
Structure and Stability of Al-Doped Boron Clusters by the Density-Functional Theory

Xiao-Juan Feng* and You-Hua Luo
Department of Physics, East China UniVersity of Science and Technology, Shanghai 200237, China

ReceiVed: August 30, 2006; In Final Form: January 25, 2007

The geometries, stabilities, and electronic properties of Bn and AlBn clusters, up ton ) 12, have been
systematically investigated by using the density-functional approach. The results of Bn clusters are in good
agreement with previous conclusions. When the Al atom is doped in Bn clusters, the lowest-energy structures
of the AlBn clusters favor two-dimensional and can be obtained by adding one Al atom on the peripheral site
of the stable Bn whenn e 5. Starting fromn ) 6, the lowest-energy structures of AlBn clusters favor three-
dimensional and can be described as an Al atom being capped on the Bn clusters. The average atomic binding
energies, fragmentation energies, and second-order energy differences are calculated and discussed. Maximum
peaks were observed for clusters of sizesn ) 5, 8, 11, especially for the AlB8 cluster, implying that these
clusters possess relatively higher stability. The adiabatic IP and EA of AlBn and Bn clusters are discussed and
compared with some available experimental results. A distinct phenomena for AlBn clusters is that all even
n, but n ) 10, have higher adiabatic ionization potentials than oddn.

I. Introduction

Recently, atomic clusters have drawn more and more atten-
tion1 owning to their fundamental interest in basic research and
the possibility of constructing nanostructured materials. But the
history of studying clusters can be traced back to the work by
Becker in 1956, in which he reported the experimental method
of producing cluster beams.2 Until the discovery of the magic
number structure of the alkali metal clusters in 19843 and the
finding of the C60 clusters in 1985,4 cluster investigation was
extensive. If such exotic material like C60 could be found, then
they might have certain properties including electronic, mag-
netic, optical, and mechanical. Until now, there are many types
of clusters investigated through theory and experiment. As for
the first element of group 13, boron with an electron-deficient
semimetal and a short covalent radius have been studied in
several papers because of some unusual properties such as a
high melting point (2300 K) and a hardness similar to that of
diamond, especially for pure boron clusters. For example,
Boustani investigated the geometry and electronic structures of
Bn (n e14) clusters using ab initio quantum-chemical methods
in the framework of the restricted Hartree-Fock self-consistant-
field approach.5 Yang and co-workers studied the geometries,
potential energy curves, and spectroscopic dissociation energies
of ground and low-lying electronic states of B2 and B2

+ basing
on the ab initio quadratic CI calculation and 6-311G basis sets.6

The neutral and anionic forms of B3 and B4 were studied using
photoelectron spectroscopy and ab initio calculations by Zhai
and co-workers.7 The structure and stability of Bn (n ) 5, 6, 7)
were detailedly researched by Li and Ma using MP2 and density
functional theory (DFT) calculations, respectively.8-10 B8

clusters were investigated with MP2 and density-functional
theory (DFT) methods (B3LYP and B3PW91) by Li and co-
workers.11 The equilibrium geometries, electronic and vibrational
properties, and static polarizability of B24, B24

-, and B24
+

clusters are calculated by Lau using first-principles calculations

based on density-functional theory.12 These papers give the
results that for many boron clusters the planar or quasi-planar
nuclear arrangement is consistently more stable than any three-
dimensional structure.5-16 These planar boron clusters indeed
constitute a group of novel aromatic molecules.17

As far as X-doped boron clusters are concerned, there are
less investigations reported. Nevertheless, Zhai and co-workers
reported the electronic structure and chemical bonding of B7-
Au2 and B7Au2

- using photoelectron spectroscopy and ab initio
calculations.18 It is well accepted that doped atoms can dramati-
cally modify many properties of pure clusters in a variety of
ways. Thus, it is necessary to study X-doped clusters’ properties.
In addition, Aln (n > 5) clusters favor three-dimensional
structures notwithstanding lying in the same column of the
periodic table as boron.19 Then, what will happen when adding
one Al atom to boron clusters? To our best knowledge, there is
no theoretical research about Al-doped boron clusters. So
stimulated by this interesting question, a series of computational
investigations has been performed on the geometry and stability
of AlBn in this paper. To acquire the influence of the Al-doped
boron cluster, pure boron clusters, Bn, are also calculated using
the same methods and basis sets.

