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1 Editorial

We have just learnedthatVolker Heine, thedriving forcebehindthePsi-knetwork, hasbeenawarded

2001Max Born medalandprize ”For his pioneeringtheoretical andcomputationalstudiesof theelec-

tronic structure of solidsandtheir applicationto physicalproperties,includinghis recentcontributions

to thedevelopmentof a new field of ”mineral physics””. More detailson theawardandthemedallist

will bepublishedin theFebruaryissueof thenewsletter.

In this Newsletter in the General News sectionwe write about the 2001 TMS Bardeenand Hume-

Rotheryawardswon by Alex Zunger andBalazsGyorffy , respectively, andabout2001APSRahman

awardwon by Alex Zunger. In theTMR1 sectionwe publishtheannualreportof the ’InterfaceMag-

netism’ network. TheRTN sectioncontainsannouncementsof a few post-doctoralpositionsavailable

within theRTN network. A joint TMR2/ESFworkshopon @NonlollinearMagnetismis announcedin

theTMR2 section. In theESF sectionwe have two reportson conference/workshops, five announce-

mentsof workshopsandconferences,plusa whole list of Psi-k workshopsfor 2001. Generalposition

announcements,namelythosenot linked to any of the networks, canbe found in theGeneralJobAn-

nouncementssection.Additionally, after theGeneral Job Announcements, we advertisecall for nom-

inationsfor ’Michelson Postdoctoral Prize’. Abstractsof newly submittedpapersareplacedin the

usualAbstracts section.The newsletteris finishedwith thescientifichighlight of the monthby Niels

E. Christensen(Aarhus) andD.L. Novikov (Cambridge, MA) on ”High-pr essure phasesof the alkali

metals”. Pleaseseethetableof contentsfor furtherdetails.

TheNetworkshave a homepageon World Wide Web(WWW). Its Uniform ResourceLocator (URL)

is:

http://psi-k.dl.ac.uk/

The above containspointersto homepagesof someof the membersof our electronicstructurecom-

munity. If you maintaina homepageon your activities we will behappy to includea pointerfrom the

Networks’homepageto yourhomepage.

Pleasenotethat thehomepageof thePsi-kNetworkshasrecentlybeenupdated.It containsusefulin-

formationregardingfundingof workshopsandcollaborative visitswithin theESFProgramme.Its major

new featureis a separatehighlight sectionwhich containsall highlight articlesof theNewsletterspub-

lishedsofar.

Pleasesubmit all material for the next newslettersto the email addressbelow.

The following email addresses,which remainin operation,arerepeatedfor your convenience,andare

theeasiestway to contactus.
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function

psik-coord@daresbury.ac.uk messagesto the coordinators, editor & newsletter
psik-management@daresbury.ac.uk messagesto the NMB of all Networks

psik-network@daresbury.ac.uk messagesto the whole Ψk community

DzidkaSzotekandWalterTemmerman

e-mail: psik-coord@dl.ac.uk
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2 General News

2.1 Bardeen,Hume-Rothery, and RahmanAwards for 2001

BalazsGyorffy and Alex Zunger receive2001TMS and APSawards

TheMinerals,MetalsandMaterialSociety(TMS) namedAlex Zunger, researchfellow of theNational

Renewal Energy Laboratory, USA,astherecipientof its 2001JohnBardeenAward,andBalazsGyorffy ,

professorof physicsat theUniversityof Bristol, UK, astherecepientof its 2001William Hume-Rothery

Award. Alex Zunger hasalsobeendeclaredby theAmericanPhysicalSociety(APS)asthewinnerof

the2001Rahmanprize.

TheTMS JohnBardeenAwardwasestablishedin 1994andrecognizesanindividualwhohasmadeout-

standingcontributionsandis a leaderin thefield of electronicmaterials.This prize is namedin honor

of thetwo-timePhysicsNobelPrizeLaureateJohnBardeen(in 1956,with Shockley andBrattainfor the

inventionof thetransistor;andin 1972with CooperandSchrieffer for theBCStheoryof superconduc-

tivity).

TheTMS William Hume-RotheryAwardwasestablishedin 1972by theInstituteof MetalsDivision of

TMS andrecognizesoutstandingscholarlycontributionsto thescienceof alloys. Theawardincludesan

invitation to therecipientto bethehonoredlecturerat theWilliam Hume-RotheryMemorialSymposium

duringtheTMS AnnualMeeting.

The APS Rahmanprize is given annualyto a singleperson”to recognizeoutstandingachievementin

computationalphysicsresearch”.

Alex Zunger receivestheJohnBardeenAward”For his seminalcontributionsto thetheoretical under-

standingandpredictionof ”spontaneousordering”, phase-stability, andelectronic propertiesof semi-

conductoralloys; for theimpactthat this work hashadon experimentalstudiesof electronic materials,

andfor his continuedleadership in thefield” .

Bulk semiconductoralloys suchas(GaP)x(InP)1 � x areknown to exhibit a repulsionbetweenthe con-

stituents,so they werenever expectedto ordercrystallographically. Indeed,they wereknown to form

randomstructuresat high temperaturesandphase-separationat low temperatures.Theoryhasshown,

however, that ”surface reconstruction”- an almostuniversalfeatureof covalentsurfaces- canleadto

anorderedatomicarrangementin alloys sincethealternative (randomconfiguration),is highly strained

by surfacedimers.Thus,strain-minimizingsurface-stableorderedstructuresarefrozenin-by thegrowth

process.Thelower symmetryof orderedstructuresrelative to randomalloys leadsto profoundchanges

in bandgaps,optical selectionrules, effective-masses,pressuredependenceand transportproperties,

predictedby Zungerandhis groupstartingin 1984. Orderinghassincebeendiscoveredin virtually all

covalentsemiconductoralloys. For moredetailssee:

http://www.sst.nre l.g ov/ top ic s/a llo y_o rd er. htm l .
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Theseeffects, plus the fact that control of orderingcreatesnew, technologicallysignificantmaterials

propertieshasled to � 1000experimentalpublicationsin thisfield.

Zungeremphasizesthat his work on this theoreticalproblemwasdonein collaborationwith his post-

doctoralfellowssince1983:J.Bernard,D. Laks,K. Mader, R.Magri, J.L.Martins,T. Mattila,A. Mbaye,

R. Osorio,V. Ozolins,G.P. Srivastava, andD. Wood,aswell aswith his NREL associatesL. Ferreira,

S.Froyen,S.H.Wei andS.B.Zhang.This projectwasfundedby theU.S.Departmentof Energy (DOE)

Photovoltaic Program(1983-1991)andsince1991by DOE’s Office of Science,BasicEnergy Science,

Divisionof MaterialsScience.Zunger’sotherareasof interestincludePhotovoltaic materials,thetheory

of semiconductorquantum-dots,andthe theoreticaldesignandpredictionsof stablecrystalstructures

andphase-diagrams.

This awardwill be presentedformally to Alex Zungerat the130thAnnual TMS meetingon February

13,2001,in New Orleans.

Previousrecipientsof thisawardincludeM. Panish(1994);N. Holonyak(1995);L.G. vanUitert (1996);

J.B.Goodenough(1997);S.Mahajan(1998);L. Kimerling (1999)andA. Chang(2000).

Biography: Alex Zungeris anInstituteResearchFellow andleaderof theSolidStateTheoryat theU. S.

Departmentof Energy’s NationalRenewableEnergy Laboratory(NREL). He receivedhis B. Sc,M.Sc

andPh.Deducationat theTel Aviv University, Israel(PhD:l976 in chemicalphysics),anddid his post-

doctoraltrainingat NorthwesternUniversity, Evanston,Ill. (l975-l977)and(asIBM Fellow) University

of California,Berkeley (l977-l978). He joined thenewly foundedNREL in l978 wherehe established

theSolidStateTheorygroupandtrainedandcollaborated,since,with 35post-doctoralfellows. He is an

authorof 400 journalpublications,includingover 85 in PhysicalReview LettersandRapidCommuni-

cation.Accordingto recentresearchdoneby theInstituteof ScientificInformation(ISI), he is the39th

mostcitedphysicistoutof morethan500,000physicistsexamined,basedonpublicationsin l981-l997in

all branchesof physics(hiswork wascited-8,000times).His work centersondevelopmentandapplica-

tion of ”First-Principles”electronicstructuretheoryof ”real materials”. It includesthedevelopmentof

”first-principlespseudopotentials;accurateexchange-correlation functionals;themomentum-spacetotal

energy formalism;simultaneousrelaxationof atomicpositionsandelectronicwave functions;”orderN”

electronicstructureapproaches,and”cluster expansions”for alloy thermodynamics.Thesetechniques

wereappliedby him to metalalloys,quantumsemiconductornanostructures,pointsdefectsandsurfaces.

BalazsGyorffy receivestheHume-RotheryAward ”For the invention[1] and,with his collaborators,

thepioneeringuse[2,3] of theKKR-CPA”

By the mid 1930-iesthe impactof QuantumMechanicson CondensedMatter Physicshascalled for

booksto rewrite the subject. The first monographswere”The Theoryof the Propertiesof Metalsand

Alloys” by N.F. Mott andH. Jones(1936),and”The Structureof MetalsandAlloys” by William Hume-

Rothery(1936). The award which bareshis namehasbeenestablishedby the AmericanMinerals-

Metals-MaterialsSociety (TMS) to celebrateHume-Rothery’s early recognitionthat the structureof

metalsandalloys is determinedby the quantummechanicalstatesof the electronglue that holds the

positively charged nuclei together. In particular, the famous’Hume-RotheryRules’ called attention

to the correlationof electronper atom ratio, e
�
a, and crystal structurein metallic alloys Thus, it is
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not surprisingthat a few yearsagothe prize wasawardedto David Pettifor for the introductionof the

Mendeleev numberto explain structuremaps. Similarly, it is appropriatethat the 2001award went to

BalazsL. Gyorffy for theinvention[1] and,withhis collaborators,thepioneeringuse[2,3] of theKKR-

CPA.

Randomsolid solutionsarea scientificallyinterestingandthechnologicallyimportantclassof materials

but dueto thefactthatdisorderis anessentialfeatureof theproblemnoneof thestandardfirst-principles

methods,like LAPW, Pseudopotentials,etc., could deal with the problem. In the handsof B.L. Gy-

orffy, G.M. Stocks,J.S.Faulkner,W.M. Temmerman,J.B.Staunton,J.Wadsworth,Z. Szotek,S.Lovatt,

P. Weinberger, A. Pindor, P.J. Durham,D.D. Johnson,F.J. Pinski, A. Gonis,H. Winter, H. Ebert,B.

Ginatempo,andD.M. Nicholson,theKKR-CPA becamea fully self-consistent,spin-polarizedandrel-

ativistic first principlesmethodfirmly basedon LDA of DensityFunctionalTheoryin the late1980-ies

[4]. Fromthenonit hasbeenusedto makeprogresswith many importantproblemssuchas:Copositional

ShortRangeOrder[5], Evolutionof theFermiSurfacesAlloys with Concentration[6], ElectricalTrans-

port in Metallic Alloys [7], The Invar Problem[8], SurfaceAlloys [9], Local MomentsandMagnetic

fluctuationsin Metallic Paramagnets[10] andOscillatoryMagneticExchangeCouplingAcrossAlloy

Spacers[11] to mentionbut the highlights. Recently, encouragedby the successesof KKR-CPA , an

LMTO versionof theCPA hasbeendeveloped.Theimpactof LMTO-CPA hasbeenrecordedin a very

readablebookof Turek,Drchal,Kudrnovsky, Sob,andWeinberger[12].

BalazsGyorffy will presenthisHume-RotheryAwardlectureat the’2001William Hume-RotherySym-

posium’at the2001TMS AnnualMeetingin New Orleanson Monday, February12,2001.Thetitle of

thelectureis: ”On thequasiparticlespectraof superconductingrandomalloys”.

Biography: BalazsL. Gyorffy received his B. Sc. andPh. D. from Yale University. He hasheld the

following positionsat theUniversityof Bristol: 1970-1980Lecturer. 1980-1987Reader, 1987-present

Professorof TheoreticalPhysics. He hasheld visiting positionsat Oak Ridge National Laboratory,

BrookhavenNationalLaboratory, InstituteLaue-Langevan,Grenoble,Universityof Toronto,andTech-

nical University of Vienna. In collaborationwith many, but particularly with G.M. Stocksand J.S.

Faulkner, he inventedand pioneeredthe applicationof the Korringa-Kohn-Rostoker-Coherent Poten-

tial Approximation,a first-principlesmethodfor calculatingtheelectronicstructureof metallic alloys.

