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Structures and stabilities of doubly charged (MgO) ,Mg?* (n=1-29)
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Ab initio perturbed ion plus polarization calculations are reported for doubly charged
nonstoichiometric (MgQ)Mg?" (n=1-29) cluster ions. We consider a large number of isomers
with full relaxations of the geometries, and add the correlation correction to the Hartree—Fock
energies for all cluster sizes. The polarization contribution is included at a semiempirical level also
for all cluster sizes. Comparison is made with theoretical results for neutral (Mg@3ters and
singly charged alkali—halide cluster ions. Our method is also compared to phenomenological pair
potential models in order to assess their reliability for calculations on small ionic systems. The large
coordination-dependent polarizabilities of oxide anions favor the formation of surface sites, and thus
bulk-like structures begin to dominate only afte 24. The relative stabilities of the cluster ions
against evaporation of an MgO molecule show variations that are in excellent agreement with the
experimental abundance spectra. 1899 American Institute of Physi¢$0021-960609)30610-3

I. INTRODUCTION racy: simple ionic models based on phenomenological pair
potential$~® were performed by Ziemann and Castlethtm
Cluster science has become a field of intensive researcéxplain the global trends found in their experiments;
both for experimentalists and theoreticians. Small aggregategjilson'® has studied neutral (MgQ)(n=<30) clusters by
have a fundamental interest because they provide a link bersing a compressible-ion modgthat includes coordination-
tween the molecular and the solid state physics; furthermorgjependent oxide polarizabilitiéd; semiempirical tight-
they are important in new technological applications like nainding calculations were reported by Moukouri and
noelectronics. Elucidating the structural and electronic propnoguerat®4 and finally, ab initio calculations on stoichio-

science, due to the significant deviations that clusters presegt 5| 1516 \jglliavin and Coudray’ and de la Puentet al8

in their physical and chemical properties when compareqonstoichiometric (MgO)Mg* and (MgO)Mg?* cluster

both to the molecule and the bulk. Another difficulty arisesjons have been also detected and studied experimentally by
from the huge increase in the number of different isomers;iamann and Castlemaif:1° Specifically, they have ob-
with cluster size. Many interesting cIuste_r properties depen_‘ilained, by changing the flow rate of the carrier gas in a gas
largely on the cluster structure, at least in the case of '0”'%ggregation source, a mass spectrum comprised almost en-
and covalently bonded materials, so a complete descriptiogrely of doubly charged (MgQMg?* cluster ions® En-

of the relevant isomer configurations for each cluster size i, ~aq stabilities in the small-size regime were found for

highly desirable. _ n=8, 11, 13, 16, 19, 22, 25, and 27, and were explained in
In the last few years, considerable effort has been de;

ted to th derstandi f tall d iconduct terms of compact cubic clusters resembling pieces of the
voted 1o the understanding of metafiic and semiconduc Of\/IgO crystal lattice. If we exclude the pair potential calcula-
clusters. Meanwhile, studies on metal-oxide clusters hav

_ _ _ ions performed by Ziemann and Castlenfdfthere is no
been comparatively scarce, despite of their fundamental rOItpﬁeoretical investigation of nonstochiometric MgO cluster
in important physical processes like heterogeneous catalysi%

erimentall andg theoretically. Saundesre ogrted mass '°NS is expected to result in large structural distortions when-
gpectra an)(; coIIision-inducei-fragmentationp data for sput?ver a specially compact structure can not be constructed.
tered (MgOY cluster ions, and Ziemann and Castleftan That is not a problem in pair potential calculations, where the

performed experimental measurements by using IaseI;_implicity of the interactions allows for a complete geometri-
ionization time-of-flight mass spectromeft§. Theoretical cal relaxation of the different isomers at a very modest com-

