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Summary y 

Becausee of their special photophysical properties, lanthanide ions have attracted interest 
inn science and found applications in technology, especially where the generation or ampli-
ficationfication of light is involved. Lanthanide luminescence is characterised by spectrally narrow 
emissionn lines and long natural lifetimes, irrespective of the surrounding matrix. 

Thiss thesis concerns the design, synthesis and photophysics of luminescent lanthanide 
complexess and studies towards application of these complexes as markers in medical diag-
nosticss and in photonic devices. The complexes consist of lanthanide ions encapsulated as 
luminescentt centers in organic ligands. These ligands can be tailored to make the complex 
suitablee for a certain application, e.g. to influence solubility, or optical and/or electrochem-
icall  characteristics. Often luminescent lanthanide complexes contain so-called antenna 
chromophoreschromophores that are capable of absorbing light and transferring the absorbed energy to 
thee ion, a process referred to as photosensitisation. This indirect way of 'pumping' the 
luminescencee of lanthanide ions is much more efficient than direct photoexcitation, which 
iss a quantum mechanically forbidden process. 

Beforee this thesis, most of the work on luminescent lanthanide complexes had been 
devotedd to europium(III) and terbium(III) complexes, which both display visible lumines-
cence,, in the red and green parts of the spectrum, respectively. Energetic considerations 
indicatee that antenna chromophores for these particular ions can only be effective if their 
excitationn energies are at least in the near-ultraviolet, which is a disadvantage in several 
applications. . 

Near-infraredd (NIR) luminescent ions would enable the use of visible light absorbing 
antennaa chromophores. We have found that it is indeed possible to incorporate organic 
dyess such as fluorescein and eosin as the light-absorbing components in NIR luminescent 
neodymium(III),, erbium(III) and ytterbium(III) complexes (Chapter 4). As one result, we 
weree the first to photosensitise and observe the NIR luminescence of the photonically 
importantt erbium(III) ion in organic matrices. 

However,, a detailed photophysical investigation using several steady-state and time-
resolvedd spectroscopic techniques demonstrated that the sensitisation process is not very 
efficientt in this 'first generation' of NIR luminescent lanthanide complexes. In the 'second 
generation'' complexes, which use fluorexon as the ligand (Chapter 5), the sensitisation 
efficiencyy was boosted to values approaching 100% by a shortening of the distance 
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betweenn the 'antenna' part of the complex and the luminescent ion. With this architectural 
rulee in mind, a new ligand was synthesised, which enables near-infrared luminescent labe-
lingg of biological molecules. It was successfully applied in a model clinical diagnostic test 
(Chapterr 6). 

Nextt to these contributions, it was discovered that push-pull chromophores such as 
Michler'ss ketone and Nile Red form complexes with lanthanide f3-diketonates (chelates 
thatt are soluble in organic solvents and are well-known from their use as NMR shift rea-
gents).. The complexation causes a bathochromic shift of the long wavelength absorption 
bandd of the chromophore. In combination with the generally small singlet-triplet gap of 
thesee chromophores, this leads to luminescent lanthanide complexes that can be excited at 
unprecedentedd long wavelengths. Especially the combination of Michler's ketone with 
EuFODD represents a unique case, which produces sensitised Eu3+ luminescence upon exci-
tationn with blue (400-460 nm) light with a quantum yield of 20%. Chapter 7 gives the 
detailss on this type of complexes 

Anotherr point that is addressed in this thesis is the natural (or radiative) lifetime of the 
luminescentt state of lanthanide ions in organic matrices (Chapter 3). This important param-
eterr has received littl e attention in the literature, but it is known to depend heavily on the 
coordinationn environment of the ion. Two approaches to determining the radiative lifetime 
weree investigated: Judd-Ofelt theory and direct determination from the absorption spec-
trumm using Einstein's relation for absorption and spontaneous emission. Moreover, we 
derivedd and verified a simple expression that enables the calculation of the radiative life-
timee of Eu3+ directly from the corrected emission spectrum of that ion. 