AdvancesmadeusingtheKKR-CPA aresummarizedin Ref. [5]. BalazsGyorffy hasbeenelectedanex-

ternalmemberof theHungarianAcademyof Sciences(1995),Fellow of theInstituteof Physics(1998),

andwasco-recipientof theGordonBell Prize(1998).He hasauthoredor co-authored220publications.
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s,1997)

The APS Rahmanprize Alex Zunger receives ”For his pioneeringwork on the computationalbasis

for first-principleselectronic structure theoryof solids”. This award,centeringon a differentaspectof

Zunger’s work thantheonedepictedby theJohnBardeenAward,focuseson Zunger’s developmentof

first-principlesmethodologiesfor predictingpropertiesof solids. Theseinclude: (i) The early devel-

opmentof first-principlesLDA atomicpseudopotentials[Topiol, Zunger, Rutner, Chem. Phys. Lett.

49, 367 (1977),andZungerandCohen,Phys. Rev. B18, 5449(1978)]; (ii) the pseudopotentialtotal

energy andforcemethods[Ihm, ZungerandCohen,J. Phys.C12, 4409(1979);(iii) thestrategy of si-

multaneousrelaxationof atomicpositionsandelectronicchargedensities,a precursorto Car-Parrinello

[Bendt andZunger, Phys. Rev. Lett. 50, 1684(1983)]; (iv) accurateexchange-correlationfunctional;

(v) theself-interactioncorrection(Perdew andZunger, Phys.Rev. B23, 5048(1981)],and;(vi) mixed-

basisclusterexpansionfor predictionof groundstatecrystalstructuresandthetemperature-composition

phase-diagramof alloys. Otherareasof interestof A. Zungerincludephotovoltaicmaterials,spontaneous

orderingin solids(thesubjectof theyear2001BardeenAward)andquantumnanostructures.

Previous recipientsof this award includeKen Wilson (1993),JohnDawson(1994),RobertoCar and

Michele Parrinello (1995), Steve Louie (1996), Donald Weingarten(1997), David Ceperley (1998),

MichaelKlein (1999)andMichaelCreutz(2000).

This award will be presentedto Alex Zungerat the annualAPS meetingin Boston,MA, on June25,

2001.Theannouncementwill appearin theMarch2001issuesof theAPSNews.
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3 Newsfr om the TMR1 Network

”Interface Magnetism”

3.1 Annual Report of TMR1-Network

Report of TMR-Network: ”Interface Magnetism”

This Network is concernedwith abinitio calculationsof magneticpropertiesof surfaces,interfacesand

multilayers. TheNetwork is structuredaround6 projectswith 6 partnersin theUK, Germany, France,

Austria,theNetherlandsandSwedencontributing. Thisreportcoversthefourthyearof operation(1999-

2000)andwe canseethat this Network hasemployedup to 10 youngresearchersduring the reporting

period. Our Network hadan extremelysuccessfulyearleadingto wide internationalrecognitionof its

work. Firstly, a Network membersharesEurope’s Most PrestigiousPhysicsPrize,the ”Agilent Tech-

nologiesEurophysicsAward for the Discovery of MagneticX-ray Dichroism”. Paolo Carra(ESRF,

Grenoble,France),Gerrit vanderLaan(Daresbury Laboratory, Warrington,UK) andGiselaSchutz(In-

stituteof Physics,Wuerzburg, Germany) have won the EurophysicsAward for the year2000for their

”Pioneeringwork in establishingthe field of magneticX-ray dichroism,... leadingto advancesin the

fields of electronic,electricalandmaterialsengineeringwhich representsscientificexcellence”. The

awardceremony tookplaceonMarch17th, 2000duringtheEPSCondensedMatterGeneralConference

in Montreux,Switzerland.Secondly, Network membershave publishedtwo articlesin Natureandone

in Science,in additionto many publicationsin PhysicalReview Letters. A shortreporton eachof the

articlesin ScienceandNatureappearsin theHighlightsfurtherbelow.

The statusof the different projectsis asfollows:

Interlayer Coupling At thebeginning of this Network, thestudyof interlayerexchangecouplingrep-

resentedone of the strongestactivities within the Network, activities to which all nodescontributed

strongly. Now at theendof theregularperiod,theseeffortsareslowly fadingoutandinsteadweobserve

a strongshift to spindependenttransport,i.e. giantmagnetoresistanceandtunnelingmagnetoresistance.

The reasonfor this is twofold. Firstly, this follows the realisationof the importanceof spin-dependent

transportfor futuremagnetoelectronics.Secondlythis is a consequenceof the fact that interlayercou-

pling is now to a largeextentwell understood.Thatsuchagoodunderstandingcouldbeachieved,canbe

consideredasbig successof our Network. Without exaggerationwe canclaim, that themostimportant

theorycontributionscamefrom ourNetwork. Herewe just list a few highlights:(i) thepioneeringpaper

of Patrick Brunoshowing theconnectionof theoscillationperiodswith theFermisurfaceof thespacer,

(ii) theenormousamountof calculationsby theAustrian-Czechgroupabouttheeffectsof interdiffusion

at the interfaceandof alloying in both thespacerandthe ferromagneticlayer, (iii) thedetailedstudies

of the Swedish,British and Frenchgroupsfor the understandingof the complex Fe/Cr systems,(iv)

thecalculationsof thespindependentreflectionandtransmissioncoefficientsof theDutchandGerman

groups,etc. Very many of thesepapershave beenpublishedin PhysicalReview Lettersandarewidely

10



recognised.

Nevertheless,during the currentreportingperiodDr N Lathiotakis,the TMR researchassistantof the

UK node,hascompletedthestudyof OscillatoryExchangeCoupling(OEC)of magneticlayersacross

a metallicalloy, CucNi1 � c, spacer. In this work theamplitudeandphaseaswell asthefrequency of the

OEC wascalculatedon the basesof an asymptoticanalysisin the context of a first-principles(KKR)

framework for thefirst time. In additionto satisfactoryagreementwith experimenthefounda new pe-

riodicity, determinedby a new externalspanningvectorof the Fermi Surface,asthe Ni concentration

approachc � 11%.Thisdiscoveryhasbeenreportedonaposterat thePsik2000Conferenceandapaper

aboutit appearsin thePhysicalReview B (September2000).As we have forecastin ourpreviousreport

wehave investigatedthebi-quadraticcouplingby thesamefirst-principlesasymptoticanalysisastheone

we have developedfor thestudyof thequadraticOEC.This work hasnow beencompletedanda paper

aboutit is in preparation.On thematterof staff supportedby this grantwe arehappy to reportthat the

post-doc,Dr N Lathiotakis,wasofferedandacceptedanotherpost-doctoralpositionat theUniversityof

Würtzburg in thegroupof ProfessorE A K Gross.

This work wassupplementedby a review of theAT node,togetherwith theDE node,on the theoryof

interlayercoupling(in theLMTO-bookof H. Dreysse)andby work of theDresdengroupon interlayer

couplingin theFe/Ausystem.

Magnetic Anisotropy and SurfaceStructur e This projecthashada post-docbasedwith theSwedish

team,first J.Henkfrom DE andafterDr. Henk left thegroupfor a researchpositionin Halle, Dr.O.Le

Bacq joined the group (in June1999). The Swedishnodehasestablishedgood contactwith world

leadingexperimentalgroupson thin film magnetism(lead by Prof. K.Baberschke in Berlin and by

Prof.R.Ẅapplingin Uppsala).After a learningperiod,Dr.Le Bacqhasstudiedthemagneticproperties

(spin andorbital magneticmomentsandmagnetocrystallineanisotropy-MAE) of Fen/Vm multilayers

for variousvaluesof n andm. Experimentaldatashow thatwhenn=2 andm=5 theMAE givestheout

of planedirectionastheeasyaxis,whereasfor n=4 andm=4 theMAE givesa momentin plane. The

experimentaldatahave successfullybeenreproducedusinga highly accuratefirst principlesfull poten-

tial electronicstructuremethod.Themicroscopicalreasonfor this spinreorientationtransitionhasbeen

analysedin detail, and it hasbeenestablishedthat both structuraleffects(lattice distortionandlattice

expansion)in combinationwith theFe-Vinteraction(hybridization)arecrucialfor theMAE. In addition

a novel method,basedon elasticitytheory, for calculatingthein-planeandout-of-planelatticeconstant

of any multilayerhasbeendevelopedandshown to agreewith experimentswith goodaccuracy.

A large effort of theactivities of theViennaNodewasdevotedto themagneticanisotropy andperpen-

dicularmagnetism,in particularfor layeredsystemswith tetragonaldistortions,andhasresultedamong

othersin two joint publications.This work wassupplementedby a similar strongactivity of theBluegel

groupatJuelichcenteredat theanisotropy energy of 3d layerson thesurfaceof W.

Giant Magneto Resistance(GMR) Theoreticalresearchon magneticstructuresand devices contin-

uedwith emphasison the mesoscopicandnanoscopicregimes. On the onehand,we consideredhow

metallic ferromagnetsin contactwith conductorsinject a spin-polarisedcurrentinto a variety of other

materialssuchassimplenormalmetals,semiconductorsandsuperconductors.On the otherhand,we

studiedhow transportin mesoscopicdevicescouldbeusedto testbasicconceptsof quantummechanics

suchascharge andconductancequantization.Thebehaviour of a collectionof electronspinsin small
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structurescombinesthesetwo fields. We focusedour attentionon transportin hybridsof normaland

ferromagneticmetalsaswell asferromagnetsandsuperconductors,our aim beingto develop novel or

improved theoreticalmethodsfor understandingtransportandotherphenomenain suchsystems.The

mainapplicationsof this phenomenologicaltheorywereto: single-electrontunnellingin magneticsys-

tems;ferromagnetic/superconducting devices;non-collineardiffusetransport.

Themicroscopicscatteringmatricesusedin thephenomenologicaltheorydiscussedabove werecalcu-

latedusinga newly developedformalismbasedon theTB-LMTO basisandappliedto thestudyof the

interfaceresistanceof a variety of magnetic/non-magneticinterfacesincluding disorder. The disorder

wasmodelledby meansof largelateralsupercells.Interfacedisorderwasfoundto reducethemajority-

spininterfaceresistancefor a Fe/Cr(100) interfaceby a factorof three.Thecalculationalframework is

currentlybeingextended:to calculatespin-mixingmatriceswhich arisewhentransportin non-collinear

magneticsystemsis formulatedin thecircuit theorydevelopedabove; to studytheinfluenceof disorder

onspin-dependenttransportin tunnelingsystems;to studytransportthroughinterfacesbetweenmagnet-

ic andsuperconductingmaterials.

TheGiant MagnetoResistancepostdocbasedwith theDutch team,A. Brataas,left at thebeginning of

thereportingperiodfor apositionin Harvardandhasnot yet beenreplaced.

Theefforts of theDutchteamwereaccompaniedby many strongactivities in othernodes.Herein par-

ticular theAustriannodeexcelledwith many resultsfor thecurrent-in-plane(CIP)GMR. Moreover they

havecalculatedfor thefirst timealsothecurrent-perpendicular-to-plane (CPP)GMR whichshowsmany

characteristicdifferences.In additionthe Dresdengroupcontinuedthe discussionof the GMR by the

Boltzmannapproachresultingin asimpleunderstandingof thedifferenttrendsandcharacteristicsof CIP

andCPPconductances.

Spin–Polarised SpectroscopiesProject The main researchinterestof the Daresbury basedpost-doc

(M. Luedersfrom DE, sinceJanuary1999)arephotoemissioncalculationsfor quantum-wellmultilayer

systems.During the pastyearM. Luedershastestedandvalidateda newly developedphotoemission

codeespeciallyadaptedfor thestudyof layeredsystems.Calculationsfor Co/Cuquantumwell states

arenow in progress.Furthermore,theDaresbury basedNetwork post-docshave performedcalculations

in supportof synchrotronexperimentson magneticmultilayerswhich resultedin two publications.

TheMunich grouphasstudied,partly in collaborationwith theStrasbourg team,themagneticcircular

X-ray dichroismof orderedanddisorderedalloys with the3dand4d elements.Thecalculationsemploy

the fully relativistic KKR-CPA methodfor disorderedalloys. Particularemphasisis put on the local

momentsof the 4d-atoms,beinginducedby the 3d alloy partners.The resultsarein goodagreement

with avaiableMXCD datafor orderedFePdalloys andshow, thatby combiningsuchcalculationswith

MXCD datafor partially disorderedtetragonallayeredsystems,a directinformationaboutthechemical

orderingof thefilms canbeobtained.

One publicationof the AT nodedealt with spectroscopy and was basedon an exchangeof dataand

discussionswith the groupof H. Ebertin Munich of theDE node. This in particularwasa very good

exampleof theuseof thenetwork!!

