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1. IMPURITIES IN SIMPLE METAL CLUSTERS'

Abundance maxima in pure alkali metal clusters have been
explained by a spherical jellium model (see 2nd Lecture of this series).
The ordering of the elacironic energy levels in thisi modet is 1s, 1p, 1d,
2s, 11, 2p, 1g, ... Relative stability maxima are then predicted and

observed for closed shell clusters. This occurs at N. = 2, 8, 18, 20, 34,
|

40, 58, ... where N. is the number of valence alqictrons in the c¢luster.

This is also the number of atoms in neutral alkali clusters since alkali
atoms are monovalent. :

The spherical jellium model explains t!’le magic numbers
exclusively in terms of the electronic structure. In; order to test further
the validity of the jellium model and to shed Iight on the possible
influence of the geometric structure, several abuqidanca measuremants

have been performed for heteroatomic clusters, iformed by atoms of
different valence® . If only electronic structurg controls the magic
numbers, it is expected that abundance maxin%a (or drops in the
ionization potential) will occur again for closed al#actronic shells.

By supersonic expansion of mixed vapours Kaqlpes and coworkers?:®
have obtained clusters containing a small amount of impurity atoms. In

particular | concentrate here on a series of clusters with formuia A, B,
i

that is, the cluster contains N atoms of type A (glkali element) and a
single impurity atom of type B (monovalent of di\:ralent). The particular
systems under study are lJisted in Table 1, along with the
experimentally observed abundance maxima in the small size range. The
order chosen for the list in the Table is that of increasing vaiue of an,

- n (B) - n,(A), where n (B) and n (A) are the jellium density

parameters of pure metals B and A respectively; for instance,

n,(A) = AL
(A) (1)

where Z{A} is the valence of element A and Q is its volume per atom in
tha pure metallic state.

The main feature from the data reported in the Table is the
observation of a new magic number, corresponding to ten valence

electrons, for a large enough vaiue of An_. This new magic number

begins with the system Na/Mg in this list. Associated with the
occurrence of N, = 10 is the disappearance of N, = 18 as magic number.

This occurs earlier in the list.

This experimental data was originally used by the experimentalists
to criticize the jellium model. In effect, a naive application of the
jellium model leads to disagreement with the experimental results in

Tabie 1 since N, = 10 can not be explained. Baladron and Alonso', have

demonstrated that a meodification of the jellium madel, to account for
the different nature of the impurity, explains perfectly the
experimental results. In fact, the origin of the new magic number is
"again" a shell-effect.

The presence of an impurity atom induces, in general, a strong
perturbation of the electronic cloud of an alkali cluster. The ditferant
nature of the foreing atom can be accounted for by a simple extension of
the jellium model. The foraing atom is placed at the cluster centre and
each subsystem (impurity and host) is characterized by its own ionic
density in a jellium description, The following positive-charge
background is then assumad

n,(B) , < RB
n{r = n_ (A} \ RB <r<R (2)
0 , >R
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Here n_{B) is the jellium density parameter of the B moeta! (n (B) =
Z{B)/Q(B)), Ry is the Wigner-Seitz radius of metal B, that is, the radius

of a sphere with volume Q(B), and R is the c¢luster radius, easily
obtained from Q(A), Q(B) and the number of atoms.

All values of n,(B) - n (A} in Table 1 are positive, that is, the

impurity provides a more attractive potential tr}an the host. As a
consequence, the original separation between th?e 2s and 1d shells
becomes reduced. This is because the s-!ypé elactrons have a
considerable probability of being near the center bf the cluster, where
the potential has become more attractive: this enhances the stability of

the 2s shell. This effect, which is shown in Fig. 1 for the cluster Nagqli,

becomes maore pronounced as the attractive strength of the impurity
increases. When this attractive strength is strong enough, the order of
the 1d and 2s levels becomes reversed, leading to a new shell ordering

1s, 1p, 2s, 1d, different from that in the pure jellium model. Ten

electrons lead to the filling of the first three shells {1s)* (1p)® @s)?.
and then N_ = 10 suddenly appears as a magic number. Evidently, for this

shell ordering the next magic number is N, = 20, corresponding to the
configuration (1s)2 (1p)5 (':’.s)2 (1d)'°. In other words, the appearance of
N, = 20 is associated to the disappearance of N, = 18.

