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Aluminum-lithium clusters: First-principles simulation of geometries and electronic properties

Jaakko Akola* and Matti Manninen
Department of Physics, University of Jyva¨skylä, FIN-40351 Jyva¨skylä, Finland

~Received 3 January 2002; published 24 June 2002!

The geometries and electronic properties of small lithium-rich AlNLi5N (N51 –6,10) clusters are studied
using first-principles simulations. Aluminum ions form a compact inner core configuration in the clusters that
changes into a chainlike skeleton embedded in a lithium surrounding as the cluster size increases. This
behavior restrictss-p hybridization effects and causes separates andp bands in the electronic energy spectrum.
A significant charge transfer from Li ions and nearby Al ions strengthens ionic Al-Li bonds, while Al-Al bonds
gain a more covalent nature. The evolution of some bulk properties ofB2 andB32 phases of AlLi alloys is
studied by constructing 59- and 145-atom AlNLi M (N'M ) clusters based on a truncated rhombic dodecahe-
dron. Tetrahedrally coordinated covalent Al-Al bonds ofB32 clusters affect the electronic properties and
hardness.

DOI: 10.1103/PhysRevB.65.245424 PACS number~s!: 36.40.Cg, 36.40.Mr, 73.22.2f
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I. INTRODUCTION

Atomic clusters are intermediate objects between a sin
atom and infinite bulk matter and provide an interesting la
ratory to study how the bulk properties emerge with incre
ing system size. Furthermore, they offer a possibility to
vestigate different size-evolutionary patterns of differe
materials. For example, the development of properties s
as cluster geometries, thermodynamic stability, abunda
distributions, electronic and vibrational spectra, dissociat
and ionization energies, and chemical reactivity depends
the material in question.

A major breakthrough in metal cluster research was
observation of the electronic shell effects of homonucl
alkali-metal clusters~Na, K! in the experimental mass abun
dance spectrum.1 In these studies, the most abundant clus
sizes~i.e., shell closings! were found to match the predictio
of the spherical jellium model~SJM!, where the ionic back-
ground density is uniform.2,3 The electronic shell structur
found in other simple and noble-metal clusters4 induced a
rapid growth of interest in homonuclear metal clusters.
metallic clusters and their possible connection to the S
also attracted interest, and many studies of such clusters
performed, with the results being interpreted as favor
SJM effects or otherwise, depending on the composition
the system.5–7 An example of recent work is the experime
tal study by Heinebrodtet al.7 on AuNXM

1 (X5Al,In,Cs)
clusters, where each mixture displays distinct properties
garding charge transfer and SJM effects.

Both pure Al and Li clusters have been studied ext
sively using the SJM,8–14 and the measurements follow SJ
predictions relatively well in small clusters. There are, ho
ever, some properties@e.g., high ionization potential~IP! of
small Al clusters14,15 and ionic geometries of small Li clus
ters (N<20) ~Ref. 12!# that differ from other alkali metals
The underlying reasons for these phenomena are the
tively low-lying unoccupied 2p shell of Li and the upper-
most 3p electron of Al atoms. Similarly, mixtures of thes
elements exhibit properties16–19 involving charge transfer
from Li ions to Al orbitals and Al-Al bonds. This was re
cently demonstrated by Kumar19 for a closed-shell
0163-1829/2002/65~24!/245424~8!/$20.00 65 2454
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~‘‘magic’’ ! decahedral Al10Li 8 cluster~38 valence electrons!,
where ionic Al-Li and covalent Al-Al bonds could be iden
tified.

We report here our findings for lithium-rich AlNLi5N (N
51 –6,10) cluster alloys and AlNLi M (N'M ) cluster analo-
gies forB2 andB32 phases of bulk AlLi, motivated in par
by the possibility of building larger cluster-assembled en
ties from AlLi5 clusters. This suggestion came initially from
Chenget al.,16 who observed that AlLi5 exhibits an atomic-
like electronic structure, where the valence electron den
is localized around Al atoms giving the cluster a similar ch
acter as to rare-gas atoms.16 We explore in detail some idea
of coating Al clusters by lithium,18 and we investigate
whether it is possible to assign the bulk properties of A
even at relatively small cluster sizes. The bulk AlLi alloy h
been observed to possess remarkably high hardness de
its low density, and the AlLi phase diagram20 shows that its
melting point (T;970 K) is even higher than that of pur
aluminum (T;930 K). These properties are related to t
B32 ~Zintl! phase of AlLi, where bcc unit cells are tetrah
drally occupied by Al and Li atoms, respectively. As show
by Guoet al.,21 a remarkable charge transfer from Li atom
to covalent Al-Al bonds and the underlying diamond subl
tice cause theB32 alloy to exhibit diamondlike properties
We also study the metastableB2 ~CsCl! phase of AlLi,
which has been predicted theoretically to exist at h
pressure.21

