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The geometries, stabilities, and electronic properties ,pfud AlB, clusters, up ton = 12, have been
systematically investigated by using the density-functional approach. The resultschfsBrs are in good
agreement with previous conclusions. When the Al atom is doped ahuBters, the lowest-energy structures

of the AlB, clusters favor two-dimensional and can be obtained by adding one Al atom on the peripheral site
of the stable Bwhenn < 5. Starting fromn = 6, the lowest-energy structures of AlBlusters favor three-
dimensional and can be described as an Al atom being capped on thesters. The average atomic binding
energies, fragmentation energies, and second-order energy differences are calculated and discussed. Maximum
peaks were observed for clusters of sines 5, 8, 11, especially for the AlBcluster, implying that these
clusters possess relatively higher stability. The adiabatic IP and EA ofa@iB B, clusters are discussed and
compared with some available experimental results. A distinct phenomena fpicliiers is that all even

n, butn = 10, have higher adiabatic ionization potentials than ndd

I. Introduction based on density-functional thed®/ These papers give the
results that for many boron clusters the planar or quasi-planar

. Rlecent.ly, atomic clusters have drawn more and more attén-p,,jear arrangement is consistently more stable than any three-
tion* owning to their fundamental interest in basic research and ;- ansional structurz16 These planar boron clusters indeed

the possibility of constructing nanostructured materials. Butthe . . titite a group of novel aromatic molectiés.
history of studying clusters can be traced back to the work by As far as X-doped boron clusters are concerned, there are

Becker in 1956, in which he reported the experimental method g4 jnyestigations reported. Nevertheless, Zhai and co-workers
of pré)duutng ;:Iuste][ gqeanTiJlr.ltll ti1e|d||sc?very OE%E?;Q'C reported the electronic structure and chemical bonding-ef B
Hrl:g?ng rosf; :rl:g lé;:: c?uste(-:‘rsa ina:ll.9n§§ 2Iu(;tjesr ?r:?/égtigation w:ls Az and_ BAUz _using photoelectron spectroscopy and ab initi(_)

. ; AN calculations® It is well accepted that doped atoms can dramati-
extensive. If such exotic material likesg¢xcould be found, then cally modify many properties of pure clusters in a variety of

they might have certain p_roperties_ including electronic, mag- ways. Thus, it is necessary to study X-doped clusters’ properties.
netic, optical, and mechanical. Until now, there are many types In addition, Ak (n > 5) clusters favor three-dimensional

of clusters investigated through theory and experiment. As for structures notwithstanding lying in the same column of the

the f.irst element of group 13, boron vyith an electron-defiqient. periodic table as borol. Then, what will happen when adding

semimetal and a short covalent radius have been studied iny,o A atom to boron clusters? To our best knowledge, there is
sc_averal Papers _because of some unusual properties such as b theoretical research about Al-doped boron clusters. So
high melting point (2300 K) and a hardness similar to that of stimulated by this interesting question, a series of computational

(Ej;amond.,. espeplallyd f?]r pure boron glulsters. For example'finvestigations has been performed on the geometry and stability
oustani investigated the geometry and electronic structures of ;¢ AIB,, in this paper. To acquire the influence of the Al-doped

Bn (n =14) clusters using ab initio quantum-chemical methods ., custer, pure boron clusters, Bre also calculated using
in the framework of the restricted HartreEock self-consistant-

