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TWO EXAMPLES OF ELECTRONIC SPECTRUM FLUCTUATIONS IN MICROPARTICLES ~
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We analysethenearest-neighbourspacingdistributionof theelectronicspectrumof microparticlesin two cases:atrun-
catedoctahedronconsistingof 38 Ni atomsanda Ti catalyticcomplexformedby 24 atoms.In both casesa Poissondistri-
bution is obtained.

Thelow-temperaturethermodynamicand electro- spacingdistributionis moreappropriatefor electron
magneticpropertiesof electronsin small aggregatesof energylevelsin smallaggregatesof atoms.
atoms(suchasmicroclustersorsmallmetallicparticles) Assumingthat the free-electronmodel is asgood to
dependon thespacingdistribution of the electronic describeelectronsin smallparticlesasit is for themetal
levelsin the neighbourhoodof the Fermilevel [1]. It in bulk, two recentworks [5,6] haveanalysedin more
hasbeenargued[2,3] ,without formal justification, detail the influenceof surfaceirregularitieson the elec-
that irregularitiesin the smallparticlesurfacewill af- tronic spectrumfluctuations.In the first paper[5] it

fectthe level-spacingdistribution.Kubo [2] assumed is shownthat theproblemof Dirichiet boundarycon-
that a completelyrandomsequenceof levelswould be ditions cannotbe formulatedin a straightforwardway
obtainedand,therefore,that the spectrumfluctuations in termsof matrices.Furthermore,a Poissonspacing
would be of the Poissontype.On the otherhand, distribution wasobtainedfor an assemblyof rectang-
Gor’kov andEliashberg[3] assumedthat surfaceirreg. ular bidimensionalparticles.This indicatesthat random-
ularities,being of the order of atomic size,would in- matrix ensemblesmight notbe appropriateto describe
ducerandominteractionsof the electronswith the the electronicspectrumfluctuationsin small particles.
walls.Theseauthorsstatedthat this situationis an- More recently [6] , the influenceof surfaceirregular-
alogousto that encounteredin determiningthedistri- ities hasbeendealt with, usinga perturbativeapproach,
butionof high-excitationlevelsin nuclei, for which by definingan effectivehamiltonianwhich has,in the
random-matrixtheory is applicable [4]. If this last as- unperturbedregionboundedby a smoothsurface,the
sumptionis valid, the phenomenaof level repulsion sameeigenvaluesasthe free-electronhamiltonianhas
(i.e. the absenceof small spacingsin thedistribution) in the regionboundedby anirregularsurface.In the
will appear.It shouldbe remarkedthat bothapproach- particularexamplein which the smoothsurfaceis a
es [2,3] weregiven the samequalitativejustification, sphereandtheperturbedboundaryis very irregular,
soa closeranalysisis requiredto establishwhich Tavel et al. obtaina spacingdistributionof theWigner

type which showslevel repulsion [4] . We therefore* Work supportedm partby theProgramaNacionaldeCiencias
seethat the two abovementionedworksreachto dif-Basicas(CONACYT, Mexico) underprojectPNCB012.

Consultantto the InstitutoNacionaldeEnergiaNuclear, ferent conclusions.
Mexico. In this paperwe shallprovidemore evidencere-
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Fig. 2. Nearest-neighbourspacingdistributionP(x) correspond-
ing to theelectronorbital energiesof theTi-catalyticcomplex

0 •

0. tO 2.0 3.0 4.0 5.0 [8]. Thehistogrammeis constructedby taking into account
58 energylevelsbetween—1.2and 0.6 auaroundtheFermi
level. The fit to thePoissondistributionis very good, the

Fig. 1. The distributionP(x) of nearest-neighbourlevelspac- probability of x2 being93%.
ingsx correspondingto theNi-clusterd-band [7], thedegen-
eracyof the 78 levelsconsideredin thehistogrammewasnot
takeninto account.Thehistogrammefits very well with the nearest-neighbourspacingdistribution,consi~iering
Poissondistributione~,theprobability of x2 being89%. 58 levelsaroundthe Fermilevel, is shownin fig. 2,

whereit canbe seenthat it is againof the Poissontype.
gardingthe spacingdistribution of electroniclevelsin Both histogrammeswere obtainedaftereliminating
smallaggregatesof atoms.In distinction to whathas level densityvariationsthroughanunfoldingpro-
beendonebefore,we shallheredepartfrom the free- cedure [9].
electronpicture,makinguseof “realistic” calcula- From thesetwo examples,in which thefree-elec-
tions in which theelectron—electronandthe electron tron model wasnot assumed,we againobtainsome
—nucleusCoulombinteractionaretakeninto account. indication thatthe Poissonspacingdistributionmight
In otherwords,insteadof definingthe particlebound- be moreadequateto representtheelectronicspectrum
ary, the atomsare given a fixed geometryfor which fluctuationsin very smallaggregatesof atoms.It
the electronenergylevelsare computed.We now shouldbe pointedoutthat a definiteanswerto this
presenttheresultsfor two different examples.The problemhascertainlynotbeenobtainedfrom the
first examplerefersto the electronicstructureof a theoreticalpoint of view. A review [10] of the ob-
3 8-Ni clusterwhosegeometricalconfigurationis a face- servedlow-temperaturepropertiesof smallparticles
centeredtruncatedoctahedron,with six square(100) alsoshowsthat the experimentalsituationis not at all
andeight hexagonal(111)faces,all edgesbeingof clear.A definite answerwill only comefrom thecom-
equallength.The energiesof d-electronswere ob- parisonof theoretical[11,12] andexperimentalre-
tainedwithin the tight-bindingapproximationby sults,which are now beginningto accumulate[1].
Cyrot-Lackmannet al. [7]. The nearest-neighbour
spacingdistributionis given in fig. 1,which showsthat We would like to thankDr. M. Gordonfrom the
a Poissondistribution appliesfor this case.Thesecond Grenoblegroup,who kindly madeavailable to usthe
exampleis providedby the orbital electronenergies energylevelsusedin fig. 1.
computedfor the complexTiC1

4 A1(CH3)2~C2H7
(catalyst+ C2H4) in thecontextof aZiegler—Natta
type reaction.Forthis systemanab-inirio all-electron
LCAO-SCFcalculationwas reportedrecently[8]. The
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