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Larger number means deeper depth from the top surface
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Thermodynamics
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Formation stability of oxygen defects
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Defect layer from the surface tends to be flat. The formation energy of

O, changes slightly with the surface depth.
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Electronic properties
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v O, defect states appear in the band gap of both UO, and PuO,.
v" Compared to plutonium, uranium in UQ, is more prone to bond with additional oxygen atoms



Strain effect
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Strain effect
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Stretching and compressive strain promote the U(Pu)-O bond distortions for O, in UO, (111)
and PuO, (111)

The variation of the bond distortion induced by lattice strain of Ov in UO, (111) changes gently
compared with the surface layers



Thermodynamic phase diagram
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The formation energy of O, decreases
with temperature, while the formation
energy of O; increase  with
temperature.

The formation energies of O, increase
with the pressure, while the formation
energies of O; decrease with
increasing pressure

Stretching  strain  reduces  the
formation energy of vacancy, while
compressive strain increases it, and
formation of Qi is less affected by
strain.

Oi is easier to form in in UO, in the
considering temperature and pressure
range



Thermodynamic phase diagram
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Low oxygen partial pressure encourages the formation of vacancy, while high oxygen partial pressure
facilitates the formation of interstitials

Stretching strain enlarges the vacancy region and contracts the stable structure phase region, while
compressive strain contracts the vacancy phase region and enlarges the stable structure region.
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Conclusions

Structural stability

The formation of O, is much easier than O, in UO,,
while the formations of O, and O, have similar

chances in PuO,. O, prefer to form on the sub-
surface layer for both UO, and PuO,. Comparatively, el
the formation of O, is insensitive to the

incorporation depth.

Conclusion

Stretching strain reduces the formation energy of
vacancy, while compressive strain increases it. Cordlusion
Lattice strain has little effect on interstitial oxygen.
This strain effect is mainly contributed by the
local structural distortion, rather than the

electronic hybridization.

Electronic characters

An O, introduces a defect state in the band gap of
UO, and PuO,. For Oi, its electronic states hybridize
with neighboring uranium atoms and results in
negligible changes in the band structure of UO,.
Comparatively an O; introduces a deep-level defect
state in the band gap of PuO,.

Thermodynamic phase diagram

The strain-modulated formation energy phase
diagrams of the oxygen defects have been
established over a wide range of temperature and
pressure, providing the potential strategy for
controlling the type and concentration of intrinsic
oxygen defects in UO, and PuO,



Thank you for your listening!
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