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Abstract: The structures and stabilities of Na2⫹Xen (n =1–6) clusters are investigated using an accurate ab initio approach and an
analytic potential form for the Na+–Xe and Xe–Xe interactions. The potential energy surfaces of the Na2⫹(X2兺g⫹)–Xen (n = 1–6)
clusters are performed for a ﬁxed distance of Na2⫹(X2兺g⫹) in its equilibrium distance. For n = 1, the potential energy surfaces have
been computed for an extensive range of the remaining two Jacobi coordinates, R and ␥. In addition, we have determined the
potential energy surfaces of 15 isomers of Na2⫹(X2兺g⫹)–Xen (n = 1–6). The potential energy surfaces are used to extract spectroscopic
information on the stability of the Na2⫹(X2兺g⫹)Xen (n = 1–6) clusters. For each n, the stability of the different isomers is examined
by comparing their potential energy surfaces. We ﬁnd that the most stable isomers are C∞v(11), D∞h(21), C2v(31), D2h(41), C3v(51),
and D3h(61). To our knowledge, there are no experimental and theoretical studies on the collision between the Na2⫹(X2兺g⫹) alkali
dimer and the xenon atom.
PACS Nos.: 31.15.A–, 36.40.–c.
Résumé : Nous étudions la structure et la stabilité d'agrégats Na2⫹Xen (n = 1–6) en utilisant une approche ab initio et un potentiel
analytique pour les interactions Na+–Xe et Xe–Xe. Nous déterminons les surfaces d'énergie potentielle des agrégats Na2⫹(X2兺g⫹)–Xen (n =
1–6) pour une distance ﬁxe de Na2⫹(X2兺g⫹) à sa distance d'équilibre. Pour n = 1, les surfaces d'énergie potentielle sont calculées sur un
domaine important de valeurs des deux coordonnées restantes de Jacobi, R et ␥. Nous déterminons aussi les surfaces d'énergie
potentielle pour 15 isomères de Na2⫹(X2兺g⫹)–Xen (n = 1–6). Ces surfaces d'énergie sont utilisées pour extraire de l'information spectroscopique sur la stabilité des agrégats Na2⫹(X2兺g⫹)Xen (n = 1–6). Pour chaque n, nous examinons la stabilité des différents isomères en
comparant leurs surfaces d'énergie. Nous trouvons que les isomères les plus stables sont C∞v(11), D∞h(21), C2v(31), D2h(41), C3v(51) et
D3h(61). À notre connaissance, il n'existe aucune étude antérieure, expérimentale ou théorique, sur la collision entre le dimère alcalin
Na2⫹(X2兺g⫹) avec des atomes de xénon. [Traduit par la Rédaction]

1. Introduction
During the past decade, embedding atoms and small molecules
in rare gas clusters has been developed rapidly and become an
important challenge on both experimental and theoretical sides.
Special intense interest is paid to the study of the clusters involving helium and other noble gas atoms as components. The rare
gas clusters, especially those involving helium atoms, represent
an ideal testing ground for many computational approaches [1–5],
because accurate knowledge of the relevant intermolecular forces
between the solvent atoms and the dopants present in the cluster
is an important prerequisite for the structural calculations and
therefore fairly simple components provide ideal model systems
for the analysis of the inﬂuence of intermolecular interactions on
the clusters’ properties [6–8]. The structures and stability of atoms
and diatomic molecules embedded in rare gas clusters have been
extensively investigated by several experimental and theoretical
works, because doped noble gas clusters present some additional
interesting features, like the rapid heat transport generated inside the complex to the surface. Experimentally, Fuchs et al. [9]
measured the total integral scattering cross sections for Li2 molecules in selected rotational and vibrational states up to v = 21 in