field approact?. Yang and co-workers studied the geometries,
potential energy curves, and spectroscopic dissociation energie%
of ground and low-lying electronic states of 8nd B" basing
on the ab initio quadratic Cl calculation and 6-311G basisSets.
The neutral and anionic forms okBnd B, were studied using
photoelectron spectroscopy and ab initio calculations by Zhai
and co-workerg.The structure and stability of Bn =5, 6, 7)
were detailedly researched by Li and Ma using MP2 and density ~ Using the functionals of Becke’ three-parameter hybrid
functional theory (DFT) calculations, respectivéiy® Bg exchange functional and the Le¥ang—Parr correlation func-
clusters were investigated with MP2 and density-functional tional (B3LYP) and 6-31+G(d) basis sets, the geometry
theory (DFT) methods (B3LYP and B3PW91) by Li and co- optimizations of B and AlB, (n < 12) clusters are carried out
workers!! The equilibrium geometries, electronic and vibrational by solving the Koha-Sham equation in the framework of
properties, and static polarizability ofB B4, and B4 density-functional theory (DFT). The quality of the B3LYP/6-
clusters are calculated by Lau using first-principles calculations 311+G(d) scheme for the description of,&nd AIB, clusters
was tested by calculations on the Bimer. The theoretical
*To whom the correspondence should be addressed. E-mail: '€Sults of the quintet Bdimer, including the B-B bond length
xjfeng@ecust.edu.cn. (1.52 A), vibrational frequency (1280.9 ¢, and binding

the same methods and basis sets.

This paper is arranged as follows: In Section Il, we discuss
omputational methods briefly. Our results and discussion are
presented in Section Ill. Finally, a conclusion is drawn in Section

[I. Computational Methods

10.1021/jp0656429 CCC: $37.00 © 2007 American Chemical Society
Published on Web 03/03/2007
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energy (63.5 kcal/mol), are in good agreement with the we2 @
experimental values of 1.59 A, 1051.1 chand 65.5 kcal/ >o ‘ > o990 9909
mol 2% respectively. In this work, first, equilibrium geometries GIC:  @CATMEY  BCCABSISHEN:  (CiAELY

of the B, clusters are optimized. Second, on the basis of the s ?
optimized B, geometries, different evolution patterns for ﬂ A @ @
determining the different sized AjBisomers, including Al- Too .( - ,-----" o ¥ ? o o

capped, Al-substituted, and Al-concaved patterns. Third, to

acquire the relative stability of Band AIB, clusters, binding (0 Ch (a1Cs AE=OeV (B)C,, AE=0IS2V (6 AE=0340V )0y AE=3628cV  (9Dyy AE=T.IBTeV
energy, fragmentation energy, gaps between the HOMO (highest =i @
occupied molecular orbital) and LUMO (lowest unoccupied N e | B & '“'*),
molecular orbital), and second-order difference of total energies ‘\," ‘"-1’—3 s 9 -
are calculated. Moreover, the electronic properties such as =~ ®Ps W6 AE=0v ()Cs AB0169%Y  (ICo AEDSHEY
ionization potential and electron affinity are also investigated. o
All calculations are carried out with the GAUSSIAN 03 program oa o? . ﬁ“ ). 9 -
package?! 4s o9 9 * —9 o9

(a0) Ty (a)Cs A E=0eV (hCs A E=0094eV {els AF=1.823eV

Ill. Results and Discussions

: . . ™ A

A. Growth Behavior of Different Sized Al-Doped Boron *od ‘_a_‘ o ?

Clusters. Using the computation scheme described in Section S A TaiY Ooiaiey oA

I, we have explored a number of low-lying isomers and

determined the lowest-energy structures for AtBusters up P A

to n = 12. The lowest-energy structures and some low-lying f’fj & f;) i ) g

metastable isomers are shown in Figure 1. Using the same A Sl

computation scheme, we reoptimized the purecBisters for wt

the purpose of comparison, which have been investigated

extensively by both ab initio and density-functional ap- ;‘)ﬂ % f"“& %
' f' 599 ¥- J— 9

proaches$ 16 Only the lowest-energy structures foy &e shown

(#0)Cs, (L1 (MC) AE=DeV (b} AE=094TeV  (0)C; AE=T.1%4eV

in Figure 1.For AIB and AlBs;, the lowest-energy structures @Ca, (Cs AE=0eV  (bCs AR=DS0TY  (0)C, AE-DS0Y  (@)C; & E=1.387eV
can be obtained by directly adding one Al atom to the pure B Py

clusters. A isosceles triangleC4), with a total energy of net J’: a2 fe 9 @ }‘— J

