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Upconversion nanoparticles (UCNPs) have emerged as a transformative tool in bioimaging and
disease diagnostics due to their unique optical properties, including high-resolution imaging,
deep tissue penetration, and reduced background autofluorescence!'l. We explore the latest
developments in UCNPs, highlighting their applications in in vivo and in vitro imaging, single-
molecule detection, super-resolution microscopy, and next-generation medical diagnostics.

We developed bright UCNPs nanoprobes with tunable optical fingerprints, enabling precise
control over emission color, lifetime, and brightness!?!. Surface functionalization strategies
incorporating polymer coatings and bioconjugation techniques have enhanced the
biocompatibility and specificity of UCNPs for disease biomarker detection. By integrating
UCNPs with digital immunoassays, a simplified and ultra-sensitive diagnostic platform has
been established, offering significant potential for early disease detection.

With ongoing advancements in nanomaterial synthesis, bioconjugation strategies, and Al-
driven analysis, UCNPs continue to pave the way for next-generation bioanalytical tools. We
aim to bridge fundamental nanophotonics with practical biomedical applications, driving
innovation in imaging, diagnostics, and personalized medicine.

Figure 1. (a) TEM image of UCNPs. (b) Confocal microscopy image of single UCNP.
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