collision with the helium and krypton atoms. Recently, An der
Lan et al. [10] achieved an experimental solvation of Na+ and K+
and their dimers in helium droplets. They found that Na⫹
2 Hen
displays two distinct anomalies at n = 2 and 6. Theoretically, numerous studies have been realized in the ﬁeld of the interaction
between neutral or ionic alkali molecules and a single noble gas
atom, rare gas matrix, or droplets. In this context, Douady et al.
[11, 12] performed a theoretical study of the Na⫹
2 solvation in an
argon matrix, Arn. They showed that the relatively strong interaction between the charged molecule and the Ar atoms favors trapping of the molecule inside the cluster rather than at the surface.
Lately, ab initio computed interaction forces were employed by
⫹
Marinetti et al. [13] to describe the microsolvation of the Li⫹
2 , Na2 ,
⫹
and K2 molecular ions in the helium clusters of small variable
size. Bodo et al. [14] determined, by Hartree–Fock quantum calculations, the structure and stability of the small Li2–(Hen) clusters.
More recently, Zanutti et al. [15] presented, using a theoretical
approach based on core polarization pseudopotential, an investi⫹
⫹
gation of the structure and optical absorption of Li⫹
2 , Na2 , and K2
alkali dimers solved in Nen clusters for n = 1 to a few tens of Ne
atoms.
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The aim of this paper is to extend our previous works [16, 17] on
2 ⫹
the Li⫹
2 (X 兺g ) alkali dimer in interaction with small Xen (n = 1–6)
clusters. This paper is organized as follows. Section 2 outlines the
computational methods used in this study. Section 3, which is
separated into two parts, is devoted to presenting our results: the
potential energy surfaces in different radial geometries and for six
2 ⫹
angles of the Na⫹
2 (X 兺g )Xe, and the structure and stability of small
2兺⫹)Xe (n = 1–6) clusters. Section 4 summarizes our results
Na⫹
(X
n
2
g
with a conclusion.

Table 1. Interpolation parameters (in a.u.) of Na+Xe interaction.
Aeff

B

D4

D6

D8

D10

230.304

1.6605

13.645

87.504

17479.9

127 100

Fig. 1. Coordinates of theNa2⫹(X2兺g⫹)–Xe used in the calculation.
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2. Method of calculations
2 ⫹
The potential energy surfaces, for the Na⫹
2 (X 兺g )Xen (n = 1–6)
⫹ 2 ⫹
clusters are computed by ﬁxing the Na2 (X 兺g ) alkali dimer at
its equilibrium distance of 6.83 a.u. determined previously by
2 ⫹
Berriche [18]. As in our previous works [16, 17], the Na⫹
2 (X 兺g )Xen
(n = 1–6) clusters are treated as a one-electron system using the
non-empirical pseudopotential proposed by Barthelat et al. [19] in
its semi-local form. The Gaussian-type orbital basis sets used for
the sodium and xenon atoms are (7s6p5d/6s5p4d) and (4s3p), respectively. The cut-off radii used for s, p, and d orbitals are 1.4423,
1.625, and 1.5 a.u., respectively, for Na [7] and 3.500 148, 4.0, and
1.401 128 a.u., respectively for Xe [20]. The core dipole polarizability of
Na and Xe atoms are 0.993 [21] and 27.29 a.u., respectively [22].
Using the non-empirical pseudopotential proposed by Barthelat
et al. [19], the two Na+ ions and the Xe atoms are treated as a core
interacting only with the alkali valence electron. Based on this
2 ⫹
approach the total potential of the Na⫹
2 (X 兺g )Xen (n = 1–6) clusters
is obtained as a sum of three contributions. In this context, the
total potential is given by

n

VTot ⫽ Ve⫺Na22⫹⫺Xen ⫹

n

兺

VNa(1)⫹ ⫺Xei ⫹

i⫽1

兺V

⫹

Na(2)⫺Xei

i⫽1

n

⫹

n

兺兺Xe ⫺ Xe
i

i⫽1

j

(1)

j⬎i

The ﬁrst term represents the interaction between the valence
electron and the ionic system Na2⫹
2 Xen (n = 1–6). The three other
terms represent the core–core interactions and the noble gas –
noble gas interactions.
For the Ve⫺Na22⫹⫺Xen (n = 1–6) contribution, we performed a oneelectron ab initio self-consistent ﬁeld calculation where the two
Na+ cores and the electron–xenon effects have been replaced by
semi-local pseudopotentials [19].
The VNa⫹⫺Xe contribution is taken from the accurate coupled
cluster simple and double excitation calculations of Lozeille et al.
[23]. For a better representation of the Na+–Xe interaction in the
2 ⫹
+
region of interest for the Na⫹
2 (X 兺g )Xen system, the Na –Xe numerical potential is ﬁtted using the analytical form of Tang and Toennies
[24]. Such potential contains the well-known long-range terms of van
der Waals interactions and the usual exponential repulsive part. It is
written as follows:
VNa⫹⫺Xe ⫽ Aeff exp(⫺bR) ⫺