The first-principles Born-Oppenheimer local-spin-dens
molecular-dynamics~BO-LSD-MD! simulation method and
the cluster generation processes are described briefly in
II. The results for AlNLi5N (N51 –6,10) and AlNLi M (N
'M ) cluster alloys are presented in Sec. III, and we su
marize our findings in Sec. IV.

II. METHOD

The calculations are performed using the BO-LSD-M
method22 employing the density functional theory~DFT!
based Kohn-Sham~KS! formalism in conjunction with sepa
rable nonlocal, norm-conserving pseudopotentials for
3s23p and 2s valence electrons of aluminum and lithium
©2002 The American Physical Society24-1
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FIG. 1. Lowest-energy structures of AlNLi5N

(N51 –6) clusters. Al atoms are black; Li atom
are gray.
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respectively.23 We use two parametrizations for th
exchange-correlation functional of the total energy: the L
approximation of Vosko, Wilk, and Nusair25 ~VWN! and the
generalized gradient approximation~GGA! of Perdew,
Burke, and Ernzerhof24 ~PBE!. Ions move according to clas
sical molecular dynamics, with the electronic Hellman
Feynman forces evaluated at each time step from the val
electron density, and the method does not use supercell t
niques in calculating the total energy of a finite system; i
there are no repeated images of the system. This mak
possible to calculate charged systems and systems with
multipole moments accurately and efficiently, and IP’s a
detachment energies~DE’s! can now be obtained as tota
energy differences between neutral and charged clusters

Optimized AlNLi5N cluster geometries and correspondi
energies are determined using a steepest-descent-like
mization ~with LSD approximation and GGA, separatel!
without symmetry constraints. The related starting confi
rations are generated viaab initio molecular dynamics~time
step t53 fs) at high temperature (T51000–1200 K)
combined with a simulated annealing procedure. The h
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temperature is used to ensure sufficient mobility of Li io
~which move slowly at low temperatures! and shape fluctua
tions. In order to speed up the simulations the simula
annealing is performed using the LSD approximation inste
of the more sophisticated~and expensive! GGA. In addition
to the customary annealing procedure, each simulation e
with a slow exponential temperature decay~half-life l
;1 ps, cooling timeDt53 –4 ps), where the resulting fi
nal structure generally has the lowest total energy among
structures considered. In addition, the isomers are modi
further by swapping the positions of Al and Li atoms and
changing the positions of outermost Li atoms.

III. RESULTS

A. Al NLi 5N clusters

The lowest-energy structures of AlNLi5N clusters (N
51 –6) are presented in Fig. 1. AlLi5 has theC4v structure
found by Chenget al. where the Al atom is capped by L
atoms, and Al2Li10 has theD2d structure comprising two
TABLE I. Properties of AlNLi5N clusters: number of valence electrons, averaged binding energy~LSD/
GGA!, vertical ionization potential~LSD/GGA!, HOMO-LUMO gap~LSD/GGA!, AlLi 5-block detachment
energy~GGA!, second difference of total energy~GGA!, and Al-Al bond lengths~GGA!.

N Nel Ēb ~eV/atom! vIP ~eV! Eg~eV! D ~eV! 2D2E ~eV! d ~Al-Al ! ~Å!

1 8 1.37 / 1.18 5.08 / 4.95 1.20 / 1.32 . . . . . . . . .
2 16 1.58 / 1.37 4.11 / 3.97 0.68 / 0.77 2.16 -0.92 3.15
3 24 1.70 / 1.48 4.08 / 3.95 0.57 / 0.60 3.09 0.56 2.76–2.85
4 32 1.74 / 1.51 3.97 / 3.80 0.42 / 0.45 2.52 -1.20 2.76–3.14
5 40 1.81 / 1.57 3.95 / 3.80 0.54 / 0.57 3.72 0.57 2.77–2.93
6 48 1.83 / 1.59 3.74 / 3.60 0.22 / 0.23 3.15 . . . 2.77–2.91
. . . . . . . . . . . . . . . . . . . . . . . .
10 80 1.91 / 1.66 3.56 / 3.48 0.08 / 0.10 . . . . . . 2.76–2.99
4-2
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FIG. 2. Lowest-energy structure of Al10Li 50

