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Abstract

The metalloid cluster [Ga19(C(SiMe3)3)6][Li 2Br(THF)6] was studied by Fourier-transform ion cyclotron resonance-mass
spectrometry (FT/ICR-MS). The spectrum obtained by laser desorption ionization (LDI) is dominated by pure gallium cluster
anions Gan− with n ranging up to 50 and mixed gallium–silicon cluster anions GanSi−, GanSi2−, and GanSi3− with n ranging
up to 43. A maximum of the cluster abundance is observed for Ga13

− and Ga12Si−. These experimental results exhibit for
the first time the formation of large pure and silicon-doped gallium clusters starting from a molecular compound. They are
discussed in terms of the precursor’s structure and the simplified predictions of the jellium model. DFT calculations were
employed to further evaluate the electronic properties of these anionic clusters, the results of which show that Ga13

− favors a
regular bicapped pentagonal prism (D5h) as well as Ga12Si−, Si being located in the center of the cluster. (Int J Mass Spectrom
214 (2002) 383–395) © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

In the last decades “naked” clusters of metal atoms
have provided a fascinating object for experimental
and theoretical studies due to their particular chemi-
cal and physical properties [1,2]. Stabilization of the
normally very reactive clusters can be achieved by the
protective sphere of ligands. The clusters then con-
sist of a metal core shielded by organic ligands [3].
This type of structurally characterized clusters exists
for a number of precious metals [4–6]. However, we
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established a method that allows the preparation of
large aluminum and gallium clusters (e.g., Al77R20

2−,
Ga84R20

4−, Al69R18
3− [7–9]) which are—with re-

spect to the number of non-ligand-bearing metal
atoms—the largest metalloid clusters ever character-
ized by means of X-ray diffraction analysis.

Gallium clusters of this type are prepared starting
from a gallium(I) halide solution, which is obtained
after condensation of organic solvents together with
gaseous GaBr (at−196◦C) generated in a gas–liquid
reaction from hydrogen halide and gallium at 800◦C.
Upon heating to room temperature, the metastable so-
lution disproportionates to give elemental gallium and
trivalent gallium compounds. By the use of suitable
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stabilizing ligands (e.g., CSi(CH3)3) intermediates of
this process, that is gallium clusters, can be trapped
and characterized by means of X-ray diffraction anal-
ysis [3,10,11].

The formation mechanism and the fragmentation
pattern of these clusters are in the center of interest
in our investigations, since they provide information
about the mechanism of one of the oldest chemical
processes of mankind: the formation of metals start-
ing from ore, and their oxidation giving saline solu-
tions. Other groups and our group have studied some
steps of this reaction in solution and obtained metal-
loid gallium clusters containing 6–84 gallium atoms
[12]. In order to improve the knowledge of the for-
mation/dissolution mechanism of metalloid clusters,
we have started with some gas phase investigations by
means of FT/ICR-MS.

To the best of our knowledge, the metalloid clus-
ter [Ga19(C(SiMe3)3)6][Li 2Br(THF)6] 1 is the first
molecular cluster compound which releases naked
clusters after laser desorption. Like the metalloid
clusters in solution, the “naked” clusters in the gas
phase might represent intermediates on the way to the
bulk metal. Since laser desorption is a very “crude”
method for ionization and vaporization of such la-
bile compounds some naked silicon-doped gallium
clusters are generated in addition, which are to our
knowledge firstly investigated in this paper.

The high abundance of certain gallium and
silicon-doped gallium clusters in our mass spectrum
can partly be rationalized from the molecular structure
of 1 and is different from all experiments described
before which started from solid or liquid gallium or
gallium alloys [13–15]. Moreover, there exist only
a few publications on mass spectra of gallium and
by far not as many as for the lighter homologue
aluminum [16–18]. Theoretical investigations on gal-
lium clusters mostly focus on the neutral clusters
[19,20].

