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First principles calculation for structural character of
Al.(n= 2~ 24, 55) clusters
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(School of Materials Science and Engineering, Hunan University,

Changsha 410082, China)

Abstract: The geometries, energetics and electronic structure of neutral Al.(n= 2 =24, 55) clusters were calculat-
ed using the first-principles pseudo-potential plane wave method. The several parameters, such as binding energy
Ey,, HOMO-LUMO energy gap AEu-L, second difference of energies A E(n) were utilized to characterize and ana-
lyze the structure stability of Al, cluster. The results show that the structure stability of Al, clusters increases with
the increase of total atom number n. For Al;, Alu, Alis, Ali, Alxs clusters with nearly filled shell of the covalence
electron number and high symmetry of geometrical structure, a high structure stability relative to their neighbor Al,
clusters can be seen. The analysis of the DOS and absorption spectra shows that the increase of stability of Al, clus-
ter mainly originates from the enhancement of s-p hybridization of Al atoms in cluster, but when up to n= 55, the

weak influences of surface energy caused by the size of cluster on the properties of Al, cluster can not be eliminated

still.
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Fig. 1 Calculation models of Al.(n= 2724, 55) clusters and Al crystal
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GGA LI PBE JEA, T HR ¥R Norm-
conserving i U 2 BE AL 3s°3p" M AE A HL T
HE s A T AEEAT S TS AT,
#8H BroydenrFlecher Goldfarb-Shanno ( BFGS) J5
ERET T LA, BLSRAF EATT I R 1 A AR E 4
¥ . B BE A W AUE 300 eV, A HLIH X A 4 R H
Monkhorst-Pack BRIk Km0, FFT M
TN 24 x 24 x 24 . FATEEIN, BRANRT BB BEE
WS AE B 20 BeV, BEANIRT BRI KT 0.5 eV/
nm, A ZmBE /AT 0.2 pm, NN ZENT
0.1GPa.
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2.1 Al FZERIMIR

MEFEIE A AL AR T8 T 25 T Js 1 (]
K (d) - BIEE A RE(Ey) 5 HOMO ( Highest
occupied molecular orbital)-LUM O ( Lowest unoc
cupied molecular orbital) BERR( AEw-L), &iFRUWIFEK 1
gl . MR 1L AT R W, AR GGA iRl 5
() d AT AT A R SR, B AEw L
Kumar 5 SR H Ja 3 2 BE T L LDA) T 5545 A i
K, H5 Yang %' R ML (Ab initio) MD
B B4 R . i T ILAE i WA B K
AE w1 B SERARAE, EAHT SR B SR e S
AT AR S RS R . BT HAE A R T Al
SRR ARG, TR 201 8l ) 2 AR 7 T )
FERAFBON BT, PRt b2 3w HE W A T 5
Pk R R R, B EAMENERTE .

FT1 Al PETLSRF 8K (d)  FIRS S RE(E)
5 HOMO-LUMO ReRt( AEwL) BT 54K
Table 1 Calculation value of vertex-to-vertex

bond length (d), binding energy (E1) and

HOMO-LUMO energy gap ( AEn-1) of Alis cluster

M ethod d/nm Ev/ eV AEw-L/ eV
This work 0.2793 - 2.817 2.08
Kumar MD!''3! 0.284 1 -2.89 1.56
Kumar DFT-LDA!4 0.2770 - 2.595 1.57
Gong DV-X,!'! 0.276 7 - 2.815
Yang ab initio M D!! ~ ; iz 2. 00

The experimental Eyp is — 2. 481 eVI!7
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Fig. 3 DOS curves of
Al.(n= 1724, 55) clusters and Al crystal
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Fig. 4 Change curves of HOMO-LUMO
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