A quantitative view of this effect is given in Figure 2, whare we

have plotted the stability function
S(N,) = E(A, , B) + E(A,,, B) - 2E(Ay B). (3)

Here S is written as a function of N,. the number of valence electrons in
the A, B cluster; this number is given by N, = NZ(A) +Z(B). The clusters

Ay_,B and Ay B differ from A B by one host atom, and then by one

elactron, since Z(A) = 1. The cluster energies needed to evaluate S(N,)

from eq. (3} have been calculated by the same density functional
technique used for pure metal clusters {see 2nd Lecture). At the top of
Fig. 2 we have the system Na/Ba. An_ is very small in this case (see

table 1) and the order of the shells is the usual one of the standard
jellium model. As the attractive power of the impurity atom increases

we observe that the peak for N, = 18 first decreases in magnitude and

then disappears. This is so because the 2s level bacomaes so close to the
1d level that the gap separating these levels becomes zerp. Finally, by
increasing even further the attractive strength of the impurity the 2s
shell becomes more stable than the 1d shell, giving rise to the new

shell ciosing numbers. The peak at N, = 10 appears just at Na/Mg, like in

the experiment

2. MIXED CLUSTERS: MICROALLCYS

In the previous section | have considered the case of a single
impurity atom immersed in a cluster of a simple metallic element. In
the present Section | will consider the case of a cluster of general

composition A,B,, where A and B are two different metallic elements

and N and M are the number of A-type atoms and B-type atoms,
respectively, in the cluster. This is a complicated system, and only
cases where both A and B are simple metals have been studied
theoretically. Experimental work on microalloys in also scarce. Some
interesting results have been obtained using a theoretical method called
Spherically Averaged Pseudopotential {SAPS) model. So, first of all i
describe this mode!, leaving the applications to microalloys for the last

part of this Section.



21. The SAPE madal

We have already sean in @action 1 af this Legture that the simple
jellium model must be modified in order to abtain :meaningful results in
the case of clusters confaining impurities. A firgt-principles quantum
chemical approach is not practical for large clusters, so intermediate
methods between those two extremes (jellium add ab initio quantum
chemistry) can be very helpful. One of such intermgdiate methods in the
Spherically Ave_tragad Pseudopaotential model*. In this method the cluster
is composed of a) ions and b) external (or valence) fnlectrons. The idea of
the method is to calculate the geometry of the |cluster (that is, the
positions of all the atoms) at temperature T = OK:, by minimization of
the total energy of the cluster with respect toithe 3N parameters
representing the 3N coordinates of the N atomé forming the cluster.

To achieve this formidable task one uses the: Density Functional

Formalism™>®

and some drastic approximafions. One of the
approximations is:

i) The ions are substituted by effective pseudppotentials, in mosl

applications by the empty core pseudopotential’:

' [

0 , <’
Vel = 7. I’Q r>r i (4)

r. is the empty-core radius and Z is the valenca of the ion. This means

that the attraction of the outer elactrons by the ion is purely coulombic
|
outside a sphere of radius r, and zero inside.

It the set of ionic positions is represented by*{ﬁj} then the total

ionic potential seen by a valence electron at a point T of the cluster is

v. ® =3 v,liT-Ril |
ién {4 5“\ 1) (8)

where, for simplicity, the notation used assumes that all the N atoms of
the cluster are equal {the extension to heteroclusters is trivial).

