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ABSTRACT 
 
The photoluminescence of trivalent lanthanide complexes was modeled by five and eight 
energy states and analyzed by normal distribution plots and principal component analysis 
chemometric techniques that quantified the effects of the transition rates and their 
interactions on the quantum yield (�). Numerical solutions of the rate equations with 
transition rates of known �-diketonate Eu3+ complexes (� � 40%) were used to calculate 
the quantum yields. Complete two-level factorial design was employed in generating the 
experiments from models with five- and eight-level systems. From them, others models 
with eight levels were devised in order to include the ligand-to-metal charge transfer 
(LMCT) state. These analyses demonstrated and quantified most of the empirical rules 
regarding the relationships between the photoluminescence quantum yields and the 
transition rates. In addition, revealed that some interactions are relevant and can, in some 
cases, cancel out the main effect leading to different conclusions from the empirical rules. 
For most models, the decaying rate of the lanthanide ion emitting state is the main 
(negative) effect on the quantum yield, suggesting that its optimization should improve 
the quantum yield of most lanthanide compounds. Furthermore, the analyses showed that 
the quantum yield could be improved by increasing, for instance, the singlet-to-triplet 
transition rate (intersystem crossing) in many complexes. The behavior of complexes 
containing LMCT state is quite different, because several transition rates and their 
interactions have significant effects on the quantum yield with similar absolute 
magnitudes. In addition, comparisons of specific examples showed that complexes with 
similar quantum yields could have very distinct luminescence emission intensities, 
whereas systems with very different quantum yields can have similar emission intensities. 
Thus, this chemometric study can lead to new and different conclusions if the response of 
interest is the photoluminescence emission intensity, instead of the quantum yield, with 
relevant implications on the design of new and more efficient luminescent compounds 
based on lanthanide ions. 
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