Our experiments were accompanied by quantum
chemical calculations of the Ga13

− and the Ga12Si−

anion. To our knowledge this is the first quantum
chemical study of such a big anionic gallium clus-
ter and a mixed gallium–silicon cluster. The results of

our calculations were compared with the predictions
of the jellium model.1

Density functional theory (DFT) has proved to be
a suitable method for the calculation of gallium clus-
ter [20] species and therefore, this method was used
throughout this work. The results are compared with
those obtained for the neutral cluster presented in a
previous theoretical study [19].

2. Experimental

Experiments were carried out using a GSG/IonSpec
HiresMALDI (Bruchsal, Germany and Irvine, CA)
Fourier-transform ion cyclotron resonance (FT/ICR)
mass spectrometer, equipped with a 5.2 cm long cylin-
dric trapping cell situated in the bore of a 7 T super-
conducting magnet (Cryomagnetics Inc., Oak Ridge,
Tennessee). Two cryo pumps and a turbo molecular
pump maintain a base-pressure of 1× 10−10 Torr
in the cell region. To generate pure metal cluster
ions, we used an external laser desorption ioniza-
tion (LDI) source, equipped with a pulsed N2-laser
(λ = 337.1 nm). The storage time of the cluster ions
in the ICR-cell varied between 6 and 30 s.

The species [Ga19(C(SiMe3)3)6][Li 2Br(THF)6] 1,
which we used in the present study, was prepared by
adding LiC(SiMe3)3 to a metastable GaBr solution in
toluene/THF at−78◦C [3].

All calculations were carried out with the DFT im-
plementation of TURBOMOLE [21] using the Becke-
Perdew-86 (BP-86) functional [22,23]. Coulomb
interactions were treated within the resolution of the
identity (RI) approximation [24]. The grids required

1 The shell or jellium model explains the striking stability of
special metal clusters by means of their electronic structure [33].
In this model, one assumes that the clusters are spherical and
the charge is dispersed uniformly over the whole cluster. One
ends up with free electrons in a spherical potential. The simplest
form for such a potential is the harmonic oscillator with a highly
degenerated shell structure of spherical harmonics (1s) (1p) (2s,
1d) (2p, 1f ) (3s, 2d, 1g). . . . This means, that clusters with “magic”
electron numbersnel = 2, 8, 20, 40, 70,. . . should be exceedingly
stable (“magic” in cluster studies generally refers to a number of
electrons, atoms etc., belonging to an exceptionally stable cluster).
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for the numerical integration of the exchange and
correlation contributions were of medium coarseness
[25]. The basis set was of split valence plus polar-
ization (SVP) type [26]. Nuclear magnetic resonance
(NMR) shifts were calculated using the gauge in-
cluding atomic orbital (GIAO) method [27]. Data of
Ga(C5H5) were used as reference [28].

3. Results

Fig. 1 shows a typical mass spectrum of the anions
ejected from1 by LDI. It is composed of several spec-
tra of different measurements and ranges from 200 up
to 4000 amu. The spectrum indicates the presence of
several pure gallium clusters Gan

− with n = 4–50
which can be deduced from the exact mass measure-
ments and the isotopic distribution. Additional signals

Fig. 1. Typical FT/ICR mass spectrum of1, negative ions, produced during laser desorption ionization, resolving power≈ 170,000 (related
to the signal at 906 amu), mass accuracy= 2 ppm. (The spectrum is composed of several single spectra, indicated with a dashed line.)

of much lower intensity within this spectrum can be
associated with silicon-doped gallium clusters of the
general formula GanSim− (n = 5–43;m = 1–3).

