OBSERVATION OF ELECTRONIC SHELLS IN LARGE LITHIUM CLUSTERS
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ABSTRACT. Shell and supershell structures have been observed for lithium clusters
produced in a gas-aggregation type source, up to the size range n ~ 2000. Noteworthy
similarities are found as compared with observations performed on Na, clusters.
Thermal effects are briefly investigated.

1. INTRODUCTION.

Recent experimental efforts to extend the study of clusters to large sizes have lead to the
observation of electronic shells in large Na-atom clusters [1-3]. Sequences of "magic
numbers” have been detected for particles containing up to 2700 atoms, from the
observation of abundances in mass spectra. Extending the ideas orginally proposed by
Balian and Bloch [4], recent calculations show that such a shell structure must be
attributed to the electronic subshells of delocalized valence electrons moving in a central
potential [5,6]. The shell periodicity is proportionnal to the cube root of the number n of
valence electrons. Superimposed to this primary shell periodicity, a beat pattern is
observed. The corresponding supershell structure is explained in terms of interference of
amplitude associated with classical closed orbits of electrons.The beat mode has a
minimum found around 1100 valence electrons by Bjgrnholm et al. [7], whereas Martin
et al. determined the transient region around n=830 [3,8]. Calculations are able to
reproduce both values, depending on the detailed shape of the radial potential [3,5,6].
We present here new results obtained on lithium clusters. We observed a shell structure
up to n=2100 with a beat mode minimum located near n=900. The temperature
dependence upon the observability of the shell structure is also investigated.

2. EXPERIMENT. .

The Li clusters are produced by a gas-aggregation type source [3,9-11]. The metal vapor
is produced at a moderate pressure, a few of 0.1 torr, by heating a molybdenum oven.
Metal atoms effuse in a helium flow through a 4 mm hole (Fig.1). They are carried
along by 20-25 torr of helium into a 6cm long, liquid nitrogen cooled copper tube. The
metal clusters grow along the helium stream which progressively cools them and
dissipates their formation energy. The cluster growth stops at the end of the tube, where
the metal cluster-helium mixture enters the three successive chambers of a differential
pumping system.
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Figure 1 : Schematic of our gas-aggregation source. For 20
torr of He, the differential pressures Py 7 3 are typically 0.5

torr, 2104 and 51076 torr respectively. The hole diameter in

harmonic of a pulsed
Nd-YAG laser.
Ionization takes
place in between a
multiplate accelera-
ting system of a
Wiley-Mc Laren
time-of-flight mass
spectrometer [12].
The length of the
drift tube is 120cm
and typically Li,
clusters are accelera-

ted to 2.8 kV. A secondary electron multiplier delivers ion signals averaged by a Le
Croy 9400 digital oscilloscope.With this source a pseudo-gaussian distribution of
neutral Lip clusters is generated, the mean size of which is quite sensitive to the metal

vapor pressure. Varying this latter from 510-2 torr to 510-1 torr, promotes a shift of the

maximum from n=200 to n=900. Simultaneously the relative width An/n is increasing
from 0.6 to 1.2 respectively. Such a source gives medium-size clusters [11]. This

differs from those obtained by other gas-aggregation sources which generate only large
neutral clusters [3,10].

RESULTS.

At low laser fluence ( 1 mW/cm?2) one observes s-shaped irregularities superimposed on
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Figure 2 : Shift of the mass distribution vs the
metallic vapor. Left curve : Lithium pressure 0.2
torr. Right curve : lithium pressure 0.7 torr.
Successive shells are clearly visible as strong

irregularities.

the envelope of the size
distribution (Fig.2).When the
metallic vapor pressure is
varied, the envelope shifts,
whereas these structures remain
fixed in time, and so in size.
They appear with a modulation
which decreases at large size,
beyond the maximum of the
distribution. These features must
be attributed to electronic shells
of the valence electrons as
observed by other authors with
Nap clusters [2,3]. The photon
energy hv=3.50eV is choosen
above the ionization potentials of
large lithium clusters and in the
expected range of the maximum
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Figure 3 : Shift of the mass distribution vs the laser
fluence. The profile peaked at large size is the same
as Fig.2 (low metallic vapor pressure). The smooth
profile shifted toward smaller time-of-flight is taken
at the same lithium pressure but at a slightly higher
laser fluence. Notice the occurence of mass resolved
very small size fragments.
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Figure 4 : Small size lithium clusters obtained by
photoevaporation from large sizes. Closed shell,
odd-even alternations [15] are visible. The first ion
peak is due to ionized helium atoms. The rising
bakground corresponds to the residual envelope
observed at low laser fluence.
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of the photo-absorption cross-
section, so that the shells are
revealed from evaporative
cooling as shown in ref.
[13,14].When the laser fluence
is slightly increased (up to 5
mW/cm?2), the irregularities are
washed-out and a smooth profile
is observed (Fig.3). Under these
conditions, several photons are
absorbed during the ionizing
laser pulse. The subsequent dis-
sociation shifts noticeably the
mean size of the mass
distribution toward smaller
sizes. Indead, each ion parent
gives rise to a broad distribution
of fragments [13] and the sharp
structures are erased. When the
laser fluence is still increased
(up to few W/cm?2), the efficient
multistep photoexcitation-disso-
ciation process generates small
clusters up to the monomer
(Fig.4). In this case the well
known shell closing effects [15]
are clearly visible as an abrupt
change in ion intensities after
n=3,9,21,41,69 and 93. Mass
spectra as shown on Fig.4
provide an accurate and absolute
scaling of the time-of-flight
mass spectrometer. However
care must be taken to the use of
patural lithium which contains
two isotopes 7Li (92.6%) and

