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gggËËË���|||eee PuO ©©©fff111ÌÌÌïïïÄÄÄ*

�SÀ† ±  _© ÎÁ= Û©L

( ³eì�ÆênÆ�, 3S 343009 )

( 2010c 8 � 25 FÂ�; 2011c 3 � 30 FÂ�?Uv )

3�éØk��f¢³Cqe, ± Pu� SDDÄ|!O � 6-311+G∗ Ä|, æ^`À��Ý�¼ B3LYP �{, ï

Ä
^>|¹[u���)gË�| (−0.005—0.005 a.u.)�^e�zu (PuO)Ä�©f��pÓâ;� (HOMO)

U? EH!�$�;� (LUMO) U? EL!UY Eg Ú¤�U? EF. (JL²: 3¤\�>|��S, EH �X>|

�O\þÅì~�, EF �X>|�O\þÅìO�, Eg ©ª?uO��ª³, ¤�U? EF þ,, Óâ;��>f

J±�-u��;�/¤-u�, PuO©f3gË�|¥�ªu½, �±{� O2, H2 �*Ñ�L¡S�@¡

uL¡, k|u
u3gË�|¥|@¡.

'�c: PuO,gË�|, 1Ì

PACS: 33.20.−t, 31.15.ee

1 Ú ó

u��ÉìÚUá�®²¼�
4��

�A^, �duÙAÏ���5PCÚ¹¸�z

Æ5�, ��Juuyp��È��;�ª, Ï

dÙL¡ÔnÚzÆ�Ï±5Ñ´ïÄ�9:�

� [1−7]. u4´� O2, H2, H2O(g), N2 Ú CO �Ô

�u)�A, PuO©f´7áuL¡@¡�å:,

Ùí�Ú��þ�3, ¿ÿ½
Ü©1Ìêâ [8,9],

ÏL¢�¼� PuO©f1Ì��õ�êâk��

��(J, Ù�Ï´ Pu�ìÓÚpÝ��5, �¢

��Ju��ü�½� PuO(g),,ù
êâé

u Pu á��nØ9�@¡Ñ4Ù�. 'u PuO

©f3gË�|�^e�1ÌïÄ����, ïÄ

gË�|�^e PuO©f1ÌéuL¡�|@¡

5UïÄkë�d�.

2 nØÚO��{

>|�^e©fNXM�îþ H �

H = H0 + Hint, (1)

Ù¥, H0 �Ã>|��M�î; Hint �|�©fN

X��p�^M�îþ. 3ó4Cqe, ©fNX

�>| F ��p�^U�

Hint = −µ · F, (2)

Ù¥, µ �©fó4Ý.

u��gË� α, γ �âf, ¡gË�. Ë�

|d>|Ú^||¤, >|ÓË�| 94%, >|

´^|� 100 �. Ïd�^>|¹[u���

)gË�|.

éuzÜÔ�nØïÄ: �´d;��Uþ

�C, >fê8õ, ���^'�E,; �´�é

Ø�A²w. |^�éØk��f¢³ (relativistic

effective core potential, RECP)Cqe, ^�Ý�¼

nØ (DFT) �{��ÑÜn(J, �¢�(JÎÜ

$Ð [10].

PuO©fUÙIO�I, ÷ Z ¶�� (Pu-Oë

�) \þ�X�k��>| (−0.005—0.005 a.u.,

� (−2.5—2.5)×108 V/M), ± Pu �f� SDD Ä

¼ ê, O � f � 6-311+G∗ Ä ¼ ê, æ ^ ` À

� B3LYP(Beckenëê��¼ê� Lee-Yang-Parr

�'¼ê|¤�,z DFT) �{, ^>|¹[u�
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��)gË�|é PuO©f1ÌK�ïÄ.

3 (J�?Ø

3.1 PuO©©©fffÄÄÄ���½½½���...

|^ Gaussian03§S, ± Pu �f� SDD Ä

¼ê, O �f� 6-311+G∗ Ä¼ê, ©OÀ^ HF,

B3LYP, B3P86, B3PW91Ú MPW1PW91 � � {

é PuO Ä�©f?1`zO�, `z�²ïØ

må R e �Uþ E �uL 1.
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ã 1 PuO�ü:U×£��¢��'�

lL 1 �±wÑ B3LYP �{`zÑ�²ïØ

må 0.1829 nm�¢�� 0.183 nm���C. �

u�T�{, �©�é PuOÄ�©f?1
ü:

U×£O�, [ÜÑ
Ù Murrell-Sorbie³U¼ê

�ëê, ¿|^³U¼ê�ëê�1Ìêâ�'

X [11] O�Ñ
Ù1Ìêâ, �uL 2. lL 2 �

±wÑO��êâ�¢��ÎÜ�Ð. ü:U×£

��¢���ã 1. ±e�O�?ØþÀ^�Z|

Ü B3LYP/SDD/6-311+G∗ ?1.

3.2 gggËËË���|||ééé PuO ©©©fff���UUU???ÚÚÚ������ªªª

ÇÇÇ���KKK���

± Pu�f� SDD Ä¼ê, O �f� 6-311+G∗

Ä¼ê, À^ B3LYP �{, ÷ Z ¶��\þ>|r

Ý©O� −0.005, −0.004, −0.003, −0.002, −0.001,

0.0, 0.001, 0.002, 0.003, 0.004Ú 0.005 a.u.�>|,

5�	©fU?!��ªÇ. O��� PuO ©

f��pÓâ;� (HOMO) U? EH, �$�;

� (LUMO) U? EL!UY Eg!¤�U? EF!�

�ªÇ ω e Ú1ÌrÝ I, �uL 3.