Eq. (5) provides a three-dimensional potential. The process of
calculation of the cluster geometry starts by generating an initial

geometry, represented by an initial set of nuciear positions {ﬁ}mm.
The Kohn-Sham equations of the Density functional formalism (see 2nd
Lecture} are then solved self-consistently to obtain the electron
density of the cluster and then its total energy. Since the initial
geometry was chosen arbitrarily, small displacements of the ions from
their initial positions can lower the fotal energy of the cluster. Another
way to state this is that the forces acting on the atoms are not zero for
this initial configuration. This indicates what should be done next. Each
atom is moved a small distance precisely in the direction of the net
force acting on it. This process generates a new set of ionic positions

{ﬁ,}.Now. the total energy of the cluster is calculated for the new
geometry. The cycle is repeated again and again until ail the forces
vanish, that is, until the energy of the cluster is at the bottom of a
(relative) minimum. Since we want to obtain the geometry
corresponding to the absolute energy minimum we repeate the whole

precess just described from the very begining, that is, we start with a
new set {ﬁi}inﬂhl of “"initial” ionic coordinates. Evidently trying many

initial configurations we have more chances of finding the true absclute

equilibrium geometry, or at least one with an energy rather close to it.
In the way | have described the process of finding the cluster

geometry, | have avoided mentioning the second, rather strong,

simplification introduced in the SPAS calculations:
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i) The total ionic potential V. (F) given by eq. (5) is replaced by
its spherical average V' (r) about the cluster centre:

Vo, 0 = V& . ‘ (6)

ion
This simplification drastically reduces the computational difficulties
since we now have a problem of interacting electrons moving in an
external potential well with spherical symmetry. Despite this
simplification the SAPS method goss a long way beyond the jellium
model, since:

a) The ionic potential is less smooth than the Eexternal potential of
the jellium model. This can be appreciated in Fig. ;3, which shows the
total electrostatic potencial, ionic plus alect@’onic, for several
Aluminium clusters®. :

b) Although the ion-electron interaction anly kgeps the radial part

of the tota! ionic potential, the ion-ion interaction is calculated

on—ton

|
considering the true three-dimensional array of ionsi, that is

(z) () &
E = S ;
ion-ion £ | Ri . le (7)

|
|
2.2 Resuits of the SAPS model for pure clusiers
Bafore considering the case of hetoroclusters we show soms
results obtained for clusters of a single metallic elemant.

Figure 4 shows the radial distribution of atoms in Na,, and Nay,.

This result illustrates one of the main conclusions: the clusters are
composed of shells of atoms. At this small size, most ot the atoms are
in the outer, or surtace shell, and only a few atoms are in the inner
shell. The outer shell shell has a width of nearly one atomic unit. The

evolution of the population of the inner and outer shells is displayed in

Figure 5 for the case of Cs,. Very small clusters have only one shell

with its centre empty. Between N = 7 and N = 18 the centre is occupied
by one atom. The population of the inner shell increases slowly after N
=18 and the geometrical centre of the cluster becomes empty again . At
N = 40 one atom occupias the center of the cluster and the configuration
of a central atom plus two surrounding atomic shells persists until N =
64, where a third shell begins to grow in the inner region of the cluster.

In conclusion, we obsarve a strong reconstruction of the cluster
geomeatry as it grows. Also we observe that new atomic shells grow in
the inner:most region of the cluster when there is enough free space to
accormodate first one single atom and than additional atoms. There is a

complemsentary view of this effect. Between Cs, and Cs,; the distance

between the central atom and the surface atoms increases slowly since

more atoms must be accomodated in the surface layer. For Cs , this
distance has become slightly larger than the nearest-neighbor distance
in metallic Cs, d?ylflk- 9.893 a.u. The SAPS calculation indicates that Cs,,
reconstructs its geometry to avoid interatomic distances larger than

d®k  This is achieved by placing the added atom in the interior of the
cluster, instead of placing it on the surface. For Cs.; the situation is

analogous. Now the central atom is surrounded by an atomic shell of 19
atoms at a mean radius nearly identical to that of Cs,, and again larger
that d°®. The next cluster, Cs,,, has two atoms in the innermost
ragion, like Cs,,.

