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Abstract 

Nanomaterial engineering plays a vital role in the regulation of many material properties. Upconversion 

materials that convert low energy excitation wavelength to high energy emission have attracted considerable 

attention due to the advantages of high penetration depth and high resistance to autofluorescence interference 

capability. However, upconversion remains a daunting challenge due to low quantum efficiency. We present 

rational designs and synthesis of upconversion nanoparticles with careful control of these nanoparticles' surface 

and interface, resulting in remarkable optical properties. We realize the intense six-photon-upconverted UV 

emissions at 253 nm under 808 nm excitation. We also observe largely enhanced and extended lanthanide 

emissions in the visible and near-infrared ranges. We believe that our demonstration will provide a major step 

towards the precise control of lanthanide luminescence and will offer tantalizing opportunities for various 

applications. Moreover, by taking advantage of lanthanide nanoparticles, we demonstrated that nanoparticles 

can traverse the blood–brain barrier, endocytose into the lysosomes of glioblastoma cells, and undergo 

endolysosomal escape upon photochemical ionization. An optimal dose of metronomic chemotherapy using 

dual-drug-loaded nanocarriers can induce an augmented antitumor effect directly on tumors. 

 Furthermore, the toxicity and the localization of these upconversion nanoparticles was studied. Our study 

showed low toxicity of lanthanide nanoparticles. However, we found that a high percentage of nanoparticles 

accumulate and sequester in the liver after intravenous administration into the body. In comparison, 

nanoparticles can cross the small intestine through oral administration uptake by Peyer’s patches and 

accumulate in bone. This results in reduced delivery to the targeted diseased tissue and potentially leads to 

increased toxicity at the hepatic and osseous cellular levels. Interestingly, we demonstrate the molecular 

upconversion luminescent probe, which shows excellent photostability, high quantum yield and rapid excretion 

capability. The NIR-to-NIR upconversion technique also offers a promising detection method, which shows 
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 very high sensitivity and selectivity for detecting Cu2+ ions in vitro and in vivo. To sum up, current research 

shows that lanthanide nanoparticles have potential in the biomedical field. But, the development of advanced 

nanomaterials with ultrasmall size/superior optical properties and a better understanding of how nanomaterials 

affect biological systems are needed. 
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