—291.94155 hartree, was found as the lowest-energy structure ;._,J <,

for AIB, (2a in Figure 1), with two At-B bonds of 2.02450 A @Cy ;mgm» ®ICs u Las2ev

and one B-B bond of 1.55329 A, respectively. The linear chain s

(Cs or Dop) isomers (2b and c in Figure 1) are higher in energy ‘ /", 2 ‘ ‘ >
than the lowest-energy structure at 0.907 eV and 4.028 eV. In ﬁ-ﬁ ‘5 *

2999

the case oh = 3, the most stable geometry ot & a closed o e m:{\:;m:\, i Kp e
equilateral triangular structurég,) (3a in Figure 1) with a n=10 1‘

total energy of~74.29827 hartree. Adding one Al atom directly d{ R h " ol

to the B, the lowest-energy structure of AdB3a in Figure 1) *'\ d Jﬁ' ’)‘ J\"’ "' s‘ a‘_‘%\
can be obtained with th&,, symmetry and-316.79018 hartree "' 9 9%GH > o9

in total energy. Another low-lying isomer for Ai8s a trigonal (o) Cs @Cy AEIV  (Cs AEDUSEY  ()Cs AE=0.988eV

n=11

pyramid withCg, symmetry (3b in Figure 1), 0.152 eV higher /‘ S s & ‘~

than the lowest-energy structure. When one B atom in the B {

(4& in Figure 1) is substituted by Al, a new structure is formed, ‘ "—J " #‘4 ‘:’3} d’* ‘/‘

but 0.344 eV higher than the lowest-energy structure. R paal e ]me;_j
The lowest-energy structure fon B a planar rhombus (4a

in Figure 1) with a total energy 0f99.15755 hartree, which

can be generated by capping the B atom on the peripheral site #’f g Toa

of the stable B frame, and this is in agreement with previous Fy- & (Qa -"_‘ J‘

calculations. Adding one Al atom on the peripheral site of the

stable B and having a little distortion, the lowest-energy . ,‘;’L"” MATTEY (NG SIS (@, SEme

structure of AlB, can be obtained withCs symmetry and , @ Jn* x:‘\
—341.63852 hartree in total energy (4a in Figure 1). The other * J 0’}‘ g—*-g J/
two low-lying isomers (4b and c in Figure 1) can also be ,g - ,_rg

obtained by adding one Al atom on the peripheral site of the (80} Dy (@)Ca AE=heV )0 AB-0SBEY (90, AB=1860eV

stable B, but they are 0.169 eV and 0.924 eV higher in total rjgyre 1. Lowest-energy and low-lying structures of Al = 2—12)
energy than the lowest-energy structure. It is strange that therecjusters and lowest-energy structures of pugdrB= 2—12) clusters.
is no such pyramid structure for AlBwhich is unlike other

AIB, clusters.

Forn = 5, the planar five-membered ring structure w), and also having a little distortion, witlCs symmetry and
symmetry is the lowest in energy-(124.00303 hartree), in  —341.63852 hartree in total energy (5a in Figure 1). There are
agreement with the results obtained by Boustarid Qian Shu other isomers for AlB (5b—f in Figure 1); for example, when
Li et al8 For AIBs, the lowest-energy structure can be obtained one B atom in the B(6a in Figure 1) is substituted by Al
by adding one Al atom on the peripheral site of the stahje B atom, a new structure of AlBs formed and is only 0.094 eV
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TABLE 1: Binding Energy, Shortest Al—B and B—B Bond 2.49334 A. It should be noted that another isomer (9b in Figure
Lengths, and Electronic State of AlB, and B, Clusters for 1) is only 0.045 eV higher than the lowest-energy structure in
the Lowest-Energy Structures total energy. It can be seen as a substitutional structurgof B

cluster E (eV) Ra-g(A) Rs-g (A) state clusterEy(eV) Rs-s(A) state (10a in Figure 1) withCs symmetry.