This paper is arranged as follows: In Section II, we discuss
computational methods briefly. Our results and discussion are
presented in Section III. Finally, a conclusion is drawn in Section
IV.

II. Computational Methods

Using the functionals of Becke’ three-parameter hybrid
exchange functional and the Lee-Yang-Parr correlation func-
tional (B3LYP) and 6-311+G(d) basis sets, the geometry
optimizations of Bn and AlBn (n e 12) clusters are carried out
by solving the Kohn-Sham equation in the framework of
density-functional theory (DFT). The quality of the B3LYP/6-
311+G(d) scheme for the description of Bn and AlBn clusters
was tested by calculations on the B2 dimer. The theoretical
results of the quintet B2 dimer, including the B-B bond length
(1.52 Å), vibrational frequency (1280.9 cm-1), and binding
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energy (63.5 kcal/mol), are in good agreement with the
experimental values of 1.59 Å, 1051.1 cm-1, and 65.5 kcal/
mol,20 respectively. In this work, first, equilibrium geometries
of the Bn clusters are optimized. Second, on the basis of the
optimized Bn geometries, different evolution patterns for
determining the different sized AlBn isomers, including Al-
capped, Al-substituted, and Al-concaved patterns. Third, to
acquire the relative stability of Bn and AlBn clusters, binding
energy, fragmentation energy, gaps between the HOMO (highest
occupied molecular orbital) and LUMO (lowest unoccupied
molecular orbital), and second-order difference of total energies
are calculated. Moreover, the electronic properties such as
ionization potential and electron affinity are also investigated.
All calculations are carried out with the GAUSSIAN 03 program
package.21

III. Results and Discussions

A. Growth Behavior of Different Sized Al-Doped Boron
Clusters. Using the computation scheme described in Section
II, we have explored a number of low-lying isomers and
determined the lowest-energy structures for AlBn clusters up
to n ) 12. The lowest-energy structures and some low-lying
metastable isomers are shown in Figure 1. Using the same
computation scheme, we reoptimized the pure Bn clusters for
the purpose of comparison, which have been investigated
extensively by both ab initio and density-functional ap-
proaches.5-16 Only the lowest-energy structures for Bn are shown
in Figure 1.For AlB2 and AlB3, the lowest-energy structures
can be obtained by directly adding one Al atom to the pure Bn

clusters. A isosceles triangle (C2V), with a total energy of
-291.94155 hartree, was found as the lowest-energy structure
for AlB2 (2a in Figure 1), with two Al-B bonds of 2.02450 Å
and one B-B bond of 1.55329 Å, respectively. The linear chain
(Cs or D∝h) isomers (2b and c in Figure 1) are higher in energy
than the lowest-energy structure at 0.907 eV and 4.028 eV. In
the case ofn ) 3, the most stable geometry of B3 is a closed
equilateral triangular structure (D3h) (3a0 in Figure 1) with a
total energy of-74.29827 hartree. Adding one Al atom directly
to the B3, the lowest-energy structure of AlB3 (3a in Figure 1)
can be obtained with theC2V symmetry and-316.79018 hartree
in total energy. Another low-lying isomer for AlB3 is a trigonal
pyramid withC3V symmetry (3b in Figure 1), 0.152 eV higher
than the lowest-energy structure. When one B atom in the B4

(4a0 in Figure 1) is substituted by Al, a new structure is formed,
but 0.344 eV higher than the lowest-energy structure.

The lowest-energy structure for B4 is a planar rhombus (4a0

in Figure 1) with a total energy of-99.15755 hartree, which
can be generated by capping the B atom on the peripheral site
of the stable B3 frame, and this is in agreement with previous
calculations.7 Adding one Al atom on the peripheral site of the
stable B4 and having a little distortion, the lowest-energy
structure of AlB4 can be obtained withCs symmetry and
-341.63852 hartree in total energy (4a in Figure 1). The other
two low-lying isomers (4b and c in Figure 1) can also be
obtained by adding one Al atom on the peripheral site of the
stable B4, but they are 0.169 eV and 0.924 eV higher in total
energy than the lowest-energy structure. It is strange that there
is no such pyramid structure for AlB4, which is unlike other
AlBn clusters.