Fig. 2 shows the same mass spectrum with the
component mass spectra of Gan

− homologous series
and the GanSi− homologous series separated from
one another in Fig. 2a and b, respectively. The in-
tensities of the strongest peak in each spectrum are
normalized to the same value for better comparison.
A maximum of the cluster abundance in Fig. 2a is
observed for Ga13

−. Its signal is in average 10 times
more intense than the signal of the next intense Ga23

−

cluster. Furthermore, it can be seen that clusters with
an odd numbern of gallium atoms are in general sig-
nificantly larger in intensity compared to those with a
neighboring even numbern±1. Since the clusters are
negatively charged an odd number of gallium atoms
implies always an even number of electrons.
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Fig. 2. This is the same mass spectrum as in Fig. 1 but with the component mass spectra of the Gan
− homologous series and the GanSi−

homologous series separated from one another in (a) and (b), respectively. The intensities of the strongest signal in each spectrum have
been normalized to the same value, i.e. (b) has been magnified by a factor of 22.
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The mass spectrum in Fig. 2b is dominated by
Ga12Si−. Its signal is more than 20 times less intense
than the signal of the Ga13

− cluster, the cluster of
the highest abundance in the Gan

− homologous se-
ries. The ratio of the intensities of a Gan

− cluster
and its corresponding GanSi− cluster varies between
approximately 50:1 (Ga13

− to Ga13Si−) and 1:1.2
(Ga12

− to Ga12Si−). But generally, the intensity of
the GanSi− cluster is less intense than the corre-
sponding Gan− cluster. The GanSim− (m = 2, 3)
species are also present in the spectrum, but they are
only discernible at very low ion intensities. Ga4

− is
the smallest observable anionic gallium cluster. In
contrast, the spectrum of the cations does not reveal
any gallium clusters, but only exhibit signals which
can be assigned to both gallium isotopes69Ga+ and
71Ga+, the ligand cation C(SiMe3)3+ and its sec-
ondary dissociation product SiMe3

+ (see Fig. 3).
Remaining signals of lower intensity within this spec-
trum refer to impurities and cannot be specified more
precisely.

The signals in the spectrum were identified via exact
mass measurement and the comparison with the theo-
retical isotopic pattern. In Fig. 4, the spectra obtained
for Ga13

− and Ga23
− are presented together with the

corresponding theoretically calculated isotopic distri-
butions. Generally, variations in the intensity of the
laser with the aid of an aperture as well as in the stor-
age time of the ions in the ICR-cell do not change
the characteristic appearance of the spectrum. That
means, that the relative intensities of the ions remain
the same.

Fig. 3. FT/ICR mass spectrum of1, positive ions.

4. Discussion

4.1. Gan
− cluster anions

The most intense signal in the spectrum belongs to
the Ga13

− cluster, its intensity being more than 10
times as high as the next intense signal in the spec-
trum. In general, this is expected, since Ga13

− is a
40 electron cluster and thus, possesses a closed shell
structure (see footnote 1). It is expected to be quite
stable and in fact, it is the result of numerous magic
number cluster studies that such clusters represent a
peak in the mass spectrum of “naked” clusters [16,29].
However, the signal for Ga13

− in the spectrum pre-
sented in this paper, is not only twice or three times
as intense as the next intense signal, it is more than 10
times as intense as the signal for Ga23

− and even 15
and 25 times more intense than the two gallium clus-
ters nearest in mass (Ga14

− and Ga12
−). This large

difference in intensity can hardly be explained on the
basis of the simple jellium model, since Ga23

− also
possesses a closed shell structure.

Insight on the cluster distribution is gained after a
look at the structure of the precursor.1 has been struc-
turally characterized previously by means of X-ray
diffraction analysis [3]. It consists of 1 central gal-
lium atom surrounded by 12 non-ligand-bearing gal-
lium atoms. The geometric arrangement of these atoms
is between anticuboctahedral and icosahedral. The re-
maining six gallium atoms each carry one ligand and
are bonded to three non-ligand-bearing atoms of the
Ga13

− core (see Fig. 5e).
Thus, one reason for the high intensity of the Ga13

−

signal in the mass spectrum is presumably due to its
formation mechanism during LDI:

Ga13(GaR)6
− → Ga13

− + GaR

This hypothetic decomposition route appears rea-
sonable since the remaining cluster contains just
those 13 gallium atoms which are not ligand-bearing.
Furthermore, the existence of neutral GaR units is ob-
served to be thermodynamically stable at low pressure
and high temperatures (see: GaCl, GaBr, Ga(C5Me5)
etc. [30,31]). Moreover, recent calculations on the
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Fig. 4. FT/ICR mass spectra of the Ga13
− cluster (a) and the Ga23

− cluster (b) and the corresponding calculated spectra.

metalloid cluster Al77R20
2− (R = N(SiMe3)

2) of
the lighter homologue aluminum have shown, that
this cluster cannot be described as a Al77

18+ cluster
which would result after removal of 20 ligands. But
the cluster can best be understood as a Al57

2− cluster
one obtains after removal of 20 neutral AlR unities
[32] (Fig. 6).

Another reason for the high intensity of the Ga13
−

anion in the spectrum is its electronic structure as men-
tioned above, which is in accordance with the shell or
jellium model [33,34], since the electron number of
the Ga13

− anion is 13× 3 + 1 = 40. Thus, to gain
an insight into the structure of Ga13

−, we performed
DFT calculations.
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Fig. 5. Calculated structures of (a) the bicapped pentagonal prismatic, (b) the icosahedral, (c) the cuboctahedral, (d) the anticuboctahedral
Ga13

− cluster, and (e) the structure of1 as derived from the experimental data.

Fig. 6. MOs of the Ga13
− bicapped pentagonal prism (D5h) and the expected MO separation concluded from the jellium model.
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Table 1
Calculated geometries (in Å),71Ga NMR shifts and relative stability (�E in eV) of the bicapped pentagonal prismatic, the icosahedral,
the cuboctahedral, the anticuboctahedral Ga13

− clusters, and the experimentally obtained data for1 [3]

Ga13
− unit Symmetry �E Dist 1–2 Dist 1–3 Dist 2–2′ δ71Ga (central) Figure

Bicapped pentagonal prism D5h – 2.754 2.703 2.863 510.5 (5a)
Icosahedron Ih 0.350 2.696 2.696 2.835 622.0 (5b)
Cuboctahedron Oh 1.259 2.747 2.747 2.747 644.8 (5c)
Anticuboctahedron D3h 0.224 2.746 2.757 2.589 502.1 (5d)
1 (experimental) – – 2.837 2.959 2.896 134 (5e)

Table 2
Calculated geometries (in Å),71Ga NMR shifts and electron affinities (vertical detachment energies and adiabatic electron affinities in eV)
of the distorted bicapped pentagonal prismatic, the distorted icosahedral and the distorted cuboctahedral neutral Ga13 cluster

Ga13
− unit Symmetry �Ea Dist 1–2 Dist 1–3 Dist 2–2′ δ71Ga (central) EA

Distorted bicapped pentagonal prism C2v – 2.7385 (av) 2.746 2.860 (av) −454.6 −3.59
Distorted icosahedron C3 0.368 2.742 2.697 2.939 −577.8 −3.59
Distorted cuboctahedron D3d 0.894 2.751 2.768 2.751 −620.8 −3.03

a �E (in eV) is the relative energy to the ground state.

The geometry of the “naked” anionic Ga13
− cluster

in its ground state is not anticuboctahedral nor icosa-
hedral nor cuboctahedral but a bicapped pentagonal
prism (Table 1). The distances Ga1–Ga2 and Ga1–Ga3
are 2.7545 and 2.703 Å, respectively (in comparison
to 2.837 and 2.959 Å in the crystallographically deter-
mined Ga13

− subunit of1, Table 1). The total energy
of this bicapped pentagonal prism (D5h) is smaller
than that of the icosahedron, the cuboctahedron and
the anticuboctahedron by 0.350, 1.259 and 0.224 eV.
Neither the icosahedron nor the cuboctahedron nor
the anticuboctahedron were found to be minima on
the potential energy hypersurface, but saddle points.
The same result is found for some distorted structures
investigated but not listed in Table 1. The bicapped
pentagonal prism is the only true minimum found
(Fig. 5).