calculations have been performed at different levels of accuE’u'[at'on"’lI ,C,OSt' Nevertheless, the need t? use some selected
set of empirical parameters for Mig and 0~ (q=1,2) ions
5 _ results in a serious questioning of the reliability of these
Author to'whom corres_pondence should be addressed. Electronic ma'%imple ionic models. On the opposite side, traditionl
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able but computationally expensive, the computer time reHartree—Fock (HF) version of the theory of electronic
quirements scaling with the fourth power of the number ofseparability?}?> The HF equations of the cluster are solved
atoms in the cluster. Thus, the calculations of Retial.on  stepwise, by breaking the cluster wave function into local
(MgO), and (MgO); clusters®® were performed under group functions(ionic in nature, in our cageln each itera-
certain restrictions(a) the geometries of most of the isomers tion, the total energy is minimized with respect to variations
were optimized with respect to a single parameter, namelpf the electron density localized in a given ion. The electron
the nearest-neighbor distangb) only two or three different densities of the other ions are frozen. In the subsequent it-
isomers were considered for each cluster size; @ydhe erations, each frozen ion assumes the role of a nonfrozen ion.
correlation energy correctior(salculated at the MP2 level When the self-consistent proce&ee more details belgw
were included only fon<6. In the calculations of Malliavin  finishes, the outputs are the total cluster endfgy and a
and Coudray/ the geometries were more carefully opti- set of localized wave functions for each geometrically non-
mized but the results were limited to the size rangeequivalention in the cluster. The cluster energy can be writ-
n=1-6. ten as a sum of ionic additive enerdi&=®

In the present work, we report the results of an extensive
and systematic study of (Mg@Yg?* cluster ions withn up
to 29. We have employed theb initio perturbed ion(aiPl)
model?° which is a Hartree—Fock model based on the theory
of electronic separability??and theab initio model poten- where the sum runs over all ions in the cluster, and the con-
tial approach of Huzinagat al,?® supplemented with some tribution of each particular ion to the total cluster energy
interaction energy terms to account for polarization contribu{Ex) can be expressed in turn as a sum of intraigniet
tions (see the next sectionThe model has been successfully and interionic contributions
employed by our group in several studies of alkali—halide
clusters and cluster iorf=* It has been also used in a study  ER —ER+1 S ERS-ER 41ER . )
of neutral stoichiometric (MgQ) (n=1-13) cluster$® On S(#R)

one hand, our calculations represent a major advance W'ﬂf‘he localized nature of the aiPl procedure has some advan-

respect to pair potential methods, and on the other hand, the&iges over the usual molecular orbital models. As the corre-

oveLc;otr_netmgst_ O.I. the tg}cl:jm.cal d|ff|ﬁult|esl;‘oun(; 1|En MOT€ation energy correction in weakly overlapping systems is
sophisticatecab initio methods:(a) we have allowed for an almost intraionic in naturébeing, therefore, a sum of con-

appropriate geometrical relaxation of the isomeiy; we tributions from each ion the localized cluster-consistent

hive ”stu?rlledtell?rge ss tof fls_omers fort ejl_cz (_:Iuster(s(;ﬁoo ionic wave functions may be used to attain good estimations
cifically, the total number of isomers studied is around) of this correction. In this paper, the correlation energy cor-

() correlation corrections, which have been proved to berection is obtained through Clementi’'s Coulomb—Hartree—

essential for an accurate description of metal—oxideFock method>36 Besides. it also allows the development of
8 . - . . L
clusterst® have been included for all cluster sizes; &dpwe computationally efficient codd% which make use of the

have been able to study relatively large cluster SZESt0 |5 06 multizeta basis sets of Clementi and R3&for the
P=2I9),;h_uslst.enlartgk:ng the usual size range covered by tradl('jescription of the ions. In this respect, our optimizations
ional ab nitio Methods. I have been performed using basis sets4@® for Mg?" and

The structural results presented in this work could als 5s5p) for 02, respectively. Inclusion of diffuse basis
be useful in the interpretation of possible future experimenta} | .00« hag b,een checked énd shown to be unnecessary

investigations on these clusters. By measuring the mobilityAnother advantage coming from the localized nature of the

of cluster ions through an inert buffer gas under the inﬂuenc?‘nodel is the linear scaling of the computational effort with
of a weak electric field, drift tube experimental studies Pro-the number of atoms in the cluster. This has allowed us to

