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DMFT d f DFT + DMFT
. . Sadigh *' ( Spin Polarized SP)
( DFT) 5 PuGa
Ga 6 PuGa . 2
( FPLAW) ( Generalized Gradient Approximation GGA) + (SOC) +SpP
Ga Pu . Pu
Pu 6d  5f. p Pu 6d sp
6 PuGa Ga
Ga Ga 6-Pu
1
d-Pu Fm3m 0.463 7 nm 1
(a) .6 PuGa Ga 5-Pu Ga
Pu . 6-Pu I x1x2.2x2x1 2x2x2 1
Ga Pu 1225%+6.25% 3.125 %
1(b) ~(d)
1 (a) 7 (b) ITx1x2 p (e) 2x2x1 v (d) 2x2x%x2

Fig. 1 (a) Unit cell model; (b) Doped model( 1 x1 x2); (¢) Doped model(2 x2 x1);(d) Doped model(2 x2 x2)

VASP . Pu Ga
Pu5f°6s’6p°7s®  Ga3d'’4s4p' ( Ultrasoft Pseudo-potentials USP) *
. 6-Pu 1
( Spin Polarized SP) ( Local Density Approximation LDA)
2 Sp—
LDA : 550 eV. k Monkhorst-Pack ® 1x1
Xx2.2x2x1 2x2x2 k 8x8 x4.4x4x8 4x4x4 k
1 x10 ®eVeatom '
1 6-Pu
Table 1 Optimized lattice constants of 6-Pu with various DFT methods
Method a/nm Method a/nm Method a/nm
LDA 0.404 5 SP-LDA 0.474 0 SP-LDA+U( 4.0 eV) 0.500 1
GGA-PBE 0.416 2 SP-GGA-PBE 0.507 9 SP-GGA+U( 4.0 eV) 0.550 4
GGA-RPBE 0.4189 SP-GGA-RPBE 0.5179 SP-LDA* 0.473 6
GGA-PWI1 0.417 4 SP-GGA-PWI1 0.508 4 Experiment value” 0.463 7

a) Ref. 23 ; b) Ref. 8
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5f GGA  LDA -2
Hubbard U LDA+U GGA+U v
GGA+U ssp d GGA
5f Hubbard . U Ao ' 4.00 eV. 6-Pu
(S0C) SOC
» socC SOC
2.1
2x2x2 . N 2
0.474 0 nm 0.463 7 nm 2.2 %.
’ 1x1x2 c
2
Table 2 Lattice constants volume and density of pure and doped systems
System a/nm ¢/nm V/nm® D/(gecm™?)
5-Pu-Ga(2 x1x1) 0.459 0 0.476 3 0.200 7 14. 42
8Pu-Ga(2 x2 x1) 0.463 7 0.462 1 0.397 4 15.27
8Pu-Ga( 2 x2 x2) 0.465 7 0. 465 7 0.807 8 15.37
5-Pu(2 x2 x2) 0.474 0 0.474 0 0.852 1 14.90
Ga 34
E; = Epco = Epi = pea + Mo, (1)
E, Ey, . Ey, Pu Mpo  Mca
Pu Ga Pu( Fm3m)  Ga( Cmca)
3 Ga 6-Pu
6-FPu . 3 6.25 %
3.125%  12.5% Pu-Ga ’ 8-
Pu  Ga 2% ~9 % 12.5 % 3.125%  6.25 %
Ga 3.125%  6.25 % 2
Y% ~9 % 6.25 % 3. 125 %
3
Table 3 Total energy and formation energy of pure and doped systems
System wp/eV wealeV EpycaleV Ep,leV EleV
Pu-Ga(2 x1 x1) ~15 717.735 ~15 612. 804 ~1.256
Pu-Ga(2 x2 x1) -1951.601 -2 055.276 -31330.718 —-31 225. 607 -1.436
Pu-Ga(2 x2 x2) —-62 556.225 -62451.217 -1.333
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2.2 Ga 5-Pu

Ga 5-Pu Ga

Ga 5-Pu N N
2(a) ~(c) 2( a) 6-Pu
2( b) (2x2x2) Ga Pu Pu
2(c) 2(b) 2( a)
Ga -6 eV
2
(a) ; (b) v (o) 2(b)

Fig.2 DOS and PDOS of doped and pure systems

( b) DOS of pure and doped systems; ( b) PDOS of atoms in doped and pure systems; (¢) partially magnified graph of ( b)

Mulliken
(2%x2x2)
3 Pu Ga

3 (a)

Mulliken ® 3

Ga Pu

» (b)

Fig.3 Electron density of pure and doped systems: ( a) Electron density of pure system; (b) electron density of doped system
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3( a) 3(b) Ga Pu Pu
Ga Pu Ga
Ga 3 3d Pu
4
(2x2x2)
Mulliken Pu Ga 4 . 4
6-Pu Pu Mulliken 0
Pu Ga 1 Ga 5-Pu Pu  7s. 6p. 6d Ga  4s.
4p Ga-3d Pu-5f
: Ga
Pu Pu 7s  6p
Pu Ga
Ga 6-Pu
Ga 6-Pu Pu Pu
4 Mulliken
Table 4 Mulliken population of atoms in pure and doped systems
System Atom B p d f Total Charge Population
8Pu(2 x2 x2) Pu 2.26 5.95 1.97 5. 81 16 0 0
Ga 1.43 2.08 9.99 0 13.49 -0.49 0
5Pu-Ga( 2 x2 x2)
Pu 2.23 5.88 2.20 5.80 15.93 0.07 0
3
1) Ga 5-Pu SP + LDA 6-Pu
3.125% ~12.5 % Ga
2) Ga 6-Pu 6.25 % 3125 %  12.5
%
3) 5-Pu
; Ga Pu Pu  7s.6p.6d Ga 4s.4p
Ga 6-Pu Pu
Pu
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Density Functional Theory Calculations of Ga Doped 6Pu

LI Dawei' GAO Yunliang' ZHU Yuanjiang' LI Jinping’
(1. Rocket Force University of Engineering Xi’ an 710025 China; 2. State Key Lab of High Temperature Gas Dynamics
Institute of Mechanicals Chinese Academic of Sciences Beijing 100190  China)

Abstract:  As a high-temperature phase of Pu §-Pu doped with little Ga can stay to room temperature. Crystal structure and
electronic structure of systems with different contents of Ga are calculated with density functional theory ( DFT) method. Calculations
mainly include lattice constant density formation energy density of states( DOS)  electron density and Mulliken population. Tt shows
that within studied doping scope lattice constant of systems decrease and density of systems increase with increase of content of Ga

while stability of system with 6. 25 % content of Ga is superior to that with 3. 125 % and 12.5 % content of Ga. Ga-doping enhanced
locality and strengthens bonding ability of electrons which to some degree reveals electronic mechanism of Ga stabilizing §-Pu.
Character of Pu-Ga bond is metallic state and interaction is mainly contributed by Pu 7s 6p 6d and Ga 4s 4p orbital electrons.
While interaction is relatively weak doped systems maintain fine mechanical properties and machining performance. Contribution of Ga
to stability of Pu lies mainly in its improvement on bonding performance of Pu instead of its immediate bonding effect with Pu.

Key words: Ga-doping; 6-Pu; crystal structure; electronic structure; density functional theory
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