AlB, 2.12772 2.02449 1.553292A' B, 1.42338 1.51842 5% The most stable structure of ghas two dovetailed hexagonal
ﬁ:? g-gzggg g-é%gg igég;i;ﬁ Es g-jggig 1-2‘2‘;82 iﬁ: pyramids (10gin Figure 1) but with two tops reversed. This
4 9. . . 4 . . ; : P .
AlBs 3.63158 2.20691 1555381A° Bs 3.80368 155347 2A’ structure agrees with the theoretical prediction by Boustani.
AlBs 3.76053 2.25628 1.59443°A Bg 3.91179 1.60960 A Like AlB7-o, place the Al atom above that, and the lowest-
AlB; 4.01166 2.48126 1.54286'A B; 4.21547 1.56871 2A energy structure for Al can be obtained witlC,, symmetry
ﬁ:gs jggggg %ig%gz i.gﬁgiiﬁ gs 3-2235; i-géggg ;2’ (10a in Figure 1). The shortest AB bond length occurs for
9 4. . . 9 . . — i
AlB1o 4.39923 2.71622 1.619322A Bjo 4.60612 1.58107 !A .1OBh 12Al at 2'66105 /::3; hbe d:jstlancehof GafsazngdegB,&SEh
AlBy; 4.46480 2.66108 1.52968'A By 4.66904 1.54206 2A IS shortest among the ond lengths at 1. - The
AlB1, 4.46280 2.09394 1.569452A B, 4.63738 1.50672 A other two isomers are also shown in Figure 1 (10b and c in

Figure 1). Furthermore, there is only a 0.005 eV difference
higher than the lowest-energy structure. Because the lowest-between 10a and 10b. 10b can also be seen as a substitutional
energy structures of the AiB» clusters are three-dimensional, ~ structure of By (11& in Figure 1) withCs symmetry.
n=>5 can be seen as a transition point from a two-dimensional For B;j, the lowest-energy structure (klan Figure 1)
to a three-dimensional structure. contains two connected subunits, the shallow hexagonal and

As far asn = 6, there are two stable structures with litte heptagonal pyramids. Our result agrees with the theoretical
difference in total energy for 8 One is a pentagonal pyramid ~ prediction by Boustarfi. The shortest BB bond length is
structure withCs, symmetry (6ain Figure 1). The other is a 1.54206 A for B8-B9. Using the same method, the lowest-
cyclic planar structure witD., symmetry (6 in Figure 1). energy structure for Al can be obtained witlCs symmetry
Furthermore, the energy for §& Figure 1 is a little higher ~ (11a in Figure 1). The distance of 16B2Al is the shortest
than that for 6pin Figure 1. But using the vibrational frequency ~among the B-Al bonds at 2.66108 A. The shortest8 bond
results, there is a negative vibrational frequency for the 6b length occurs for 6B-7B at 1.52968 A. The other four isomers
structure; therefore, the 6b structure is not the ground state. Theare also shown in Figure 1 (10b and c in Figure 1). However,
true most stable structure is the 6a structure and is in agreementhere is much difference (at least 1.377 eV) between 1la and
with the results obtained by J. Niu et?IFor AlBs, the lowest- other isomers. 11b can also be seen as a substitutional structure
energy structure is a pentagonal bipyramid, vithsymmetry but with some retortion of B (12a& in Figure 1) with Cs
(6a in Figure 1), which can be seen on the Al atom occupying Ssymmetry.

a site on the vertex. When the Al atom occupies a site on the  For By, the lowest-energy structure (12a Figure 1) consists
pentagonal ring, other AlB(6c in Figure 1) isomers can be of a dimer surrounded by 10 atoms and can be considered as
obtained, but the former one is much lower in energy by 7.194 containing two dovetailed shallow heptagonal pyramids. This
eV. A hexagonal pyramid structure wit®,, symmetry (6b in structure agrees with the theoretical prediction by Boustani.
Figure 1) is only 0.947 eV higher than the ground state in total The shortest BB bond length is 1.50672 A for B5B6. Using
energy, and it can be seen as a substitutional structure; of B the same method, the lowest-energy structure for; Atn be

