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ABSTRACT 

Significant progress has been made in recent years to produce a new generation of 

dye-lanthanide hybrid materials with physicochemical properties for various 

applications. The lanthanide complexes, where organic ligands are engineered to 

chelate individual lanthanide ions, are broadly used in analytical, biological, and 

clinical applications. However, the visible emission suffers from low penetration 

depth in biological tissues, the synthesis of hetero-dinuclear complexes remains 

challenging because lanthanide ions are chemically similar, and there is a lack of 

systems for comprehensive study of ligand-lanthanide energy transfer. To this end, 

the primary focus of my thesis is to develop near-infrared probes, hetero-dinuclear 

compounds and energy transfer platforms based on lanthanide complexes for 

energy transfer study and sensing applications (Chapter 2, 3, & 4). In Chapter 2, I 

design and synthesize an ytterbium complex-based sensor for the detection of 

Hg2+ ions. In Chapter 3, I report a pair of stoichiometric terbium-europium 

complexes as molecular thermometers and study their energy transfer properties. 

In Chapter 4, I investigate the spectral structure and intensity changes of a pair of 

dinuclear complexes. 

Learning from lanthanide complexes, considerable progress has recently 

been made to exploit the hybrid structure of lanthanide-doped inorganic 

nanoparticles “coated” with organic dyes. This has resulted in hybrid materials 

that have many benefits, for example, large absorption cross-section, easy 

modification, tuneable spectral bands, long lifetimes, and large (anti)-Stokes shift. 

To improve the performance of upconversion process, near-infrared dyes with 

high quantum yields are required for efficient sensitisation of lanthanide 

nanoparticles, and diverse energy transfer systems are required for brighter 

upconversion emissions. Therefore, the parallel program of my thesis is to 

develop brighter dye-lanthanide nanoparticle upconversion systems, including 

dye-sensitised upconversion nanoparticles (Chapter 5) and ytterbium-mediated 

upconversion system (Chapter 6). In Chapter 5, I exploit a dye sensitised 
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upconversion nanoparticle with highly enhanced upconversion emission by 

developing a NIR dye (TPEO-IR783) with a quantum yield of 22.46% which is 3 

times higher than that of reported UCNP sensitiser, IR806. In Chapter 6, I develop 

an ytterbium nanoparticle-mediated upconversion system and the design bypasses 

the specific requirement of traditional sensitisers in TTA system, providing a wide 

range of opportunities for deep light penetration applications. 

Overall, this thesis has eight chapters, including the introduction of 

dye-lanthanide hybrid materials (Chapter 1), three lanthanide complex-based 

projects (Chapter 2, 3, & 4), two dye-lanthanide nanoparticle-based projects 

(Chapter 5 & 6), experimental details (Chapter 7) and conclusions and 

perspectives (Chapter 8).  
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