. . . —31
vide valuable information gbout th_e cluster geomefr?eé. study clusters with as many as 59 atoms at a reasonable
The rest of the paper is organized as follows: in Sec. Il ;
. . . ) computational cost.
we give a brief resume of the aiPl model as applied to clus- Self-consistency has been achieved in the following

t(Trs (Ejlléf;%posmons Of. the ”.“;”‘Od. have pelen gdlwlen way: for a given distribution of the ions forming the cluster,
elsewner , & comparison with pair potential models E/e consider one of them as the active Rrtfor instance, a

N
Eous= 2, Eae @

;/\r/]hlc; tse_lr vesf icr)] assert tr;et_qualllty of tr(;e me_trhhodologyl/t, anBarticular oxygen anion and solve the self-consistent-field
€ detalls of the computational procedure. The results ar quations for aniorR in the field of the remaining ions,

pre_sented n _Sec. lll, and finally, _Sec‘ IV summarizes the{Nhich are considered frozen at this stage. Next, we take an-
main conclusions extracted from this study. other oxygen anioffanionS) as the active ion and repeat the
same process. If the anighis geometrically inequivalent to
anionR, the energy eigenvalues and wave functions of elec-
trons in anionsS are different from those of aniorR We

The ab initio perturbed-ion modé} was originally de-  continue this process in the same way until all the anions
signed for the description of ionic solidéand subsequently have been exhausted. The same procedure is then followed
adapted to the study of clusters in our gréfip?® Its theo-  for the magnesium cations. The process just described is a
retical foundation lies in the theory of electronic perturbed ion(Pl) cycle. We iterate the PI cycles until con-
separability®>3* and its practical implementation in the vergence in the total energy of the cluster is achieved. Note

Il. THE aiPI MODEL: COMPARISON TO PAIR
POTENTIAL MODELS
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that the self-consistent process can be accelerated if equivathere the different energy contributions are: the classical
lences between anions or cations are imposed by fixing thelectrostatic interaction energy between point-like ions; the
symmetry of an isomer. In order to allow for completely correction to this energy due to the finite extension of the
general distortions, we have not employed that simplificatiorionic wave functions; the exchange interaction energy be-
in the present study. Nevertheless, equivalences in sonteveen the electrons of ioR and those of the other ions in the
ionic wave functions have been observed at the end of theluster; and the overlap repulsive energy contributibfihe
calculations for some highly symmetrical isomers. deformation energy terr’ﬂ'gzef is the self-energy of the ioR

It is very interesting to compare any quantum modelmeasured relative to the self-energy of the isolated ion. It is
designed for the study of ionic materials with the rigid ion an intrinsically quantum-mechanical many-body term that
and polarizable ion models® These pair potential models accounts for the energy change associated with the compres-
are very intuitive, and include in a phenomenological way allsion of the ionic wave functions upon cluster formation, and
the relevant terms in the interatomic potential energy. Thencorporates the correlation contribution to the binding en-
quality of anab initio method developed for application on ergy. All those terms are calculated in ai initio self-
ionic materials can thus be assessed by specifying in whicbonsistent way. Thus, the improvement over the classical
way it improves over a pair potential description. The bind-rigid-ion description is clear. Improvement over a
ing energy in a pair_potential model can be expressed agolarizable-ion description can be questionable in principle
Epind= 321+ Vij + Z{E7, whereV;; is the potential energy due to one basic assumption used in the actual code, namely
between ions andj, andE? is the self-energy of the ioh  spherically symmetric electron densities, centered on the nu-
measured relative to the self-energy of the isolated atom. Iglei. The electron density clouds of the ions are thus allowed

the rigid ion model, we have to distort just isotropically under the effect of the other ions
. in the cluster, and indeed the aiPl model could be considered
V{}gid:%+Aije—ru Ip, EiS'figid:o_ ©) as anab initio breathing shell model. In summary, although
I

