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1. Introduction – Scintillation, as a process that transfers the radiation of high-energy photons or 

particles into a UV or visible signal, has found a wide spectrum of applications so far: X-ray imaging, 

positron emission tomography, radiation detection in the security sector, detectors in high-energy physics, 

astrophysics and electron microscopy. The required parameters depend on specific application; 

nevertheless, light yield, the speed of the scintillation response, energy resolution and suitable 

scintillation decay time are very important physical characteristics. Moreover, the scintillator material 

should be stable under high-energy radiation; and also, it should have a high cross-section for the detected 

photons/particles. Inorganic scintillators are mostly based on halides, oxides or sulfides.  

In the search for new materials, one of the crucial parameters is the high stopping power, which is 

determined by the effective atomic number and material density. It means that heavy atoms (mainly the 

elements of the 6th period) should be used in a high molar ratio in the matrix. In this presentation, 

activated perovskite- or garnet-type oxides will be presented. These materials are typically isolators with 

a wide band gap in which the energy levels of activating ions are usually placed. Therefore, the other task 

in new materials research is to tune the material band gap so that it is wide enough to absorb ionizing 

radiation and, consequently, not to shift  the excited states of the activator into the conduction band. 

Our recent results for the following materials will be outlined: (Gd,La)AlO3 with high Ce3+ dopping; 

Ce3+-doped gadolinium garnet with simultaneous mutual admixture of Al, Sc and Ga in the B-cation 

position; lead scintillation in (Pb,A)HfO3 (A = Sr, Ca, Bi); sol-gel prepared Ce:YAG thin films. 

 

2. Experimental - Gadolinium perovskites and garnets were prepared by a reverse co-precipitation 

method – a solution of metals nitrates/acetates was added drop-wise to a NH4HCO3 solution as a 

precipitating agent. Precipitated powders were calcined and annealed under conditions that depend on the 

composition of the ceramics produced. Lead hafnates were synthetized by the peroxo-oxidative co-

precipitation of a solution of nitrates and chlorides. The calcination and annealing of final ceramic rods 

was designed to prevent PbO vaporization that would cause instability of the hafnate. Thin films of 

cerium-doped garnets were deposited from solutions of metals stabilized by polyvinylpyrrolidone 

polymer. The multi-step coating/heating deposition on sapphire substrates was applied using spin-coating. 

All samples were firstly characterized by XRD to check phase purity; SEM was used to characterize the 

microstructure of ceramics or films. Radio- (RL) and photoluminescence (PL) spectra were measured to 

characterize the luminescence of the activating ions, including the kinetics of both phenomena. 

 

3. Results and Discussion - While gadolinium perovskite-like phases were stable under mutual Ce-Gd-

La substitution, gadolinium garnets reached the limit of phase stability when gallium was substituted by 

scandium and aluminium. In the case of (Pb,A)HfO3, the substitution by calcium did not produce 

perovskite-solid solution at all. Using RL and PL measurement, change in the overall intensity, spectral 

shifts or structural features of emission bands were examined with substitutions in all materials series. In 

the case of Ce:(Gd,La)AlO3, the influence of Gd-La substitution on the band gap shift and RL intensity 

(indicating energy transfer from Ce3+ ions to Gd3+) was observed. For the (Pb,A)HfO3 series, Pb2+ 

concentration quenching is discussed. On the other hand, in the case of Ce:YAG thin films, the high 

homogeneity enabled to stabilize a high Ce3+ content with delayed quenching. In gadolinium garnets, the 

ratio of Al:Sc:Ga definitely affected the luminescence properties of Ce3+ ions. 

 

4. Conclusions - The presentation summarizes approaches that can be employed in tuning of scintillating 

properties in oxide ceramics. It will be shown that wet chemical methods used for the precursor  synthesis 

enable production of highly homogeneous ceramics that can be useful in survey of substitutions in oxides. 
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