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1 HARFETTEN Al BvHEEE 5 5 STIeE i Hh i
B3LYP QCISD MP2 Exp
6-31G (d) 6-311+G (3df) 6-31G (d) 6-311+G (3df) 6-31G (d) 6-311+G (3df)
A 2.76 275 271 272 271 271 27019
EyleV 1.32 1.35 1.17 126 1.17 1.33 1.349
AIP 5.86 5.86 5.59 5.82 5.60 5.81 5.989)

a) CHk [35],b) SCHk [36].
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HREMFETHRREZ Z). NRFTLLEHH
B3LYP #1 QCISD 15 2| ge fE th i — &, AHb 2 T
MP2 %5 H 45 G RERUR. (B =Fh 7545 A A4
A FRAE OE A2 MR B A IR B 1 — B, RIAEEH ()
L4t (b) R E.

F2 Al HBERLSMSH

/A )
B3LYP QCISD MP2 B3LYP QCISD MP2
ros 281 278 276 /213 5877 5896 58.84
oy 276 274 271 /123 6061 6052  60.58
@ 5 272 270 270 /253 6297 < 62.64 62.18
s 264 263 263 /536 6195 6178 61.84
/235 5851 5868 5891
/356 59.02  59.11  59.08

r-y 292 290 288 /213 49.94 50.77  51.28
by r-s 272 270 2.68 /314 54.83 55.37 5532
rs—¢  2.65 264 265 /123 65.03 64.61  64.36
re—7 255 2.54 254 /134 62.59 6231  62.34
o3 250 249 250 /374 61.76 61.51  60.71

#3 Al HIFRRESMME SR Ev/eV

B3LYP/6-31G (d,p) QCISD/6-31G (d,p) MP2/6-31G (d, p)
(a) —-14.41 -13.82 -17.49
(b) -14.24 -13.47 —-16.88

3.2 H, 7 Al; B#R LR FIRBH

A AL [ ERASE S5 4 (), TR T Hy £E
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Aly 119 3p PUE H il Hy 7EIX ML it B oA e
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e (W PHA R RS &= 5 IOL AR Hy 2 FRIfE =
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2 H, fE Al; Bl LRI S5

K4 Hy 1 Aly BIRRERINRIRE E/eV

B3LYP/6-31G (d,p) QCISD/6-31G (d, p) MP2/6-31G (d, p)

(a) -0.023 -0.020 -0.022
(b) -0.009 -0.016 -0.023
(©) -0.009 -0.017 -0.022
(d) -0.011 -0.015 -0.017
(e) -0.012 -0.016 —-0.023
[63) -0.011 -0.017 —-0.022
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T PR G5 46 PR R HE R IR AR A, A 2 R B SR P I,
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BT B S MALERS R, 4 RFITER 5,
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HOMO FERAE —2.29 eV &b, H N A=/ MRIT K RE
P (CEMIFH -3.01 eV Al -3.11 eV), X 4 MHLIE
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FAERAE —4.04 eV &b, T AL T ~14.69 eV. Xf
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AR, T Hy B RERVEAE RIFEMN AR T 1 eV 1

(A®

(TS,) (c)

B3 H, 78 Al BIRRHIR 2 2

1.0
™, _
0.5 J ! -~ Al H;
[ ]
1] [']
[]
[']
[']
A AR
~ \.\l
R _os5} N
\i
W n
—1.0¢ "~
ll-\-\.*—.-
-1.5
0 1 2 3 4 5
R/A
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RS Hy 7R ALy BRI RS ) ] S oL s 4

HIFIXS RER EddeV

@@ (TS (b (TS2) (o) fiE

B3LYP/6-31G (d,p) -0.022 0.73 -0.82 -0.78 -1.35 0.75
QCISD/6-31G (d,p) -0.020 1.03 -0.63 -0.56 -1.13 1.05
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Wang 26 A\ P71 I& T Al 5D, 4 7454 5%
BRI L RE . RATZEE 6 F06 Al 2 Hy 7E ALy
A BB S (S B R S T R ) S 4
BEAT T B, BRSO AR 1 A MR LN 0.1 eV
CGHT I RER 73 5% AEW/E, ~2.5%). R 6 I T
4R HL B A 5 HOMO fEgk, 1B  HOMO
REL 5 i H B AR SRR, HILE 6 HiE%E
FEARBAT PR, DM PUB Re ik T IFEE. B 6 &
B AL, A% ST RIS RRAR IF MR & X T
H, fif B PHAE ALy B [454, HOMO REZLTE —2.78
eV &b, HF -3.12 eV F1 -3.15 eV AH B MEIT 1)

BEZR. F FIAE —3.50 eV, —3.78 eV Al —4.23 eV AL
EABELL. RATE S —4.23 eV (HRES IR AR AE, RE
REEHIFE T REE M4 R e e — 3L

DA b EEARR B Hy 20 SEAE AL BIRE BERA
TR, AEFT T TSR B Hy 2 T R R
TR B = I I BE 22 (B3LYP Al QCISD it 5111 fig
LN 0.75 eV A1 1.05 eV). Wang?7) [y szt
rh R BB OB EE M 10 atm (1 atm = 1.01325%x10°
Pa) S SH I ALEEF=AE R IF 5 Dy 40 F R AR,
AR B AR P DAARFEAR i IR . Rk Dy 4 1
ALy LR RIE 5 SR 5 A K.

2 3 4 5 6

ALH;

GiEfe eV

K6 Al 1 AL Hy MIAE S0 7B 27 i

#6 Al Ml ALH, HIHESRE S HOMO fEgi/eV

VIP AIP
B3LYP  QCISD B3LYP QCISD HOMO
Aly 2.31 2.20 1.98 1.95 -2.29
Al;H,~ 2.83 2.81 2.76 2.72 -2.78

053601-5



Y12 % 3R Acta Phys. Sin.

Vol. 62, No. 5 (2013) 053601

4 % %

R T R AT R AL A WA Sk -3
VAT o S F1F ALy 11857 B I 2% i ot
FRHLAT T HFIL. T4 A Hy 4 T8 AL By
5 O ER R Y, I B2 0.02 eV, AR R Iy v
T RS 0224 2 A — R, 3 R 00 42 24

N 0.75 eV. fEGR G UIEIL LT, LU 1 % K ik 1
WY S5 40 (RS 3 5 SEIR AR B RDL B T RETE, —
REMB AR AT &, WhE SEde PO ) T Hy £E Al
R IR (ELE R B B H R AR e L2
S O £ Dy 733 IR B R RE SOt R T A4
MIRIFRAE Rl N BRS Dy RNA K.
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Dissociation of H, on Al, cluster studied by
ab initio calculations™
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Abstract
With the accurate ab initio method, the adsorption and dissociation process of H, molecule on Al; cluster anion are investigated.
The stable structures of molecular adsorption and dissociative adsorption are confirmed. The photoelectron spectra of different struc-
tures are further analyzed. The calculations indicate that the adsorption of H, on Al is weak physical adsorption with the adsorption
energy about 0.02 eV. The investigation of the dissociation process shows that the energy barrier of dissociation is about 0.75 eV. The
densities of states of the Al cluster and the dissociative adsorption complex Al;H, are in good agreement with those obtained by the

photoelectron spectroscopy. It suggests that H, can be dissociated when it is absorbed on Al; anions produced by laser ablation.
Keywords: Al;, H,, dissociative adsorption, ab initio calculation
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