(7& in Figure 1). obtained withC,, symmetry (12a in Figure 1). The distance of

For By, we obtained a hexagonal pyramid with, symmetry 11B,12B-13Al is the shortest among the-B\l bond lengths
(7a in Figure 1) and in agreement with the result obtained by at 2.09394 A. The shortest-8 bond length occurs for 2B
Q. S. Li et all° If you turn over the B and place the Al atom 3B, 4B—5B, 7B—8B, and 9B-10B at 1.56945 A.

above that, then the lowest-energy structure for At&n be According to the discussion above, it is concluded that the
obtained with a hexagonal bipyramid a@gl, symmetry (7a in lowest-energy structures of Algan be obtained by adding one
Figure 1). The shortest AIB bond length occurs for 2B8Al Al atom on the peripheral site of the stablg &d favor two-

and 5B-8Al at 2.48126 A. The distance of H®2B and 4B- dimensional whenn <5. From n = 6, the lowest-energy
5B is shortest among the-BB bond lengths at 1.54286 A.  structures of Al clusters can be described as an Al atom being
Several other isomers were considered, including one planecapped on the Bclusters and favor three-dimensional.

structure and two 3D structures (78 in Figure 1). The total B. Relative Stability and Electronic Properties. Relative
energy is 0.597, 0.840, and 1.387 eV higher than the lowest- Stability. The relative stability of the different sized clusters
energy structure, respectively. can be predicted by calculating the average binding energy and

For Bs, the lowest-energy structure is a heptagon with a fragmentation energy. The average binding energy for the B
central atom an€; symmetry (8ain Figure 1). Our heptagon  and AlB, clusters can be defined by the following formig
structure agrees with the theoretical predictions by Boustani (n) = [nEr(B) — Er(Bn)l/n, E'n(n) = [nEr(B) + Er(Al) —
and Zhai et af2 Two isomers for AIB are shown in Figure 1 Er (AIBp)]/n + 1, whereEr (B), Er (Al), Er (AIB ), andEr (By)

(8a and b). 8a is the lowest-energy structure and can be obtainedepresent the total energies of the most stable B, Al,,AiBd

like AIB;. The most interesting thing about AdBs that the B, clusters, respectively. From Figure 2, it can be seen that the

structure is very much like an umbrella. The shortestAB binding energy generally increases with cluster size. Thus, the

bond length belongs to 8B9AI at 2.12139 A. Another isomer  clusters can continue to gain energy during the growth process.

8b is a substitutional structure ofgB9a in Figure 1) and is Furthermore, both curves reveal the same size dependence with

1.542 eV higher than 8a in total energy. enhanced stability at =5, 8, and 11. This result indicates that
An octagon with a central atom ar@ symmetry (9ain the stability of AIB, can be related to the stability of pure.B
Figure 1) is obtained for 8 Our octagon structure agrees with In addition to the binding energy, the size dependence of the

the result by Zhai et &8 Like AIB; and AlBg, the lowest-energy  fragmentation energies of the,Bnd AIB, clusters is also
structure can be obtained for AJ9a in Figure 1). The shortest  investigated. The fragmentation energy can be defined by the
B—Al bond length also like AIB belongs to 9B-10Al at following formulaEg (n) = Er(B) + Er(Bn-1) — Er(Bn), E'r-
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TABLE 2: Adiabatic lonization Potential (IP), Electron

Affinity(EA), HOMO —LUMO Gap, and Atomic Charges at

the Al Atom of AIB , Clusters for the Lowest-Energy

Structures

cluster IP (eV) EA (eV) gap (eV)
AIB, 8.430 2.170 2.125
AlB3 7.910 1.783 2.603
AIB, 8.144 2.555 2.347
AlBs 7.330 2.116 1.965
AlBg 8.216 1.229 2.355
AlB~ 7.741 3.031 2.064
AlBg 8.954 3.196 2.383
AlBg 7.682 2.561 4.633
AIB 10 7.448 2,515 1.874
AlB 11 7.838 2.309 2.464
AIB 1, 8.172 3.661 1.791

