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Fig. 1. (color online) The unitcell structure of UOa.
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Table 1. Comparison of the band gap with different
Hubbard U terms.
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Fig. 2. Electron density of states (DOS) of UO2 with
the different Hubbard Ugg terms. (a) U = 2 €V;
(b) Uegr = 3 €V; (¢) Uegr = 4 €V; (d) Uegr = 5 €V; (e)
Uetr = 6 €V.
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Table 2. Comparison of the lattice parameter and band gap obtained in the present and

previous calculations with experimental results.

Jrik MR A WG/ eV
Witk 2% (6] LSDA+U 5.40 1.82
Dudarev 2 [1] LSDA+U 5.37 1.3
Nerikar £ [2] PAW-SP-GGA+U 5.49 1.92
Wang [3] PAW-SP-GGA(PW91)+U 5.54 2.2
AR TAE PAW-SP-GGA(PBE)+U 5.54 2.17
i [17] 5.47 2.09

U0, & 1 575 B i) 5 4% 7 8 N 5.54 A, 5
Wang /N 41 P 45 5t — 50, A B szt 48 3, ok
1.3%. 54k, AT LLE HH LDA f1 GGA W 75 %4t
AR S B R E R, KA GGA 7153
[ Bl b B2 R OK, T FH LDA 5345 31 1 dn 4%
BB/ AL PR OT IR S B A BUER
WRONER, B0 S SRR = e A B
EE I

TSR A PR R ORI AR R B AR AR DL
L 3PN, ZEAENE T O T aAL, A = A
SLI B EE, B Cy, Cro, Cuae HP Chy, Cr2
SRS ERCAMRF, HaRZE 8 5.3%, 2.8%.

M Clyg W54 SR AH L 523648 K T 23.9%, A%
AR DR A Al R AR O TG ST T AR B A
HATLHARX B = (C11+2C12) /3133 & 115,
BB AR 199.8 GPa, 59 HR R, R E
3.5%. XWAERFN Cry, Cro THEBNHER 2L
I M A, AT AT LTI UO, &A% 1)
St B Zener 5 A St 7. 3T AL
R, Z =2Cu/(Ci1 — C12). MZHMEN1E, &
ISR A Y T ZAEANT LR, RPN &
k. Sk E, AEE] Z = 058, HELi{E
0.44 FHEL, K 32.8%, IX 32 BN cqq ME K.
Aik Z AN 1, SRR A

3 UOqg f{E R BN AR T 5E 5 SRS R 0 LA

Table 3. Comparison of the elastic constants and bulk modulus obtained in the present and

previous calculations with experimental results.

it AR (k5 B/GPa
C11 C12 Cya

Dudarev £ [17] LSDA+U 329 95 149 173
it 5 442 [16] GGA+Ultra+SP 3162 513 1139 139.6
Wang 2 [3] PAW-SP-GGA(PW91)+U - - - 193.4
Sanati (18] PAW-SP-GGA+U 345.7  115.5 63.4 192.2
AL TAE PAW-SP-GGA(PBE)+U 368.5  115.4 74.0 199.8

ey (1] 389.3  118.7  59.7 207
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Fig. 3. Electronic structure of UO3. (a) Band struc-
ture; (b) electron density of states.
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Fig. 4. (color online) Electron density of states (DOS)
of UO3. (a) Total density of states; (b) partial density
of states of an U atom; (c) partial density of states of

an O atom.
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Abstract

The crystal structure, electronic structure and elastic constants of uranium dioxide are investigated using first-
principles calculations, wherein the generalized gradient approximation and Hubbard U terms are used in the framework
of density-functional theory. On-site Coulomb interactions with the simplified rotational invariant approach (the Dudarev
approach), fully relativistic calculations for the core electrons (represented as a pseudopotential), and scalar relativistic
approximations for the valence electrons are employed to account for the relativistic effects and electron correlation of 5f
electrons in UO2. The Hubbard U parameters (Uest = U — J, U = 3.70 eV, J = 0.40 €V) are derived by calculating the
band gap width of UO2. In addition, the electron density of states calculation suggests that the following value of band
gap is appropriate. The calculated lattice constant is 5.54 A, and the band gap width is 2.17 éV which shows that UO,
is a semiconductor. Its density of states shows that the U 5f orbital contributes to the peaks immediately adjacent to the
Fermi level, which agrees with the U 5f% configuration, while the O 2p orbital plays a dominant role in the bonding band
at approximately —6 to —2 eV. Results obtained above have been compared with available experimental data, and also
discussed in relation to previous calculations. Above results are better than existing ones gained by others. Analyzing
the density of states for different Hubbard U parameters, we find that the Hubbard U parameters can influence the

distribution of U 5f electronic orbit.
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