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A Theoretical Study on the Geometrical Structure and Electronic
Properties of Au,q Cluster
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Abstract Aug cluster was reexamined by performing both the MP2 calculations and density functional
theory (DFT) calculations using several popular functionals, including the B3LYP, BPW91, B3PW91 and
PWO1. Six most stable isomers of the cluster have been located, and their relative stability, electronic prop-
erty, and the reactivity towards an oxygen molecule have been studied in details. Our calculated results show
that the relative stability of the isomers depends on the level of theory used: in the framework of DFT, Auyg
trends to form planar structures, while the MP2 calculations show that the three-dimensional isomers are en-
ergetically more favorable. Based on the present results, Au;p may be conjecturably a critical species of gold
clusters which bridges the planar structures and three-dimensional ones.

Keywords  Au cluster; geometrical structure; electronic property; DFT; MP2

20 120 80 AR5 1, 1A% 1¥ Haruta %52V L6 4

Vol. 67,2009
No. 5, 387~391

e HOT AR PR 7 A i R R R

RIDUK A 27 e O HEAL P REMUHT B ) B, i)
CO it A AL BATIR G ARG TR, RAFIPURIE. 2
SE PR G BN A X — AL T KR —E
WA BB MG PE RO G0, AITIAE T 5 [ Y
BOR T 9K B ORI TR < D5 45 AL R B RO 5T
T PR AR AD R BEAL 2 VR RE IO RER, T ARG 155
6 AT ERARAIT S AT (KR R SCRN I (.

SER X BRI AR e i T AR L,

* E-mail: cbliu@sdu.edu.cn

JSNRNEE s Ryt 3 GO I e v N1 RIS I S € o oA i 31 )
SEEOHF S LE A R A, AATIR LG5 R AP BE AR 35 4K
LRI, X TEME Au, H%(n<<10), AAT5H LS
FIFRANRE IS LR, &R B L, = 8 A Bl
BT e 250, Auyg BRI ik, SCHRC A A DR
O EPHR R IR 8, W Wang 25 L 5L
BRI Auyo BIFER =425 454, 5 Hakkinen 251
PBE-GGA JiVEFT{3 45 K5, {H55 Wells %/Fil BSLYP

Received April 15, 2008; revised October 11, 2008; accepted February 15, 2009.

[ [ AR B2 3£ 42 (Nos. 20633060, 20773078, 20873076) % Bh 15 H .



388 %

Eibd Vol. 67, 2009

7L A B = g S A BN — 30; 11 Bonacic-
Koutecky™®, Xiao”, Walker!'”, Fernandez!'"!, Fal'?2& Ui\
H Ay BIRES Y I = 4E 251

ARSI % 17 PR (DFT) T 5% T Auyg
PRI EER, 3RA3 T RE S AR 6 Fh g R b 2 R LA
B WARIE), FHEAEEIERE Bit—20 ] MP2 J7 VR T
EATTRAR AR E M, IR T e AT T s i DA A e
JE SRR 5 1 IR OV AR RE. P AR 45 X Aug
ARG R RE T B — e T B,

1 HEA%

RATRGWG T LT Auy 55 0 LA 546 44,
FLFE SR CAROE R R IE 45, B e B3LYP!,
PWO1' BPWO1!S] B3PWOIISIPU RN by o 4 0] 4
SERJHEAT T AR B AR AR AT AT 6 R PR A, A
I Y 6 bl a4 R (K SR 44 485 T MP2U V) o
HamER, U R e v, )5 FH MP2 Jf
AN T Bk e S AR A G IR, BEA T i
WESE T EAEH. ST DFT il MP2 J553k15
(RFeE SR ITEAT T IR, LA RO AL IR 454
JESAREI B EE RSN L TEERST Au JRF R
LanL2DZ fEHFEAINT O Ji T 6-311G(d)ZE41M"™. 4
I SEAE ] Gaussian 03UFERE, LB PR R 2% 0 it
AR R S 06 25 TR T B rh D 5 B