The structures calculated herein for the neutral Ga13

species are in pleasing agreement to the results of Yi
[19]. We also find a (Jahn-Teller-distorted) bicapped
pentagonal prism with a total energy smaller than that
of the relaxed icosahedron and cuboctahedron by 0.58
and 0.89 eV, respectively (0.22 and 0.67 eV, respec-
tively, found by Yi [19]). But as in the anionic species,
here as well, our calculations show, that only the (dis-
torted) bicapped pentagonal prism is a minimum on
the potential energy hypersurface (see Table 2).

The electron affinity (vertical detachment energy)
is calculated to be 3.59 eV for both the bicapped pen-
tagonal prismatic (D5h) and the icosahedral structure
of Ga13. The adiabatic electron affinity is 3.35 eV for
the bicapped pentagonal prismatic (D5h) and 3.37 eV
for the icosahedral structure, respectively. This com-
pares with values of 3.60 and 3.57 eV obtained by
Yi [19]. It is worth mentioning, that in the gallium
bulk bicapped pentagonal prismatic structures are not
known.

By a closer look on the sequence of the DFT molec-
ular orbitals, the congruence between the electronic
structure of the Ga13

− anion (D5h) as derived from our
DFT studies and the expected molecular orbital sepa-
ration according to the jellium model is confirmed2 .

2 Besides these investigations of the ground state geometries and
energies directly relevant for this work, the71Ga NMR shift of the
central gallium atom have been calculated. For the central atom in
the “naked” neutral and anionic Ga13 species (distorted decahedral
and decahedral species, respectively)δ71Ga is calculated to be
−455 and−511 ppm, respectively (see Tables 1 and 2). This value
can be compared with the experimentally detected71Ga NMR shift
for 1, it is detected atδ71Ga= −134 ppm for the central Ga atom
[3]. The differences between the structural parameters measured
in 1 and calculated in the naked Ga13 species as well as the large
differences in the71Ga NMR shifts of the central gallium show,
that it is difficult to decide, which type of cluster—naked or ligand
stabilized—would constitute a better model compound for the bulk
metal.
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But the extremely high abundance of the Ga13
−

cluster cannot solely be explained on the basis of
the jellium model. However, it is a suitable model to
explain the relative abundances of the other clusters
found in the spectrum, because they are presumably
products of secondary gas phase reactions. For exam-
ple, the second intense signal in the mass spectrum
belongs to the Ga23

− cluster. With an electron num-
ber of (3× 23+ 1 = 70) it also exhibits a closed shell
jellium structure. Besides this, it is a general feature
of the spectrum, that signals due to clusters with an
even number of electrons are more intense than those
belonging to clusters with an odd number of electrons.

4.2. GanSi− cluster anions

The formation mechanism of these clusters appears
to be considerably complicated, e.g., the mass spec-
trum of the GanSi− series is dominated by Ga12Si−.
This cannot be explained with the help of the
precursor’s structure, because it does not feature any
gallium–silicon bonds. Thus, the Ga12Si− cluster was
generated inside the plume that forms during the laser
shot. Its abundance with respect to the other GanSi−

Fig. 7. Calculated structures of (a) the bicapped pentagonal prismatic, (b) the icosahedral, (c) the cuboctahedral, (d) the anticuboctahe-
dral Ga12Si− cluster (silicon in the center); (e) the bicapped pentagonal prismatic, (f ) the icosahedral, (g) the cuboctahedral, (h) the
anticuboctahedral Ga12Si− cluster (silicon in the external shell).

