic and electronic structures of gold clusters, while diverse ligands can influence surface polarity and
steric hindrance. As such, strategies like alloying and ligand engineering are effective in enhancing both
fluorescence and catalytic performance, thereby meeting a broader range of clinical needs. In recent years, gold
clusters have attracted growing attention in the biomedical field. Their application in NIR-II imaging has led to
significant progress in vascular, organ, and tumor imaging. The resulting high-resolution, high signal-to-noise
imaging provides powerful tools for clinical diagnostics. Moreover, biologically active gold clusters can aid in
drug delivery and disease diagnosis and treatment, offering new opportunities for clinical therapeutics. Despite
the notable achievements in fundamental research and clinical translation, further studies are required to address
challenges related to the standardized synthesis and complex metabolic behavior of gold clusters. Resolving these

issues will help accelerate their clinical adoption and broaden their biomedical applications.
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