Tight–Binding KKR-Gr een’s Function Methods The intensive andsuccessfulactivities of the Net-

work in constructinghighly accurateKKR-programswerealsopersuedin thefourth year. In particular,

this concernsthetight-bindingor screenedKKR method,which wasjointly inventedby theViennaand
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Juelichteamsof theNetwork. Duringthelastyearanefficient’Full-Potential-ScreenedKKR-2000Code’

wasdevelopedwhichcanbeappliedto boththree-dimensionalcomplex latticesandsupercellsaswell as

to systemswith complex two-dimensionalperiodicity, i.e. finite slabs,semi-infinitecrystals,interfaces,

two coupledhalfspacesetc.Thisprogramcanbeusedin boththeASA- andthefull-potential-mode,the

latteroneallowing forcecalculationsandstructuraloptimizations.Of course,mostimportantaretheN-

scalingpropertiesachievedby theshortrangeof the’screened’structureconstants.In addition,alsothe

otherKKR activities wenton asplanned.For instancetheMunich efforts in constructingspin-polarised

andfully relativistic DiracKKR-codes,whichnow exist for bulk systems,surfaces,impuritiesin thebulk

andat surfaces,layeredsystemsandso on. Anotherstrongeffort hasbeendevotedto linear response

calculationswithin the KKR scheme,with specialemphasison spectroscopy and transportproblems.

Thusseveralgroupsof theNetwork areperformingalreadyKKR-transportcalculationsbasedon either

theKubo-Greenwoodor Landauer-Buettiker formalismandarethuswell preparedfor thechallengesof

thefutureRT-Network ’ComputationalMagnetoelectronics’.

FP-LMT O-Method FP-LMT O-Method In thelastyearstheFrenchnodehasconcentratedits efforts in

thestudyof thex-raymagneticcirculardichroism(XMCD) andits correlationto themagneticproperties

of solidsandmainly thespinandorbitalmagneticmomentsandthemagneticanisotropy energy (MAE).

XMCD is thedifferencein theabsorptioncoefficientsbetweenleft andright circularlypolarizedx-rays.

Its popularity is dueto the developmentof synchrotronradiationthat allowed for high quality experi-

mentsandthedevelopmentof sumruleswhich allow to extract from theexperimentalspectrathespin

andorbitalmomentsfor any atom.Brunohasalsodevelopedarelationthatconnectstheorbitalmoment

anisotropy to theMAE for ferromagneticsystems,soXMCD is alsoindirectlycorrelatedto theMAE. To

investigatethesephenomena,therelativistic full-potential linearmuffin-tin orbital (FP-LMTO) method

hasbeenused.This lattermethodis capableof dealingwith thenon-sphericalpartof thepotentialin a

crystalandit treatsin thesamefootingall space.Themethodis computationallyverydemandingbut its

useis necessaryto calculatewith big accuracy physicalquantitiessensitive to approximationsduringcal-

culations,like theorbitalmomentandtheMAE. Severalsystemshavebeenstudied,goingfrom thehigh

uniaxial systems(FePt,FePdandCoPt)thatpresenthigh MAE values,to systemswith holes(Heusler

alloys) thatarepotentialcandidatesfor spin-filters,andfinally thecaseof ultra thin Fefilms on top of

a W(110) substrate.In all casesthecorrelationbetweenthedifferentquantitiesin questionwasfound

to bestraightforward. Finally in collaborationwith theSwedishnode,theVAu4 compoundwasstudied

andtherewasfoundevidencefor theinfluenceof ligandstates(Au) onthemagneticpropertiesof the3d

atom(V) andmainlyon theorbitalmagneticmomentof thelatter. It wasshown thatthelargespin-orbit

parameterof goldis responsiblefor thebreak-down of Hund’s third rulefor thevanadiumatomandthere

wasproposedaway to constructanalloy with vanishingorbitalmomentandMAE thatcouldbeusedin

applicationslike theAC/DC converter.

Highlight 1: The INVAR Effect- after 100yearsfinally understood

In 1897theSwissphysicistCharlesEdouardGuillaumediscoveredthatfcc Fe-Ni alloys with a Ni con-

centrationaround35atomic% exhibit anomalouslylow, almostzero,thermalexpansionoveraconsider-

abletemperaturerange.Thiseffect is now known astheInvareffect. Guillaume’sdiscovery immediately

foundwidespreadapplicationin theconstructionof calibrated,high-precisionmechanicalinstruments,
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suchasseismographsandhair springsin watches.Today, Invar alloys areusedin many temperature-

sensitive devises,suchassurveying tapesandshadow masksfor television andcomputerscreens.In

1920GuillaumewasawardedtheNobelPrizein Physicsfor thediscovery of theseFe-Ni alloys.

TheInvar effect hasnow beenfoundin variousorderedstructures,randomalloys or evenin amorphous

materials.Otherphysicalpropertiesof Invar systems,suchasatomicvolume,elasticmodulus,heatca-

pacity, magnetization,Curie(or Néel)temperature,alsoshow anomalousbehavior. It wasrealizedearly

on that the explanationof the Invar effect is relatedto magnetism.Yet, thoughit hasbeen100 years

sincethis effect wasdiscovered,it wasnot understood.In a recentarticlepublishedin Nature”Origin

of the Invar effect in iron-nickel alloys”(Nature 400,46 (1999)), I. Abrikosov andB. Johanssonfrom

Uppsalanodeof theNetwork, in collaborationwith Mark vanSchilfgaardefrom SandiaNationalLabo-

ratories,Livermore,USA, presentedresultsof ab initio calculationsof volumedependencesof magnetic

andthermodynamicpropertiesfor themosttypical Invar system,a randomfcc Fe-Ni Invar alloy, where

they allowed for noncollinearspin alignments,i.e. wherethe spinsmay be cantedwith respectto the

averagemagnetizationdirection.They have foundthattheevolution of themagneticstructurealreadyat

zerotemperatureis characterizedprincipally by a continuoustransitionfrom the ferromagneticstateat

high volumesto a disorderednoncollinearconfigurationat low volumes,andthat thereis anadditional,

comparablecontribution to thenetmagnetizationfrom thechangesin theamplitudesof the local mag-

neticmoments.Thenoncollinearitygaveriseto ananomalousvolumedependenceof thebindingenergy

curve,andthisallowedMark vanSchilfgaarde,I. Abrikosov andB. Johanssonto explainthewell-known

peculiaritiesof Invar systems.

Highlight 2: A Highly Sensitive GMR-Device

The sensordevicesbeingbasedon the Giant Magnetoresistivity (GMR) effect, which wasdiscovered

by thepioneeringwork by PeterGrünberg andAlbert Fert in the late80’s, have in tenyearsdeveloped

into a billion dollar industry. Thesedevicesaretypically consistingof artificially grown magneticmul-

tilayers,with themain ingredientbeingtwo magneticlayerswith an intermediatenon-magneticspacer

layer, asfor instancea Co/Cu/Cocombination,wherecobaltis themagneticlayerandcopperthenon-

magneticone. The GMR effect thenutilizes the fact that the resistanceis very differentwhetherthe

magneticmomentsof the two magneticlayersareparallelor anti-parallel. In the device the magnetic

strayfield of thestoredmagneticbitson themagneticharddiskflips, in caseof astored”1”, themoment

of oneof themagneticlayersin thedevice which thengive riseto a detectablechangein theresistance

throughthedevice. It is thefactthatthesedevicescanbemadevery small,thathaspermittedtherecent

largeimprovementsin storagedensityof magneticharddisks.

Although the GMR effect hasbeenvery successful,thereis still an ongoingstrive to optimize these

magneticmultilayers,bothregardingefficiency andproductioncosts.In a recentarticlein Nature”Non-

collinearstatesin magneticsensors”(Nature 406,280-282,(2000)Adrian Taga,LarsNordstr̈om, Peter

James,Börje Johansson,andOlle Eriksson,of the Uppsalanodeof the Network, presentedresultsof

ab-initio calculationsfor anasymmetricmagnetictrilayer of the typeFe/V/Co. In suchanasymmetric

combinationthe local magneticanisotropy may favor differenteasyaxes. In the vicinity of the non-

magneticvanadiumlayer the iron magneticmomentprefera direction in the planeof the layer while

the momentof the cobaltprefera perpendiculardirection,out of the plane. Whenthesemomentsare

combinedin a trilayer they will interact,throughtheso-calledinterlayerexchangecoupling,resultingin
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a non-collinearordering,which dependingon thevanadiumthicknessvary from closeto collinearto al-

mostperpendicular. Thesecalculationssuggestthatby tuningtheanisotropy andtheinterlayerexchange

interactionindependently, trilayerscanbemanufacturedthatarevery sensitive to thestrayfield, which

in principlemaymake moreefficient sensordevicespossible.Theactualchemicalcompositionaswell

asspacerlayer thicknesswhich will give themostoptimizedasymmetrictrilayer hasto be decidedby

futureexperimentalstudies.

Highlight 3: A Very CloseLook at Magnetic Nanostructures

The invention of scanningtunnelingmicroscopy (STM) hasrevolutionisedour knowledgeaboutsur-

faces.Suddenlybeingableto seetheatomicstructureof surfacesin all detailswith atomicresolution

hasbeenlike makinga blind manseeandhaslead to strongadvancesin fields like molecularbeam

epitaxyor catalysis.Yet for themagneticstructuresof surfacesandultrathin magneticfilms STM has

remainedblind, sinceonly the chemicalstructure,but not the magneticstructure,could be resolved

atomistically. Thusdespitemany efforts,nospin-polarisedSTM imageswith atomicresolutioncouldbe

obtainedin thepast.

In a recentarticle in Science”Real-spaceimagingof two-dimensionalantiferromagnetismat theatom-

ic scale” (Science288, 1805-1808(2000)) an experimentalgroup at the University of Hamburg and

Blügel’sgroupof theJülich nodeof ourNetwork havedemonstratedthatspin-polarisedSTM is possible

on theatomicscaleandthat theresultingmagneticcontrastis muchlarger thanexpected.More than10

yearsagoBlügelet al. hadpredictedby ab-initio calculationsthatMn or Cr monolayerson noblemetal

surfacesform ideal two-dimensionalantiferromagnets.However, until now thesepredictionsremained

unconfirmed,basicallybecausetheavailablebulk techniqueslike neutronscatteringcannotdetectsuch

minuteamountsof magneticmaterials.With a spin-polarisedtip theHamburg groupwasnow ableto

confirm the magneticsuperstructurefor an antiferromagneticMn-monolayeron W(110). In advance

the Jülich grouphadcalculatedthe expectedspin polarisedSTM intensityandpredictedan unusually

strongsuperstructureintensity. This wasindeedobserved, i.e. themagneticcontrastmeasuredwith the

spin-polarisedFe-tip,producedby coatingaW-tip with athin Fe-layer, suppressedthechemicalcontrast

obtainedwith a non-magneticW-tip. Blügelet al. gave a very clearexplanationof thestrongmagnetic

contrast.Themeasuredcorrugationof theSTM currentis determinedby theFouriercomponentsof the

smallestreciprocallattice vectors,sincethesecomponentsdecaymostslowly into the vacuumregion

wherethe tip is located. The magneticsuperstructureintroducesnew reciprocallattice vectors,being

smallerthattheonesof thechemicalstructure,sothantherelatedspin-currentdecaysmoreslowly than

thechargecurrent.

Theavailability of thespin-polarisedSTM offersa bright outlook for surfacemagnetism.It allows the

direct observation of antiferro-andferrimagnetismon surfaces,non-collinearstructures,magnetismat

steps,nanostructuresetc. All we couldonly calculatein thepast,will now beaccessibleto theexperi-

ment.A truetestfor theory(andthetheorists)

Workshops and Conferences:After five workshopsin the third andprevious 12 month’s period,the

Network hadnot scheduledany official TMR-workshopfor the fourth year. Neverthelesscommuni-

cationsandcooperationscontinuedon the, now alreadynormal,high level which is indicatedby the

threeTMR-Miniworkshopsorganizedmoreor lessspontaneouslyby membersof theNetwork. A Mini-
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workshop”Tunneling Magnetoresistance” took placeon Jan. 13-14,2000in Orsay/Paris,which was

alsoattendedby thegroupof Albert Fert (Unite Mixte CNRS-Thomson)andby PeterLevy (New York

University). Both will be our partnersin the future RT-Network ”ComputationalMagnetoelectronic-

s”. The Czechcolleagues,beingmembersof the ViennaNode,organizeda TMR-Miniworkshopon

”Giant and Tunneling Magnetoresistance” in Prague,April 13-14,2000.In additiona ”KKR” TMR-

Miniworkshopwasorganizedin Daresbury on November17, 1999dedicatedto the recentexperiences

and applicationof the screenedKKR. Our Network-memberPatrick Bruno was co-organizerof the

”Symposiumon Spin-Electronics”, which washeldat Halle (Germany) on July 3-6, 2000. It wasthe

first internationalconferenceof this kind, beingattendedby morethan300persons.It clearlyshowed

that the field of Magnetoelectronicsis growing fastandstronglymoving into semiconductorresearch.

