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The density functional theory studies of structural,
elastic and electronic properties of Pu,0;
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Abstract: The structural, elastic and electronic properties of Pu, O; have been investigated by means of
the density functional theory using the full-potential linearized augmented plane wave (FLAPW) method
and the local spin density approximation (LSDA) and the generalized gradient approximation (GGA)
with on-site Coulomb repulsion U(LSDA/GGA+U) method. Our studies indicated that the calculated
lattice parameters a, and ¢/a of Pu,O; are in good agreement with the experimental data, and the calcu-
lated elastic constants are close to those given in other articles. At the same time, the density of states
of Pu,O; by LSDA/GGA+U appear 1.8 and 2. 2 eV bandgap at the Fermi level, and LSDA/GGA calcu-
lation results in the formation of apparent contrast and therefore the U value of 5f in Pu makes the sys-
tem change from a conductor to an insulator, which is in accord with the experiment. In addition, the
charge density calculation results show that the charge density between Pu-O and LSDA is increased
compared with LSDA+U, and it has obvious characteristics of bond formation.
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Tab. 1 Lattice parameters, bulk moduli, positions of atoms and energy gaps of Pu, O; under different approximate ex-
change correlations

Method ao(nm) By (GPa) A (eV) c/a (zpys 20)

LSDA 0. 3700 186. 6301 0.0 1.556 (0.2411; 0.6416)
GGA(96) 0. 3806 146. 2776 0.0 1.549 (0.2435; 0.6414)
LSDA+U 0. 3844 169. 9854 1.8 1. 541 (0.2378; 0.6527)

GGA96)+U 0.3928 139. 9089 2.2 1. 546 (0.2434; 0.6484)
(0.2408; 0.6451)
Expt. (37 0.3838 1. 542 (0.2422; 0.6489)
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Tab. 2 Elastic constants C; and bulk moduli B of Pu, O,

Method C11 (GPa) C12(GPa) C13(GPa) C33 (GPa) C 11 (GPa) B (GPa)
LSDA 23.8 177.2 53.0 118.5 — 186. 6
LSDA+U 99. 8 10.0 60. 0 125.1 64.7 169.9
GGA(96) 76.5 149.9 53.0 114.6 - 146. 3
GGA(96)+U 147.3 33.1 62.6 80. 3 64.5 139.9
LDAL 166.0
PBEL" 131.0
LDA+UM™ 124.0
PBE+U"] 110.0
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