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First-principles study of adsorption and diffusion properties of
O, H and C atoms on a-U(001) surface
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Abstract: The adsorption and diffusion properties of O, H and C atoms on a-U(001) surface were studied by
first-principles density functional theory approach. For the on-surface adsorption, O and H atoms prefer to occupy the H2
site, while C atoms tend to occupy the H1 site. The diffusion barrier of O atom on U surface is low and the diffusion is
easy, which will lead to the formation of uranium-oxidation layer on the top of surface. The diffusion barrier of H atom is
larger and that of C atom is the largest one, thus it is difficult for C atom diffusion on the U surface. As for the diffusion
of atom from the surface site to the sub-surface, the barriers of H and C atoms are low, while that of O atom is very high,
which indicates that the O atom can not migrate into the next surface. And the barrier of C atom diffusion to the
sub-surface is reduced by about 0.5 eV with the assistance of O atom nearby. The U-O oxidation layer on the surface and
the U-C layer on the sub-surface can be formed easily, which help to prevent the metallic U from further oxidation. These
results agree good with available experiments.
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Ef = Eatom + EU - Eatom/U (2)
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Fig. 1 Typical adsorption sites of C(2x1) surface: (a) On-

surface adsorption site; (b) Near-surface interstice
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Table 1  Optimized adsorption energies and geometric

parameters of adsorbed O atom on uranium surface

IS E.g/eV d/A FS
HI1 8.06 221 HI
H2 8.15 2.16 H2
LB 8.10 2.14 HI
SB 8.15 2.16 H2
TOP 8.06 221 HI

IS stands for initial adsorption sites of adsorbate atoms, FS
stands for finally optimized adsorption sites; E,q4 is adsorption
energy, and d is distance between adsorbate and its nearest U

atom.

F2 AR rAEahE s MU S I REL LTS 4L
Table 2  Optimized adsorption energies and geometric

parameters of adsorbed H atom on uranium surface

IS E.g/eV d/A FS
HI 278 225 HI
H2 2.84 2.25 H2
LB 2.85 2.24 H2
SB 2.84 2.24 H2
TOP 278 225 HI
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Table 3  Optimized adsorption energies and geometric

parameters of adsorbed C atom on uranium surface

IS E,q/eV d/A FS
HI 7.26 2.18 HI
H2 7.18 2.15 H2
LB 7.26 2.18 HI
SB 7.18 2.15 H2
TOP 7.18 2.15 H2
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Fig. 2 DOS of favorite configurations of adsorbates on
C(2X1) surface: (a) O adsorbed on H2 site; (b) H adsorbed on
H2 site; (¢) C adsorbed on H1 site
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Fig. 3 Diffusion barriers of O, H and C on uranium surface
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Table 4 Formation energies of O, H and C occupying

near-surface interstice

Formation energy/eV
Site

O H C

IN; 6.51 1.97 7.25

IN; means interstitial site between the first and second U

layers.
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Fig. 4 Geometric structures of O, H and C atoms occupying IN; interstitial sites: (a), (b) O atom occupying IN; site; (¢), (d) H atom
occupying IN; site; (e), (f) C atom occupying IN; site
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Fig. 5 Diffusion barriers of O, H and C atoms from Fig. 6 Diffusion barriers of C atom from on-surface site to
on-surface site to near-surface interstice near-surface interstice with and without O assistance
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