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Fig.1  Unitcell structure of δ-Pu 
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Table 1  Lattice constants, elastic constants, bulk modulus, shear modulus, Young’s modulus and Poisson’s ratio of ground-state δ-Pu 

Elastic constant/GPa 

 a=b=c/nm 

C
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B/GPa G/GPa E/GPa ν 

This paper 0.4746 49.17 20.23 42.67 44.84 6.55 18.74 0.43 

Experiment value

[18]

 0.4637    40.68 6.00 17.17 0.43 

 



� 5�                         ������	
�-Pu��
���������������������             1505  

����������	
��
������

?��ÅÆB δ-Pu� 0~40 GPa��uv���

��	�¤9	�-'�	;ßD�¤FüI 2BJ 

8I�¤9	-Àw!Q��¤9��ÝBxS�	

D�yUw�Ýºz�{H��B|�}�õ��Ý

�¤¥�¯'
8¤9	[X�Ù ®~&��¤9

	��
��8�6
�C��Ý����'é�¤9

����8¤¥��¯ ¤9	��¸+@AÅÆ

[19]

\ 

coh tot atom

1

( )E E nE

n

= −                      (11) 

+I�E

coh

�¤9	�E

tot

^J�E?	�E

atom

^J

Pu�!Q���	D�n^J�EI��H	  

²I 2 I�%�b����	�����CP�

����È����é�&������c��Ct

¤9	�6
�����CP�ø�̂ � δ-Pu��¯

'�����CP�ø��%�1�s���C/®

¯
��δ-Pu��¯'w�j%��8�¯��P#

��¢t-'�	?Ý_Ï�����CP�C�8

I C

11

; C

12

����������P C

44

�����

�� � 10 GPa��£f�����#���¢<�

C

44

��b$¸�$��P� 40 GPa��C

11

; C

44

�

�¸�tB �����CP�C�^���c�©�

'�C�
²���	¢<��I�/�¤½®± 

B ��������P E ; G ����6����    

10 GPa��3d�����©#�B��¢<�E;

Gb$¸�$��P� 40 GPa� E; G��¸�  

²I 2c ;I 2d I�%�b�II����®H

��|:�U� 10; 40 GPa�����¢<��Ï

#���¡¢�̂ � δ-Pu� cH�����	#�

B�¢ �@®Vº����¸�Ý¤¥��¯'�

ÅÆB

11

C

�

;

12

C

�

����¢<¡¢�¤FüI 3BJ 

QI 3�i�s p>10 GPa��

11 12

| |C C<

� �

�δ-Pu�-

'�	�£jj�X�¯'óô��� δ-Pu�·��

�¯��}� 10 GPa ¤¥-¬#��¢ �f_�

Pu� 6��I�α-Pu�[��C�8¦§¦� β�γ�

ε ; δ’��δ-Pu �[���������é���&

�C���
[��p � 6 ��I�α�β�γ ¨m

'�δ�δ’�ε ¨l'�£flm'�©�
µ��é

�&��Pª«�E{���¬�Ù P�����

�C���é��&���8E{��w#�¢<�

 �	À°± Pu·��X'	¢<;�¢�q�  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

! 2  "#	$
 δ-Pu�%&'(��)��*�'(�+,-.�/0-.123-. 

Fig.2  Lattice constants, cohesive energy, elastic constants, bulk modulus, shear modulus and Young’s modulus of δ-Pu under different  

pressure 
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Fig.4  DOS of δ-Pu under different pressure 
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Fig.5  DOS of δ-Pu under different pressure: (a) 0 GPa, (b) 10 GPa, (c) 25 GPa, and (d) 40 GPa 
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Table 2  Mulliken charge distribution of δ-Pu under different  

pressure 

Pressure/GPa s p d f 

Total Charge/e 

0 2.33 5.90 2.00 5.77 

16 0 

5 2.25 5.85 2.13 5.77 

16 0 

10 2.19 5.83 2.21 5.77 

16 0 

15 2.12 5.81 2.30 5.77 

16 0 

20 2.04 5.82 2.38 5.76 

16 0 

25 1.96 5.85 2.43 5.76 

16 0 

30 1.88 5.89 2.47 5.76 

16 0 

35 1.81 5.92 2.50 5.77 

16 0 

40 1.74 5.96 2.53 5.77 

16 0 
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Table 3  Mulliken change population of δ-Pu under different 

pressure 

Pressure/GPa Bond Population Length/nm 

0 Pu-Pu 0 0.3356 

5 Pu-Pu 0 0.3255 

10 Pu-Pu 0 0.3188 

15 Pu-Pu 0 0.3131 

20 Pu-Pu 0 0.3085 

25 Pu-Pu 0 0.3046 

30 Pu-Pu 0 0.3015 

35 Pu-Pu -6.95 0.2987 

40 Pu-Pu -8.03 0.2961 
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Density Functional Calculation of Structural Stability, Mechanical Properties and  

Electronic Structures of δ-Pu under High Pressure 
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Abstract: The lattice constants, cohesive energy, mechanical property and electronic structure of δ-Pu at the ground state and high 

pressure were calculated by a plane wave pseudo-potential method based on the density functional theory. The result shows that δ-Pu is 

unstable at high pressure and the phase transition occurs at about 10 GPa. In addition, its structural stability decreases with increasing 

pressure. The calculated electronic structures indicate that the bonding abilities of the 5f and 6d electrons are enhanced, while the sp 

hybridization is weakened with the pressure increasing. The change in the bonding effect caused by the increase in pressure reveals the 

electronic mechanism of the pressure-induced phase transition of δ-Pu. 

Key words: δ-Pu; density functional theory; mechanical property; electronic structure; high pressure phase transition 

 

Corresponding author: Zhu Yuanjiang, Candidate for Master, Rocket Force University of Engineering, Xi’an 710025, P. R. China, Tel: 

0086-29-84741256, E-mail: ksnyxjsc@126.com 