Twentysevenmembersof ourNetwork attendedthesymposium,presenting33 contributions.

As asubstitutefor the4thAnnualMeetingtheNetwork co-organisedthe

” Ψk � 2000Conference” in SchwaebischGmuend,Aug 22-26,2000.Thiswasthesecondinternational

conferenceonly dedicatedto electronicstructurecalculationsandit wasattendedby 424 participants,

an increaseof 33% over the participationof the first Ψk-Conferencefour yearsago. 80% of the par-

ticipantscamefrom EU-countries.Our Network stronglypaticipatedin themeeting,presentingin total

70 contributedtalksandposters.In additiontenmembersof theNetwork gave invited talks. TheTMR

youngresearcherswereexposedto a wide rangeof topicsrangingfrom physics,chemistry, materials,

minerologyandevenbiologicalsystemswhichall hadin commontheapplicationof thesamemethodol-

ogyof abinitio DensityFunctionalTheoryquantummechanicalcalculationswhichourNetwork applies

to thestudyof magneticandelectronicpropertiesat magneticinterfaces.Our TMR youngresearchers

hadtheopportunityto meetmany otheryoungresearchers:40%of theattendeeswereyoungresearchers

of which severalcamefrom otherTMR NetworkssuchasPsi-k. Finally, theConferencewasa vibrant

event from early in themorninguntil thelatehourswith excellenttalks,lively discussionsin or outside

thelecturehallsandin thisatmosphereourNetwork wasplayingaprominentroleandwaswell noticed.

A detailedaccountof theΨk-Conferenceandreportson thethreeMiniworkshopsandon the”Sympo-

siumonSpin-Electronics”canbefoundin theAppendix1.

Ψk-Newletter etc: TheNetwork publishestheannouncementsof workshopsandvacantpositionsin its

dedicatedsectionin the Ψk-Newsletter which is publishedevery two monthsandwhich is distributed

to over more than800 e-mail addressesworldwide, of which mostare in Europe. This Newsletteris

alsousedto disseminateabstractsof our scientificpapersto the communityconcernedwith electronic

structurecomputationsof solidsandasa consequencehasled to thehigh profile of our Network in the

electronicstructurecommunity. In this respect,it is ratherdishearteningthat thesmallcontribution that

theDaresbury nodechargesfor thepublicationanddisseminationof thisNewsletterby e-mailandonthe

webis accordingto theBrusselsappointedauditorsnot anallowedNetworking cost.This is in flagrant

contradictionwith thecontractwhichallows thecostsof theNewsletterto becharged.

TheNetwork hasahomepageon thepsi-kwww–server:

(http://psi-k.dl.ac.uk/TMR1/default.html) ,

wherealsoall theNewsletterscanbefound:

(http://psi-k.dl.ac.uk/psi-k/newsletters.html).

The web pageof the generalPsi-k Network which includespointersto our Network wasrecentlyre-

designed(http://psi-k.dl.ac.uk).
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The Philips coststatementshave beenconsistentlyvery low. The main reasonfor this is not a lack of

activity of theDutchnode.On thecontrary, Philipshasbeenoneof themainmoversandshakersof this

Network in the directionof transportstudies.However Philips hasnot beencharging the full costsof

theTMR youngresearcherto theNetwork. Thisunexpectedwindfall is now beingredistributedover al-

l thenodesof theNetwork giving riseto averyhealthybudgetfor all thenodesfor ourfifth andfinal year.

At end of the fourth year, the regular lifetime of the Network, we are proud aboutthe performance

andsuccessesof our Network. We have achieved a high scientificlevel with many publicationsin the

mostprestigiousjournals.We have establishedmany successfulcollaborationsin theNetwork, resulting

alonein thelastyearin a staggeringnumberof 24 joint publications(seeAppendix3). We couldmeet

all milestonesanddeliver in total 367manmonthsof training,31 morethanpromisedin thecontract.

Our Network as a whole had a strongimpacton the field of surfaceand interfacemagnetismand is

uniqueworldwide. Recentlythe EU hasapproved our applicationfor an extensionof the Network by

oneyearwithout additionalfunding. Our proposalfor a ResearchTraining Network ”Computational

Magnetoelectronics”within theV. Framework hasalsobeenapprovedandthisnew andexciting Network

will startat Oct. 1, 2000.
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3.2 Reports on Visits to Conferences/Workshops

Report on a ConferenceParticipation:

16th ICMFS ( Inter national Conferenceon Magnetic Films and Surfaces),Natal, August,
13-18,2000

TheICMFS meetingwasattendedby about130peoplefrom Europ,Japan,Latin AmericaandtheUS-

A. The conferencewasvery exciting andgave a representative aspectof the internationalactivities in

NanoscaleMagnetism.In a lively atmospherenumerousexchangeshave strengthenthecohesionof this

community.

Let ushereshortlysketchsomehighlights: themesocopicmagnetselaboratedby self-organization( J.

Kirschner), thelastdevelopmentsin themicromagnetismapproach( J. Miltat ), themagnetoresistance

in ballistic andnonballisticnanocontacts( N. Garcia), themagnetizationreversalby spininjection( A.

Fert ), the irradiation-fabricated nanostructures( T. Devolder ), thesinglelectrontunnelingin granular

system( S.Mitani ), andthehot-electronspin-transport( R. Jansen).

Activities of the TMR network ”InterfaceMagnetism”have alsobeenpresented:Magneticanisotropy

propertiesof VAu4 ( Strasbourg-Uppsalacollaboration), Influenceof the interdiffusion at the Fe/Cr(

Strasbourg-Viennacollaboration) andXMCD propertiesof differentalloys.

HuguesDreysśe
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4 Newsfr om the Research Training Network (RTN)

COMPUTATION AL MAGNETOELECTRONICS

4.1 YoungResearcher Positions

Daresbury - Bristol - Juelich - Muenchen- Halle - Paris - Vienna - Twente- Uppsala-
Brno - Budapest- NewYork

We have positionsfor several YoungResearchersto work on an EU fundedNetwork to model,under-

standand predict the electronic,magneticand transportpropertiesof materialsand materialsystems

relevantto magnetoelectronics.Thesepositionshave beenavailablefrom 1stOctober2000.

Thescientificprojectsare:

� Ferromagnet/ Semiconductor Interface. For more detail pleasecontactSusanneMirbt (su-

sanne@fysik.uu.se)

� Ferromagnet/ Oxide Interface. For more detail pleasecontactPatrick Bruno (bruno@mpi-

halle.de)

� Ferromagnet/Superconductor Interface, post-docpositionalreadyfilled. ContactBalazsGy-

orffy (b.gyorffy@bristol.ac.uk).

� MagneticNanostructures. FormoredetailpleasecontactLaszloSzunyogh(szunyogh@dirac.phy.bme.hu)

� Magnetooptics. For moredetailpleasecontactMebarekAlouani (mea@Taranis.u-strasbg.fr)

� MagneticX-ray Scattering. FormoredetailpleasecontactWalterTemmerman(w.m.temmerman@dl.ac.uk)

� Giant Magnetoresistance. FormoredetailpleasecontactPeterWeinberger(pw@cms.tuwien.ac.at)

� Tunneling Magnetoresistance. For more detail pleasecontactPeterDederichs(l.gerken@fz-

juelich.de)

� Spin Mesoscopics. For moredetailpleasecontactPaulKelly (p.j.kelly@tn.utwente.nl)

� Experiment. For moredetailpleasecontactAlbert Fert(fert@lps.u-psud.fr)
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A copy of theproposalincludingthescientificprojectscanbefoundon

http://psi-k.dl.ac.uk/Magnetoelectronics/default.html .

The Network activily encouragestheapplicationof femaleresearchers.Nine seniorresearchersin the

Network arefemale.

If you wish to find out moredetail pleasecontactWalter Temmerman(w.m.temmerman@dl.ac.uk)or

PeterDederichs(l.gerken@fz-juelich.de).

TheEC Rulesfor YoungResearchersarethattheResearchermustbe:

1. aged35 yearsor lessat the time of appointmentby a participant.An allowanceto this agelimit

may be madefor the actualtime spentin compulsorymilitary or civil serviceor child care(a

maximumof two yearsperchild for theactualtimespentoff work);

2. aholderof adoctoraldegreeor enrolon aPh.D.course;

3. a nationalof a MemberStateof theCommunityor of anAssociatedStateor have residedin the

Communityfor at leastfiveyearsprior to appointmentby aparticipantin theframeof thiscontract;

andmustnotbe:

1. a nationalof thestatein which theparticipant’s researchappointingteamis locatedandmustnot

have carriedout their normalactivities in that statefor more than12 of the 24 monthsprior to

appointment.

Detailsof thethosecountrieswhicharedefinedas”AssociatedStates”(suchasBulgaria,CzechRepub-

lic, Estonia,Hungary, Latvia,Lithuania,Poland,Romania,Slovakia,Slovenia)maybefoundat:

http://www.cordis.lu/fp5/src/3rdcountries.htm
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5 Newsfr om the TMR2 Network

’Electr onic Structure calculationsof materials propertiesand processes
for industry and basicscience’

5.1 Workshop Announcements

5.1.1 Workshop on Noncollinear Magnetism

Joint ESF/TMR workshop on

NONCOLLINEAR MAGNETISM

Wien, Mar ch 8-10,2001

Organizedby the Institut für Materialphysik, Universität Wien and the Center for

Computational Materials Science,Wien

J.Hafner, R. Lorenz,D, Spǐsák,T. Branis

Objective: The objective of the meetingis to review the statusof first-principlesapproachesto non-

collinearmagnetism,discussionof thecurrentimplementationof noncollinearcapabilitiesin themajor

electronicstructurecodesandperspectivesfor achieving an ab-initio treatmentof spin-dynamics.Ap-

plicationsto intermetalliccompounds,disorderedcrystallineandamorphousalloys, thin films andmul-

tilayerswill bediscussed.

Format:

A smallmeetingwith about30participants,recruitedmainly from theparticipantsof theTMR2 network

andtheESF-Ψk community. Therewill bereview talks,shortpresentationsandampletime for discus-

sion,includingshort(oneoverhead)contributionsto specifictopics.

Invited participants: I. Abrikosov (Uppsala),G.Bihlmayer(Jülich),S.Blügel(Jülich),

P. Bruno (Halle), H. Dreysśe (Strasbourg), H. Ebert (München),H. Eschrig(Dresden),M. Fähnle(S-

tuttgart),M. Freyss(Jülich),B.Györffy (Bristol),G.Kresse(Wien),J.Kübler(Darmstadt),J.Kudrnovsky

(Praha),I. Mertig (Dresden),L. Nordstr̈om (Uppsala),P. Oppeneer(Dresden),A. Pasquarello(Lau-
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sanne),L. Sandratskii(Darmstadt),D. Singh(Washington),J.Staunton(Warwick),A. Svane(Aarhus),L.

Szunyogh(Budapest),W. Temmerman(Daresbury), I. Turek(Brno),P. Weinberger(Wien).

Thelist of participantsshouldbecompletedby studentsandyoungerscientistto benominatedby their

groupleaders.

Funding:

ESF-Ψk Network

TMR2-Network ”Electronicstructurecalculations”

Centerfor ComputationalMaterialsScience(CMS),Wien

Institut fuerMaterialphysik(IMP), Univ. Wien

Personsinterestedin attendingthe workshopshouldcontactvia email the workshopsecretary(Tina

Branis,email: tina.branis@univie.ac.at).Abstractsof contributionsshouldalsobesentvia email (pre-

ferrablyin LATEX format,max.onepage)to thesameaddress.
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6 Newsfr om the ESFProgramme

”Electr onic Structure Calculations for Elucidating the Complex Atomistic Behaviour of
Solidsand Surfaces”

6.1 Reportson Workshops/Conferences

6.1.1 Report on MML2000 Workshop

MML2000

Inter national Workshop on Materials Modelling

18-20September2000
Oxford, United Kingdom

ConferenceOrganisers:
Prof. D. G. Pettifor, FRS(Oxford), Prof. A. P. Sutton (Oxford)

Dr. R. E. Rudd (LLNL), Dr. S.D. Kenny (Oxford)
WebSite:

http://users.ox.ac.uk/˜mml2000

ConferenceSponsors:
Psi-k Network (ESF),ONR-IFO, EOARD, ARL-ERO, SIMU

Abstract:

TheInternationalWorkshopon MaterialsModelling: Applicationsin MaterialsProcessing(MML2000)

washeld in Oxford, UK, on 18-20September2000. Theworkshopcenteredon 4 keynotetalksandan

additional9 invited talks. Theseweregiven by expertsin computermodellingof polymers,surfaces

and metal processingwho have addressedthe issueof the multiple scalesinherentin thesesystems.