cluster seen from three different angles~front,
right, and top! and its Al skeleton~right!.
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distorted AlLi5 units suggested by the same authors. T
long Al-Al distance~3.15 Å; see Table I! of Al2Li 10 under-
scores the division into two subunits. The idea of individu
AlLi 5 blocks cannot be extended to larger cluster sizes
can be seen in the prolateCs structure of Al3Li 15, where the
Al atoms form an isosceles triangle capped from above
below by two lithium units. The aluminum atoms of Al4Li 20
form a C2v ‘‘butterfly’’ configuration surrounded by Li at-
oms. The cluster is oblate and shows an icosahedral five
packing in accordance with the structures of pure mediu
sized Al and Li clusters (10,NAl,20 andNLi.20). The
aluminum ‘‘core’’ of Al5Li 25 has aCs symmetry, where the
uppermost Al atom has only one Al nearest neighbor. In c
trast to Al4Li 20, the packing of the cluster is not icosahedr
but it resembles more the bcc lattice and particularly theB2
phase of AlLi bulk. The mixing of Al and Li atoms is als
present in Al6Li 30, where the Al atoms are arranged in
low-coordinatedC3v unit. The overall shape of the cluster
elongated and icosahedral patterns~even a 19-atom double
icosahedron! can be identified.

In Fig. 2 the lowest-energy structure of the Al10Li50 clus-
ter is shown from three perspectives—front, right, a
above—and the pure aluminum skeleton of the cluste
shown from the right. As already seen in Al4Li20 and
Al6Li30, it is easy to assign icosahedral fivefold patterns
the cluster geometry. The mixing of Al and Li atoms conti
ues from Al6Li30, causing the embedded Al skeleton
adopt a chainlike form with each Al atom having on avera
24542
e

l
as

d

ld
-

-
,

is

n

e

two Al nearest neighbors. This is similar to the lithium-ric
bulk alloy of Al4Li 9 (B2/m), where Al atoms tend to form
‘‘zigzag’’ chains.21 Furthermore, it is observed both exper
mentally and theoretically that other Li rich phases where
Li-content has been increased do not exist, but decomp
into theB2/m phase of Al4Li 9 and pure lithium.20,21

The properties of AlNLi5N clusters are listed in Table I. In
order to illustrate the differences between the LSD appro
mation and GGA we have included both values for avera
binding energy (Ēb), vertical ionization potential~vIP!, and
energy gap (Eg) between the highest occupied and lowe
occupied molecular orbit~HOMO-LUMO!. The general
trends are the following: Ēb increases monotonically
whereas the vIP and andEg decrease almost monotonical
~note Eg of Al5Li 25). These properties are characteristic
metal clusters, and linear extrapolations ofĒb and vIP values
~GGA! with respect toNel

21/3 lead us to theoretical bulk es

timates (ĒC52.09 eV,W52.79 eV) that are closer to th
corresponding values of pure bulk Li~1.63 eV and 2.38 eV!
than Al ~3.39 eV and 4.25 eV!.26,27 Furthermore, Al-Al bond
lengths are distributed over a broad range@for Al bulk
d~Al-Al !52.86 Å#, and it is difficult to assign any trends.

Inspection of Table I shows that the effect of the GGA
to lower bothĒb and the vIP, and the HOMO-LUMO gap i
increased in all cases. The latter is a typical improvemen
the LSD approximation28. The bond lengths increase due
the GGA~1%–3% for the Al-Al bonds!.
4-3
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Indications of the relative stabilities of different cluste
can be obtained from Table I, where the AlLi5-block detach-
ment energies~D! and corresponding second differences
total energy (2D2E) are also reported. The oscillating pa
terns in both of these quantities suggest that Al3Li 15 and
Al5Li25 are the most stable clusters, and this is consis
with the vIP andEg values~see also Fig. 3!. In spite of the
compact geometry of Al5Li 25 ~40 electrons!, we cannot as-
sociate its relatively high stability to the SJM~note also the
high degeneracies of electronic levels of Al5Li 25 in Fig. 3!.29

The KS energy eigenvalues of AlNLi5N clusters calculated
with GGA are shown in Fig. 3. As noted by Chenget al.,16

we observe that the electronic structure of the AlLi5 unit
shows that the charge of Li atoms moves to the Al-Li bon
while the 3p shell of Al is filled. This idea can be continue
to Al2Li10, where two AlLi5 units are combined. Investiga
tion of the resulting KS orbitals reveals that they can
considered in terms of ordinary molecular orbitals of
atomic dimer resulting in the sequenc
1sgu1suu2pu

2u2sgu2pg
2 for the seven lowest spin-degenera

orbitals. The highest~eighth! occupied molecular orbita
does not fit into this category~i.e., its character is not 2su)
due to the perturbing symmetry of the Al2Li10 cluster. The
above findings are corroborated in Fig. 3, where the ene
levels of AlLi5 correlate well with the corresponding~split!
levels of Al2Li 10.