Other result we have found is a contraction of the cluster volume
with respect to that of an equivalent piece of bulk metal. This is shown
in Figures 6 and 7 for Al and Cs clusters, respectively. What these
figures show is that the calculated cluster radius is smaller that the

9



radive assumad in the Jellum model (in the jelium model the volume is
the same as that of an equivalent piece cut from a macroscopic metal.
This global contraction of the cluster volume seems to be a general
feature in small metallic clusters, and is% well documented
experimetally”. We have recently shown'® that the volume contraction
explains the discrepancies found between expériment and jellium

calculations concerning the static polarizabilities of small aluminium
|

clusters'?. Specifically, the measured polarizabilities of Al, clusters
i
with N<40 are smaller than those pradicted by a je[liurn calculation. The

classical polarizability (per atom) for a metallic sphere of radius R is
3

® tassical = N (8)
For a jellium sphere the polarizability is enha:mcad because the
elactronic charge density spills out beyond the jellium radius, and the

polarizability can be written '3
« JBe8
Jellium N | (9)

i
where &, which is related to the electronic spi(l out, is small and
approximately constant for all sizes. The fac:;t that the jellium
polarizabilities of small Al clusters are larger th!an the experimental
ones indicates, evidently, that R is overastimated in the jellium model.
Since the SAPS calculation decreases the value of R, it lsads to better
polarizabilities'®.

In the 2nd Lecture of this series we described the work of Martin
and coworkers and how these authors modified the jellium model in
order to obtain the required sequence of magic numbers (reflected in
the sudden drops of the ionization potential} for clusters of alkali
metals. Success was achieved by deforming the positive charge

10

background to make the cluster denser in its inner part. SAPS
calculations'* have provided a microscopic interpretation of the modei
used by Martin and coworkers. An analysis of the interatomic distances

in Csy clusters with sizes up to N = 80 shows that the contraction of

interatomic distances is not a homogensous one. Distances in the inner
region of the cluster are more compressed thanin the outer region. This
finding gives support to Martin's model. Furthermore, additional
calculations for Mg clusters'® indicate the same effect. In summary, the
inhomogeneous contraction of interatomic distances seems to be a
general effect in simple metal clusters.

2.3 SAPS model for clyaters with a_single impurity’*'®

The case of Cs clusters with a single Oxigen impurity has been
studied in detail. Experimental results also exist for this system'’.
Studies of the intaraction of Cs with O exhibit a technological aspect,
since oxidized thin films of Cs have vary low work functions and are
therefore applied as photocathodes. Here we will be concerned with the
question how the embedding of a highly reactive impurity like oxigen in
an alkali-metal cluster changes the size-dependent electronic and
structural properties of the host cluster.

The only relevant commenis about how the SAPS calculation is
performed in this particular case are the following ones: a) The cluster
centre is identified with the position of the Oxigen nucleus. b) The inner
electrons ot the Oxigen atom are also included in the calculation.

Figure 8 shows the one-electron energy eigevalues of the system
Cs,O as a function of N. The electronic configuration of the free oxigen

atom is (1s)2 (25)2 (1p)‘. We observe in the figure that the 1p shell is
the first to be filled by the valence electrons of the Cs atoms. The
sequence of shells is 1p, 3s, 2p, 1d, 1f, 4s, 3p, 1g, 2d, ... This sequence

1"



results in closed-shell configurations at N = 2, 4, 10, 20, 34, 36, 42, 60.
The onset of the 4s shell is practically degenerate with 1f and the same
occurs for 1g and 3p. In conclusion, pronounced shell closing effects
only occur for N = 10, 20, 36 and 60 {excluding very smalil sizes). These
effects become refiected in the calculated ionizétion potentials (figure
9). The qualitative featurss of the experimental idata agree quite well
10, 20, 36 show up

clearly in the experimental data. In summary the \Oxigen atom in Cs,0O

clustars forms and ion 0% and the remaining N-R valence electrons of

with the calculation: the predicted drops at N =

the cluster behave in the simplest way, that is, tli'lesa give rise to shell

effects. The experimental” information indicates that an analogous
effect occurs for clusters with more oxigen atoms. That is, in clusters

of composition Cs,O, there are N-2x free-elactran-like electrons.