The workshopfocusedon materialsmodellingover a rangeof physicalscales:electronicto atomistic

to microstructuralto macroscopic.Thetalkswerepedagogicalin style,makingthemwell-suitedfor the

diverseaudienceof graduatestudentsandmoreseniorscientistsfrom a varietyof fields. The informal

atmosphereof theworkshopandtheoutstandingtalksonthiscutting-edgetopicmadeMML2000 agreat

success.

Comprehensive Report:

On18-20September2000aworkshopwasheldin Oxford,UK, on thecomputermodellingof materials

andmaterialsprocessing,”The InternationalWorkshopon MaterialsModelling: Applicationsin Mate-

rials Processing(MML2000).” Accordingto theworkshopannouncement,”The focusof theworkshop

will be materialsmodellingover a rangeof physicalscales:electronicto atomisticto microstructural
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to macroscopic.The workshopwill be divided into applicationsof multiscalemodellingto polymers,

to surfacesandinterfacesandto metalprocessing.Quitea rangeof state-of-the-artmaterialsmodelling

will be covered,but the talks will be given at a level accessibleto non-expertsandyoungscientists.”

The format of the workshopproved to be very effective. In all 13 invited talks weregiven, eachlast-

ing 75 minutes. This gave the speakers time to give backgroundmaterial,beforelaunchinginto their

own research.This wasparticularlycrucial dueto themultidisciplinarynatureof theworkshop. It al-

lowed polymer expertsto get up to speedon metal processing,andvice-versa. The invited speakers

werePettifor (Oxford),Windle (Cambridge),Kremer(Max-Planck),Theodorou(Patras),Paul (Mainz),

Gilmer(Bell Labs-Lucent),Willis (Cambridge),Rudd(LLNL), Gyure(HRL), Farrugia(CORUS),Evan-

s (Swansea),Phillips (Brown) andGrant(Oxford). Therewereno contributedtalksbeyond the invited

talks,but therewasa postersessionin which mostof theparticipantsgave presentations.In additionto

thescientificprogramme,participantsin theworkshopalsohadtheopportunityto discusstheir work in

aninformal settingover theconferencemealsandbanquetin thecollegeandduringthetour of Oxford

UniversityonSundayafternoonbeforethestartof theworkshop.Thefocusof MML2000 on multiscale

techniquesis very timely. This is oneof the key issuesin materialsmodelingwhich is beingfacedat

universities,nationallaboratories,industrialresearchfacilitiesandindeedthroughoutthematerialscom-

munity. Therearemany lengthandtime scalesthatarerelevant to materialssystems,rangingfrom the

Angstromscalewherethephysicsandchemistryof electronicbondingresides,to thenanoscalewhere

thenext generationof electronic,electro-opticalandevenelectro-mechanicaldevicesmustbefabricated

andwherepolymerandliquid crystalmoleculesreside,to themany intermediatescalesor mesoscales

at which metallicmicrostructuresdevelopandproteinfolding takesplace,to thecontinuumwherema-

terialsexhibit their macroscopicproperties.It haslong beenappreciatedthatphenomenaat eachscale

arebasedon thephysicsof thesmallerscales,andit hasbeena major goal to understandexactly how

this occurs-inparticular, whetherit is possibleto startwith anabinitio modelof chemicalbondingand

producea completeunderstandingof thematerialsphysicsat largerscales.Of course,evennow we are

very far from this goal,andwithout therecentboomin computerpower, thesituationwould have been

nearlyintractable.The broadarrayof resultsin many subfieldspresentedat the MML2000 workshop

maybesummarizedin two sweepingstatements.Firstly, theadventof fastcomputersincludingsuper-

computershasrevolutionizedthetheoreticalbasisof materialsscienceandgreatprogresshasbeenmade

in makingthelink betweenthemicroscopicandmacroscopicphysics.Secondly, thefurther increasein

speedin computersin thenext decadewill haverelatively little impacton thefield. Thefirst statementis

fairly orthodoxat thispoint,but thesecondis not. Nevertheless,thepointwasfirst raisedby Windle,and

echoedthroughouttheworkshop.Indeed,it seemedto be theconsensusamonga groupof the leading

practitionersof computationalmaterialssciencefrom aroundtheworld, thatwhile fastcomputershave

openedthedoorto new avenuesof theoreticalresearch,computerspeedalonewill not advancethefield

significantly further. That is not to saythat fastercomputersarenot wanted,ratherthat they will not

have thequalitative impactthathasbeenseenin thepasttwo decades.Now we needbetteralgorithms,

morepowerful methodologiesandin generalmoreincisive insightin orderto bridgethegapbetweenthe

scalesandachieve truly predictive models.This hasbeenseenacrossthebroadrangeof modelingpre-

sentedat theworkshop.In thekeynotetalks,Pettiforemphasizedtheneedto simplify modelsasmuch

aspossible,but no more.His work hasmadeanalyticconnectionsbetweentheefficient interatomicpo-

tentialsandthequantummechanicalmodelsthatunderpinthemin awaythatreproducesBCCstructural

stability at fourth orderanddistinguishesFCC andHCP structuresat sixth order. Windle emphasized
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the needfor new approachesto polymermodelling that arenecessaryto treat the vast arrayof poly-

merandliquid crystalsystems.Gilmer describedmodelsthathave beendevelopedfor surfacescience

associatedwith the semiconductorindustry, andFarrugiarelatedthe efforts to develop modelsacross

thescalesto describethe processingof steel. In the focussedsessions,the polymermodelersKremer,

Paul andTheodorouspoke of thebarrierto directsimulationof polymerssystemsimposedby thetime

scaleduring which large polymersdeform. This hasbegun to be addressedthroughtechniqueswhich

startat thescaleof individualatoms,link theatomsinto clustersgovernedby effective potentials,evolve

thecoarse-grainedsystemandthenusea relaxationprocedureto refinebackto theatomicscale.Such

techniqueswould bevery powerful in general,but they arestill in their infancy. Thesurfacemodelers,

Gilmer, RuddandGyure,describedcoarseningphenomenain which self-assembledstructuresappear

at thenanoscalegovernedby surfaceenergiesandbulk elasticenergiesthatareessentiallydetermined

at theatomicscale.In oneof thosecoincidencesthatserve to highlight themultidisciplinaryaspectof

multiscalemodeling,level setmethodswereusedto solve thesameproblemin two systemsseparated

not only by the typeof materialbut by 7 ordersof magnitudein thesize! Gilmer presenteda level set

modelof depositionof materialin themicroscopicinterconnectsoncomputerchips,while Grantpresent-

edanalmostidenticalmodelto describethedepositionof materialin a spray-formedsteelingot several

metersin length. The shadowing instability due,asGilmer showed, to the microscopicgranularityof

thematerialwasanessentialpartof bothsystems.In anotherlink bothPhillips andRuddaddressedthe

questionof how materialplasticity is governedby thenucleationanddynamicsof dislocations.In both

casesthe key questioninvolved how the mesoscopicphysicsemergedout of the underlyingatomistic

interactions.New techniqueswerepresentedthat madethis link moreapparent.This in turn leadsto

a new understandingof phenomenalike scabformationon the surfaceof deformedmetals,a process

thatwasdescribedat two vastlydifferenttime andlengthscalesby FarrugiaandRudd.This connection

wasechoedin somewhatdifferenttermsby Willis. He hasusedanalyticmethodsto extractcontinuum

physicsof elasticdeformationaboutcrystaldefectsfrom microscopiclatticemodels. In all, thework-

shopwasmostsuccessfulat bringing out thesethemescommonthroughoutwhat outwardly appearto

be very differentfields of study. From theAngstromscaleof Pettifor’s electronicmodelsto the meter

scaleandbeyonddiscussedby Farrugia,EvansandGrant,thechallengein building modelshasbeento

balancetheaccuracy necessaryto getmeaningfulresultswith theefficiency requiredto beableto carry

out thecomputersimulation.Alreadymany importantinsightshave beengleanedandmany modelsare

available,but clearly this is just thebeginning. Thehopeis that theadvancesmadein onefield maybe

transplantedinto another, with thesamegreatbenefits.WorkshopssuchasMML2000 areanexcellent

way to helpmake thishappen.

MML2000 ConferenceParticipant List:

AhmedAbou-Kandil(Cambridge)� aia23@cam� ac� uk �
Kelly Anderson(Cambridge)� kla24@cam� ac� uk

�
SimonAntony (Surrey) � S�Antony@surrey� ac� uk

�
PaulBoon(Oxford) � paul� boon@materials� ox� ac� uk

�
BastiaandeGeeter(U. of Twente,Netherlands)� b� a � degeeter@ct � utwente� nl

�
HongbaioDong(Oxford) � hongbiao� dong@materials� ox� ac � uk �
Sergei Dudarev (EURATOM/UKAEA Fusion) � Sergei �Dudarev@ukaea� org � uk �
JamesElliott (Cambridge)� jae1001@cam� ac� uk �
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GeroFriesecke (Oxford) � gf @maths� ox� ac� uk
�

Marc Hamm(Cambridge)� mh264@cus� cam� ac� uk
�

BrendanHowlin (Surrey) � b� howlin@surrey� ac� uk
�

Dirk Lamoen(U. of Antwerp,Belgium) � lamoen@ruca� ua� ac� be �
K. Lee(Cambridge)� kwl20@cus� cam� ac� uk �
IanMorrison(Salford) � i �morrison@salf ord � ac� uk �
PaulMulheran(Reading)� p � a �mulheran@reading� ac� uk �
PeterNtoahae(Oxford) � senauoa@technologist � co �
SamiPaavilainen(TampereU. of Tech.,Finland) � sami� paavilainen@tut � f i �
J.Pan(Surrey) � J � Pan@Surrey� ac� uk �
J.Paul (ARL-ERO, London) � jzavada@usardsguk� army�mil

�
Phil Parrish(ONR-IFO,London) � pparrish@onri f o � navy�mil

�
Ross(Salford) � d � k � ross@salf ord � ac� uk

�
SaumitraSaha(ThePeople’s FriendshipU., Russia)� ssaumitra@hotmail � com

�
William Sandberg (NRL, USA) � sandberg@lcp � nrl � navy�mil �
UweSchoenberger (Max-Planck)� uwe@and�mpi � stuttgart �mpg� de �
ShaunSellers(UCL) � shaun_sellers@yaho o.c o.u k

�
Ilian Todorov (Bristol) � i � t � todorov@bristol � ac� uk �
JohnZavada(ARL-ERO, London) � jzavada@usardsguk� army�mil �

MML2000 Speaker List:

David Pettifor(Oxford) � david � petti f or@materials� ox � ac � uk �
Alan Windle (Cambridge)� ahw1@cam� ac� uk �
Kurt Kremer(Max-Planck) � kremer@mpip � mainz�mpg� de �

DorosTheodorou(Patras)� doros@sequoia� chemeng� upatras� gr �
WolfgangPaul (Mainz) � Wol f gang� Paul@uni � mainz� de

�
GeorgeGilmer (Bell Labs-Lucent)� ghg@allwise� lucent � com

�
JohnWillis (Cambridge)� jrw1005@damt p � cam� ac� uk

�
RobertRudd(LLNL) � robert� rudd@materials� ox� ac � uk

�
Mark Gyure(HRL) � gyure@hrl � com �
Didier Farrugia(CORUS) � Didier_Farrugia@tec hnolo gy. bri ti shs tee l.c o. uk

�
RW (Russell)Evans(Swansea)� r �w� evans@swansea� ac� uk �
RobPhillips (Brown) � phill i ps@alpha1 � engin� brown� edu �
PatrickGrant(Oxford) � patrick � grant@materials� ox � ac� uk �
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6.1.2 Report on CECAM Meeting

“Futur edevelopmentsin the study of structur e-property relationsby
computational crystallography and experiments”

This workshop(held in Lyon at CECAM, from October23 to 27, 2000)wasplannedin order to pro-

vide theopportunityto discussrecentadvancesin theoreticalandexperimentalapproachesof interestto

crystallographers.It wasintendedto continuethe sequenceof workshopson similar topicsfundedby

CECAM (1997)andtheESF(1998). Thepresentworkshopwould not have beenpossiblewithout the

generousfundingprovidedby CECAM andESF, thelattercomingfrom theSTRUC Psikprogram.

Theformatof theworkshopwasa smallandextremelyinformal meeting(about20 participants),in the

approximateratio theory/experiment=1/1. All speakersweregivena onehourslot, andall participants

madeextendedpresentationsof their research.Long discussionsof points of interestwere a typical

featureof eachpresentation.Therewas alsoampletime for even lessformal discussionsduring the

breaks.An interesting(andunusual)featureof theworkshopwasthepublicationof a bookof extended

abstractsbeforetheworkshop.This really helpedparticipantsto getup to speedwith everyone’s recent

research.

