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A new model of the structure of hydroxyapatite (HAP) with defects of the oxygen vacancy type and hydroxyl group vacancy 
type has been developed. The model made it possible to explain the change in the optical properties of the HAP and provide 

for the mechanism of its photocatalytic activity. The obtained new results and knowledge allow us to already purposefully 
change the optical properties of HAP (introduction of the necessary type of the defects) and control the photocatalytic activity 
of HAP, which is extremely important for many practical applications (in the cleaning the environment, including the water 
from harmful impurities and components, in the chemical photocatalytic synthesis, in the antimicrobial treatment, etc.). The 
model is developed on the basis of several new approaches to the density functional theory (DFT) with combined application 
of the various hybrid and exchange-correlation functionals, and also taking into account the Coulomb shielding of the defect 
charge, which allows made more exact and accurate calculation of structural, optical and other properties of HAP materials. 
These approaches continue to develop on some new more complex models of the super-cells of HAP, which will allow us to 
obtain a number of even more highly accurate results of calculations of the HAP properties for both pure and with different 
defects. The computed properties of HAP material with super-cell model (2x2x2 - 8 unit cell) are considered using semi-
local (PBE potential) and hybrid exchange-correlation functionals with different fraction of exact exchange contribution. 
The excitation properties are compared with the results of GW-approximation method for calculation of quasi-particle band 
structure. It was shown that optical properties of bulk HAP are best described using B3LYP exchange-correlation functional 
and for pure HAP have band gap Eg ~ 7.3 eV, while with O vacancy it is lowered.
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