56 4 2007 4
1000-3290/2007/56 04 /2092-06

ACTA PHYSICA SINICA

Vol.56 No.4 April 2007
©2007 Chin. Phys. Soc.

Na; Na, Na,

137 2
1
2
3
2006 5 11 2006
Na,
2 eV
Na
PACC 3640C 6120L
1.
1
LDA DFT
23
4
DFT
* 10575012 10435020 10405025 10535010

+ E-mail ypzhang@ impcas. ac. cn

11 15

Nag

9

GW

time dependent density

730000
100875
100049
Nas; Nag Na,
Nag
ca o
Green e
TDDFT

functional theory

TDDFT

time dependent local density approximation

TDLDA

jellium

12—20

TDDFT
TDLDA

Nas Nag

CI

10 11

TDDFT

Na;,



4 Na; Na;  Na 2093
¢j roty = exp ik,r, ¢j"‘“ r 8
2. ¢;tut r
c w
TDDFT
cw = ﬂImoz w 9
nr.i
¢’j rt a w
d, t
a w = - 1/3 K:i
nrt:Zgﬂj”“rth]_r[‘ 1 . g=123"q
j .
d - At d -d, 0 . 10
¢ rt Kohn-Sham TDKS Az XJO texp 1ot — AL d, L —d,
. 0 A
i~¢ rit =Hg® rt
ot o exp —At 1/
V2
:(—§+Vﬁffnrt )¢J~rt 2
3.
Vi  Kohn-Sham
Va =V rt +V,rit r=25a,
+Vinrie +V,nrit . 3 0.8, .
Vion Vexl r i VH
VX(‘,
TDLDA .
Vi Vi V. Kk, ~5.8 X
107°/
Vl()ll = va% r — RI 4 rO rO
i Nas; Nag Na,
v —JCP yn 1t 5 Na; Na,  Na
" lr—r |
VPR e e =de™ n ddnl,_,, 6
V. Troullier-
Martins ? R, i Na
hom
EXC
Perdew  Zunger .
TDKS
TDLDA
approximated ~ enforced  time-reversal ] Na; Nag Na
7
symmetry » - c
2v
RVAYAPS
¢jt+At :exp(—let+At) Nas 1 b
. D, Nag 1
Xexp(—igHt)S’sjt. 7 ¥
2 C D5/l Na7
At At =0.001 fs. 1d Cs, Nag
Taylor Hamilton 1
2%
Na
t = 0 Na
V kS t D D

et = Ky q q



2094 56
3.580F (o 6.990 | (b)
5 &
5 3.576 R é 6. 984 i
3.574 H
6. 981 -
3.572
! ! 6.978 L L
0 20 40 0 20 40
B 18] / £s I E] / fs
(© (d)
1. 008
0. 1050 ||
= =
S 0.1015 & 1004
2 2
0. 0980 H
1. 000 |-
0. 0945 . \ \ \ ! L L L
0 20 40 0 20 40
I A B8] / 5
1 Nas Nag Nay oD a C,, Nas b Dy,
Nag c Ds, Na; d Cs, Nag
9 10 2d
Nas; Nag Na, 2.16 3.25 €V.
2 a C,, 1.43 2.50 eV
Naj 2 b C, Nag
Na 2 ¢ Dy, Nag
Na, 2 d 2 eV Nag
D5, Na, 2 Nag
11 Nag
. 0.06 eV. . Nag
2 a Nay rigidity Car-
2.04 eV. Parrinello 7 T =100
K
T =350 K
2.00 2.26 2.44 2.74 €V. 2 b
Nag 600 K
2.08 2.85 eV. 1.78
2.44 eV Nag Nag 2 ¢
Cs, 2.35 2.87 Na,
3.18 eV Na;, Dy, Na, Dy,



ion

Kohn-ShamI.DA

4 Nas Nag  Na 2095
2.20 2.44 2.65 eV. eV 1.7 eV
1.7 2.37 2.61 3.04
(a) ®
= =
b #
= =
= =3
o I
et ES
0 0
Bt /ev Bt /ev
(c) (d)
1= =
& Ecd
= =
= &=
o *
2 k!
0 1 0 1
2 Nas Nag Nay a C,, Nas b Cs, Nag
c Ds), Na; d Dy, Nag
11
1 TDLDA — E1ono
Nas; Nag Na, 1 Nas; Nag Na,
1 3 Kohn-
Sham LDA - Ehl())%lo - SHLD(j;IQ
CI - 51(;%;10
eV. CI Hartree- .
Fock Hartree-Fock CI Nay
CI 1.59 2.17 2.53 3.09 eV
1'A,—~1'B,/2'A, 1'A,—3'B,/4'A, 1'A,—2'B,/7'A,
1'A,—>5'B,/11 A, o 1.43
ClI 2.16 2.50 3.25 eV random-phase
approximation ** CI .
Cl Dy, Na, 1.7 2.37 2.61
3.04 eV 3.04 eV CI 1.47
Cl a5t 2.33 2.49 2.59 eV