6Li (7.4%). A cluster of a given
size n results on a binomial
distribution of the isotopic

mixture SLix 7Lip.x with the
probability C¥ aX (1-a)™* [16].
Cx is the binomial coefficient
and o is the natural abundance
of the 6Li isotope. In the limit of
large n, the isotopic distribution
peaks at x=no. This leads to a

relative change in the mass
position of the ion peaks
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. An
given by = =a(15=0.01. The

determination of the relative maxima of
the shell structure is obtained by using
such a corrected size calibration.
The valence electron number
corresponding to the successive relative
maxima as seen on Fig.2 and 3, and
averaged over several mass spectra, are
easily determined. In a semiclassical
picture one expects a periodicity of
shells proportionnal to the linear
dimension of the droplet ~n1/3, Plotting
the "magic numbers" Ny, i.e the shell
maxima, on a nl/3 scale against a
running index i, accounting for the shell
number, one obtains two series of
points at approximately equal intervals
! — - s (Fig.5). The two straight lines are
. 0L shifted relative to each other by one-half
Figure 5 : Magic numbers Ng1/3 vs the shell nit of i around n~900 as found in one
index and the corresponding number of Of the experiments performed with Naj
valence electrons, Notice the abrupt phase- clusters [8]. This characterizes the beat

shift in the n=800-900 size domain mode minimum of a supershell
structure.

It is interesting to compare the slope of this straight line which should be independent of

the nature of alkali-atoms in the cluster. We found A(Np!/3)= i i
. . 0/°7=(0.6310.03)Ai,

excellent agreement with the value found for sodium clusters [(7,8]. The a%)solflltg 11;1?1;2
four_ld for the No numbers show noteworthy similarities with those either deduced from
sod1u1'1'1 experiments [3,7,8] or calculated by using a Wood-Saxon potential or a "wine-
bottle" type potential [3,5,6]. However some differences exist. Mainly we found an
extremum at n=308415, not shown in the plot of the Fig.5. This shell is neither observed
with Nag clustqrs nor pxedlcteq by calculations. Keeping in mind the sensitivity of the
subshell bunching to the detailed shape of the radial potential, this suggests that the
potential to be considered for lithium clusters could be somewhat different with regard to
itlllletﬁ)::;lr:;al used folr sodium clusters. Moreover, the geometrical arrangement of atoms
be r&r:&(i)al?t 'p ay arole in determining the magic numbers [17,18] and this cannot

CONCLUSION

This first study of shell effects in lithium cluster i i

) L _ s allows a comparison with
obtained with sodium clusters. Experimental values supportpthe semi-claf:ssiuclatj
11;)terpretguon of the shell and supershell structures. However the detailed analysis of the
gf sl?t'l\;?ur?lns lsu%gestsT%9 needlt? lr)econsider more accurately the radial potential shape
' um clusters. This could be obtained from more i
otopically e T precise measurements on
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STRUCTURE AND DYNAMICS OF INTERMEDIATE SIZE ALUMINIUM CLUSTERS
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ABSTRACT. We use molecular dynamics with a semiempirical quantum chemisiry model 3
a Hartree level of approximation to predict the structure of Al, clusters. The relative simplicit
of this model allows us to relax up to few hundred atoms. We find that icosahedral and cube
octahedral symmetries are almost degenerate, but that for the cases where we performe:
annealing, deeper minima exist without symmetry.

1- Introduction:

Due to their simple electronic structure, Al clusters have been a favourite element i
experimental and theoretical works. Compared to alkali metal clusters, they have the addition:
interest to s-p hybridizes to form trivalent atoms becoming a bridge to transition metal cluster:
The cxperimental data for Al cluster is very extensive; however, information on the clusts
structures is still lacking and most of what is known comes from theoretical work. Densit
Functional - Simulated Annealing has been performed for Al [1], with n up to 10, leading 1
new stable structures (numerous buckled planar arrays are found), and spin multiplicitie
Transitions from planar to non-planar structures are found at n = 5, and to states with minimus
spin degeneracies atn= 6.

To our knowledge there is only one experimental report on dissociation energies of neur:
clusters [2], which have been calculated through their measured dissociation energies for ionize
clusters and the corresponding ionization potentials measured in photo-dissociation experimen
All calculations show poor agreement with these results. The SCF CI calculation of Petterson [
and Upton [4] are substantially lower, while LSDA systematically overestimate the binding [1],
see Figure 1 ). For bigger Al clusters, ab-initio calculations are computationally very har
restricted geometries [5], and full annealed 13 and 55 atom clusters have been studied [6]. F
Na [7] it has been found that low symmetry structures have less energy than their correspondir
high-symmeltry partners.

Semiempirical approaches become relevant as they can help in the search of global minim
extrapolate to regions of larger size, and enable predictions of the effects of temperature. Suc
type of results have been obtained by Pacchioni et al. [8] with an INDO method comput
according to a symmetry restricted ( no-relaxation of the structures) and spin unrestricts
iterative procedure. Their calculation of cohesion extends up to n = 49, showing an overall trer
as a function of cluster size which agrees with the experimental data, although still slightly low
than the measured values, ( see Figure 1).

In this work we present results concerning Al clusters in the medium size region (n < 256
We use a simple quantum chemistry model, that properly describes the angular dependence
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