A second aspect of interest concerns the structural effects induced
by the presence of the Oxigen impurity. The strong ionic bonding
betwean the impurity and the Cs atoms produces a rearrangement of the
inner part of the Cs, cluster after the introduction of the impurity. We

can distinguish two cases. If the central site in GsN is empty (for
instance from Cs,, to Csy,) the introduction of the Oxigen atom

produces only a small rearrangement of the innermost Cs shell: the
radius and the population of this shell changes only slightly (see, for
instance, figure 10. In contrast, when the central site is occupied in

Cs,. then the structural rearrangement is drastic. The case of N = 60

given in fig. 10 shows what happens: a few Cs atoms (in most cases six
atoms; see below) are splitted from the outer part to form a Cs shell
directly surrounding the oxigen impurity. The radius of this shell is

about 5 a.u. The radius of the first coordination shell around a central

12

Cs atom in a pure Cs, cluster is much larger (see figure 7). The reason

for this difference is that the atomic size of Cs is larger than that of
Oxigen and Cs needs a largser hole to be accomodated.

Also related to this fact is the observation that there is a
maximum ©of 10 Cs atoms around the Oxigen atom. This number is

smaller than in pure Cs, where we find up to 19 atoms surrounding a

central Cs atorn. The details of the population of the shell surrounding
the oxigen atom, as welli as the population of other more external
shells, are given in Figure 11. The radii of those shells are given in Fig.
12. The population of the first coordination shell around the oxigen

atom is remarkably stable (the set of clusters Cs;50 to Cs, O are

excaptions); this shell is a group of six Cs atoms forming an octahedral
arrangement around O. As a consequence, the radius of this shell is also

very stable. Figure 13 shows the structure of Cs,, O, which exhibits
eight second nearest neighbors in cubic coordination around the Cs O
core. Both the sixfold coordination and the bond length in the Cs O core
agree with the corresponding properties of solid Cs,Q, which is the only
known oxidic solid with Anti-CdCl, structure.

The calculated embedding energy AH(N) of oxigen in Cs, clusters is

presented in Fig. 14, The embedding energy is negative for all N,
showing a strong affinity of Cs, for oxigen. AH(N) exhibits an

oscillatory behavior around a mean value of approximatelly 0.43 au.
This oscillatory behavior can be easily understood: the immersion of

oxigen is favoured if the central position in the Cs, cluster is empty

and hindered if it is already occupied. in the first case one expects
optimal conditions it the first shell of Cs atomns around the empty

central site just contains six atoms, since then the stable Cs O core

13



can easily be formed. From Fig. 6 we see that this situation just
happens at N = 6 and around N = 30,

24 Microalloys
We now turn to the case of mixed clusters of general composition

A_B_. The experimental information on those% systems is scarce,

|
although some observations have been made in 'selected systems: for

instance, Kappes and coworkers have found that }by co-expansion of a
mixed vapour of Li and Na the clusters formed a’e enriched in Li with

respect to the initial composition of the mixed ?tomic vapourB. From

the theoretical side, calculations using the Car+Parrinetlo method (a
|

method which combines density functional and; molecular dynamics

ideas) have found segregation of potassium to the [surface of a Na, K,,

cluster'®. Segregation in bulk alloys is a well studied topic'®.
Segregation theories predict that Cs shouid segregate to the surface of
a liquid Na-Cs alloy. This result is supportgd by Monte Carlo

simulations?®.
The SAPS method has been applied to Na-Li ard Na-Cs clusters with

varying cc:mpositiunz"z2

. The only difterence; with respect to the
caiculation for a single component is that we ngw have two diffarent
kinds of ionic pseudopotential: one for Na and another for Li (or Cs).
Taking again the empty core pseudopotantial, aacrr element has its own
emply core radius.