Figure 1 shows that the idea of forming clusters fro
AlLi 5 units does not hold for larger AlNLi5N clusters. This is
further demonstrated in Fig. 3, which shows that each clu
size displays its own electronic character. Nevertheless,
see a common behavior for all these clusters: the clear
ergy separation between thes andp electrons, which evolves
from 3.69 eV in AlLi5 to 0.76 eV in Al10Li 50. In order to
study this phenomenon more extensively we have perform
a spherical harmonics analysis of the KS orbitals in the
cinity of each Al ion,30 and thes andp components obtained
for Al6Li 30 and Al10Li50 are shown in Fig. 4. Each compo
nent is averaged over all the Al ions using the magnitude
the particular orbital in the particular location~Al ion! as a
weighting factor. From Fig. 4 we see that theN lowest spin-
degenerate orbitals of AlNLi5N clusters have a clears char-
acter (w̄s>0.80), whereas the higher orbitals~with a few
exceptions! show a clearp character (w̄p50.47–0.96) up to

FIG. 3. KS-GGA energy levels of AlNLi5N (N51 –6,10) clus-
ters. The shorter lines correspond to unoccupied orbitals.
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the Fermi energy. Similar observations apply to the ot
AlNLi5N clusters, and we conclude that thes-p hybridization
does not occur for the cluster sizes studied here. We ex
that this behavior will continue up to relatively large clust
sizes, since even the lithium-rich bulk alloys exhibit iden
fiable s andp bands.21

The charge density and accumulation-depletion isos
faces of Al3Li 15 are shown in Fig. 5. The amount of tota
charge inside the two charge density plots is 38% and 7
respectively; i.e., in the first case the enclosed charge is e
to the initial valence electron contribution of Al atoms. Th
binary nature of Al3Li 15 is evident: The largest charge de
sities are observed in the vicinity of Al ions, whereas the r
of the charge is delocalized over the Li region in accorda
with the prolate geometry of the cluster. This can also
seen in the accumulation-depletion plot, which shows a co
plicated charge transfer pattern. As expected, Li ions don
charge to Al and especially to the interstitial region betwe
Al and Li ions, leading to the ionic character of Al-Li bond
ing. However, Al ions also move charge from the center a
the apices of the Al triangle, and the largest depletion val
are found in these regions. The Al-Al bonds do not parti
pate in the charge transfer process, and the covalent char
of these bonds is enhanced. We note that some charge
accumulated at the ends of the prolate cluster, indicatin
self-deformation of electron density that might be related
the similar phenomena observed in the jellium model.2,3

B. B2 and B32 AlLi cluster alloys

Cluster geometries studied for Al32Li 27 (B2), Al30Li 29
(B32), Al64Li 81 (B2), and Al70Li75 (B32) are shown in Fig.
6. All these clusters were initially constructed from the b

FIG. 4. Weighteds and p components of the KS orbitals o
Al6Li 30 and Al10Li 50 clusters. Open squares correspond tos com-
ponents and solid circles top components.
4-4
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FIG. 5. ~Color! Charge density
and accumulation-depletion isos
urfaces of Al3Li 15 cluster. The
density values on the isosurface
are 0.015 a.u. and 0.005 a.u. co
responding to 38% and 75% en
closure of the total charge. The ac
cumulation~yellow! and depletion
~violet! values on the isosurface
are both 0.0005 a.u.~8.3% and
5.6% of the maximum values!.
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lattice, where Al and Li atom occupations were decided
cording to the AlLi alloy structure desired (B2 or B32). In
order to make the clusters more spherical and to reduce
area of ~100! facets, we have chosen a truncated rhom
dodecahedron~59 and 145 atoms! as the underlying cluste
geometry. The starting configurations were freely optimiz
to their corresponding metastable minima with both the lo
density approximation~LDA ! and GGA ~we use spin-
degenerate orbitals here!. During the optimization the cor
ners and edges of Al32Li 27 became less pronounced, resulti
a nearly spherical shape. The outermost Al ions gained
contacts~only Al-Li nearest-neighbor bonds exist in the pu
B2 phase!, and the relatively large HOMO-LUMO gap o
Al32Li27 (Eg50.49 eV; see Fig. 7! suggests that this struc
ture might be a low-energy isomer. On the other ha
Al30Li29 maintained its geometry quite well; the most visib
changes are observed in the~100! facets, where the tetrahe
dral coordination of the cluster (B32) induces some twisting
24542
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Al64Li 81 does not show similar rounding to Al32Li 27, the Al
and Li layers being ordered differently. Together with t
increased size this explains the absence of rounding effe
On the other hand, Al70Li 75 exhibits quite similar behavior to
Al30Li 29 with its distorted~100! facets. We note that the larg
~100! facets of Al70Li 75 make the cluster unstable in th
GGA and cause it to optimize away from the desiredB32
structure. The results reported for Al70Li 75 are for the LDA
alone.

