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Abstract 

Calculations on neutral and charged oxygen interstitials in corundum using different supercell sizes have been performed. Formation 
energies, charge distribution and defect-defect interactions have been estimated. Neutral and single charged Oi form “dumbbell” pairs with 
oxygen atoms in regular positions. Diffusion energy and migration paths have been calculated for both types of defects. 
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1 Introduction 

Corundum (α-Al2O3) is important radiation-resistant 
material with potential applications for components of 
diagnostics, breeder blanket and in future fusion reactors as 
coating to avoid the light gases permeation, as well as 
corrosion produced by lithium-based alloys [1]. Radiation-
induced changes in structural and optical properties of 
radiation-exposed α-Al2O3 crystalline materials are mainly 
associated with oxygen vacancies VO and complementary 
Frenkel pairs of defects (Oi+VO) [2]. 

Despite the technological importance of corundum 
crystalline structures, point defects have not been well 
theoretically studied so far. This can be explained by the 
following: (a) the complicated atomic structure of α-Al2O3 

as well as (b) the semi-covalent and semi-ionic chemical 
bonding as was experimentally observed using X-scattering 
method [3].  

2 General 

In this study, we have performed large-scale ab initio DFT-
LCAO calculations, on the electronic structure of α-Al2O3 

with oxygen interstitials, applying B3PW exchange-
correlation functional as well as Al – DURAND-21G* and 
O – 8-411d11G basis sets for aluminium and oxygen, 
respectively, as implemented in CRYSTAL14 code [4]. Both 
2×2×1 and 3×3×1 corundum supercells containing 120 and 
270 atoms, respectively, have been used for our calculations. 
For charged Oi, one or two electrons have been added to p-
orbital. Formation energies and charge distribution for both 
defect-containing supercells have been compared to 

evaluate defect-defect interaction in periodic model.  
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FIGURE 1 Configurations of neutral (left) and -1 e charged dumbbell Oi-

Oreg pairs occupying regular oxygen position in corundum lattice 

3 Conclusions 

It has been shown (Fig. 1) that the single-charged interstitial 
O- ion forms a dumbbell with a regular oxygen ion shifted 
from one of the nearest lattice sites (which distance is 1.87 
Å and bond population 1.73 e) preserving С2 site symmetry. 
In turn, the double-charged oxygen interstitial ion tends to 
occupy a regular lattice site, but not preserving site 
symmetry. In all the cases, oxygen interstitials form the 
bonds with regular Al ions in corundum lattice rather than 
occupy centers of octahedron consisting of six nearest Oreg 
ions as one could intuitively expect. The calculated 
migration energies of neutral and single charged oxygen 
interstitials are compared with available experimental data. 

References 

[1] Mota F, Ortiz C J, Vila R, Casal N, Garcia A 2013 J. Nucl. Mater. 442 5699 

[2] Jacobs P W M, Kotomin E A 1994 J. Amer .Ceram. Soc. 77 2505-8 

[3] Lewis J, Schwarzenbach D, Flack H D 1982 Acta Crystallogr. A 38 

733-9 

[4] Dovesi R, Orlando R, Erba A, Zicovich-Wilson C M, Civalleri B, 

Casassa S, Maschio L, Ferrabone M, De La Pierre M, D’Arco P, Noel 

Y, Causa M, Rerat M, Kirtman B 2014 Int. J. Quantum Chem. 114 

1287 


