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Abstract: The ground states of PuO, under different electric fields ranging from -0. 005 to 0. 005 a. u.
have been optimized using density functional theory DFT/B3LYP with RECP for Pu and 6 ~311 + G for
0. The excitation energies and oscillator strengths have been calculated under the same electric fields em-

ploying the time-dependent DFT method. The results show that the electronic state and excitation energy

are strongly dependent on the field strength of applied electric field. The total energy of the ground state
decreases linearly with the applied field strength. The dependence of the calculated excitation energies on
the applied electric field strength is fitting well to the relationship proposed by Grozema. The excitation
energies of the first five excited states of PuO, decrease as the applied electric field increases because the

energy gap between the HOMO and LUMO become close with the field, which shows that the molecule is

easy to be excited under electric field and hence can be easily dissociated. The specira of the first five

excited electron of PuQ, are in the region of far infrared. The wavelength is in 900.2 ~2 063. 3 nmn.

Key words: PuO,; excited state; dipole electric field; Time-Dependent DFT

SENINES AR IR B 2 THOVEE SRR, EW RPN IE: SR EY),
REF, AR T HAR SR MO A TSR At IR IS R AS I B S 724 s 2R
B, —EMET RIS KA R, FHEE  WARRESEWN. KERBSIMEN T . AR
T YR K DR R BT U 2 — T b (WERE) ARG, BL, ATAEAESCHR [8 -

BRSSP AR R I A A R 2 2 13] RAk b, P RRFANE X o TR AS RO R

« WFREHEI: 2010 -04 - 15 :
HELTH: EXARBEESEHTE (10965002) ; LHAHEFTRHEKHIE (C)J10540) |
EE® A WA (1964 FF4), B, #3%, {#1; E-mail: xieandongzhou@ 163. com




50 R (BARRHER)

5 50 %

v ur[ﬂ o
PR TR 2 TR R ERE LA RER

PR, STRTUREERETNERT, TR

FARIRF I (ECP) AR IS A &R 7 S 3
( RECP, Relativistic Effective Core Potential )
S Pu BT IER THSN (Rn) 5675, R
FRRISERRE FEH (RECP) BULAZ 78 T H
F (15725*2p°3s™3p%3d" 4s°4p®4d"® 41" 55*5p°5d" ) ,
YT 24 16 T (65°6p°5(°7s% ), [ i SCilik
[14] %4 W 9 RECP F i 45 4y s F 5 R 5K
(7s6p2d4f) / [3s3p2d2f], BP¥% (7s6p2ddf) U
45 (3s3p2d2f) FpREL, X T O JRFiLfH 6 -
311 + G+ FAH R, B, RABEIZE (DFT)
75 B3LYP 7£ bIRFEAIKF EXT PuO, ZE53-FHl 7
&b (-0.005 ~0.005 a. u. ) YEFATH B HEA
JUmEER T TG, SR, TERIFERFEA KR
PRSIz R (TDDFT) J7ik TD-B3LYP #5tf|
FESN AR T N H A F RS IR

[N {570y IR SNy R7 S

SN 7 TR R IR R H

H=H, +H, (1)
o, Hy ATEAL I S S B, 5501
PR AR ELAE AR R . TEMPOERT, 27
55 F AR BE N

H, =-p-F (2)
oA G T AR A, MR Grozema S5 52 HY B9 R
R FEs i R R B B, 5 R IR
F | BRI AARE AR Au F Ao R FRA

Eexc = Eexc(o)_AMF' %‘AQFZ (3)

Hr, E,.(0) TG T HBARE. 48 TAEX
Grimme [} 2 2536 J7 ¥ hn DA # )17 ") B 5
(TD) FFBZK (DFT) #7456 DO H it 8
BAkRe, JFHERBEWESTMAT SHEGH L
Iﬁ[lo,w] 3

PuO, 53 FH Cpy, FHFRMEAIRITE, Pu i3
O BRFALT yz b, I 2 BT E—RIH
M4 ( -0.005 ~0.005 a.w., 24 ( -2.5 ~
2.5) x10° V/M), 3 B3LYP/Gen J7 ¥, X4
BUIRE & M AL PuO, oy T E5H (B 1), 18
GAUSSIANO3 /7 H 4 F I MG B i s H ImA T H,,
= w- P, AOTEBMERE, FRNgRED,
KA TD-B3LYP/Gen J &, WWE B I FHIEHT
PuO; T 5 MEAED, £#BITEE GAUSSIANO3

Bt

y-

> 02000nm

i
|

Ry 0.187 6nm g =
- e
. 0.200 0 nm

B 1 Jeshg T AR PuO, 235 G, (X7B,) MI4-T-451
Fig. 1 Optimized ground state geometry for PuO,
C,,(X'B,) in zero field

