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Nano-scale energy transfer between optically active impurity ions: Experimental and theoretical 
methods of studying the local environment

Energy transfer between optically active impurities, such as rare-earth ions, in dielectric or semiconducting materials takes 
place at distances of less than a nanometer. The sizes of materials in which these processes are investigated are typically 

orders of magnitudes larger. Bottom-up growth or down-milling of nano-particles has two or even three disadavantages, i) the 
considerable size variation of the nano-particles, ii) the creation of surface states with considerably different optical properties, 
and iii) the structural modification of nano-particles by the down-milling process. A more convenient option is the deposition of 
a thin film, with only one or several few-nanometer-thick sheets within the thin film containing the impurities.

Even then the optical investigation includes a large amount of impurities. Therefore, one has to combine scaling down the material 
to nano-size with a theoretical model that can cope with the individual optical environments of many impurities. We propose 
a stochastic model of energy-transfer processes. The model distinguishes between different classes of impurities, namely single 
impurities which have no optically active neighbors in the first coordination sphere, pairs in which each impurity has one active 
neighbor, and larger formations of active neighbors. The model allows for the combination with any type of equations describing 
the interaction between neighboring ions, such as simple or more sophisticated sets of rate equations, where each set describes 
one class of impurities. We have applied such models to rare-earth-activated Al2O3 thin films, with excellent results concerning 
the description of the spectroscopic dynamics of the rare-earth ions.
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