D4
4

R

⫺

D6
6

R

⫺

D8
8

R

⫺

D10
R10

(2)

The parameters Aeff, b, D4, D6, D8 and D10 are obtained by a
square ﬁtting using the potentials of Lozeille et al. [22]. These
parameters are presented in Table 1.
For the noble gas – noble gas interactions, we used the Lennard–
Jones (LJ6–12) analytical potential given by

冋冉R 冊 ⫺ 冉R 冊 册

V(R) ⫽ 4

12

6

(3)

where  and (21/6) represent the well depth and the equilibrium
distance of the Xe2 dimer, respectively, which are 0.000882 and
7.295 a.u., respectively [24].
2 ⫹
For the Na⫹
2 (X 兺g )–Xe cluster, the potential energy surfaces
have been computed for an extensive range of the remaining two
Jacobi coordinates, R and ␥. We reported in Fig. 1 a descriptive
2 ⫹
model of the coordinates of the Na⫹
2 (X 兺g )–Xe cluster, where the
distance R represents the separation between the xenon atom and
2 ⫹
the center-of-mass of the Na⫹
2 (X 兺g ) ionic molecule, Ra and Rb are
the separations between the Xe and the two Na+ cores and ␥ is the
2 ⫹
angle between R and the Na⫹
2 (X 兺g ) internuclear axis.

3. Results and discussion
2 ⫹
The structure and stability of the Na⫹
2 (X 兺g )Xen (n = 1–6) clusters
2 ⫹
are determined by ﬁxing the internuclear distance of Na⫹
2 (X 兺g )
alkali dimer at its equilibrium distance of 6.83 a.u. determined by
Berriche [18]. They are determined by using an accurate ab initio
approach based on non-empirical pseudopotential, parameterized l-dependent polarization potential, and analytic potential
forms for the Na+–Xe and Xe–Xe interactions. It is convenient to
2 ⫹
characterize the Na⫹
2 (X 兺g )Xen (n = 1–6) clusters by the couple of
numbers (nm) where n represent the number of xenon atoms and
m is used to differentiate between the isomers of the same n. In
our previous works [16, 17] we studied the structure and stability
2 ⫹
of the small Li⫹
2 (X 兺g )Xen (n = 1–6) clusters. For the interaction
2兺⫹) alkali dimer in its ground state and the
(X
between the Li⫹
2
g
xenon atom, we observed that the Xe atom favored the external
2 ⫹
sites along the Li⫹
2 (X 兺g ) axis. This shows that the C∞v(11) isomer is
more stable than the C2v(12) isomer. In addition, we found for the
2 ⫹
Li⫹
2 (X 兺g )Xen clusters, that the most stable isomers are D∞h(21) for
n = 2, C3v(31) for n = 3, C4v(41) for n = 4, and D3h(61) for n = 6. Based
on our approach, the investigation of the alkali dimers in interaction with small clusters are extended in this paper by studying the
2 ⫹
structure and stability of Na⫹
2 (X 兺g )Xen (n = 1–6) by placing one,
two, or more Xe atoms in different bonding sites. Actual calculations consist of extensive searches over a few dimensional internal coordinate spaces such that the symmetry of the structure is
preserved.

3.1. Structure and spectroscopy of the Na2⫹(X2⌺g⫹)–Xe
In this section, we investigate the structural and spectroscopic
2 ⫹
properties of the Na⫹
2 (X 兺g ) alkali dimer colliding with the xenon
atom. This step represents the ﬁrst step towards the study of the
2 ⫹
structure and stability of small Na⫹
2 (X 兺g )Xen clusters. The poten⫹ 2 ⫹
tial energy surfaces for the Na2 (X 兺g )–Xe system are computed as
Published by NRC Research Press
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Fig. 2. Orientational features of the rigid-rotor potential energy
surfaces for six different angles: ␥ = 0°, 11°, 25.3°, 39.7°, 68.5°, and 90°.

Can. J. Phys. Vol. 93, 2015

Table 2. Spectroscopic constants of potential energy surfaces corresponding to the six different
angles (␥ = 0°, 11°, 25.3°, 39.7°, 68.5°, and 90.0°) of
Na2⫹(X2兺g⫹)–Xe.
Angle, ␥ (°)

Re (a.u.)

