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Computational materials science is a rapidly growing 
research field. This is because with the continuous increase in 
the availability of computational power, using ab initio 
methods of computational quantum chemistry it is now 
possible to simulate even chemically complex earth materials. 
In our research we are interested in characterization of 
structural and thermodynamic properties of materials, such as 
monazite and pyrochlore, that could be used as a final nuclear 
waste disposal form. With atomistic modeling we contribute to 
the predominantly experimental research effort by providing 
an atomic scale insight into the different materials properties. 
However, Density Functional Theory (DFT), which is 
currently the main method of choice for simulation of 
chemically complex materials often dramatically fails for 
systems containing strongly correlated f-electrons, in particular 
for rare-earth and actinide elements. Computationally intensive 
and usually unfeasible methods (e.g. hybrid functionals, MP2, 
CCSD(T)) are proposed in the literature to compute such 
materials. Even though these approaches give better results 
than DFT, their application significantly limits the size and 
complexity of materials which one could model. We will show 
the performance of simple and feasible modification of DFT, 
DFT+U method, with the Hubbard U parameter value derived 
ab initio, for prediction of the structural and thermodynamic 
parameters of lanthanide and actinide bearing solids 
(monazite-type orthophosphates ((Ln,An)PO4) and pyrochlores 
(A2B2O7)). Excellent results have been obtained for the 
structural and thermodynamic parameters such as formation 
enthalpies, excess enthalpies of mixing and heat capacities of 
these materials [1]. We will demonstrate that with a carefully 
chosen computational approach the reliable computer-aided 
investigations of computationally challenging materials, such 
as f-materials, could be easilly performed on modern 
supercomputing resources.  
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