(n) = Er(AIBy-1) + Ex(B) — Er (AIB), whereEr (B), Er (Bn-1),

Er (AIBn-1), Er(Al), Er(AIB,), andEr (By) represent the total
energies of the most stable B, B, AIB,-1, Er (Al), Er (AIB),

and Er (B, clusters, respectively.As shown in Figure 3, the
lowest fragmentation energies appean &t 6, 9. This indicates
that Bs, By, AIBg, and AlBy clusters are less stable than their
neighbors, which can also be obtained from Figure 2. The local
peaks ofEg (n) appear at the sizes of 7 and 10. However, when
Al is doped in the B clusters, this situation is obvious. As can
be seen from Figure 3, the local maximat (n) appear at
the sizes of 5, 8, and 10.

In cluster physics, the second-order difference of cluster
energiesAzE(n) = E(n + 1) + E(n — 1) — 2E(n), is a sensitive
guantity that reflects the relative stability of the cluséBigure
4 shows the second-order difference of cluster energig=(n),
as a function of the cluster size. Maxima are found at 5, 8,
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Figure 4. Second-order differences energy of neutral Aihd B,
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Electronic Properties.The ionization potential (IP) is an
important parameter to understand the stability toward ejecting
out one electron from its HOMO energy level to the continuum.
Usually, there are three types of IP: Koopmans IP, vertical IP
and adiabatic IP. Koopmans IP is the HOMO energies, vertical
IP is the energy difference between the neutral and ionic clusters
at the neutral equilibrium geometry, and adiabatic IP is the
energy difference between the neutral and ionic clusters at their
respective equilibrium geometry. In this work, the adiabatic IP
of AIB, and B, clusters for their lowest-energy structures are
calculated and compared with some available experiment results,

and 11, indicating that these clusters possess higher stability,as shown in Figure 6. Both our theory and previous experiment

which is consistent with the trend of binding energies shown
in Figure 2.

As shown in Figure 5, the HOMGLUMO (highest occupied
molecular orbital-lowest unoccupied molecular orbital) gaps of
AIB, are usually smaller than those of, Blusters except at
= 8, 9, 11. The gaps are close to each othen &t 3, 7. It
should be pointed out that AlBhas a very large gap (4.633
eV); maybe there is other important information. Further
investigation will be done in our future research. We do not
find a strong correlation between the HOMQUMO gaps and
the energetic stability of the clusters.

suggest a maximum in the IP’s for,Rlusters at B. (The
previous experimental result of IP fog & 14.0 eV.5° For AIB,
clusters, AIB has the largest adiabatic ionization potential,
corresponding to its higher stability. A distinct phenomena for
AlB, clusters is that all evembutn = 10 have higher adiabatic
ionization potentials than oddl

The adiabatic electron affinities (A.E.A) of AjBand B,
clusters for their lowest-energy structures are also calculated
and compared with some available experimental re$a#3%-27
as shown in Figure 7. The theoretical data fer£-9 have
the same tendency as the experimental data excepg.fairiike
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Figure 7. Comparison of the adiabatic electron affinity between AIB
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the ionization potential, there is no distinct rule for electron
affinities. From Figure 7, we can see that the A.E.A for some
sizes of AlB, clusters are larger than those of 8usters, for
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Figure 8. Size dependence of atomic charges of Al atom of AIB
clusters.

examplen =2, 4,7,12. From 8 to 11, the A.E.A of.Bre all
larger than those of AIB

Mulliken population analysis for the lowest-energy structures
are performed, and the atomic charges of the Al atom of the
AIB, clusters are plotted in Figure 8. Charge always transfers
from the Al to the B atom with the increase of size and indicates
that Al acts as an electron donor in all AlBlusters. The local
minima for the different sized AlBclusters can be found at 6
and 9; this finding provides support of our calculated relative
stability by aid of the calculated fragmentation energy. From
= 2 ton = 5, there is about 0.4e charge transfer= 6 is a
local minimum. Frorm = 6 ton = 8, the charge transfer from
the Al atom to the B atom generally increases= 9 is anther
local minimum. There is an abrupt increase from 11 to 12.