Hugeprogresshasbeenmadein thelastfew yearswith respectto themodellingof structuresandprop-

ertiesof complex inorganicstructures.Examplesthatwerediscussedduring theworkshopincludethe

calculationof phonondispersioncurves,NMR chemicalshifts,compressionmechanisms,solidstateand

surfacereactions,opticalproperties,etc.Similarly, significantprogresshasbeenmadein theexperimen-

tal determinationof structuresandtheir properties,for example,by usingsynchrotronradiationfrom a

3rd generationsourcein combinationwith position-sensitive detectorsandmoderndiamondanvil cells

for very high pressurestudies.Themainmotivationfor theworkshopwasto assessthecurrentstate-of-

the-artsincewe needto understandthecapabilitiesandlimitationsof boththeoreticalandexperimental

approaches.This is animportantconsiderationwheninterpretingexperimentalresults,validatinga the-

ory by comparingwith experimentaldata,or predictingoutcomesof experimentsthat aredifficult to

perform. We thereforehopethat thecontributionsto theworkshopadvancedthemutualunderstanding

of theoreticians,codedevelopers,usersof quantum-mechanicalprograms,andexperimentalists,andalso

providedanoutlookof progressto beexpectedin thenext few years.

The organisationof theworkshopwasan activity of the ’Computationalcrystallography’groupof the

GermanCrystallographicSociety, DGK. The proceedingsof the meetingarealreadyavailable in the

series’BerichteausArbeitskreisen’publishedby theDGK (vol. 10; contactProf. Dr. H. Küppers,Min-

eralogischesInstitut, Univ. Kiel, D-24098Kiel, Germany). We areall enormouslygratefulto Karsten

Knorr, oneof theorganisersof themeeting,for all theefforts thatmadethispublicationpossible,andto

theDGK for anamazinglyspeedyresponse.
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Themeeting’s webpage:

http://www.min.uni-kiel.de/kristallographie/cecam2000/

givestheinformationabouttheworkshopprogramanda list of participants.It is gratifying to notethat

evenafteranumberof lastminutecancellationsthemeetinghadatruly internationalandinterdisciplinary

character.

Theorganiserswould like to thankagainthehostorganisation,CECAM, in particularMichel Mareschal

andEmmanuelleCrespeaufor theircompetent,efficient,andfriendly help. I think it is fair to saythatthe

meetingwassuccessfulandenjoyablefor participants.A brief descriptionof thecontributionsfollows.

Variousaspectsof latticedynamicsstudieswerediscussedby MarkusBraden(KFZ, Germany andLLB,

France)andStefanode Gironcoli (SISSA,Italy). MarkusBradendescribedrecentadvancesin lattice

dynamicsmeasurementsat high pressure.For a long time themaximumattainablepressurefor neutron

scatteringexperimentswas2-3 GPa, the main limitation beingthe samplevolumeneededfor reliable

phononmeasurements.Recentadvancesin spectrometerandhigh-pressurecell designallow thelimit to

bepushedto 10-12GPa. This openstheway for thesearchfor soft phononmodesin pressure-induced

phasetransitions,to measuremodeGruneisenparameters(andthusinfer a numberof thermodynamical

properties),andto studypressuredependenceof magneticexcitations.Particularresultsthatwerepre-

sentedincludethephonondispersionof Geup to 10 GPa,phononandmagnonspectraof iron up to 10

GPa(thefirst ever studyof any magneticexcitationunderhigh pressure),etc. It is ratherreassuringthat

existing abinitio predictionsof themodeGruneisenparameterin germaniumagreeextremelywell with

thelatestreportedmeasurements.

Stefanode Gironcoli presenteda review of the developmentsin the areaof densityfunctionalpertur-

bationtheoryfollowedby animpressive resultson geophysicalapplicationswith themainemphasison

thermoelasticityof minerals(MgO andperovskiteMgSiO3). Ab initio studyof elasticconstantsat high

temperatureandpressureis now sufficiently accuratethattheresultsof abinitio calculationscanbereli-

ablyusedto makeconclusionson applicabilityof variousphenomenologicalmodelsof theEarth’s core,

for example.

A numberof contributorsaddressedissuedrelatedto electronictransitionsandoptical properties.Eu-

geneKrasovski (Kiel, Germany) gave anoverview of theall-electronmethodsusedto calculateoptical

propertiesof crystalswithin DFT. The experimentalviewpoint waspresentedby Michael Andrut (Vi-

enna,Austria) who gave an excellent introductionto state-of-the-artin infraredandoptical absorption

spectroscopy of minerals.Michael alsodescribedin detail thestatusof thesemiempiricalcrystalfield

theory in geosciences.PetraBecker (Cologne,Germany) presenteda field of materialsfor nonlinear

optics. Attemptsto rationally designnew NLO materialsarestill quite rare,andmodellingcanhelp

to advancethe caseof devising a new materialthat satisfiesa numberof imposedconstraintsandhas

desirednonlinearopticalproperties.Petra’s examplesof therecentwork on a varietyof promisingma-

terials(e.g.,potassiumrare-earthnitrates,bismuthtriborate,potassiumniobiumtriborate,alkaline-metal

niobiumborates)showedjusthow difficult thequestfor anindustrially-acceptable NLO materialcanbe.

A large body of discussionwascenteredarounda relatively new field of NMR chemicalshifts asan

analyticaltool in solidstatestudies.IanFarnan(Cambridge,UK) introducedtheexperimentalfield using
17O studiesof silicatesasan example. Oneparticularareaof interesthereis the applicationof NMR

to studyelement-specificdynamicson a diffusive time scale.Thesetemperature-dependent spectracan

28



becomea verygoodtestof moleculardynamicssimulationsin oxides.

Theoreticaldevelopmentsin the field of NMR calculationswere presentedin two separatetalks by

FrancescoMauri (Paris,France)andChris Pickard(Cambridge,UK). FrancescoMauri introducedthe

method,which is basedon densityfunctionalperturbationtheory, andpresenteda numberof new re-

sultsrelevant to studiesof silicates.Themostrecentwork on disorderin amorphoussilica givesa hold

on suchfine structuraldetailsasSi-O-Siangulardistribution basedon theexisting experimentalNMR

data. Chris Pickardcontinuedthesubjectby investigatingat greaterdepththeapproximationsthat are

madein thetheoreticalstudies,andalsoby makingconnectionswith theNMR methodscommonlyused

in quantumchemistrywhenstudyingnonperiodicsystems.His setof examplesincludeda numberof

medium-sizedmolecularcomplexeswhereNMR information is crucial for determining,for example,

molecularconformationsof porphyrins.

A sessionon high pressurestudieswasopenedby Michael Hanfland(Grenoble,France)who present-

eda numberof recenthigh-pressurestudiescarriedout at theEuropeanSynchrotronRadiationFacility

(ESRF).His examplesincludedthestudyof phasetransitionsin solid molecularnitrogenwhereorien-

tationalorderingaccompaniesthestructuralchanges;pairingof lithium atomsin metallic lithium under

compression;andthe structuralpropertiesof LaFeO3 underpressure.The theoreticalpart of the high

pressurediscussionswaspresentedby Bjoern Winkler (Kiel, Germany) in his openingnotesandlater

by Victor Milman (Cambridge,UK). BjoernWinkler presentedthe latestresultsof theDFT studyof a

mixed valencecompound,CsAuCl3, underpressure.DFT calculationsfor this systemreproducewith

greataccuracy the ’signature’featureof thestructure- thechangefrom Au(I)Au(III) electronicconfig-

urationto Au(II) which is seenasa creationof a cubicstructurewith no charge ordering.This finding

is encouragingfor DFT practitionersin view of recentcommentson thenecessityof SIC correctionsto

reproducemixed-valencecompoundscorrectly. It appearsthatastraightforwardDFT applicationis suf-

ficiently accurateto describethestructuralproperties.Furtherexamplesof compressionstudiesgivenby

Victor Milman includeda recentsystematicstudyof thecompressibilityof cubicgarnetsandthestudy

of thephasestability andcompressionof klockmannite,CuSe.The conclusionis that theDFT results

areexceptionallyreliablefor a largenumberof compoundsandthatthebulk modulusis reproducedwith

anaccuracy which is typically betterthan10%.

A large sectionof the workshopwasbroadly classifiedas ”StructureandProperties”. Michele Catti

(Milan, Italy) presentedrecentresultson LCAO-HF calculationsfor silica polymorphsascomparedto

numerousDFT studies. The main practicalconclusionof the long discussionthat followed was that

the needfor analyticallycalculatedgradientsin theCRYSTAL codeis very strong. Anotherdirection

of the discussionwastowardsclarifying the relative accuracy of LDA andGGA approachesin oxides

andrelatedsystems.ThecurrentsituationwhereGGA is moreaccuratefor somesystemsandLDA for

others,makessystematicstudiesverydifficult.

JulianGale(London,UK) presenteda completestudyof crystallisationproblemsrelevant to the alu-

minium productionprocess.This gave a very clearpictureof a complex computationalexperimentthat

involvesanabinitio studyof anumberof solidstatephasesof Al(OH)3, andalsoastudyof anumberof

molecularreactionsin solvents,followedby anabinitio MD simulationof aBayerliquor.

MarekHytha(Kiel, Germany) presentedararelyusedcomputationalmethodthatinvolvesadaptive self-

consistentpseudopotentials.The basictheoryis very straightforward; theonly differencewith respect

to standardpseudopotentialDFT implementationsis that thepseudopotentialsarerecalculatedwith the
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boundaryconditionsthat areappropriatefor a given crystal ratherthan with the free atom boundary

conditions.Theresultantschemepreservestheadvantagesof thepseudopotentialmethod,while giving

accessto a numberof propertieslike core-level shifts thatarenot easilyavailablein thestandardpseu-

dopotentialapproaches.Thereliability of theschemewasillustratedby anumberof examplesincluding

layeredcompoundsandsilicon (100)surface.

NicolasLorente(Toulouse,France)presentedtheoreticalresultsthatshedlight on therecentexperimen-

tal findingsfrom inelasticelectrontunnelingspectroscopy of molecularadsorbateson metallicsurfaces.

Ab initio calculationsfollowedby symmetryanalysisallow oneto interpretexperimentalresultsin terms

of thevibrationalpropertiesof adsorbedspecies.

A very welcomecontribution from JurgenSchreuer(Zurich, Switzerland)gave a thoroughintroduction

to theworld of experimentalmeasurementof elasticconstants.A clearandlogicaldescriptionof various

techniqueswasextremelyhelpful to anyoneinterestedin evaluatingthe reliability of publishedexper-

imentaldata. A subsequentdiscussionof the recentexperimentalwork on temperaturedependenceof

elasticconstantsnearthephasetransitionwasvery interesting.

KarstenKnorr presenteda schemefor reconstructionand interpretationof densitydistributions. It is

basedon optimalgeometricembeddingof thefragmentsinto densitydistributionsresultingfrom maxi-

mumentropy reconstructions.A numberof examplesshowedconvincingly thata rich varietyof struc-

tural informationcanthusbeextractedfrom diffractiondata.Oneof themostimpressive casesinvolves

aqualitative representationof adynamicdisorderin thesystem.

A discussionof variousaspectsof structureandelectronicpropertiesof titanium dichalcogenideswas

givenby Andrei Postnikov (Duisburg, Germany). FLAPW calculationswereusedto studyperfectand

dopedstructuresandto relatechangesin crystalandelectronicstructureswith theexperimentaldataon

transportproperties.

Georg Thimm(Singapore)causedalot of interestin theaudienceby histalk ontopologyof crystalstruc-

tures.Thebottomline of themethodis thatonecangeneratein asystematicwayfull setsof all possible

structureswith giventopologicalconstraints.Thisapproachis increasinglyusedin crystallographyfor a

numberof reasons.Firstly, recentexperimentalfindingsof variousnew formsof well-known materials

(e.g.,carbon)suggestthatevenmorepolymorphsmight besynthesised,andit is challengingto beable

to predictwhereto look for them.Secondly, computationalmethodsarenow sufficiently advancedto be

ableto processtheoutputof thegraphtheorymethodsandenduponly with physicallyviablestructures.

Thethermodynamicsof disorderin mineralswaspresentedby MicheleWarren(Manchester, UK). A va-

riety of methodswereused,rangingfrom abinitio simulationson 20-100atomsto MonteCarlostudies

of tensof thousandsof cations.Theconclusionis that thecombinationof techniquesof differentlevels

of sophisticationis capableof describingorder-disordertransitionsquiteaccurately.