For n ) 5, the planar five-membered ring structure withC2V
symmetry is the lowest in energy (-124.00303 hartree), in
agreement with the results obtained by Boustani5 and Qian Shu
Li et al.8 For AlB5, the lowest-energy structure can be obtained
by adding one Al atom on the peripheral site of the stable B5

and also having a little distortion, withCs symmetry and
-341.63852 hartree in total energy (5a in Figure 1). There are
other isomers for AlB5 (5b-f in Figure 1); for example, when
one B atom in the B6 (6a0 in Figure 1) is substituted by Al
atom, a new structure of AlB5 is formed and is only 0.094 eV

Figure 1. Lowest-energy and low-lying structures of AlBn (n ) 2-12)
clusters and lowest-energy structures of pure Bn (n ) 2-12) clusters.
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higher than the lowest-energy structure. Because the lowest-
energy structures of the AlB6-12 clusters are three-dimensional,
n ) 5 can be seen as a transition point from a two-dimensional
to a three-dimensional structure.

As far asn ) 6, there are two stable structures with little
difference in total energy for B6. One is a pentagonal pyramid
structure withC5V symmetry (6a0 in Figure 1). The other is a
cyclic planar structure withD2h symmetry (6b0 in Figure 1).
Furthermore, the energy for 6a0 in Figure 1 is a little higher
than that for 6b0 in Figure 1. But using the vibrational frequency
results, there is a negative vibrational frequency for the 6b
structure; therefore, the 6b structure is not the ground state. The
true most stable structure is the 6a structure and is in agreement
with the results obtained by J. Niu et al.22 For AlB6, the lowest-
energy structure is a pentagonal bipyramid, withC1 symmetry
(6a in Figure 1), which can be seen on the Al atom occupying
a site on the vertex. When the Al atom occupies a site on the
pentagonal ring, other AlB6 (6c in Figure 1) isomers can be
obtained, but the former one is much lower in energy by 7.194
eV. A hexagonal pyramid structure withC2V symmetry (6b in
Figure 1) is only 0.947 eV higher than the ground state in total
energy, and it can be seen as a substitutional structure of B7

(7a0 in Figure 1).
For B7, we obtained a hexagonal pyramid withC2V symmetry

(7a0 in Figure 1) and in agreement with the result obtained by
Q. S. Li et al.10 If you turn over the B7 and place the Al atom
above that, then the lowest-energy structure for AlB7 can be
obtained with a hexagonal bipyramid andC2V symmetry (7a in
Figure 1). The shortest Al-B bond length occurs for 2B-8Al
and 5B-8Al at 2.48126 Å. The distance of 1B-2B and 4B-
5B is shortest among the B-B bond lengths at 1.54286 Å.
Several other isomers were considered, including one plane
structure and two 3D structures (7b-d in Figure 1). The total
energy is 0.597, 0.840, and 1.387 eV higher than the lowest-
energy structure, respectively.

For B8, the lowest-energy structure is a heptagon with a
central atom andC1 symmetry (8a0 in Figure 1). Our heptagon
structure agrees with the theoretical predictions by Boustani5

and Zhai et al.23 Two isomers for AlB8 are shown in Figure 1
(8a and b). 8a is the lowest-energy structure and can be obtained
like AlB7. The most interesting thing about AlB8 is that the
structure is very much like an umbrella. The shortest B-Al
bond length belongs to 8B-9Al at 2.12139 Å. Another isomer
8b is a substitutional structure of B9 (9a0 in Figure 1) and is
1.542 eV higher than 8a in total energy.