i the aiPl method treats quantum-mechanically all the terms

The first term is the electrostatic Coulomb energy betwee®resent in a breathing shell model, plus other many-body
two point ions with charges; andg;, and the second term terms absent from any classical model, it does not describe
is the short-range repulsive Born—Mayer energy reflectinghe dipolar terms present in a polarizable-ion model because
the mutual repulsion due to the overlap of the wave functiongheré are no mducef zg!poles_. In our previous works on

of the ions. In the polarizable ion model, a polarizabilty — alkali—halide clusteré*-28inclusion of polarization was not

is assigned to each ion so that the electron shells can Heonsidered essential. However, th& Gnion has a very de-

polarized by the electric field created by the other ions in thdormable density cloud(that is, a large coordination-
cluster. Now we have dependent polarizabilily and dipolar contributions are ex-

pected to be more important than for halide anions. Relaxing
the spherical symmetry assumption would allow in principle
for a proper description of those terms, but many of the

] ) ) computational advantages of the aiPl mog@ehich have al-
The self-energy is now different from zero, and the interacq\ved us to perform such a detailed studyould be lost.

tion energy contains two new terms: a monopole—dipole anghe sojution we have chosen is to include the polarization
a dipole—dipole interaction term. In the Born—Mayer repul-io s in the self-consistent process with an extended polar-
sive pc;%entlal, the distance; is replaced by an effective j,5pe point-ion descriptioff In such a way, the “enlarged”
valuerj;” to take into account the deformation of the elec- i, 4e| optained improves clearly over all classical descrip-
tronic shells upon cluster formation. An intermediate pairjons and can be considered a benchmark for the pair poten-
potential model exists in which the repulsive radii of ions are;;;| c4culations. The price to be paid is the inclusion of
a”OW.Ed to deform |sotr9plc_ally un_der.the effepts of OthIf?rparametrized coordination-dependent polarizabilities for the
ions in the system, but ionic polarizations arising from the;, o owever, the polarizabilities that are introduced as pa-
p05|t|ongl dlsplacemgnts of each §hel| from its own core Al%ameters in the calculations have been obtained from accu-
not considered. This is the breathing shell m(_)'ﬁelr_ld CON- * rate ab initio calculationsi? and thus the reliability of the
stitutes an important improvement over the rigid ion model.model is reduced just a little compared to the most sophisti-

Irrpr%vemeréts ove(; éheszzlc po'g”Zable'&nhsr:;:)de.lp?av%atedab initio methods, whereas complete geometrical dis-
also been advanced by Viadden and co-wor he ai . tortions can be considered and a large number of isomers

mode_l, the blndlqg energy can be writlen as a sum of I0NIGtudied at less cost. Furthermore, the only cases in which

cont_rlbutlon_f,, Wh'Ch. arein tu_rzne expressed as a sum of defordoubts related to the energetical ordering of the isomers arise

mation and interaction terrffs are those showing near-degenerate isomers, and we will
show that those situations are not frequent.

2
Ll

ol _\ srigid MD DD S,pol_
VI =ViT e+ vilt vt EPP =5

(4)

Ebind:; El?ind:; (Egert 2Ef0)- 5 Now, we explain the calculational method used in our
study of (MgO)}Mg?* cluster ions. We had no knowledge
The interaction energy term is of the form priori as to what shapes these clusters can adopt. So, we
performed an extensive sampling of the potential energy sur-
ER — ERS_ ERS L ERS,ERS,ERS (6 face by generating a large set of random cluster configura-
=2, Em s;R( dlass™ Enc " Ex™+ Eovenag (6) tions for each cluster size with n=1-13. Except for the
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smallest sizes n(=1,2), typically 100000 configurations Ill. RESULTS

were generated for eash All those random configurations A Ground state structures and low-lying isomers
were fully optimized by using a rigid-ion model. The param-
eters in Eqg. (3) were those used by Ziemann and
Castlemarf;*° although some tests were also performed with

