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J.-C. Bünzli was educated as a physico-chemical inorganic chemist and 
started to work on lanthanide coordination chemistry in 1975 by investigating solvation properties in 
organic solvents, then moving to macrocyclic chemistry of the trivalent ions, with as a red thread the 
unravelling of the relationship between structure and luminescence properties. This was followed by a 
successful incursion into the world of supramolecular chemistry, which led to the design of rugged, 
self-assembled luminescent bioprobes. 

His present research interests deal with various aspects of luminescent lanthanide coordination and 
supramolecular compounds. He is developing luminescent bioconjugates for the detection of cancerous 
cells with time-resolved microscopy as well as materials for OLEDs, telecommunications, and solar 
energy conversion. 
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During the past decades, lanthanides and associated scandium and yttrium have reached 
a special status in high-technology in that they have become totally indispensable. In particular, the un-
matched optical properties of lanthanide ions are crucial to the development of optical glasses, lasers, 
phosphors for screens and economical lighting, optical fibers for telecommunications, security inks and 
counterfeiting tags, bio-analyses and bioimaging, for instance. 

After presenting luminescence properties and applications of the lanthanides, the lecture focuses on two 
aspects. The first one deals with the development of highly luminescent complexes and materials and 
explains the strategies adopted to enhance light emission and to avoid non-radiative de-activation. The 
second is concerned with biomedical applications of lanthanide luminescent probes and bioconjugates. 
The use of these luminescent stains extend from time-resolved immunoassays to cell and tissue imaging 
and photoactivatable dug delivery, for instance in the case of photodynamic therapy of cancer. 

The efforts of the author toward the elaboration of robust, visible-emitting lanthanide binuclear helicates 
are also described. These entities are thermodynamically stable, kinetically inert and non-cytotoxic for a 
number of cancerous and non-cancerous cells. They enter into live cells by endocytosis and stain the 
endoplasmic reticulum. They can also be conjugated to monoclonal antibodies and a protocol for 
selective detection of biomarkers expressed by human breast cancer cells is presented. 
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The 17 rare-earth (RE) elements encompassing scandium, yttrium and the 
lanthanoid series from lanthanum to lutetium have stunning history and properties, which 
captivated the attention of the most prominent scientists and engineers during the past two 
centuries. 

The main feature of RE elements is their role in high-technology applications while limited 
amounts only are often required so that the world consumption remains modest, around 120’000 
metric tons of equivalent oxides per year. The main classes of applications are magnets, 
catalysts, alloys, polishing powders, optical glasses, phosphors and ceramics. The un-matched 
magnetic and optical properties of these elements make them indispensable in a wealth of high-
tech materials such as lasers, optical fibers, military guidance systems, night-vision binoculars, 
fluorescent lamps, computer and TV screens, light-emitting diodes, security inks, electronics, 
metal-hydride rechargeable batteries, miniaturized magnets, windmills, electric bikes and cars, 
bio-analyses and bioimaging. In addition, their chemical and physical properties are taken 
advantage of in cracking catalysts and polishing powders. 

In this lecture, RE history and properties will be overviewed, followed by a description of their 
present main industrial and scientific applications, with emphasis on luminescence and on 
potential uses in solar energy conversion and photocatalysis for water splitting. 
 

 