The KS energy eigenvalues ofB2 andB32 AlLi clusters
calculated with GGA are shown in Fig. 7. There is no se
ration ofs andp bands, as in the case of bulk calculations21

Furthermore, pronounced deviations in the overall locatio
of the eigenvalue spectra indicate differences in the e
tronic structures ofB2 andB32 clusters. According to Guo
et al.21 the two phases of bulk AlLi alloys have distinctiv
electronic natures:B2 is more metallic due to the absence
Al-Al bonds, whereasB32 resembles more the covale
bonding in bulk Si~diamond lattice!. Inspection of charge
i

FIG. 6. Optimized geometries of Al32Li 27

(B2), Al30Li 29 (B32), Al64Li 81 (B2), and
Al70Li 75 (B32) clusters. Al atoms are black; L
atoms are gray.
4-5
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density contours~not shown! indicates that this is also th
case for theB2 andB32 clusters.

The physical properties ofB2 andB32 AlLi clusters are
listed in Table II. In addition to the compressibilitiesB we
present the scaled second derivativesA of the total energy,
which cause no volume-induced ambiguities@see Eq.~2! be-
low#. The ratio of Al to Li ions varies considerably amon
the cluster sizes studied, and comparisons of average bin
energies between different cluster sizes should be made
caution. The relatively highĒb of Al32Li 27 supports our ear-
lier suggestions of the high stability of this cluster.

In order to calculate the compressibility~bulk modulus!

B52VS ]P

]VD
N

5VS ]2E

]V2D
N

~1!

of the clusters, we have chosen any size-related lengthl ~e.g.,
cluster radius! as the variable, leading to

B5
A

9Vcl
, A5

1

N S l 2
]2E

] l 2 D , ~2!

where Vcl5Vcl /N is the average volume per atom in th
cluster, and the scaled second derivativeA of the total energy
E is calculated using a simple scaling of cluster volume i
region where the harmonic approximation is adequate~for a
better method of compressing clusters see, for example, M

FIG. 7. KS-GGA energy levels of Al32Li 27 (B2), Al30Li 29

(B32), Al64Li 81 (B2), and Al70Li 75 (B32) clusters. The shorte
lines correspond to unoccupied orbitals. Note that the orbitals
spin degenerate while the number of electrons is odd for each c
ter ~the HOMO levels are only partially filled!.
24542
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toňák et al.31!. The quantityA does not depend on the vo
ume. However, in calculating the compressibilityB the con-
cept of cluster volume is a major problem that cannot
overcome completely. We integrate spherically over
charge density and deduce the cluster radius and vol
(Vcl5

4
3 pRcl

3 ) from the radial electron density obtained.32

The resulting compressibilitiesB ~see Table II! have consid-
erable uncertainties due to inaccuracies in the volume de
mination.

The two AlLi phases show different size evolutions~Table
II !. While theB32 compressibilities exhibit a clear increa
from Al30Li29 to Al70Li 75, it is impossible to assign a simila
behavior forB2 clusters. The probable reason is the abo
mentioned ‘‘magic’’ nature of Al32Li 27 ~note also the clear
deviation between the LDA and GGA results!. Generally,
inspection of both scaled second derivativesA and compress-
ibilities B shows that these values are surprisingly close
the corresponding bulk values, although the surface
volume ratios of clusters are still considerable. Furthermo
a comparison of calculatedB values with the known bulk
moduli of pure Li and Al metals@BLi511.5 GPa andBAl
576 GPa~Ref. 27!# indicates that all the clusters are a
ready harder than the pure Li metal. For the smaller clus
sizes Al32Li27 and Al30Li29 we cannot assign any structure
related differences, but the larger clusters Al64Li 81 and
Al70Li75 show that the latter (B32) is already significantly
harder, in agreement with the bulk calculations~see Table II!.