An octagon with a central atom andCs symmetry (9a0 in
Figure 1) is obtained for B9. Our octagon structure agrees with
the result by Zhai et al.23 Like AlB7 and AlB8, the lowest-energy
structure can be obtained for AlB9 (9a in Figure 1). The shortest
B-Al bond length also like AlB8 belongs to 9B-10Al at

2.49334 Å. It should be noted that another isomer (9b in Figure
1) is only 0.045 eV higher than the lowest-energy structure in
total energy. It can be seen as a substitutional structure of B10

(10a0 in Figure 1) withCs symmetry.
The most stable structure of B10 has two dovetailed hexagonal

pyramids (10a0 in Figure 1) but with two tops reversed. This
structure agrees with the theoretical prediction by Boustani.5

Like AlB7-9, place the Al atom above that, and the lowest-
energy structure for AlB10 can be obtained withC2V symmetry
(10a in Figure 1). The shortest Al-B bond length occurs for
10B-12Al at 2.66108 Å. The distance of 6B-7B and 4B-5B
is shortest among the B-B bond lengths at 1.52968 Å. The
other two isomers are also shown in Figure 1 (10b and c in
Figure 1). Furthermore, there is only a 0.005 eV difference
between 10a and 10b. 10b can also be seen as a substitutional
structure of B11 (11a0 in Figure 1) withCs symmetry.

For B11, the lowest-energy structure (11a0 in Figure 1)
contains two connected subunits, the shallow hexagonal and
heptagonal pyramids. Our result agrees with the theoretical
prediction by Boustani.5 The shortest B-B bond length is
1.54206 Å for B8-B9. Using the same method, the lowest-
energy structure for AlB11 can be obtained withCs symmetry
(11a in Figure 1). The distance of 10B-12Al is the shortest
among the B-Al bonds at 2.66108 Å. The shortest B-B bond
length occurs for 6B-7B at 1.52968 Å. The other four isomers
are also shown in Figure 1 (10b and c in Figure 1). However,
there is much difference (at least 1.377 eV) between 11a and
other isomers. 11b can also be seen as a substitutional structure
but with some retortion of B12 (12a0 in Figure 1) with Cs

symmetry.
For B12, the lowest-energy structure (12a0 in Figure 1) consists

of a dimer surrounded by 10 atoms and can be considered as
containing two dovetailed shallow heptagonal pyramids. This
structure agrees with the theoretical prediction by Boustani.5

The shortest B-B bond length is 1.50672 Å for B5-B6. Using
the same method, the lowest-energy structure for AlB12 can be
obtained withC2V symmetry (12a in Figure 1). The distance of
11B,12B-13Al is the shortest among the B-Al bond lengths
at 2.09394 Å. The shortest B-B bond length occurs for 2B-
3B, 4B-5B, 7B-8B, and 9B-10B at 1.56945 Å.

According to the discussion above, it is concluded that the
lowest-energy structures of AlBn can be obtained by adding one
Al atom on the peripheral site of the stable Bn and favor two-
dimensional whenn e5. From n ) 6, the lowest-energy
structures of AlBn clusters can be described as an Al atom being
capped on the Bn clusters and favor three-dimensional.

B. Relative Stability and Electronic Properties. RelatiVe
Stability. The relative stability of the different sized clusters
can be predicted by calculating the average binding energy and
fragmentation energy. The average binding energy for the Bn

and AlBn clusters can be defined by the following formulaEb-
(n) ) [nET (B) - ET (Bn)]/n, E′b(n) ) [nET (B) + ET (Al) -
ET (AlBn)]/n + 1, whereET (B), ET (Al), ET (AlBn), andET (Bn)
represent the total energies of the most stable B, Al, AlBn, and
Bn clusters, respectively. From Figure 2, it can be seen that the
binding energy generally increases with cluster size. Thus, the
clusters can continue to gain energy during the growth process.
Furthermore, both curves reveal the same size dependence with
enhanced stability atn ) 5, 8, and 11. This result indicates that
the stability of AlBn can be related to the stability of pure Bn.