clusters cannot be explained with the help of the sim-
ple jellium model. Ga12Si− is a 41 electron cluster,
that is one electron more than the number needed to
form a closed electronic shell. Clusters of this type
are normally very unstable. Bowen and co-workers
[16] recently published a mass spectrum of AlnCu−

clusters, also showing an intensity maximum for the
41 electron cluster Al13Cu−. The authors explain the
unusual number of the 41 electron Al13Cu− cluster
by a jellium-like potential shape with a depression in
the center of the cluster. This depression is a result
of the high positive charge density of copper [35].
This causes a rearrangement of the spherical elec-
tronic shell levels. The new ordering of electronic
shell levels is (1s), (1p), (2s, 1d), (1f, 2p), (3s, 1g,
2d),. . . in contrast to (1s), (1p), (1d, 2s), (1f, 2p),
(1g, 2d, 3s),. . . of a “normal” jellium cluster. Thus,
42 becomes a new magic number. As a consequence
Al13Cu− has one electron less than is needed to fill
a closed shell. This often exhibits a local intensity
maximum in the mass spectrum.

In order to use this explanation with our Ga12Si−

cluster, we first investigated its doublet ground state
(Fig. 7). The ground state structure of Ga12Si− is not
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Table 3
Relative stability (�E in eV) of the distorted bicapped pentagonal prismatic, the distorted icosahedral, the distorted cuboctahedral, and the
distorted anticuboctahedral Ga12Si− cluster

Ga12Si− unit Silicon in the center Silicon in the external shell

Symmetry �E Figure Symmetry �E Figure

Bicapped pentagonal prism D5h – (7a) C5v 0.626 (7e)
Distorted icosahedron D5d 0.457 (7b) C5v 0.849 (7f )
Distorted cuboctahedron D4h 1.521 (7c) Cs 0.651 (7g)
Distorted anticuboctahedron C2v 0.302 (7d) Cs 0.830 (7h)

Table 4
Relative stability (�E in eV) and adiabatic electron affinity of the bicapped pentagonal prismatic, the icosahedral, the cuboctahedral, and
the anticuboctahedral neutral Ga12Si cluster

Ga12Si− unit Silicon in the center Silicon in the external core

Symmetry �E EA Symmetry �E EA

Bicapped pentagonal prism D5h – 2.21 C5v 0.823 2.41
Icosahedron Ih 0.362 2.12 C5v 0.953 2.31
Cuboctahedron Oh 1.363 3.02 C2v 1.177 2.74
Anticuboctahedron D3j 0.252 2.16 Cs 0.922 2.30

anticuboctahedral nor icosahedral nor cuboctahedral
but a bicapped pentagonal prism (Table 3), the sili-
con atom being located in the center of the polyhe-
dron. The distances Si–Ga2 and Si–Ga3 are 2.716 and
2.934 Å, respectively. The total energy of this Ga12Si−

D5h cluster is smaller than that of the icosahedron,
the cuboctahedron and the anticuboctahedron by 0.46,
0.56 and 0.30 eV, respectively. If the silicon atom is
situated in the external gallium core the total energy
is higher in every geometrical arrangement. By fre-
quency calculations the silicon-centered D5h ground
state is confirmed to be the only true minimum of all
conceivable structures. The adiabatic electron affinity
of this silicon-centered D5h cluster is calculated to be
2.21 eV (Table 4).

A closer look on the sequence of the DFT molecular
orbitals of Ga12Si− (D5h) does partly confirm the ex-
planation of Bowen and co-workers [16] and Khanna
et al. [35], respectively, for the unusual magic number
of 41 electrons. The 2s shell of the Ga12Si− cluster is
in fact much lower in energy than in the Ga13

− clus-
ter with respect to the 1d shell (see Fig. 8). Whether
or not the 3s shell has drop in between the 2p and 1g
shell is difficult to decide, since both, 3s and 1g exhibit

orbitals of a1′ symmetry. This congruency between the
Al13Cu− cluster of Bowen and co-workers [16] and
the Ga12Si− cluster is evident, since the ionization en-
ergies of silicon and gallium compare with those of
copper and aluminum. It is 8.1 eV for silicon (7.7 eV
for copper) and 6 eV for both, gallium and aluminum,
respectively.