BjörnWinkler, KarstenKnorr, ChrisPickard,Victor Milman

(November2000)
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6.1.3 Report on CMS2000

CMS2000- 10th Computational Materials ScienceWorkshop
Villasimius,Sardinia,Italy, 7-12September2000

The tenth edition of the ComputationalMaterialsScienceWorkshop(CMS2000)hasbeenheld suc-

cessfullyin Villasimius,Sardinia,Italy on 7 to 12 September2000. Theworkshophasbeenfundedby

theEuropeanUnion undertheHigh-Level ScientificConferencesprogramme,by theEuropeanScience

Foundationunderthe programElectronic structure calculationsfor elucidatingthe complex atomistic

behaviourof solidsandsurfaces, by theUniversityof Cagliari,andtheNationalInstitutefor thePhysics

of Matter.

A total of 89 participantstook part in the event. Almost all of them (96%) were scientistsactive in

EU countriesor associatedstates.Thenumberof participants(of any nationality)active in thevarious

representedcountrieswasasfollows: Italy 31;Germany 17;U.K. 7; France7; Sweden5; Switzerland

4; Brasil 4; Finland 3; Belgium 3; Spain 3; Netherlands2; Austria 1; Czekia 1; Ukraine1, USA 1.

Thepleasantenvironmentandreasonablygoodweatherhelpedtheintegrationamongparticipants.

Thescientificactivities consistedof 8 oralsessionscomprising20 invited lectures(1 hourseach),andof

two distinctpostersessions,comprising30 posterseach.The (one-houror three-hour)invited lectures

werecenteredonbothbasicissuesandapplicationsof abinitio methods,prevailingly density-functional

based.A. Baldereschi (EPFLausanne,Switzerland)discussedrecendadvancesin theunderstandingof

electronicstructureof adsorbatesonmetals.S.Baroni, (SISSATrieste,Italy) reviewedtheverysuccess-

ful linearresponsetheoryof dielectricanddynamicalpropertiesof solids,andanovel abinitio theoryof

magnons.S.Fahy (Cork University, Ireland)gave a compellingreview of thepresentstateof theart in

QuantumMontecarlo.R.O. Jones(KFK Jlich,Germany) addressedin detailthelimits of differentDFT

exchange-correlation functionalsin his talks on clusters,polymersandanomalous-thermal-expansion

materials.M. Parrinello (MPI-FF Stuttgart,Germany) coveredtherecentwork of his groupon Ziegler-

NattacatalysisandNMR shifts in organicsR. Resta(Universit̀a di Trieste,Italy) reinterpretedhis own

seminalwork on dielectricpolarizationin the light of thegeneralizedpositionoperator, andpresented

applicationsto electroniclocalizationin dielectrics.M. Scheffler (Fritz-Haber-Institut Berlin, Germany)

coveredseveral topicsrelevant to thegrowth of semiconductornanostructuresandcatalyticactivity on

metalsurfaces.Finally, two experimentaltalkscompletedthepicture:O. Ambacher (WSI-TU Munich,

Germany) reviewedvery recentexperimentalevidencesandeffectsof macroscopicpolarizationeffects

in nitride nanostructures,andJ. Frenken (LeidenUniversity, The Netherlands)discussedan intriguing

caseof in-surfacediffusionmediatedby vacancies,andtheexciting prospectsof nanotribologywith the

STM.

Last-minutechangesto theoral invited programwerefairly substantial.Quiteunfortunately, A. Zunger

(NREL) hadto cancelhis participationa weekbeforethe event. Even moreregrettably, U. Landman

(Georgia Tech)simply did not show up at theconference.M. Parrinellokindly agreedto cover partof
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thetime thusfreedup.

Thepostersessionscollectedabout60 distinctoriginal contributionsfrom participants.Thetitles of the

contributions arecollectedon the web site of the conference,http://www.dsf.unica .i t/C MS2000 .

Papersrelatedto bothcontributedandinvited talkswill bepublishedin aspecialissueof Computational

MaterialsSciencein 2001.

32



6.2 Workshop/ConferenceAnnouncements

6.2.1 EUROPEAN WINTER SCHOOL

STATE OF THE ART SIMULA TIONS

IN ELECTR ONIC STRUCTURE AND TOTAL ENERGY

FOR SURFACE SCIENCE

Institut d’Etudes Scientifiquesde Cargèse

Cargèse,Corsica,France

February19th - March3rd 2001

PURPOSE

Theaim of this schoolis to presentthestateof theart in electronicstructureandtotal energy calcula-

tions in view of their applicationsto thephysicsof solid surfaces.The theoreticalmethodswhich will

betreatedwill extendfrom ab-initio methodsto empiricalpotentials.In eachcasetheir field of applica-

tionsandtheir limitationswill bediscussed.Many practicalexampleswill begivendealingwith metal,

semiconductoraswell asoxydesurfaces.In addition,anumberof lectureswill bedevotedto experimen-

tal techniques(photoemission,STM, magneticdichroism...)the interpretationof which relieson these

theoreticalmethods.Thescheduledlectureswill beorganizedinto six mainsubjects:

1. Electronic structure: Methods

2. Electronic structure: Applications and Experiments

3. Empirical potentials and applications

4. SurfaceMagnetism

5. Excitations at surfaces

6. Physisorption and Chemisorption

Theschoolis mainly intendedfor PhDstudents,post-docsandyoungresearchersin thefield andboth

for theoreticiansandexperimentalists.
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MAIN ORGANIZERS:

Dr. D. Spanjaard

email: spanjard@dectheo2.lps.u-psud.fr

LaboratoiredePhysiquedesSolides,Bat.510

Universit́e Paris-Sud

F91405Orsay, France

Dr. M.C. Desjonqùeres

email:mcdjs@confiance.saclay.cea.fr

DSM/DRECAM

Service de Physiqueet Chimie des Surfaces et

Interfaces

CEA Saclay, Bat.462

F91191Gif surYvette,France

Dr. C. Barreteau

email: barreto@drfmc.ceng.cea.fr

DSM/DRECAM

Service de Physiqueet Chimie des Surfaces et

Interfaces

CEA Saclay, Bat.462

F91191Gif surYvette,France

Presentaddress:CENGCEA Grenoble

DRFMC/SP2M/NM

17,Av. desMartyrs

38054GrenobleCédex 9 , France

VENUE

The schoolwill be held at the ”Institut d’EtudesScientifiquesde Cargèse” which is affiliated to the

CentreNationaldela RechercheScientifiqueandtheUniversitiesof CorsicaandNice-Sophia-Antipolis.

Cargèseis a small village of Corsica(France),it is locatedat theseaside,50kmsfrom Ajaccio on the

westcoast.

More informationcanbefoundat theInstituteweb-site:

http://cargese.univ-corse.fr

SCHEDULE AND OTHER DETAILS

Theprogrammewill beorganizedin nineworking daysduringwhich therewill be four lectures(1H30
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each,including15’ for discussions).Postersessionsareplannedto enabletheparticipantsto presentthe

results(alsopreliminary)of their currentresearch.

Participantsfrom any europeancountryare invited. However the numberof participantsis limited to

60. Thefeesincludingregistration,lodgingandlunchesshouldnot exceed750Eurosbut maybelower

dependingon thefundscollectedby theorganizers.A substantialreductionof thesefeeswill begranted

to PhDstudents.All necessaryinformationon theschoolis availableandwill becontinuouslyupdated

at theweb-site:

http://www-drfmc. cea .fr /SP 2M/L_ Sim/Co ngres /Co rse _2001 /ca rge se .ht ml

The interestedpersonsareasked to visit this web-sitein order to find a completelist of lecturersand

titles of lectures,aswell asapreregistrationform to besentassoonaspossible.
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6.2.2 2001E-MRS Spring Meeting

SymposiumA – 2001E-MRS Spring Meeting:

”Computational Materials ScienceAcrossTime and Length Scales”.

Strasbourg ( France ) June5-8,2001

MOTIVATION

Processesandstructuresin materialssciencemight easilyinvolve variablesthatspantenor moreorders

of magnitudein timeandspace.Clearly, adetaileddescriptionof theoverallphenomenonat thesmallest

level of resolutionis out of the questionand thereforeschemesmust be developedthat allow for a

seamlessintegrationacrosstherelevantscales.Thus,atomisticfirst-principlescalculationsmayhave to

bematchedwith classicalmoleculardynamicssimulations,which mayin turn have to be joinedontoa

continuumdescription.Likewise, accelerationtechniquesmustbe developedto crossthegapin time-

scales.Bothproblemsbenefitfrom thesustainedupwardtrendsin computerspeedandmemory, but they

alsonecessitatethedevelopmentof new algorithmictools. Recentyearshave seenmuchactivity in this

areaandit is theaimof thissymposiumto bring togetherresearchersworkingon thesemulti-resolution,

multi-scalemethods,to review progress,to addresscommonconcerns,andto integratethefindingswith

experimentaltechniques.

SCOPE

Papersaresolicitedthatfall in thegeneralsubjectmatterof thesymposium,with specificattentionto the

following areas:

1. mechanicalproperties,including fracture,fatigue,lattice mismatch,defectstructures,dislocations,

etc.;

2. growth andevolution of surfaces,thin films, andinterfaces;

3. semiconductorstructures,from theatomicto thedevice level.

Papersannouncingnew methodologiesarealsowithin thescopeof thesymposiumaslong asthey are

appliedto realmaterialsproblems.

FinancialsupportthroughtheESFprogrammeψk is possible,especiallyfor youngscientists.Request

shouldbesentto H. Dreysśe by e-mail( hugues@lugh.u-strasbg.fr ) with theabstractandthefollowing

informations

——————————————————————-

Name:

Position:

Full address:

For PhDstudentpleaseadda letterfrom your thesissupervisor
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——————————————————————–

DEADLINE FORABSTRACT SUBMISSION:January10,2001!!!!

Formfor abstractandall informationsareavailableat:

E-MRS2001SpringMeeeting

BP 20

67037Strasbourg Cedex 2, France

e-mail: emrs@phase.c-strasbourg.fr

http://www-emrs.c-strasbourg.fr

Abstractshouldalsobesentto thissameaddressbefore jan. 10,2001

ORGANIZERS:

* H. Dreysśe

IPCMS-GEMME,Universit́e Louis Pasteur,

23 ruedu Loess,BP 20CR,67037Strasbourg, France.

Tel.: 388.10.70.83

Fax: 388.10.72.49

E-mail: hugues@lugh.u-strasbg.fr

* R. Nieminen

Laboratoryof Physics,Helsinki Universityof Technology

02150Espoo,Finland

Tel.: 358-9-451-3105

Fax: 358-9-451-3116

E-mail: rniemine@csc.fi

* L. T. Wille

Departmentof Physics,FloridaAtlantic University,

BocaRaton,FL 33431,USA.

Tel.: (561)367-3379

Fax: (561)367-2662

E-mail: willel@acc.fau.edu
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6.2.3 Workshop in Exeter

DOPING ISSUESIN WIDE BAND-GAP SEMICONDUCT ORS

Exeter, United Kingdom

21-23March 2001

http://newton.ex. ac. uk/ wid egap2001 /

Supportedby theEuropeanScienceFoundationthroughthePsi-knetwork.

The aim of the workshopis to bring togetherexperimentalists—interested in optimising and charac-

terisingthe electricalactivity of dopantsin wide band-gapmaterials—andtheoreticianswho carry out

calculationsin this area. The workshopwill focusmainly on defectsandimpuritiesin GaN,SiC, and

diamond.

Thereis a greatdealof interestin overcomingproblemsrelatingto shallow dopantsin thesematerials.

For example,boronis a shallow acceptorin diamondbut thereareproblemsrelatingto shallow donors.

Phosphorusandsulphurarekey candidatesat themomentandthereis intenseinterestin optimisingtheir

activity.

In GaN,oxygenandsilicon areknown to beshallow donorsbut therearedifficultiesin finding efficient

shallow p-typedopants- Mg andBe arefavouredbut have low activities. In SiC, nitrogenandboron

on the Si site arethe bestdonorsavailable. Neverthelessall thesedopantssuffer problemsrelatingto

solubility andtheformationof complexes.

Experimentalistsarewell awarethatabinitio modellingis a very effective way in which dopantactivity

can be predicted. It is significant that the oxygendonor in GaN was first suggestedfrom ab initio

theoreticalresults.

Thereis currentinterestin co-dopingwherethe electricalactivity canbe increasedwhentwo or more

impurities(sometimesbothdonorsandacceptors)areinvolved andthis will beoneof the topicsat the

workshop.Othertopicswill involve growth andcharacterisation.