In addition to the binding energy, the size dependence of the
fragmentation energies of the Bn and AlBn clusters is also
investigated. The fragmentation energy can be defined by the
following formulaEF (n) ) ET (B) + ET (Bn-1) - ET (Bn), E′F-

TABLE 1: Binding Energy, Shortest Al-B and B-B Bond
Lengths, and Electronic State of AlBn and Bn Clusters for
the Lowest-Energy Structures

cluster Eb (eV) RAl-B (Å) RB-B (Å) state clusterEb (eV) R B-B (Å) state

AlB2 2.12772 2.02449 1.553292A′ B2 1.42338 1.51842 5Σ
AlB3 2.87330 2.18768 1.515761A′ B3 2.86484 1.54785 2A′
AlB4 3.31902 2.04009 1.533912A′ B4 3.49849 1.52290 1A′
AlB5 3.63158 2.20691 1.555381A′ B5 3.80368 1.55347 2A′
AlB6 3.76053 2.25628 1.594432A B6 3.91179 1.60960 1A
AlB7 4.01166 2.48126 1.542861A B7 4.21547 1.56871 2A
AlB8 4.29030 2.12139 1.542922A B8 4.38321 1.51049 1A′
AlB9 4.30470 2.49334 1.512971A B9 4.43735 1.50905 2A
AlB10 4.39923 2.71622 1.619322A B10 4.60612 1.58107 1A
AlB11 4.46480 2.66108 1.529681A B11 4.66904 1.54206 2A
AlB12 4.46280 2.09394 1.569452A B12 4.63738 1.50672 1A
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(n) ) ET (AlBn-1) + ET(B) - ET (AlBn), whereET (B), ET (Bn-1),
ET (AlBn-1), ET (Al), ET (AlBn), andET (Bn) represent the total
energies of the most stable B, Bn-1, AlBn-1, ET (Al), ET (AlBn),
and ET (Bn) clusters, respectively.As shown in Figure 3, the
lowest fragmentation energies appear atn ) 6, 9. This indicates
that B6, B9, AlB6, and AlB9 clusters are less stable than their
neighbors, which can also be obtained from Figure 2. The local
peaks ofEF (n) appear at the sizes of 7 and 10. However, when
Al is doped in the Bn clusters, this situation is obvious. As can
be seen from Figure 3, the local maxima ofE′F (n) appear at
the sizes of 5, 8, and 10.

In cluster physics, the second-order difference of cluster
energies,∆2E(n) ) E(n + 1) + E(n - 1) - 2E(n), is a sensitive
quantity that reflects the relative stability of the clusters.24 Figure
4 shows the second-order difference of cluster energies,∆2E(n),
as a function of the cluster size. Maxima are found atn ) 5, 8,
and 11, indicating that these clusters possess higher stability,
which is consistent with the trend of binding energies shown
in Figure 2.

As shown in Figure 5, the HOMO-LUMO (highest occupied
molecular orbital-lowest unoccupied molecular orbital) gaps of
AlBn are usually smaller than those of Bn clusters except atn
) 8, 9, 11. The gaps are close to each other atn ) 3, 7. It
should be pointed out that AlB9 has 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 HOMO-LUMO gaps and
the energetic stability of the clusters.

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 AlBn and Bn clusters for their lowest-energy structures are
calculated and compared with some available experiment results,
as shown in Figure 6. Both our theory and previous experiment
suggest a maximum in the IP’s for Bn clusters at B3. (The
previous experimental result of IP for B3 is 14.0 eV.)25 For AlBn

clusters, AlB8 has the largest adiabatic ionization potential,
corresponding to its higher stability. A distinct phenomena for
AlBn clusters is that all evenn butn ) 10 have higher adiabatic
ionization potentials than oddn.

The adiabatic electron affinities (A.E.A) of AlBn and Bn

clusters for their lowest-energy structures are also calculated
and compared with some available experimental results,7,23,26,27

as shown in Figure 7. The theoretical data for B3-5,7-9 have
the same tendency as the experimental data except for B8. Unlike

Figure 2. Size dependence of the binding energy per atom of AlBn

and Bn clusters.

