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Based on their outstanding optical and magnetic properties, lanthanide-based 
compounds have been suggested for a wide range of applications including the fields 
of biomedicine, optoelectronics, and solar energy conversion. For instance, the 
capability of lanthanide-based materials to emit visible and near-infrared (NIR) light 
under NIR excitation is highly sought after when aiming for biomedical applications. 
This is as NIR light penetrates deeper into biological tissue and is less phototoxic than 
UV light commonly used for optical bioprobes. The addition of magnetic ions such as 
Gd3+ endows these materials with properties suitable to act as contrast agents in 
magnetic resonance imaging (MRI). Our favorite nanomaterials are lanthanide-based 
fluorides (MLnF4, M = alkali metal, Ln = lanthanides and Yttrium), and our research 
addresses challenges in their synthesis as well as the establishment of structure-
property relationships.  
The growing attention toward such optically active materials has prompted the 
development of novel synthesis methods for a more reliable and efficient access to 
these systems. In this regard, microwave-assisted approaches provide unique 
advantages over traditional solvothermal methods reliant on convectional heating: 
namely, significantly shorter reaction durations, more rigid reaction conditions, and 
thus a higher degree of reproducibility. Upon control of multiple physico-chemical 
reaction parameters – including the choice of precursors, the reaction 
temperature/time profile, and the metal ion to Ln3+ ion ratio – MLnF4 materials of 
tailored crystalline phase and size at the sub-10 nm realm can be obtained. Such 
control is crucial for the understanding of fundamental structure-property relationships 
and when aiming for the design of design of next-generation bioprobes and energy 
converters.  
For instance, the selective synthesis of NaGdF4 in either of its crystalline phases (cubic 
and hexagonal) allowed the influence of host crystallinity on the performance as MRI 
contrast agent to be investigated. It was found that cubic-phase NaGdF4 nanoparticles 
exhibit larger r1 values than their hexagonal analogues, making them potentially better 
performing MRI contrast agents. These findings are of particular interest with respect 
to the development of brighter MRI contrast agents for future in vivo biomedical 
applications.  
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