41
Thg tset of pa:_arlrset.grs ?f Bluetln al;[ Botf;ifets of parta_metgrs 1. The ground statéGS) and one or two low-lying isomers
ed to essentially \dentical structures, differing Just in minor, ., given for eaci, except forn=24, where only one iso-

details. These pair_ potential calculations could be performegd,is shown. A cutoff of 2.54 A, that exceeds 0% the

at a low computational cost, and therefore were very usefulyg_o distance in the bulk, was arbitrarily chosen in order to
in locating reasonable initial guesses for the different minimajecide whether an O atom is bonded to an Mg neighbor or
on the potential energy surface. Then, we typically took thenot. The energy difference with respect to the most stable
15-20 lowest-energy isomers obtained in the pair potentiakomer is given(in eV) below each isomer. For cluster sizes
calculations for each cluster size as input geometries for tha=1 andn=2 (not shown in the figure a chain is obtained
aiPl calculations. We also studied structures obtained bys the most stable isomer. The emergence of the bulk crys-
adding or removing in different ways a molecule from thosetalline structure can be appreciated from Fig. 1. one-
pair-potentia| structures, of course whenever such a Structu@menSional chains are observed for the smallest cluster sizes
was not already present in the pair-potential results. Most of"=1—2); a planar two-dimensional structure is the GS for

the structures obtained in the range 1—13 could be clas- "= 3; Next, there is a size region £ 4-17) in which three-
sified asaxbxc, wherea, b, andc indicate the number of dimensional (3D) structures are already predominant, but

. , without an establishment of the bulk symmetry. Specifically,
atoms along three perpendicular edges, sanferl3 we di- : . . . )
all the ions in those structures are in surface-like sites. The

rectly studied geometries with that formula. We have aISOestablishment of face-centered cubic structures starts at

considered stackings of the different planar structures found _ 15 p .t is not complete untit=24. From that value on

for n<13. While we can not rule out completely the possi- 5| the ground state isomers are fragments of a rocksalt lat-
bility of having overlooked some important isomer, we be-jce.
lieve that we have reduced it considerably. We have per-  |et us describe now in more detail the structures ob-
formed aiPH-polarization calculations on all those isomers, tained as a function aof, first for the small cluster sizes(
without considering any equivalence between the ions. The<17). Linear chains are the most stable isomersnferl
optimizations of the geometries have been performed by ussndn=2. Then=3 GS is a planar rectangular structure with
ing a downhill simplex algorithn#>*3For the oxide polariz- a cation attached to a corner. A structure obtained by remov-
abilites we have used the values given by WildBrihe  ing an anion from a perfect cube appears 5.12 eV above, and
magnesium polarizability is taken equal to the bulk vdthe. @ chain is o_bservgd as well as a non.competitive isomer. The
We finish this section with a comment about the ionicf'rSt three-dimensional ground state isomer occursnfed.

character of our model. Although the aiPl model describeépt\'Suogﬁ'lr;ii:)égdgr:r;%taa%??ﬁetifgr??r‘é Crllj(?tlccglrlrleteet&ive
the MgO cluster ions in terms of Mg and G~ units, we quasip P

: . . . . anymore. Fon=5, a 2x2X3 piece with an anion removed
would like to stress that it does not enter in conflict with any

- ] ] S from a corner is obtained as the ground state isomer. From
possible assignment of fractional charges to each iafass |\ _ 5 (5= 17, all the ground state isomers are obtained by

sical models. In fact, the charges used by Ziemann andqging an MgO molecule either to the GS or to a low-lying
Castlemafh'® were *1, the charges in the potential of Bush jsomer of the (MgQ)_,Mg?" cluster, in such a way that no

et al* are£2, and both potentials give very similar results. bulk ions (ions with coordination of Bare present. The for-
The difference in the Coulomb part is compensated by amation of surface site@vith coordination equal to 3, 4, o5
difference in the repulsive part. In other words, those chargeis favored instead. This is a direct consequence of the larger
are just parameters. On the other hand, ionic charges can Ip@larizabilities of oxide anions with lower coordinations.
derived from quantum-mechanical calculations following theThe minimization of just the electrostatic Coulomb energy
ideas of Badef® That has been done recently in aiPI calcu-Petween point ions would lead to the formation of more
lations on ionic solids from which fractional ionic charges Compact bulk-like structures, for which the ions would tend