L 1 ØÓ�{`z PuOÄ�©f�(�ëê

HF B3LYP B3P86 B3PW91 MPW1PW91 Exp.[8,9]

R e /nm 0.1903 0.1829 0.1812 0.1815 0.1811 0.1830

E/a.u. −626.8612 −629.2209 −630.1738 −629.2817 −629.2450

L 2 PuO©fÄ� Murrell-Sorbie³U¼êëêÚ1Ìêâ

PuO R e /nm De/eV a1/nm−1 a2/nm−2 a3/nm−3 ω e /cm−1 ω eχ e /cm−1 B e /cm−1 α e /10−2 cm−1

Calc. 0.183 7.150 18.375 −77.837 500.819 799.401 3.037 0.334 0.165

Exp.[8,9] 0.183 7.337 28.130 140.900 419.000 822.300 2.600 0.337 0.146

L 3 ØÓ>|e PuO©fÄ��pÓâ;�U?!�$�;�U?!UY!¤�U?!��ªÇÚ1ÌrÝ

F /a.u. EH/a.u. EL/a.u. Eg/eV EF/eV ω e /cm−1 I/km·mol−1

−0.005 −0.16317 −0.08265 2.19111 3.31063 788.1061 247.8707

−0.004 −0.16339 −0.08212 2.21152 3.32041 792.7691 245.0473

−0.003 −0.16367 −0.08169 2.23084 3.32742 797.4550 242.1959

−0.002 −0.16399 −0.08127 2.25098 3.33035 802.6079 239.4913

−0.001 −0.16434 −0.08087 2.27139 3.33430 808.4112 236.9323

0.000 −0.16480 −0.08063 2.29043 3.33932 812.0149 234.0343

0.001 −0.16529 −0.08038 2.31057 3.34267 817.6509 231.6200

0.002 −0.16584 −0.08018 2.33098 3.34734 822.8327 229.2774

0.003 −0.16647 −0.08009 2.35057 3.35477 827.5684 227.0497

0.004 −0.16716 −0.08006 2.37017 3.36374 832.3452 225.1577

0.005 −0.16789 −0.07990 2.39438 3.37149 837.1809 223.8313
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e�Czã

HOMO U ? � N 
 © f � � > f � r f,

HOMO U ? � p, T © f Ò � N ´ � � > f.

 LUMO U?3ê�þ�©f�>f�Ú³�

�, LUMO U?�$, T©f�N´��>f. 

UY Eg ����N
>flÓâ;���;�u

)�[�Uå, 3�½§Ýþ�L
©fë�zÆ

�A�Uå [12]. lL 3!ã 2 Úã 3 ¥�±wÑ,

EH �X>|�O\þÅì~�, EL �X>|�

O\þÅìO�, Eg ©ª?uO��ª³, ¤�U

? EF þ,, ù`²Óâ;��>fJ±�-u�

�;�/¤-u�, PuO©f3gË�|¥�ª

u½, �±{� O2, H2 �*Ñ�L¡S�@¡

uL¡, k|u
u3gË�|¥|@¡.

l L 3 � � ± w Ñ: 	 | F = 0.002 a.u.

�, © f � � Ä 1 Ì   u 822.8 cm−1, � ¢ �

� 822.3 cm−1 �~�C, >|é PuO©f��Ä

1Ì�rÝÚ�ÄªÇþk��K�. ��\��

>|� −0.005 a.u. �, ©f1Ì u 788.1 cm−1,

1Ì�rÝ� 247.9 km/mol,�\��>|��

�� 0.005 a.u.�, ©f1Ì u 837.2 cm−1, 1Ì

�rÝ� 223.8 km/mol.�X>|�O�, �Äª

ÇÅìO�, �Ä1Ì�rÝÅì~�.
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4 ( Ø

�©À^�Z|Ü B3LYP/SDD/6-311+G∗ �

{, `z��
^>|¹[u���)gË�

| (−0.005–0.005 a.u.)�^e PuO©f��pÓ

â;� (HOMO) U? EH!�$�;� (LUMO) U

? EL!UY Eg Ú¤�U? EF. ²©Û���X

e(Ø:

EH �X>|�O\þÅì~�, EL �X>|

�O\þÅìO�, Eg ©ª?uO��ª³, ¤�

U? EF þ,, `²Óâ;��>fJ±�-u�

�;�/¤-u�, PuO©f3gË�|¥�ª

u½, �±{� O2, H2 �*Ñ�L¡S�@¡

uL¡, k|u
u3gË�|¥|@¡.
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Abstract

A density functional method DFT/B3LYP with SDD basis for Pu and 6-311+G∗ basis for O is used to study HOMO energy level,

LUMO energy level, energy gap, and harmonic frequency of PuOground state molecule under different inner radiation fields ranging

from −0.005 to 0.005 a.u.. The results show that the magnitude and the direction of the electric field have important effects on these

characteristics of PuO molecule. The HOMO energy level is found to decrease, but the LUMO energy level, energy gap and Fermi

energy level are found to increase with the increase of electric field. The electron which occupies orbital is difficult tostimulate to

empty orbital and transform into excited state. The PuO molecule is more stable in inner radiation field, and it can prevent O2, H2 and

so on from proliferating to superficial inner layer and corroding the plutonium surface, which contributes to the plutonium corrosion

prevention in inner radiation field.
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