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Abstracts

In order to clarify the defect structure of UO..y, two types of defect clusters, the 2:2:2 and
2:1:2 clusters, are explored by both tight-binding and ab initio pseudopotential approaches. The
supercell method with periodic boundary conditions, that is that the cell containing the defects is
produced over the space, are employed. here we neglected the defect-defect interaction between
two supercell. The calculational results of coordinates of atoms in those two structures were
figured out by the total energy minimization method and we obtained approximately same results
as those experimental defect structures of Willi. We simulated and examined with and without
relaxation around defects and compare those two results. The local and total densities of states
for uranium and two different types (dislocations and interstitials) of defect oxygen, O, O" are
calculated. The defect calculation shows that defect levels are pinned within the band gap and
the conductivity of uranium dioxides can be explained by the hopping of electron between
neighboring atoms.
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2. Ab initio Pseudopotential W'
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set Vion given atomic numbers and positions of ions

l

pick a cutoff for the plane-wave basis set

g

assume a trial initial charge density n(r)

i

calculate Vy[n(r)], Vxc[n(r)] construct Kohn-Sham Hamiltonian

l

calculate n¥j=-[H-1]Yj according to the conjugate-

gradient method

i

calculate new charge density

i

mix the charge density with that of the previous step

check self-consistency

calculate total energy and Hellman-Feynman forces on atoms

i

Update atomic positions

Fig. 1 Flow chart describing the computational procedure.
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I1.
(1). Tight-binding
2:2:2 2:1:2 tight-binding
2:1:2 cluster 2:2:2 cluster
orbitals | Ust Uz Usa | O'9p | O orbitals | Ust | Uz | Usa | O'2p | O"2p
ener ener
5 32| 02 | 10 | -32] -60 B 17| 15 | 25 | -17] -42
(eV) (eV)

Table.l Locations of peak in the local density of states for both clusters.



Arbitrary Unit

supercell bulk
Uranium

U, Uf
u U

2:1:2 structure
U4(1st nearest)

2:1:2 structure
U7(1st nearest)

2:1:2 structure
U10(1st nearest)

Ud U
Ud Uf
Uu U

2:1:2 structure
U13(1st nearest)
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supercell bulk

Uranium
U
u, ,:J;
2:2:2 structure
U4(1st nearest)
U
U d Qf d
= 2:2:2 structure
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>
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2:2:2 structure
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(b).

Total minimization

.3
2:1:2 structure X y z
0.86 0.86 05
Interstitial (O’ (1)) 0.93 0.93 05
2:1:2 structure X y z
0.89 111 014
Interstitial (O” (1)) 0.84 115 0.05
111 0.89 0.86
Interstitial (O” (2)) 0.84 115 0.95
2:2:2 structure X Y z
0.86 0.86 05
Interstitial (O’ (1)) 0.84 0.84 05
1.14 114 0.5
Interstitial (O’ (2)) 1.16 1.16 05
2:2:2 structure X y z
0.89 111 0.14
Interstitial (O” (1)) 0.85 1.15 0.07
111 0.89 0.86
Interstitial (O” (2)) 0.85 115 0.93
*) (NO.M2-0104-03-0003-01

-A01-03-002-1-2)
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