2 HFRISWE

2.1 Augo FIFERI LTSS ST E

14 B3LYP, PW91, BPW91, B3PWO1 JUFHyZ kit
SEARG B, FRATTE T Nl AR e 454, JFH MP2
JHE L AR IAT E AL, BRI E ER T 1,
LA B A1 T3 Au—Au SRS TR 1, AERRITE
rh 0k g B G A AR R R R L AN IR R A
MP2 TH5E45 IR T S HR AT 2200, AH S R HE R A
A, B 145 e MP2 (4R, deRe s s ik s,
Forh g5 48 I~1V Sk CAHGE, 450 V VI EARSC
BRI MG REASE &5 4. T~T11 2 = 4254, TV~
VI &P, 458 1 HAT Dy XHFRTE, Hakkinen 25
BOCARIE TIX AN AL, I AT T 2 DL = A DY I A
SERH I = YRS R, ¥ EAT Co, WIFREE, J3512E Wells 2507
A1 Walker! "HRE (¥ 55422 45449, TV, V R VI 02 L=
B BERT) T — e, Hoh IV AT Doy XRRPE, S

Bonacic—Koutecky[gl, Xiao, Walker ' Fernandez!''),

Fal 25 —F0A T 1) Awyo SeB85E 4544, V I VI 2034 Gy,

gﬁ—\f\ﬁ 9\{?‘?&%
I 3 I
o 9 2
P SN EVE
g 2 WAW
e 9 9 I
1} v
€ ¢
L WaWi o | A
¢ W |
_. Id
€ ¢ ¢ = 9
\'} Vi

B 1 MP2/6-311G(d) 7 IEALI Awo P Fdm AR 8 1 S Aa A4
Figure 1 Selected six most stable isomers of Au, cluster cal-
culated at the MP2/6-311G(d) level
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Table 1 Relative energies (E, in kJ -molfl) and the average Au—Au distance (d, in nm) for Au,, isomers
I II 111 1A% \'% VI
E 88.888 20.892 11.064 2.228 0.000 8.678
B3LYP
d 0.290 0.281 0.280 0.280 0.280 0.278
PWOL E 45.395 6.784 4.615 0.000 8.590 18.940
d 0.285 0.277 0.275 0.276 0.276 0.274
E 56.016 12.344 6.170 0.000 5.518 17.105
BPW91
d 0.286 0.278 0.276 0.276 0.276 0.274
E 56.907 9.539 6.061 0.000 3.833 18.618
B3PWO91
d 0.285 0.278 0.275 0.276 0.276 0.273
VP2 E 0.000 41.750 85.523 105.695 138.387 186.553
d 0.284 0.280 0.277 0.277 0.277 0.275
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Table 2 Mulliken charges of Au,, isomers calculated using the MP2 method

1 2 3 4 5 6 7 8 9 10
I 0.021 —0.139 0.048 0.048 0.021 0.021 0.021 0.049 0.049 —0.139
II 0.094 —0.067 —0.042 0.038 0.095 —0.116 —0.042 0.038 0.069 —0.067
mr  —0.030 —0.030 0.050 0.089 —0.129 0.050 0.020 0.020 —0.129 0.089
v 0.006 —0.017 —0.017 0.071 —0.017 —0.017 —0.043 0.071 —0.043 0.006
\% 0.006 —0.142 —0.023 0.057 —0.013 —0.013 0.057 —0.023 0.047 0.047
VI 0.001 0.001 0.083 —0.049 —0.041 0.007 0.083 0.007 —0.049 —0.041
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£3  Auy A HOMO-LUMO fEft
Table 3 HOMO-LUMO gaps (eV) for Au,, isomers

I II 111 v v VI
B3LYP 1.725 2.348 2019 2263 2312 2244
PWO1 0960 1496 1.194 1368 1366 1311
BPWO1 0938 1.512 1.208 1.390 1.387 1.312
B3PW91  1.839 2435 2078 2353 2378 2307
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Figure 2 Isodensity surfaces for the HOMOs and LUMOs of
isomers I and V, calculated at the MP2/6-311G(d) level
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Figure 3 Complex geometry of Au;y-O,, calculated at the
MP2/6-311G(d) level
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