A comparable electronic situation to that of
Ga12Si− is found in SiAl14Cp∗

6, which was the first
example that accounts for the validity of the jellium
model if only species are considered that are sta-
ble at room temperature [36]. The structure of this
compound was investigated both by X-ray diffrac-
tion methods and by theoretical density functional
theory. The SiAl14

6+ metal cluster core contains 40
electrons, silicon resides in the center of an Al8 cube.
In Fig. 9, the valence MOs of the model compound
SiAl14H6 and the expected MO separation concluded
from the jellium model are presented.3 The energy
of the molecular orbital 10 a1g is lower than that of
the molecular orbitals 6t2g and 5eg that are attributed

3 Due to an editorial error in the original paper [36], this figure
is presented again here.
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Fig. 8. Spin orbitals of the Ga12Si− bicapped pentagonal prism (D5h), compared with the MO separation concluded from the jellium model.

Fig. 9. MOs of SiAl14H6 (Oh), compared with the MO separation for an octahedral structure concluded from the jellium model.
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to the 2s and 1d jellium shells, respectively. Silicon
plays a similar role in both compounds. The silicon
atom holds a highly negative atomic charge of−0.99
[37] in SiAl14Cp∗

6 and −0.91 in SiGa12. Although
gallium, silicon and aluminum have similar atomic
radii a discussion of bond distances is not helpful due
to the varying coordination spheres in these molecules
and ions.

The MO sequence of Ga13
− and Ga12Si− do not

differ too much from one another. Furthermore, one
has to keep in mind, that a rearrangement of the shell
orbitals does perhaps generate new subshells, but the
main shells still remain more or less the same. To
sum up, in our opinion this modified jellium model is
only the first attempt in order to explain the abundance
of the Ga12Si− cluster in our spectrum. On the other
hand, we are so far not able to offer a better explanation
for the intense appearance of the Ga12Si− cluster.

5. Summary and conclusion

Herein we have shown that the mass spectrum of
a ligand-stabilized metalloid gallium cluster reveals
“naked” metal cluster ions when used as target for
laser desorption, namely the gallium clusters Gan

−

(n = 4–50). Additionally, the mixed gallium–silicon
clusters GanSim− (n = 5–43;m = 1–3) are formed as
a result of the presence of silicon in the ligand-sphere
of the cluster.

The particular abundance of the Ga13
− cluster in the

spectrum is best interpreted with the help of the for-
mation mechanism of this cluster. It is directly formed
starting from the precursor and gives a hint on the
formation mechanism and degradation of this kind of
clusters as intermediates on the way from covalent
gallium compounds to bulky gallium metal.

The dominant cluster of the GanSi− series in the
spectrum is Ga12Si−. In contrast to Ga13

−, this cluster
as well as all other clusters in the spectrum are likely
to be formed in secondary gas phase reactions. Thus,
their abundance pattern is compared with the predic-
tions of the theoretically deduced jellium model. For
this purpose, theoretical calculations are employed.

Both, the Ga12Si− and the Ga13
− cluster possess a

bicapped pentagonal prismatic ground state structure.
While the Ga13

− cluster indeed is a closed shell clus-
ter, we are at the moment not in the position to give a
satisfying explanation for the abundance of Ga12Si−

in the GanSi− component spectrum. Nevertheless, our
theoretical results verify and complete recently pub-
lished studies.

Additional measurements of the ionization poten-
tials are on the way in order to confirm the theoret-
ical results. Furthermore, gas phase reactions of the
“naked” clusters are planned by means of FT/ICR-MS
in order to understand the chemical reactivity of
“naked” gallium clusters. However, the most impor-
tant experiments in the future will focus on details of
the formation and decomposition mechanism of1.
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