TABLE 2: Adiabatic Ionization Potential (IP), Electron
Affinity(EA), HOMO -LUMO Gap, and Atomic Charges at
the Al Atom of AlB n Clusters for the Lowest-Energy
Structures

cluster IP (eV) EA (eV) gap (eV)

AlB2 8.430 2.170 2.125
AlB3 7.910 1.783 2.603
AlB4 8.144 2.555 2.347
AlB5 7.330 2.116 1.965
AlB6 8.216 1.229 2.355
AlB7 7.741 3.031 2.064
AlB8 8.954 3.196 2.383
AlB9 7.682 2.561 4.633
AlB10 7.448 2.515 1.874
AlB11 7.838 2.309 2.464
AlB12 8.172 3.661 1.791

Figure 3. Size dependence of the fragmentation energy of AlBn and
Bn clusters.

Figure 4. Second-order differences energy of neutral AlBn and Bn

clusters.

Al-Doped Boron Clusters J. Phys. Chem. A, Vol. 111, No. 12, 20072423



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 AlBn clusters are larger than those of Bn clusters, for

example,n ) 2, 4, 7, 12. From 8 to 11, the A.E.A of Bn are all
larger than those of AlBn.

Mulliken population analysis for the lowest-energy structures
are performed, and the atomic charges of the Al atom of the
AlBn 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 AlBn clusters. The local
minima for the different sized AlBn clusters can be found at 6
and 9; this finding provides support of our calculated relative
stability by aid of the calculated fragmentation energy. Fromn
) 2 to n ) 5, there is about 0.4e charge transfer.n ) 6 is a
local minimum. Fromn ) 6 to n ) 8, the charge transfer from
the Al atom to the B atom generally increases.n ) 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 (NBO),28 which 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. AlB7, AlB8, and AlB9 are chosen as examples.
In the lowest-energy structures of AlB7 (7a in Figure 1), AlB8
(8a in Figure 1), and AlB9 (9a in Figure 1), the effective atomic
configurations of Al are (core)(3s1.713p0.48), (core)(3s0.963p0.97),
and (core)(3s1.933p0.38), respectively. It can be easily seen that
the Al atom in the AlB8 cluster offers more electrons to share
with B atoms than that in the AlB7 and AlB9 clusters. Therefore,
the electrostatic interaction between the Al atom and the B atoms
of the AlB8 cluster is stronger than that for the AlB7 and AlB9

clusters. This conclusion can further illuminate that the AlB8

cluster is more stable than the AlB7 and AlB9 clusters. At last,
it should be pointed out that the Al atom in the AlB12 cluster
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 AlB13 are not enough. Further investigation will be done
for the XB12 cluster in our future research.

IV. Conclusions

The growth behaviors, stabilities, and electronic properties
of the Bn and AlBn, n up to 12, clusters are investigated
theoretically at the B3LYP level by employing 6-311+G(d)
basis sets. The lowest-energy structures of AlBn can be obtained
by adding one Al atom on the peripheral site of the stable Bn

Figure 5. Size dependence of HOMO-LUMO of AlB n and Bn clusters.

Figure 6. Comparison of the adiabatic ionization potentials between
AlB n and Bn clusters.

Figure 7. Comparison of the adiabatic electron affinity between AlBn

and Bn clusters.

Figure 8. Size dependence of atomic charges of Al atom of AlBn

clusters.
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whenn e 5. Fromn ) 6, the lowest-energy structures of AlBn

clusters can be described as Al being capped on the Bn clusters
and favor three-dimensional structures. The average atomic
binding energies, fragmentation energies, and second-order
energy differences are calculated and discussed. From the
analysis of second-order energy difference, AlBn clusters atn
) 5, 8, 11 possess relatively higher stability. The results of
natural bond analysis (NBO) indicate that the Al atom in the
AlB8 cluster offers more electrons to share with B atoms than
that in the AlB7 and AlB9 clusters. Therefore, the electrostatic
interaction between the Al atom and the B atoms for the AlB8

cluster is stronger than that for the AlB7 and AlB9 clusters. This
conclusion can further illuminate that the AlB8 cluster is more
stable than the AlB7 and AlB9 clusters. The adiabatic IP and
EA of the AlBn and Bn clusters for their lowest-energy structures
are discussed. For the AlBn clusters, all evenn, but n ) 10,
have higher adiabatic ionization potentials than oddn. There is
no distinct rule for AlBn in electron affinities.
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