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Abstract 

First principles periodic calculations on single neutral defects have been performed for 2×2×1 and 3×3×1 α-Al2O3 supercells, to estimate 
defect-defect interactions, their formation energies and Mulliken charges. Interstitial Oi atom forms “dumbbell” with the adjacent regular 
atom in the oxygen sublattice. Obtained results will be used to simulate Oi migration paths in corundum crystal. 
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1 Introduction 

Corundum (α-Al2O3) is an important radiation-resistant ma-
terial with potential applications for components of diagnos-
tics, breeder blanket and in future fusion reactors as coating 
to avoid permeation of the light gases, as well as corrosion 
produced by lithium-based alloys [1]. Radiation-induced 
changes in structural and optical properties of radiation-ex-
posed α-Al2O3 crystalline materials are mainly associated 
with oxygen vacancies VO and interstitial Oi atoms removed 
from positions of Oreg atoms in their lattice sites, comple-
mentary Frenkel pairs (Oi+VO) and H center (Oi+Oreg) [2]. 
Despite enhanced technological importance of corundum, 
these defects have not yet well theoretically studied. The 
main reasons for this study are relatively complicated ato-
mic structure of α-Al2O3 lattice as well as the mixed semi-
covalent and semi-ionic chemical bonding as experimen-
tally observed earlier using X-ray scattering [3].  

2 General 

In this study, we have performed large-scale ab initio DFT-
LCAO calculations on the electronic structure of perfect 
corundum and that containing neutral point defects using 
CRYSTAL14 code [4]. Both B3PW exchange-correlation 
functional and all-valence basis sets DURAND-21G* and 8-
411d11G for Al and O atoms, respectively, have been applied. 
Periodic conventional 2×2×1 supercell (containing 120 atoms) 
as well as 3×3×1 supercell (270 atoms), have been used for 
calculations on point defects in α-Al2O3 crystal. Formation 
energies and charge distributions in both types of defective 
supercells have been compared in order to evaluate defect- 

defect interaction in periodic model of corundum.  
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FIGURE 1 Aside view on initial position of interstitial Oi in the center of 

oxygen octahedron in lattice (left) and its top view after geometry 

optimization (right). Energy gain obtained as a result of structural 

relaxation is 3.8 eV 

3 Conclusions 

The interstitial Oi atom, both single and as a component of 
Oi+VO pair, tends to form a dumbbell (Fig. 1) with the 
adjacent regular atom in the oxygen sublattice (dOi-O

 = 1.404 
Å accompanied by the induced charge -1.1 e per pair). 
Similar behavior of interstitial oxygen atom previously was 
found in MgO [5]. Formation energies for neutral single 
point defects in 2×2×1 supercell are equal to 4.21 eV for Oi 
and 7.60 eV for VO, while in 3×3×1 it is 4.22 eV and 7.61 
eV respectively. Based on results we will use 2×2×1 super-
cell for our further defect diffusion and energy barriers 
calculations. 
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