IV. CONCLUSION

We have studied AlLi clusters using the first-principl
BO-LSD-MD simulation method in conjunction with th
LSD approximation and GGA parametrizations of t
exchange-correlation energy, separable nonlocal pseud
tentials, and a plane-wave basis set. In the case of AlNLi5N
(N51 –6,10) clusters, the optimal cluster geometries
generated via a simulated annealing strategy, where the
namical finite-temperature simulations are performed us
the BO approximation and the Hellmann-Feynman theore
The number of different isomer configurations increases
binary clusters even faster than in the homonuclear ag
gates, and we cannot guarantee that all the structures
tained are indeed the lowest-energy isomers of the co
sponding cluster sizes. However, we believe that the m
structural trends of Li-rich AlLi clusters are well described

re
s-
ing
d

TABLE II. Properties ofB2 andB32 AlLi cluster alloys: number of valence electrons, average bind
energy~LDA/GGA!, scaled second derivative of total energy~LDA/GGA!, determined cluster radius, an
compressibility~bulk modulus!. Results from the LDA bulk calculations of Ref. 21 are also presented.

Cluster Nel Ēb ~eV/atom! A ~eV! Rcl (a0) B ~GPa!

Al32Li 27 (B2) 123 2.64 / 2.32 31.8 / 41.4 12.561 21–45
Al30Li 29 (B32) 119 2.47 / 2.17 35.7 / 36.0 1361 22–35
Al64Li 81 (B2) 273 2.63 / 2.30 31.5 / 32.3 1661 27–41
Al70Li 75 (B32) 285 2.64/.2.33 48.5/ . . . 1661 41–59

Bulk (B2) . . . 3.30 34.8 . . . 42
Bulk (B32) . . . 3.39 49.8 . . . 58
4-6
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We have observed structural changes in the geometrie
lithium-rich AlNLi5N cluster alloys. Al-Al bonds start to
break as the cluster size is increased (N>5), leading to a
mixture of Al and Li ions, where the resulting Al skeleto
finally forms a chainlike configuration (N510). We con-
clude that it is not possible to build larger lithium-rich AlL
clusters where the Al ions comprise a compact core~e.g.,
icosahedral Al13Li 42). Furthermore, the idea of building
stable AlNLi5N clusters from ‘‘magic’’ AlLi5 units does not
apply after Al2Li 10. This is further supported by ou
calculations—that the total energies of the larger clus
assembled metastable isomers are much higher than fo
corresponding lowest-energy isomer~for example, as-
sembled Al5Li25 isomer is 0.145 eV/atom higher in energy!.
We note that there are other metallic compounds, such
Na4Pb4,33 where the cluster-assembling idea is fulfilled.

The electronic structures of AlNLi5N clusters show that
the s-p hybridization does not arise at small cluster siz
and that there is always a clear gap between thes and p
bands. This result reflects a significantly different behav
from pure Al clusters, where the hybridization effects can
observed quite early (N'4).14 Consequently, we predict tha
for the corresponding cluster anions there should be a c
band gap in the photoelectron spectrum about 2–3 eV ab
the threshold. Using Al3Li15 as an example, we have dem
onstrated an interesting charge transfer phenomenon, w
ionic Al-Li and covalent Al-Al bonds are formed.

In order to study the evolution of certain bulk propertie
-

r

L
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,
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we have considered two different cluster sizes (Natoms
559,145) and two different phases of bulk AlLi alloy (B2
andB32) in the same external confinement~truncated rhom-
bic dodecahedron!. Although we do not expect that any o
the isomers studied is the most stable isomer of the co
sponding cluster size, we observe that Al32Li 27 has properties
typical of particularly stable metal clusters. Already in th
size regime we observe that the electronic structures of
ferent bulk phases have their own characteristic proper
B2 is more metallic due to missing Al nearest neighbo
whereasB32 has a strong covalent nature because of its
rahedrally coordinated~diamond! sublattice of Al ions. Simi-
lar observations can also be made with respect to the c
pressibilities of Al64Li 81 (B2) and Al70Li75 (B32) clusters,
where the covalent Al-Al bonds makeB32 significantly
harder.
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