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Abstract: The comparative study between the electronic structures of o—Pu and §-Pu was

conducted by a plane wave pseudo-potential method within the framework of density

functional theory. It’s learned from the charge population that the 8 kinds of atoms in

a~Pu have different charge distributions, and the gain and loss of net charge are mainly

contributed by s and p electrons, while the atoms in §-Pu have the same charge distribu-

tion with no gain or loss of net charge. It’s learned from density of states (DOS) that

a~Pu has relatively lower and wilder DOS peak than §-Pu, indicating that the average

bond energy of o~Pu is stronger than that of §-Pu, which results in a more difficult plas-
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tic deformation for «~Pu. Besides, the energy of o—Pu electrons is generally lower than

that of 3-Pu electrons, which is an important reason for the better stability of ¢~Pu at

room temperature. And it’s learned from partial density of states (PDOS) that, the

correlation of 5 f electrons of Pu atom at site 8 is the strongest, with the greatest contri-

bution to the spin moment of o~Pu, while at site 1 it is the weakest, with the smallest

contribution to the spin moment. It’s learned from the electron density that the atoms

in 8-Pu have round electron clouds without obvious interaction, presenting the typical

feature of metallic bonds, while the electron clouds of atoms in o—Pu overlap with each

other and the bonds are covalent in character, which to some degree reveals the mecha-

nism of different ductility and brittleness of §-Pu and o—Pu.
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Table 1 Structure parameters of o-Pu and §Pu''"]
(No. )
aPu P2, M(11D) a=0. 618 nm, 16 +(x,1/4,2)
b=0. 482 nm, (x+2):(0. 345,0. 162),(0. 767,0. 168),
¢=1 096 nm, (0. 128,0. 340),(0. 657,0. 457),
a=y=90", (0. 025,0. 618),(0. 473,0. 653),
g=101 79° (0. 328,0. 926, (0. 869,0, 894)
o-Pu FM3M(225) a=b=c=0. 464 nm, 4 (0,0,0),(0,1/2,1/2),
a=p=y=90° (1/2,0,1/2>,(1/2.1/2,0)
2 [16JC D ,
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LDA oaPu o-Pu o ’ 5-Pu, o
2, 2 . GGA- o-Pu . 17,
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Table 2 Equilibrium crystal parameters of a-Pu and é-Pu
a/nm b/nm ¢/nm a/ (") B/ (9 v/
aPu GGA-PWI1 0. 595 0. 450 1. 106 90 102. 04 90
SP-LDA 0. 582 0. 440 1L 073 90 102 21 90
d-Pu GGA-PWI1 0. 418 0. 418 0. 418 90 90 90
SP-LDA 0, 474 0. 474 0. 474 90 90 90
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Table 3 Mulliken charge distribution of o-Pu and 8-Pu
s b f
G S G S G S G S G S G S
aPu 1 2. 09 2. 09 5 39 5. 40 3. 04 3. 05 5 84 5 82 16. 36 16. 36 —0. 36 —0. 36
2 2. 09 2. 09 5 10 5. 07 2. 90 2. 91 5. 77 5 75 15. 86 15. 83 0. 14 0. 17
3 2. 20 2. 21 5 48 5 47 2. 87 2. 89 5 77 5 75 16, 32 16. 32 —0.32 —0. 32
4 2. 04 2. 07 5 18 5 18 2. 86 2. 88 5 77 5 75 15. 85 15. 88 0. 15 0. 12
5 2. 01 2. 02 5. 20 5 22 2. 90 2. 91 5 75 573 15. 87 15. 89 0 13 0. 11
6 2. 08 2. 08 5 51 5 48 2. 88 2. 90 5 73 5 71 16. 20 16. 17 —0.20 —0.17
7 2. 15 2. 19 5 33 5 29 2. 91 2. 93 5 75 5 73 16. 14 16. 14 —0. 14 —0. 14
8 2. 03 2. 06 5 07 5. 05 2. 68 2. 70 5 62 5. 60 15 41 15. 41 0. 59 0. 59
5-Pu 1L 70 2. 34 5 86 5. 90 2. 78 2. 00 5 66 5 77 16 16 0 0
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Table 4 Dy, total number of valence electron,

cell volume and metallicity parameter of a-Pu and 8-Pu

Di/eV—! N Vet /nm?® Sm
aPu 42. 33 256 289. 37 1 24
5-Pu 24, 61 64 106. 92 1. 07
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Fig. 4 Electron density distribution
of «Pu (a) and §-Pu (b)
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