We first consider the main fatures of the |atomic distribution in

NamCs“ with men and me=2n, and a total number of atoms m+n= N<90. A

common characteristic for the two concentration§ is the formation of
homoatomic shells, that is, separated shells of Na and Cs atoms,

respectively, with the most external shell always occupied by Cs atoms.

14

The most salient features concerning the formation and evolution of
these shells with cluster size can be observed in Figure 15.

a) Clusters up to about N=42 have two homoatomic layers, the inner
one formed by Na atoms and the outer one by Cs atoms. The Na layer is
less well defined than the Cs layer, this one heing appreciably thinner.
For Na, Cs, there is and broadening of the Na shell with respect to the

Na Cs, . This is an effect of the different relative concentration.

b) Larger clusters, 46 <N<60, develop a Cs layer in the inner region
of the cluster. Then, their configuration is that of a Na region with a
large dispsrsion of radial distances, bounded on the inside by a Cs shell
and on the outside by another, more popuiated, Cs shell. This Cs-Na-Cs
stratification can be considered as a precursor to superlattice

formation in the bulk solid alioy (the only stable bulk intermetallic

compound has the Na,Cs composition“). Notice that the atom
distribution in Na,,Cs;, suggests that a new Na shell is growing in the

central region of the cluster, leading to an stratification Na-Cs-Na-Cs.

The segregation and stratification effects found for Na-Cs clusters
are evidently due to the different radii of the empty-core
pseudopotential: r, (Na) = 1.74 a.u., r, (Cs)=2.74 a.u. Cs segretates to the

surface because this lowers the surface energy.

A second system where we have studied mixing and segregation

effects is Li/Na’®. Several radial distributions of atoms about the
cluster center are given in Figure 16. In contrast to the Na/Cs case we
observe more mixing. Notice that the external shell contains both Na and
Li atoms. However the outermast part of this shell is enriched in Na. We
conclude that the segregation effect is rather general, although its
intensity varies (it is more pronounced in Na/Cs, where the surface
shell is purely Cs, than in Na/Li).

18
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One can ask to what extent segregation or ordering effects
influence the magic numbers of abundance, well established for
homoatomic alkali clusters. We do not know of any experiment

performed for Na-Cs clusters. The system Li-Na }has been studied by

Kappes ot al®. These authors have found abundance maxima for a number
of electrons 8, 20, 40... irrespactive of the relati\)e concentration of Li
and Na in the cluster {see Fig. 17). This suggesﬁs that even in mixed
alkali clusters electronic effects are much more important than the
structural effects associated to the cluster geometrjy. Fig. 18 shows ths

calculated energy per atom in Na Cs_as a function of cluster size. This

function shows pronounced minima for a number ?of atems equal to 8,
20, 40 and 58. Wa then predict that these clustard; should be prominent

in the abundance spectrum. The same prediction ?is obtained for Li/Na

clusters®®, which evidently is in perfect agreement with experiment.

The conlusion is that shell effects are also relévant in mixed alkali
clusters. i

Wae close this section with two final observations. The ftirst one
refers to the enrichment effect observed in the <§oexpansion of Li and

Na vapours to form mixed Na/Li clusters (this effect is also observed
for K/Na®®): the clusters are enriched in the lighter alkali metal,
comparad to the original concentration in the mixe(ji vapour. It has been
prm:u:Jsed3 that the Na/Li clusters detected are formed after many
cycles involving atom aggregation, atom aevaporation and reactions of
substitution of a Na atom by a Li atom. To connect with the
exparimental results we have calculated the heat AH for the reaétion of
substitution of a Na atom by a Li atom

Na, .., Li_,+Li — Na,_ Li +Na (10}

This heat of reaction is

1R

AH = E(Na,_, Li, )+ E(Na) - E{Na_,,,Li_,) - E(L. (11)

-
written in terms of cluster energies. The results have been plotted in
fig. 19 for saveral values of x. The most important observation is that
AH is always negative, that is, substitution of a Na atom by a Li atom is
favorable. This, in our view, explains the enrichment eftect observed in
the experiments.