2096 56
1 TDLDA eV
TDLDA ~ €1owo Q5
2.04 2.00 2.61 4.26 1%4,—>42B,/5°B,
Nas 2.26 124,84,
Cy, 2.44 124,94,
2.74 124,—82B,
1.78 3.08 4.55 1'4,—1'B,2'4,
2.08 2.35 1'4,—>3B,/4 4,

Nag 2.44 2.87 1'4,—2'B,/7'4,

Cs, 2.85 3.18 1'4,—4'B, /114,
5'B,—~>6'B,
8'B,—9'B,

1.78 1.43 3.08 4.55 1'4,—>1'B,/2'4,
2.08 2.16 1'4,—>3'B,/4'4,

Nag 2.44 2.50 114, —2'B, /7',

D3, 2.85 3.25 1'4,—4'B, /114,
5'B,—>6'B,
8'B,—>9'B,

1.70 2.58 4.20 14,4 'B,/5%4,
Nay 2.20 2.37 124,—10%4,/9 B,
Ds) 2.40 2.61 12,1178,
2.65 3.04 1°4,~157B,
D3Iz
4. Cs, Nag
2 eV
TDDFT Nag
TDLDA Na; Nag  Na,
Na, Na, CI
1 Andreoni W Pastore G 1990 Phys. Rev. B 41 10243 10 Ekardt W 1984 Phys. Rev. Lett. 52 1925
2 Hohenberg P Kohn W 1964 Phys. Rev. B 136 864 11 Fkardt W 1985 Phys. Rev. B 31 6360
3 Kohn W Sham L J 1965 Phys. Rev. A 140 1133 12 de Heer W A 1993 Rev. Mod. Phys. 65 611
4 Payne M C Teter MP Allan D C et al 1992 Rev. Mod. Phys. 13 Bonacic-Koutecky V' Fantucci P Koutecky J 1990 Chem. Rev. 91
64 1045 1035
5 Saunders VR van Lenthe J H 1983 Mol. Phys. 48 923 14 Bonacic-Koutecky V  Fantucci P Koutecky J 1990 J. Chem.
6 Ceperley D M Bernu B 1988 J. Chem. Phys. 89 6316 Phys . 93 3802
7 Sham LJ Rice T M 1966 Phys. Rev. 144 708 15  Bonacic-Koutecky V' Pitmer J Scheuch C et al 1992 J. Chem.
8  Hedin L 1965 Phys. Rev. A 139 796 Phys . 96 7938
9  HeC L Wang F Li J] M 2003 Acta Phys. Sin. 52 1911 in 16  Wang C R C Pollack S Cameron D et al 1990 J. Chem. Phys.

Chinese

2003

52 1911

93 3787



4 Na; Nag  Na 2097

17 Wang C R C Pollack S Dahlseid T A et al 1992 J. Chem. 22 Gross EKU Kohn W 1990 Adv. Quan. Chem. 21 255
Phys . 96 7931 23 Troullier N Martions J L 1991 Phys. Rev. B 43 1993
18 Wang F Zhang F' S Xiao G Q et al 2001 Acta Phys. Sin. 50 667 24 Perdew J P Zunger A 1981 Phys. Rev. B 23 5048
in Chinese 2001 50 25  Marques M A L Castro A Betsch G F et al 2003 Compt . Phys .
667 Commun . 151 60
19 Wang F Zhang F' S Suraud E 2003 Chin. Phys. 12 164 26 Yabana K Betsch G F 1996 Phys. Rev. B 54 4484
20  Ondia G Reining L. Godby R W et al 1995 Phys. Rev. Lett. 27 Rothlisberger U Andreoni W 1991 J. Chem. Phys. 94 8129
75 818 28 Rowe D J 1968 Rev. Mod. Phys. 40 153

21 Gross E KU Kohn W 1985 Phys. Rev. Lett. 55 2850

Optical absorption spectra of Na; Nag and Na, clusters
a theoretical study ”

Zhang Yan-Ping' > ¥ Zhang Feng-Show>  Meng Ke-Lai' * Xiao Guo-Qing'
1 Institute of Modern Physics ~ Chinese Academy of Sciences Lanzhou 730000 China
2 Institute of Low Energy Nuclear Physics  Beijing Normal University ~Beijing 100875  China
3 Graduate School of Chinese Academy of Sciences Beijing 100049  China
Received 11 May 2006 revised manuscript received 15 November 2006

Abstract
In the frame of time-dependent density functional theory the dynamical polarizabilities of Nas Nag and Na; clusters are
calculated using a time-dependent local density approximation. By using Fourier transformation the optical absorption spectra of
Nas Nag and Na; clusters are obtained from their dynamical polarizabilities. It is shown that experimentally measured optical
absorption spectra of Nas Nag and Na; clusters are reproduced in our calculations. Furthermore the calculations of Nag and Nay
clusters are in good agreement with the results of configuration interaction method. Compared with the three-dimensional structure
of Nag the calculated optical absorption spectra of Nag with the two-dimensional structure are more close to the experimental

data.
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