To gain more information of electronic properties, we
consider the results of natural bond analysis (NBQyhich is
based on the use of localized orbitals constructed from the
occupancy-weighted symmetric orthogonalized natural atomic
orbitals and provides effective electronic configurations for each
atom in a cluster. AlB AlBg, and AlBy are chosen as examples.
In the lowest-energy structures of Al87a in Figure 1), AlB
(8ain Figure 1), and AIB(9a in Figure 1), the effective atomic
configurations of Al are (core)(3313p°49), (core)(38°%3p"97,
and (core)(3593p%39), respectively. It can be easily seen that
the Al atom in the AIB cluster offers more electrons to share
with B atoms than that in the AlBand AlBy clusters. Therefore,
the electrostatic interaction between the Al atom and the B atoms
of the AlBg cluster is stronger than that for the AIBnd AlBg
clusters. This conclusion can further illuminate that the AIB
cluster is more stable than the ABnd AlBy clusters. At last,
it should be pointed out that the Al atom in the AlRcluster
also offers more electrons to share with B atoms, but it is not
a maximum in Figure 4. The possible reason is that the isomers
for AlB 13 are not enough. Further investigation will be done
for the XBy, cluster in our future research.

IV. Conclusions

The growth behaviors, stabilities, and electronic properties
of the B, and AIB,, n up to 12, clusters are investigated
theoretically at the B3LYP level by employing 6-3tG(d)
basis sets. The lowest-energy structures ofAl&n be obtained
by adding one Al atom on the peripheral site of the stahje B
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whenn < 5. Fromn = 6, the lowest-energy structures of AIB
clusters can be described as Al being capped on theuBters

J. Phys. Chem. A, Vol. 111, No. 12, 2002425

(11) Li, Q. S.; Zhao, Y.; Xu, W. G.; Li, NInt. J. Quantum Chen2004
101, 219.
(12) Lau, K. C.; Deshpande, M.; Patt, R.; Pandey)mR. J. Quantum

and favor three-dimensional structures. The average atomiCpém'2005 103 866.

binding energies, fragmentation energies, and second-order (13) Ricca, A.; Bauschlicher, C. W. Chem. Phys1996 208, 233.
energy differences are calculated and discussed. From the (14) wyss, M.; Riaplov, E.; Batalov, A.; Maier, J. P.; Weber, T.; Meyer,

analysis of second-order energy difference, AtBisters an
= 5, 8, 11 possess relatively higher stability. The results of
natural bond analysis (NBO) indicate that the Al atom in the

W.; Rosmus, PJ. Chem. Phys2003 119, 9703.

(15) Cias, P.; Araki, M.; Denisov, A.; Maier, J. B.Chem. Phy2004
121, 6776.

(16) Linguerri, R.; Navizet, I.; Rosmus, P.; Carter, S.; Maier, JJ.P.

AlIBg cluster offers more electrons to share with B atoms than chem. Phys2005 122, 034301.

that in the AlB; and AlB clusters. Therefore, the electrostatic
interaction between the Al atom and the B atoms for thegAIB
cluster is stronger than that for the AlBnd AlBg clusters. This
conclusion can further illuminate that the AlBluster is more
stable than the AlBand AlBy clusters. The adiabatic IP and
EA of the AIB, and B, clusters for their lowest-energy structures
are discussed. For the AlRlusters, all evem, butn = 10,
have higher adiabatic ionization potentials than addhere is
no distinct rule for AIB, in electron affinities.
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