The last observation concerns the comparison of the structures of

Na, and Na Cs, . These are given in Figure 20. The geometry of the Na
core in Na  Cs, is different from that of pure Na . The mechanism of

reconstruction is the formation of a polyhedron with a number of faces
consistent with the number of extarnal Cs atoms; the Cs atoms sit on

top of those faces.
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FIGURE CAPTIONS

Figure 1. The presence of an attractive impurity at the center of a Na
cluster leads to a decrease in the gap between the 1d and 2s shells.
Figure 2. Second derivative of the cluster energy ?s a function of the
number of valence electrons in the cluster ‘

Figure 3. Total electrostatic potential (ionic &ius electronic) for
aluminium clusters with N = 23 (- --- ), 31 (- - }) and 43 ().
The proncunced structure comes from the ionic pari% of the potential.

Figure 4. Calculated radial distribution of atoms in Na25 and Nag,. From

Iniguez et a*.

Figure 5. Number of atoms in the various geometrical shells a-c of Csy

clusters versus N. From Lammers et al’. |

|
Figure 6. Cluster radius (divided by N”s) versu# cluster size N, for
Aluminium clusters. From Rubio et al'’ !

Figure 7. Radii of the various geometrical shells (a-c ot Csy clusters

versus N. The dashed line is the cluster radius in;the spherical jsllium
model. From Lammers et al’

Figure 8. One-Electron energy eigevalues for Cs,O clusters versus N.
Figure 9. First ionization potential for Cs,O clusters versus N.

Figure 10. Radial distribution of atoms and electronic densities {in
appropriate units) for Cs, and OCs, with N=20, 26, 32 and 60. The stars

indicate Cs atoms and the circle the oxigen.
Figure 11. Number of Cs atoms in the various geametrical shells a-¢ in

Cs, O clsuters versus N

Figure 12. Radii of the various geometrical shells a-c of Cs O clusters

20

versus N

Figure 13. Calculated structure of Cs,,O
Figure 14. Embedding energy of oxigen in Cs, clusters versus N.

Figure 15. Radial distribution of atoms (with respect to the center of
ionic charge of the cluster. Stars indicate Cs atoms and circles Na
atoms. The electron density is also plotted in appropriate units.

Figure 16. Radial distribution of atoms in different Na/Li cilusters
measurad from the center of the cluster. Solid circles and crosses
represent Li and Na atoms respectively.

Figure 17. Mass spectra for mixed Na’Li ciusters.

Figure 18. Energy per atom in Na Cs_ as a function of cluster size.

Filling of electronic shells is indicated

Figure 19. Heat of the substitution reaction of a Na atom by a Li atom
(eq. 11 of the text) for several values of x {x = 1, 2, 5 and 10). From ref.
24,

Figure 20. Geometries of Na, {left-hand column), Na_ core in Na Cs_
{central columm) and whole NanCs,; cluster (right hand column). Open and

solid circles represent Na and Cs atoms respectively. Distances are in

a.u.
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Table [

Abundance maxima in heteroatomic clustqrsA " B pro-
duced in supersonic expansions | :
i . The
abundance maxima are characterized by the number  of
valence electrons in the cluster. Also given 15 the difference
AN, in positive background density betwcclw the two metals
(in the jellium model). |

Metals (A /D) AN, (au) Maxima
Na/Ba 0.0008 8,14
Na/Sr 0.0014 8, 18-20
K/Na 0.0018 8 20
Na/Eu 0.0023 8,18
Na/Li 0.0029 8, 20
Na/Ca 0.0029 8, 20
Na/Yb 0.0033 8,20 -
K/Li 0.0047 8, 20
Na/Mg 0.0088 8-10 .
K/Mg 0.0106 10, 20
K/Hg 0.0106 10, 21
Na/Zn 0.0155 19, 2
K/Zn 0.0173 10, 20
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