De (cm–1)

e (cm–1)

0.0
11.0
25.3
39.7
68.5
90.0

9.79
9.71
9.41
8.93
9.04
10.97

942
919
812
614
144
65

105.37
101.39
98.92
73.94
27.68
15.75

atom thus favors the positioning of the rare gas atom at one of the
2 ⫹
extremities of the Na⫹
2 (X 兺g ) alkali dimer molecule.
The spectroscopic constants corresponding to the equilibrium
distance (Re), the depth of the well (De), and the stretching frequency (e) of the potential energy surfaces corresponding to the
six different angles (␥ = 0°, 11°, 25.3°, 39.7°, 68.5°, and 90.0°) are
collected in Table 2. The analysis of these data shows that the
equilibrium distance, the depth of the well, and the stretching
frequency depend on the angle ␥ showing the strong anisotropy
2 ⫹
of the Na⫹
2 (X 兺g )–Xe system. In fact, we remark that the depth of
the well and the stretching frequency decrease with increasing ␥.
The same behavior is observed for the equilibrium distance for
the lowest four angles ␥, then it increases for ␥ = 68.5° and
90.0°.

a function of the Jacobi coordinate R and for six different angles
(␥ = 0°, 11°, 25.3°, 39.7°, 68.5°, and 90.0°) and a ﬁxed distance for
2 ⫹
the Na⫹
2 (X 兺g ) ionic molecule corresponding to the equilibrium
distance. The distance R is the separation between the xenon atom
2 ⫹
and the center-of-mass of the Na⫹
2 (X 兺g ) ionic molecule. The po⫹ 2 ⫹
tential energy surfaces of the Na2 (X 兺g )–Xe interactions corresponding to the six different angles are displayed on Fig. 2. First,
we notice that all these curves tend to the same asymptotic limit.
This limit equals –0.224 686 a.u., which corresponds to the energy
2 ⫹
of Na⫹
2 (X 兺g ) at the equilibrium distance (Re = 6.83 a.u.). Second,
we remark that all the potential energy surfaces are attractive
with potential wells of some hundred cm−1 except ␥ = 90.0°. The
anisotropic character of the angular dependence is clearly seen
for all the potential energy surfaces. The well depths of the potential energy surfaces are 942, 919, 812, 614, 144, and 65 cm−1 for ␥ =
0°, 11°, 5.3°, 39.7°, 68.5°, and 90.0°, respectively. Moreover, the
potential energy surface for ␥ = 90.0° is the less attractive and the
most stable geometry is obtained for a linear orientation that
corresponds to the strongly anisotropic character of the angular
dependence. So it is clear that the Xe atom would be linked at the
⫹ 2 ⫹
2 ⫹
extremity of the Na⫹
2 (X 兺g ) alkali dimer. In fact, the Na2 (X 兺g )
alkali dimer at its equilibrium distance can be roughly considered
as an electron cloud located in the middle of two Na+ cores. The
short-range repulsion between the electron and the Xe atom combined with the attraction between the cationic cores and the Xe