have been derivetf. Moreover, Wilsor® and Madden and E,O atte;lfn 'is full f'_rStl'Cgogd'?ﬁt'%r,' S||3hert'e.b !?_“t l/'vhen polarlzha-
co-workeré® have shown that an extended ionic model in-. o0 S'eCts are ncluded, he dipole stabilization energy has
tP be minimized also, favoring a reduction of the coordina-

cluding acgqrate polar!zatlon tef‘ms can achunt for se\./erahon number and the formation of surface sites, the same
effects traditionally attributed to “covalency.” Bulk MgO is conclusion achieved by Wilsdhin his study of neutral
excellently described by the aiP! modéland our aiPI plus (MgO), clusters. As a result that is really worth mentioning,
polarization results for the MgO molecule bond length andihe GS structure fon= 13 is not a X3x3 perfect cube; that
vibrational frequency arel= 1-771_& andw=737 cm’_l,. INis what one would have “expected” by comparing with the
good agreement with experiméht and ab initio  sjtuation encountered for alkali-halide cluster i3h&:3!
methods™>!" The appropriateness of the method for theThis essentially different structural behavior has its roots in
study of metal oxide clusters is thus assessed. the increased polarizability of the oxide compared to halide

In the following, we restrict our discussion to the struc-
tural properties of the lowest-lying isomers. The
(MgO),Mg?* aiPI+polarization structures are shown in Fig.
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n=3
GS 5.12 6.90
53 “x"
GS % %5
n= 4.01 ‘
o8 1.29 2.13
n=6
GS 0.86 0.91
=7
BIR3)
GS 0.72 1.52 T8 %
N=8
GS 1.62 2.28
N=9 .
GS 1.98 2.26
N@lo i Z %
GS 0.66 1.02

FIG. 1. Lowest-energy structure and low-lying isomers of (Mg@y?" cluster ions. Light circles are M§ cations and dark circles are?Oanions. The
energy differencéin eV) with respect to the most stable structure is given below the corresponding isomens: Béronly the ground state isomer is shown.
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anions, and can be accounted for by an enlarged ionic modekerfect hexagonal prism; arit) for “defectlike” structures,
like the one used here, without resorting to the inclusion ofthe extra charge is screened more effectively in the cuboid-
covalent effect$?%° The 3x3x3 (Mg0);3Mg?" isomer has like isomers. Examples can be foundnat 3, where the hex-
an oxide anion with coordination of 6, so with a small po- agonal(MgO); isomer® converts into a rectangular structure
larizability. Moreover, the corner sites of that isomer are oc-upon adding M§" to lower the repulsion between cations,
cupied by cations, so there is no oxide anion with coordinaand atn=10, where adding a triatomic $4-O—Mg to the
tion of 3. All this results in a small polarization contribution hexagonal prism of the neutrd¥igO), (Ref. 18 results in an
to the energy that is not compensated by the increased Madisomer less stable than that obtained by adding-#¥—-Mg
lung energy. to a rocksalt piecdsecond isomer in Fig.)1Let us now
Eventually, there has to be a cluster size where bulk-likecompare with the results obtained for alkali—halide cluster
fragments begin to dominate. The situation changes a little d4ons?”?® The main difference comes from the polarization
n=18, where a ground state isomer with bulk-like ions ap-contribution. As stated above, this is less important in alkali—
pears for the first time, specifically ax3x4 cubic structure halide materials, for which the establishment of bulk-like
with a cation attached to a corner. Let us note that a majosymmetry is already complete m& 13. There is just another
difference between this structure and thex3%3  minor difference: centered structures, containing an inner al-
(MgO);sMg?* isomer is that now there are oxide anions inkali cation with high coordination, were found frecuently for
corner positions which enhance the polarization contribution(Nal),Na® and (Csl)Cs", but such isomers are not ob-
This enhancement, together with the increased Madelungerved for (MgO)Mg**. Evidently, the repulsion between
term associated with a bulk-like fragment, make that isome@Xxide anions is larger than the repulsion between halide an-
more stable than the one obtained by adding an MgO molions, and allocating six © anions around an Mg cation is
ecule to the(MgO);;Mg?" ground state. The establishment energetically less favorable.
of bulk-like symmetry is not complete yet, however. For We finish this section with a discussion of the validity of
=19, a 3x3Xx4 structure with three ions attached is still Pair potential models and the effects of the polarization cor-
favored, even more than for= 18, because now none of the rection on cluster structure. Comparison of our pair potential
four oxide anions with coordination of 3 is capped by acalculations with the aiPI results leads us to the following
magnesium. By adding five ions to such a cubic structurefwo important points(a) pair potential models fail to repro-
however, at least two oxide anions in corner sites are cappefluce quantitatively the expansion of the interionic distances
and so the GS structure @¥1g0),gMg2" is again an isomer With cluster size; andb) the energetical ordering of the dif-
with only surface sites. Fan=22, a 3<3x5 perfect struc- ferent isomers for a given cluster size is not reliable. On the
ture can be formed, in analogy with the caseef13. Such  Positive side, the shape of the isomers is usually quite well
a structure would have no oxide anions in corner pOsitiongeproduced, and the main structural correction obtained with
and two oxides with coordination of 6, however, and it is still @ aiPI calculation is a global scaling of all the interionic
not energetically favored. From=24 on, all the structures distances. This last observation supports the use of pair po-
obtained are fragments of a bulk-like crystalline lattice. Al- tentials to locate good initial configurations for ionic clusters,
though it is possible that for some larger cluster size thdrom which f"‘b initio calcul_anons can be started. The effects
ground state structure will not yet be the most compact face?f the polarization correction are sizable for17. The cor-

