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Calculation of decomposition mechanism of Al,"(n=2~13) clusters

LI Gui-fa, PENG Ping, ZHOU Dian-wu, HAN Shao-chang

(School of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: Based on the experimental result of Al,.," clusters decomposed by means of a isolated Al atom or cation, the
disassociation route and mechanism of Alym (N+M<<13) clusters in the Al, "+Al, (n=1-12, m=1-12) mode were
investigated by linear synchronous transit (LST) and quadratic synchronous transit (QST) method. Several parameters,
such as the ionization potential, the endothermic reaction heat AHy_pand the dissociation barrier energy AEg_t of Alyem
(n+m=:13) clusters were calculated. Comparison of AHppand AEg.t requested in the disassociation route reveals the
least energy of a isolated Al atom or cation from the Alpem' clusters is related to bigger AHg pand AEg_ 1 values, while a
big cluster decomposites into two small clusters. The energetics difference between routes should be responsible for the
preferential route of dissociation of Al," (n=2—13) clusters in terms of Al,” —Al+ Al, ;" or Al,'—Al'+ Al,_;.
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Table 1 Endothermic reaction energies AHg pand dissociation activation energies AEg. of Alyem’ (N=1—12, m=1—12) clusters in
g g

Al,"+Al, mode (eV/atom)

n  Parameter m=1 m=2 m=3 m=4 m=5 m=6 m=7 m=8 m=9 m=10 m=11 m=12
0.141 0341 0231 0267 0299 0246 0206 0.192 0.187 0.188 0246 0208
AHg, 06257 04531 0230 0326 0275 0.264”" 0.159"1 0.143" 0.133 0.130"
1 £0.180 +0.060 0.080 0.060 +0.040 +0.050 +0.050 =+0.040 =0.040 =0.040
AEg 1 0.247 0364 0256  0.190
AH 0312 0467 0483 0487 0499 0389 0347 0325 0202 0382 0416
2 kP 0.472 0512
AEg 1 0.396 0.329 0316
AHgp 0234 0439 0478 0539 0505 0413 0378 0253 0324 0477
3 0.800°" 1.170®
AEg 1 0.553 0514 0419 0383 0390 0401 0478
AHgp 0273 0496 0541 0547 0520 0445 0304 0376 0.426
4 0.812°" 1.140™
AEg 1 0.543 0.586 0453 0305 0.502  0.581
AHgp 0301 0513 0508 0523 0510 0337 0398 0.451
5 0.857"1
AEgy 0.515  0.530 0432 0486  0.500
AHgp 0247 0394 0414 0444 0335 0372 0417
6 0.824"
AEpr 0262 0398 0425 0446 0429 0.505 0.541
AHgp  0.198 0351 0374 0300 0391 0414
7 0.2781 0.497"
AEry 0294 0.838 0308  0.564
AHgp  0.196 0336 0257 0380 0453
3 0.400°! 0.636"!
AEpr 0243 0337 0378 0383  0.490
AHgp 0188 0210 0327 0.431
9 0.385"
AEgr  0.191 0383 0426 0.541
AHgp  0.190 0392 0478
10
AEg_7
AHgp 0241 0421
11
AEg_t
AHgp 0214
12
AEg.r
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JRF kR, S g RO b AR — 5
AWFFHIET B 5 53R 1 RTFEER, 00
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o R GE 22 WL RS N, LA 43 B4R (AHR p) (WL 3
DAL AL ARER 2> 2R R AHR 5=0.141 eV/atom,
b AL 55 B AHR p(0.312 eV/atom FiT 0.341
eViatom)/), BT AL E— AN R ER  [A17%
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dissociation of metal cluster ions: Bare aluminum clusters
Al (n=3-2 . J Chem Phys, 1 : — .

3 Q:nbi/t\' n (N=3-26)[J]. J Chem Phys, 1987, 86(7): 3876—3885

D) AT AL (=2~13) B, SURIAEBIR F

I ZMINAHR p 5 73 fGE BEAE R RWIIL T Z L7y
By PR sy L AL T (R R A A T

2) Aly' (n=2~13) A5 Z P ST B 22 A K

MR AR Prifs e e 2, 5 LR 5 O I, 1 4y
MRS K.

REFERENCES

(1]

(2]

(3]

(4]

(7]

SAUNDERS W A, FAYET P, WOSTE L. Photodestruction of
positively and negatively charged aluminum-cluster ions[J]. Phy

Rev A, 1989, 39(9): 4400—4405.

SCHRIVER K E, PERSSON J L, HONEA E C, WHETTEN R L.

Electronic shell of group-III A metal atomic cluster[J]. Phys Rev
Lett, 1990, 64(21): 2539-2543.

RAY U, JARROLD M F, BOWER J E, KRAUS J E.
Photodissociation ~ kinetics of aluminum cluster ions:
determination of cluster dissociation energies[J]. J Chem Phys,
1989, 91(5): 2912—2921.

RAO B K, JENA P. Evolution of the electronic structure and
properties of neutral and charged aluminum clusters: A
comprehensive analysis[J]. J Chem Phys, 1999, 111(5):
1890—1904.

HEER W A, MILANI P, CHATELAIN A. Nonjelliu-to-jellium
transition in Aluminum cluster polarizabilities[J]. Phys Rev Lett,
1989, 63(26): 2834-2836.

COX DM, TREVOR R L, WHETTEN R L. Aluminum clusters:
Magnetic properties[J]. J Chem Phys, 1986, 84(8): 4651-4656.

JARROLD M D, BOWER J E, KRAUS J S. Collision induced

(8]

9]

[10]

(11]

[12]

[13]

[14]

[15]

HANLEY L, RUATTA S A, ANDERSON S L. Collision-
induced dissociation of aluminum cluster ions: Fragmentation
patterns, bond energies, and structures for Al,"-Al;"[J]. J Chem
Phys, 1987, 86(1): 260—-268.
INGOLFSSON O, TAKEO H. Energy-resolved collision-
induced dissociation of Al," cluster (n=2—11) in the center of
mass energy range from few hundred meV to 10 eV[J]. J Chem
Phys, 1999, 110(9): 4382—4393.
LLOYD L D, JOHNSTON R L. Modelling aluminium clusters
with an empirical many- body potential[J]. Chem Phys, 1998,
236(1/3): 107-121.
PERDEW J P, BURKE K, ERNZERHOF M. Generalized
gradient approximation made simple[J]. Phys Rev Lett, 1996,
77(18/28): 3865—3868.
DELLEY B. Analytic energy derivatives in the numerical local-
density-functional approach[J]. J Chem. Phys, 1991, 94(11):
7245-7250.
PACK J D, MONKHORST H J. Special points for Brillouin-
zone integrations—A reply[J]. Phys Rev B, 1977, 16(4/15):
1748—-1749.
HALGREN T A, LIPSCOMB W N. The synchronous-transit
method for determining reaction pathways and locating
molecular transition states[J]. Chem Phys Lett, 1977, 49(2):
225-232.
BT, BUUR, MRAE, WA, Xk, AlL(h=3, 4, 6, 13,
19) 7% I¥) 25 4 78 € M 5 B &AL 0], TP E R E, 2006,
36(9): 975-982.
PENG Ping, LI Gui-fa, ZHENG Cai-xing, HAN Shao-chang,
LIU Rang-su. The structure stability and configuration evolution
of Al,(n=3, 4, 6, 13, 19) clusters[J]. Science in China Series E,
2006, 36(9): 975-982.

(4REE L)