2 GEREIE

SRE B 3% (- 0.005 ~0.005a. u. ) FH %5 pF
12 K B3LYP/Gen ffi fk 15 2| PuO, F &K K €,
(X'B,), FH&HT TD-B3LYP/Gen 433184 T /i 5
MRS RE IR TR, 4555 TF£ 1,

MR 1 AT AN T 4518

1) WFRNGIABAT Pul, 0 F A S H I
B 7. B4, F o= 0.000 B, W& 0 F
F7A, A VA, B, B, T F=0.001 a u i, 4
2. 3WRB KA A TA,, B 5 BESHB,
AsH'A, F =0.003 a u B,"B,. A, A, "B, . "B,
RAETHERIZN, HIERETHSHE5IASRET.
LIRS

2) WK RERATE ] FL 3 TN, 24 5 H
Gpsthnest, BORRE RN, WE 2 PR, BUERE
I L 27735 1 9 i DR AT AR 0 AR B s e R
fin, XE—BAR, MEigH - 0.005 25 1L E
0.005a. u. B, A FERALZSHIE LUMO 55 & &k
H.78 HOMO fE = 2 4y Bl /& 3.553 9, 3.560 9.
3.572 4. 3.579 5, 3.581 03, 3.585 31, 3.565 3.
3.550 6, 3.484 2, 3.476 6 f13.469 5 eV, FHiEM:
MES5HE2 —2,

3) WMIERFIREATIER A, M Pu0, 3 C,
(X'B,) 3I'B, MERITREEAM, EHR C, W B,
@B, =A,, BT xy XFR, F e MR ERE 2250
(Y, T R R B AR (R AR R 2 AR 1, AT
MO0 T 8 W — 2R3, M PuO, &
C,, (X'B,) E'A, WERIERAN . H37HE Kk
INFITT R IR EE R L R 4%, B KA




%1 AR PuO, 2 TR S RIS NZSI 51

Wil TR S N AE 0. 600 9 eV, HARZHYY K 2 063.3 nm., PO,
4) W RRERTE T, REAWAERN RS AN WOR A B TR K h 900.2 ~
13773 eV, HIBEAOUKH 900.2 mm, BHRAMCE 2 063.3 nm, JBFLIAM-BLIERE.

F1 Pu0, NHED (X'B,) WA 5 WA RE ERIRTIRE £ 5505 F 9% RY

Table 1 Excitation energies and oscillator strengths of PuO, vs. electric fields

F1WES 82 WA B3PS 5 4 BURES 5 BES
& E/eV f & E/eV f & E/eV f & E/eV I X E/eV f

F/a. u.

-0.005 "A, 0.6060 0.0003 A, 0.7526 0.0000 'A, 1.1341 0.0000 ’B, 1.2288 0.0000 ’B, 1.2321 0.000 0
-0.004 "A; 0.6174 0.0006 ’A, 0.8196 0.0000 A, 1.1426 0.0000 B, 1.2319 0.0000 ’A, 1.2416 0.000 0
~0.003 A, 0.6254 0.0007 A, 0.8496 0.0000 'A, 1.1580 0.0000 B, 1.2324 0.0000 'B, 1.243 4 0.000 2
-0.002 "A, 0.63950.0010 "A, 0.8720 0.0000 ’A, 1.1615 0.0000 "B, 1.2540 0.0000 ’A, 1.3511 0.000 0
-0.001 "A; 0.6412 0.0007 A, 0.9438 0.0003 ’A, 1.1683 0.0000 "B, 1.2681 0.0001 B, 1.367 1 0.000 0
0.000 A, 0.7054 0.0008 'A, 1.1623 0.0003 A, 1.2111 0.0000 'B, 1.2780 0.0001 "B, 1.377 3 0.000 0
0.001 A, 0.6388 0.0013 A, 0.9442 0.0000 'A, 1.1665 0.0001 "B, 1.2687 0.0000 ’A, 1.3642 0.000 0
0.002 A, 0.6399 0.0010 "A, 0.8727 0.0000 A, 1.1625 0.0001 "B, 1.2590 0.0000 A, 1.3502 0.000 0
0.003 "B, 0.6259 0.0001 "A, 0.8486 0.0010 'A, 1.1574 0.0000 "B, 1.2342 0.0000 B, 1.244 2 0.000 0
0.004 "B, 0.61720.0001 'A, 0.8190 0.0010 'A, 1.1438 0.0000 B, 1.2314 0.0000 B, 1.2413 0.000 0
0.005 "B, 0.6009 0.0001 A, 0.7545 0.0010 ’A, 1.1333 0.0000 B, 1.2291 0.0000 A, 1.2324 0.000 2
1) 1.377 3 eV—900.2 nm, 0.600 9 eV—2 063.3 nm, 900.2 ~2 063.3 nm,
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Fig. 2 Excitation energies vs. electric fields
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