centered cubic fragment, we think we can accept with relal€Ct determination of the ground states would not be
tive safetyn=24 as the critical size where bulk-like symme- achieved with a model that did not include polarization cor-

try emerges. This is consistent with the critical size ( rections, as surface sites would not be specially favored.

=30) estimated by Wilsdf for neutral (MgO), clusters. Moreover, for the smallest cluster sizes<(8), the dimen-
Our conclusions suggest substantial structural differSionality of the isomers is not reproduced either. Specifically,
ences between (MgQWg?* cations and (MgQ)O?~ an- linear chains are the GS isomers for1-3, and planar

structures are the most stable isomersriegr4—7 in aiPI
calculations without polarization. Thus, inclusion of polar-
ization speeds up the emergence of 3D structures. The im-
precisions associated with the lack of polarization correc-
etions turn smaller as the cluster size increases and bulk-like
fragments begin to dominate.

ions. For example, the perfectx3%x3 cube isomer of
(Mg0);30?~ would not have any oxide anion with coordina-
tion of 6, and all eight corner sites would be occupied by
oxides. The case of:83x5 (Mg0),,0?>" isomer would be
similar. We have performed additional calculations for thos
two cluster sizes, and have obtained the€3X3 and 3<3X5
fragments as ground state isomers @1g0),;;0?~ and
(Mg0),,0%™, respectively.

A comparison with the results obtained for alkali—halide
cluster ioné"?® and neutral (MgQ) clusterd®!8is illustra- In order to study the relative stabilities of (Mg@jg®*
tive. Hexagonal prismatic structures are very common forcluster ions, we calculate the evaporation threshold
(MgO),, clusterst®!® as well as for some neutral alkali- energy'?® required to remove an MgO molecule from the
halide (AX), clusters’*~26 However, cubic structures are ground state isomer. For a cluster (Mg®)g?*, this is done
clearly predominant for (MgQMg?" cluster ions, this be- as follows: we consider the optimized GS structure and iden-
ing the main effect of nonstoichiometry and net char@e: tify the MgO molecule that contributes the least to the cluster
perfect cubic structures can be built up with an odd numbebinding energy. Then we remove that molecule and relax the
of ions, but an even number of ions is needed to construct eesulting (MgO),_;Mg?* fragment to the nearest local mini-

B. Relative stabilities: Comparison to experimental
results
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