3.2. Structures and stabilities of small Na2⫹(X2⌺g⫹)Xen clusters
2 ⫹
In this section, 15 structures of the Na⫹
2 (X 兺g )Xen (n = 1–6) clusters have been investigated: two for n = 1, 3, 5, and 6; three for n =
4; and four for 2. The potential energy surfaces for the 15 struc2 ⫹
tures of the Na⫹
2 (X 兺g )Xen (n = 1–6) clusters with special different
symmetry groups are computed by ﬁxing the internuclear dis2 ⫹
tance of Na⫹
2 (X 兺g ) ionic molecule at its equilibrium distance of
6.83 a.u. determined by Berriche [18]. These potential energy surfaces are presented in Fig. 3. In Fig. 4, we present schematic drawings of these 15 structures. In Table 3 we report the symmetry
groups, the classical energy (De), the equilibrium distance (Re), and
the stretching frequency (e) of all studied isomers.
For n = 1, we studied two different structures having C∞v(11) and
C2v(12) symmetries. We remark that the potential energy surfaces
of these structures tend to the same asymptotic limit. This limit,
2 ⫹
which equals –0.224 689 a.u., is the energy of the Na⫹
2 (X 兺g ) at its
equilibrium distance (Re = 6.83 a.u.). In addition, the potential
energy surfaces are attractive for the C∞v and C2v structures and
they present well depths of 942 and 65 cm−1 located at 9.79 and
10.97 a.u., respectively. This shows that the linear isomer with
C∞v(11) symmetry is much more stable than the structure with
C2v(12) symmetry where the Xe atom is placed perpendicular to
2 ⫹
the molecular axis of the dimer Na⫹
2 (X 兺g ). Indeed the well depth
of the C∞v(11) isomer, which is equal 942 cm−1, represents 43% of
the Na+–Xe interaction energy, which constitutes an equilibrium
between the electronic and ionic energies.
For n = 2, four different structures are identiﬁed. Their symmetry groups are D∞h(21), C2(22), C2v(23), and D2h(24). The potential
energy surfaces of these isomers and their schematic drawings are
presented in Figs. 3 and 4, respectively. These potential energy
surfaces are calculated as a function of the distance R between the
center-of-mass of Na⫹
2 and each Xe atom for D∞h(21) and D2h(24)
isomers. It represents the distance between the center-of-mass of
the Na⫹
2 and the center-of-mass of Xe2 cluster for C2(22) and C2v(23)
structures. We remark that at inﬁnite distance the potential
energy surfaces of D∞h(21) and D2h(24) isomers dissociate into
2 ⫹
Na⫹
2 (X 兺g ) + 2Xe and tend to –0.224 693 a.u. and those of C2(22)
2 ⫹
and C2v(23) isomers dissociate into Na⫹
2 (X 兺g ) + Xe2 and tend to
Published by NRC Research Press
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Fig. 3. Potential energy surfaces of the 15 isomers of the Na2⫹(X2兺g⫹)Xen (n = 1–6) clusters with special symmetry groups.

–0.225 574 a.u. In addition, the data reported in Fig. 3 and Table 3
show that the association energy of these isomers decreases in
this order: D∞h(21), C2(22), C2v(23), and D2h(24) with well depths of
1835, 1688, 493, and 133 cm−1 located at 9.83, 8.42, 7.21, and
10.51 a.u., respectively. Energetically, we ﬁnd that the most stable
isomers are the linear D∞h(21) and the C2v(23) isomers. We remark
that the xenon dimer atoms are in the plane containing the
⫹ 2 ⫹
2 ⫹
Na⫹
2 (X 兺g ) molecular system. Therefore, the Na2 (X 兺g )Xe2 cluster
is more stable when the xenon atoms are placed at the two ends of
2 ⫹
the Na⫹
2 (X 兺g ) ionic molecule. When we increase the number of
Xe atoms from n = 3 to 6 the most stable structures can be formed
by appropriate combinations of substructures, such as linear as in
C∞v(11), extended linear as in D∞h(21), and triangular shaped as in
C2(22). Two different structures, with the symmetry groups C2v(31)
2 ⫹
and C3v(32), have been studied for Na⫹
2 (X 兺g )Xe3 cluster. For
C2v(31) isomer, R represents the distance from the center-of-mass
of Na⫹
2 to the center-of-mass of Xe3 cluster, while for C3v(32) isomer, we have ﬁxed one Xe atom at –854 a.u. and we varied the
distance between the center-of-mass of Na⫹
2 and the center-of-

mass of Xe2 cluster. The potential energy surfaces of C2v(31) and
C3v(32) isomers are attractive. We ﬁnd the well depths of
3002 cm−1 for the C2v(31) isomer and 2480 cm−1 for the C3v(32)
structure located at 9.45 and 7.85 a.u., respectively. Consequently,
the most stable isomer is C2v(31), which is a combination of C∞v(11)
at its equilibrium geometry and the Xe2 cluster. The second structure C3v(32), which is a combination of three xenon atoms forming an equilateral triangle cluster (Xe3) perpendicular to the axis
2 ⫹
of the Na⫹
2 (X 兺g ) ionic molecule is less stable.
In the case of n = 4, we determined the potential energy surfaces
of the D2h(41), C4v(42), and C3v(43) isomers. The well depths of
these potential energy surfaces are 3138, 2843, and 1138 cm−1,
respectively, located at 8.53, 6.75, and 16.43 a.u., respectively. The
most stable isomer, D2h(41), which is composed of two Xe2 clusters
2 ⫹
placed at the extremities of the Na⫹
2 (X 兺g ). The D∞h(42) isomer is
obtained by combining the square cluster (Xe4) perpendicular at
2 ⫹
the extremity of the Na⫹
2 (X 兺g ) is less stable. The C3v(43) isomer,
which is much less stable compared to the D2h(41) and C4v(42)
2 ⫹
isomers, and is a combination of the Na⫹
2 (X 兺g ) and the pyramid
Published by NRC Research Press
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Fig. 4. Structures of the 15 isomers of the Na2⫹(X2兺g⫹)Xen (n = 1–6) clusters with special symmetry groups.

