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Silica glasses, siliceous powders, films and glass ceramics on the basis of CeO2:Ln and Yb2O3:Ln 

nanoparticles have been synthesized with the help of the sol-gel process. These materials 

structural and optical properties were investigated with the use of X-ray diffraction, scanning 

electron microscopy and spectral-luminescent methods.  

It is shown that main features of Ln3+ ions (Ln ≠ Ce) in the CeO2 nanoparticles are a high relative 

intensity of magnetic dipole transitions, a weak vibronic interaction with the matrix and 

sufficiently effective sensitization of their luminescence with labile photoreduced Ce3+ ions by 

means of superexchange mechanism or/and by transfer of electron. At reduction of Ce4+ ions with 

hydrogen in the nanoparticles to Ce3+ ones without a destruction of the Ce–O–Ln bond 

configuration, the Ln3+ ions spectral-luminescent characteristics may dramatic change however an 

efficiency of their luminescence sensitization by the stable Ce3+ ions may approach to 100%. An 

influence of some extrinsic local charge compensators on structural and spectral-luminescent 

properties of the materials is considered.  

A main feature of materials on the basis of the Yb2O3 nanoparticles is an effective cooperative 

luminescence of Yb3+ pairs in addition to the basic 2
F5/2 → 2F7/2 band. At substitution of Yb3+ ions 

in the nanoparticles with Eu3+ and Er3+ ones and excitation in the 2
F7/2 → 2F5/2 band, an intense 

anti-Stokes luminescence of the substituents from the corresponding levels is appeared due to the 

transfer of excitation from Yb3+ ions and their pairs. On the contrary, the anti-Stokes luminescence 

of Ho3+ in the Yb2O3:Ho nanoparticles is very low-intensive. The main reason of this effect is the 

back excitations transfer according to the Ho3+(5
F4 → 5I6)–Yb3+(2

F7/2 → 2F5/2) scheme. It is 

necessary to draw attention to the high “spectroscopic potential” of the Yb2O3:Ln nanoparticles. In 

particular, at doping of their containing media with some additives they can show an intense anti-

Stokes luminescence which may be ascribed to some new molecules rather than individual rare-

earth ions, see Fig. 1. Some applications of the described materials as laser media and anti-Stokes 

luminophors are discussed. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Anti-Stokes luminescence of silica glass including Yb2O3:Eu nanoparticles (1) without and 
(2) with additive.  