Table 3. Symmetry groups, classical energies (De),
equilibrium distance (Re), and stretching frequencies (e), of all isomers.
nm

Symmetry

De (cm–1)

Re (a.u.)

e (cm–1)

11
12
21
22
23
24
31
32
41
42
43
51
52
61
62

C∞v
C2v
D∞h
C2
C2v
D2h
C3v
C2v
D2h
C4v
C3v
C3v
C4
D3h
D2h

942
65
1835
1688
493
133
2480
3002
3182
2843
1138
4221
2572
4558
134

9.79
10.97
9.83
8.42
7.21
10.51
7.85
9.45
8.53
6.75
16.43
8.15
6.92
8.03
12.19

105.37
15.75
147.60
111.20
64.12
16.33
124.04
205.94
162.14
100.73
122.24
169.68
102.01
185.98
29.33

2 ⫹
cluster (Xe4). For the Na⫹
2 (X 兺g )Xe5 clusters, the ﬁrst isomer C3v(51)
is collected by Xe2 and Xe3 clusters placed at the extremities of the
2 ⫹
Na⫹
2 (X 兺g ) while the second isomer C4(52) is obtained by combining the C∞v(11) isomer at its equilibrium geometry and the square
cluster (Xe4). Energetically the C3v(51) isomer is more stable than
the C4(52) isomer. The well depths of their potential energy surfaces are 4221 and 2572 cm−1 located at 8.15 and 6.92 a.u., respectively. For n = 6, two different structures were investigated. The
ﬁrst isomer D3h(61) is obtained by combining three Xe atoms (Xe3)
2 ⫹
at each extremity of the Na⫹
2 (X 兺g ) ionic molecule. For this iso⫹
mer, the centers of mass of Na2 and Xe3 are separated by a distance R. The second isomer D2h(62) is obtained by combining
D2h(41) at its equilibrium geometry and two Xe atoms on the top of
each extremity. Energetically, we ﬁnd that the ﬁrst isomer D3h(61)
is more stable with a well depth of 4558 cm−1 located at 8.03 a.u.

4. Conclusion
In this paper, we have performed an accurate ab initio investigation for the potential energy surfaces describing the interaction
2 ⫹
between the Na⫹
2 (X 兺g ) alkali dimer and the Xe clusters of small
variable size. We have used an accurate ab initio approach based
on non-empirical pseudopotential, parametrized l-dependent polarization potential, and an analytic potential form for the Na+–Xe
Published by NRC Research Press
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and Xe–Xe interactions. The pseudopotential technique reduced
2 ⫹
the number of active electrons of Na⫹
2 (X 兺g )Xen (n = 1–6) clusters
to only the Na valence electron. The core–core interaction for
Na+–Xe is included using accurate simple and double excitation
(T) potential ﬁtted using the analytical form of Tang and Toennies
for a better description at intermediate distances. For the Xe–
Xe potential interaction, we have used the analytical form of
Lennard–Jones (LJ6–12). The potential energy surfaces for the inter2 ⫹
actions between the Na⫹
2 (X 兺g ) alkali dimer and the Xen (n = 1–6)
2 ⫹
clusters were calculated for a ﬁxed distance of the Na⫹
2 (X 兺g ) in its
equilibrium distance. For n = 1, the potential energy surfaces were
computed for an extensive range of the remaining two Jacobi
coordinates, R and ␥. It seems that the deepest well is associated
with ␥ = 0°. We assume that the Xe atom would be attached at the
2 ⫹
extremity of the Na⫹
2 (X 兺g ) alkali dimer. In addition, we have
2 ⫹
investigated the structures of 15 isomers of the Na⫹
2 (X 兺g )Xen (n =
1–6) clusters: two isomers for n = 1, 3, 5, and 6; three isomers for n = 4;
and four isomers for n = 4. Their potential energy surfaces are used
to extract information on their stability. We ﬁnd that the most
stable isomers are C∞v(11), D∞h(21), C2v(31), D2h(41), C3v(51), and
D3h(41).
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