Thisworkshopwill featureextendedinvited talks,contributedtalks,andpostersessions.Ampletimefor

informaldiscussionswill alsobeprovided.Proceedingswill bepublishedin aspecialissueof Journalof

Physics:CondensedMatter. Theworkshopvenuewill bethecampusof theUniversityof Exeter, in the

south-westof England.Accommodationwill beprovidedon sitein theUniversityhallsof residence.

Confirmed invited speakers include:

FriedhelmBechstedt,Universiẗat Jena,Germany

BernardClerjaud,Universit́e PierreetMarie Curie,Paris6, France

38



PeterDeak,BudapestUniversityof Technology, Hungary

HiroshiKatayama-Yoshida,OsakaUniversity, Japan

Joerg Neugebauer, Fritz-Haber-Institut, Berlin-Dahlem,Germany

RistoNieminen,Helsinki Universityof Technology, Finland

Bo Monemar, LinköpingUniversity, Sweden

JuergenRistein,Universityof Erlangen,Germany

JohnRobertson,Universityof Cambridge,UK

BengtSvensson,Royal Instituteof Technology, Stockholm,Sweden

Kimmo Saarinen,Helsinki Universityof Technology, Finland

ChrisVandeWalle,XeroxPARC, PaloAlto, USA

ChristianWetzel,Uniroyal Optoelectronics,USA

Contrib uted papers:

Thecall for contributions is now open. Pleasesubmitcontributionsvia the form provided on our web

site: http://newton.ex.ac .uk /wi degap2001/ . Registrationis now alsopossibleon thewebsite.

Pleasesubmitabstractsof your contributionsby: 28 February2001

Notificationof acceptancewill bebefore: 5 March2001

Early registrationpossibleuntil: 28 February2001

Organisers:

R. Jones& C. J.Fall Telephone:+441392264134

Schoolof Physics Secretary:+441392264151

Universityof Exeter Fax: +441392264111

ExeterEX4 4QL Email: widegap2001@excc. ex. ac. uk

UnitedKingdom
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6.2.4 Inter national Conferenceon DFT

FIRST ANNOUNCEMENT

9th Inter national Conference

on the Applications of the DensityFunctional Theory

in Chemistry and Physics

September, 10-14,2001

SanLor enzodel Escorial, Madrid, SPAIN
http://www.uam.es/dft2001

We arepleasedto announcehereinthe9th InternationalConferenceon theApplicationsof theDensity

FunctionalTheory in ChemistryandPhysicsand look forward to your participation. The purposeof

this Conferenceis to offer a forum wherethe recentdevelopmentsin DensityFunctionalTheoryand

their applicationsto theChemistryandPhysicsof increasinglycomplex materialscanbepresentedand

discussed.This is the9th in a Seriesof successfulConferences,andfollows recentonesthat took place

in Paris(1995),Wien (1997)andRoma(1999).

To achieve maximalrepresentationin this Meeting,pleaseforwardthis circularto interestedcolleagues

in andoutsideyour institution.

SCIENTIFICCOMMITTEE:

E.J.Baerends(Amsterdam)

R. Car(Princeton)

P. Fantucci(Milano)

P. Geerlings(Brussels)

E.K. Gross(Wurzburg)

N.C.Handy(Cambridge)

S.G.Louie (Berkeley)

B.I. Lundqvist(Goteborg)

R.G.Parr (NorthCarolina)

D. Salahub(Ottawa)

J.Weber(Geneve)

ORGANIZING COMMITTEE:

J.A.Alonso(UniversidaddeValladolid)

J.M.Garciadela Vega(UniversidadAutonomadeMadrid)
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M. Moreno(UniversidaddeCantabria)

P. Wahnon(UniversidadPolitecnicadeMadrid)

LOCAL ORGANIZING COMMITTEE:

R. Lopez(UniversidadAutonomadeMadrid)

B. Miguel (UniversidadAutonomadeMadrid)

A. Zarzo(UniverisdadPolitecnicadeMadrid)

INVITED SPEAKERS:

E. Artacho(Madrid) U. Landman(Atlanta)

V. Barone(Napoli) D. Langreth(Rutgers)

A.D. Becke (Queen’s) P. Madden(Oxford)

E.A. Carter(LosAngeles) J.L.Martins(Lisboa)

M.E. Casida(Montreal) R.F. Nalewajski (Krakow)

C.A. Daul (Fribourg) J.Perdew (Tulane)

R. Godby(York) U. Rothlisberger (Zurich)

A. Goerling(Munchen) A. Rubio(Valladolid)

O.V. Gritsenko (Amsterdam) A. Savin (Paris)

E.K. Gross(Wurzburg) M. Scheffler (Berlin)

F. Illas (Barcelona) J.Schofield(Toronto)

W. Kohn(SantaBarbara) M. Teter(Cornell)

This list will beexpandedafterconfirmationof severalinvited speakers.

SCOPEOF THE CONFERENCE:

TheConferencewill bedevotedto a broadandbalancedoverview of new results,emerging trendsand

perspectivespertainingto theapplicationsof DensityFunctionalTheoryto ChemistryandPhysics.The

main topicscoveredby theConferencewill benew andrecentadvanceson: -Methodologicaldevelop-

ments.New exchange-correlation andkineticenergy functionals.Excitedstates.

-Computationaladvances.New codes.

-Isolatedsystems:molecules,reactivity, dynamics,smallclusters.

-Condensedphases:mesoscopicsystems,solids,assembledmaterials.

-Complex molecularsystems:biomolecules,molecularmaterials.

-Electricandmagneticproperties.

FORMAT:

ThescientificProgramwill consistof thematicsessionswhereplenarytalks, invited lecturesandsome

oral contributions (selectedfrom the submittedAbstracts)will be presented.In additiontherewill be

postersessions,scheduledfor optimalviewing anddiscussion.

LOCATION:

Colegio UniversitarioMaria Cristina,in SanLorenzodel Escorial,50 Km from Madrid. SanLorenzo
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del Escorialis a picturesquevillage nearthemountainsof SierradeGuadarrama,easilyaccesiblefrom

Madrid. It is alsoanimportanthistoricalsite,with its famousMonastery.

ACCOMODATION:

It is expectedthat mostparticipantswill be lodgedin singleroomsat the Colegio UniversitarioMaria

CristinaandResidenciaSagradosCorazones.They provide confortableandmoderninstallationsand

we have negociatedvery reasonablepricesfor full boardaccomodationfrom theeveningof September

9th Sundayuntil 14th Friday, after lunch. No fractionsof this specialglobal packagecanbe offered.

Alternative accomodationscanbefoundin severalhotelsin town.

REGISTRATION AND CONFERENCEFEES:

Detailswill beprovidedin thesecondcircular. It is expectedthattheRegistrationwill bearound50.000

Pesetas(300euros).Thiswouldincludeattendanceatall scientificsessions,thebookof abstracts,coffee

breaks,excursionandtheConferenceBanquet.

GRANTS:

Weexpectthatanumberof grantswill beavailable.Thesegrantsaremainly intendedfor peoplecoming

from countrieswith shortresourcesandfor youngscientists.

SPONSORSHIP:

TheConferenceis sponsoredby:

ESFPsi-kProgrammeEC COSTAction D9

PRE-REGISTRATION:

Pre-registrationform is availableonwebsite.

Updatesandpertinentdetailswill beplacedperiodicallyon thewebsite:

http://www.uam.es/dft2001
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6.2.5 EuroconferenceAnnouncement

Electronic Structure of Solidsand Surfaces

EuroConferenceon Computer Simulation of Complex Interfaces:

Out of the VacuumInto the RealWorld

Giens,near Toulon, France,7-12September2001

Chairpersons:Philip Lindan (CLRC Daresbury Lab., UK) & Claudine
Noguera(Univ. Paris II, F)

Deadlinefor applications:April 2001

Preliminaryprogrammeandapplicationform at:

http://www.esf.org/euresco/01/pc01138a.htm
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6.3 Psi-k Workshopsin 2001

The following 15 workshops,to take placein 2001, are being partially supportedby the Psi-k ESF

Programme:

1. EuropeanWinter School: Stateof theart simulationsin electronicstructureandtotal energy for

surfacescience.February19- March3,2001in Institutd’EtudesScientifiquesdeCargese(Corse),

France.

http://www-drfmc.c ea.fr /SP 2M/L_Sim/Co ngr es /Co rse _2001/ca rge se. ht ml

2. Workshopon Application of Density-FunctionalTheory in Physicsand Biochemistry. Hands-

on workshoporganizedby organisedby Arno Schindlmayr,PeterKratzer, Jrg Neugebauerand

MatthiasScheffler. 23 July-1 August;Fritz-Haber-Institut, Berlin.

3. EurescoConference:Out of the Vacuuminto the Real World. Organizers:Philip Lindan and

ClaudineNoguera.7-12September;Giens,France.

http://www.esf.org/euresco/01/pc01138a.htm

4. 2001E-MRSSpringMeeting:”ComputationalMaterialsScienceAcrossTimeandLengthScales

”. Organizers:H. Dreysse,R. NieminenandL.T. Wille June-5-8;Strasbourg, France.

5. Psi-K – CECAM Workshopon “Application of Ab-Initio Methodsto GeophysicalProblems”.

Organizers:SandroScandolo,FrancoisGuyot,FrancescoMauri andG. David Price.

6. ’Physicsof MagneticMultilayers- TheoryandExperiment’Prague,June9-16,2001.

http://195.113.32. 128/E GSCM_Pra gue .ht m

7. Oxide-metalinterfaces– Progressandchallenges.Jointly with CECAM. Organizer:Mike Finnis.

Threedaysin earlyto mid October(Thursday, Friday, Saturday),with arrivalsonWednesday.

8. DopingProblemsin Wide Band-gapSemiconductors.Easter2001at Exeter.

9. DensityFunctionalTheoryfor theStudyof Complex Oxides.Royal Institutionof GreatBritain,

betweenthe14-18of May 2001.

http://www.ri.ac.uk/DFT2001/

10. Biological jointly with CECAM. Organizer:Matthew Segall.

11. 9th InternationalConferenceon theApplicationsof theDensityFunctionalTheoryin Chemistry

andPhysicsSeptember, 10-14,2001SanLorenzodel Escorial,Madrid,SPAIN.

12. ”Local orbitalsandlinear-scalingabinitio calculations”tobeheldatCECAM in 2001.Organizers:

PeterHaynes,David Bowler, Emilio Artacho.

13. Non-collinearMagnetism,Organizer:JuegenHafner. March,Vienna,Austria.
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14. UK Plane-Wave PseudopotentialTutorial Workshop. Organizers:Philip Lindan, Stewart Clark

andWalterTemmerman.5-12December, Durham,UK.

15. ThePhysicsof f-electronsystems.Organizers:OlleEriksson,WalterTemmermanandAxelSvane.

April, Daresbury, UK.
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7 General Job Announcements

Postdoctoral/Research AssociatePositions

in Electronic Structure Theory

National Renewable Energy Laboratory (NREL)

http://www.sst.nrel.gov

NREL’s Solid StateTheoryGroupis looking to fill a postdoctoralor researchassociatepositionin the

areaof ElectronicStructureTheoryof nanostructuresandalloys, aswell asmethoddevelopment.This

position is with Dr. Alex Zungerandis for 2-3 yearsstartingJuly-October2001. Applicantsareex-

pectedto have a backgroundin solid-statetheory. Dependingon experienceand qualifications,the

positioncould be at the rank of post-doctoralfellow (40� 000� 53,000per year)or ResearchAssociate

(52� 000� 65,000peryear). More detailsaboutongoingwork in thegroup,computerfacilities,person-

nel, publicationsareincludedin http://www.sst.nrel.gov. Clarificationor furtherdetailscanbeobtained

via e-mailto azunger@nrel.gov.

Interestedcandidatesshouldsendimmediatelyacurriculumvitae,list of publications(includingpreprints

of unpublishedpapersif possible),andarrangefor two referencesaddressedto:

Dr. Alex Zunger

NationalRenewableEnergy Laboratory

1617ColeBoulevard

Golden,Colorado80401

Thesearchwill continueuntil thepositionis filled, but will notextendbeyond1 January2001.

NREL is anequalopportunityemployer andproudof its commitmentto diversity. Womenandminori-

tiesareencouragedto apply.
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PostdoctoralPosition

CondensedMatter Sector(INFM)
Department of Physics,University of Padua, Italy

Weinvite applicationsfor apost-docposition,startingapproximatelybetweentheendof 2000-beginning

of 2001, in our group(CondensedMatter sector(INFM), Departmentof Physicsat the University of

Padua,Italy). Thesuccessfulcandidateis expectedto haveexperiencein abinitio techniquesandhis/her

researchprojectwill mainlyconcernfirst principlesapplicationsto thestudyof chemisorptionof organic

moleculeson thesurfaceof semiconductors.

Thedurationof thepositionis 2 yearsandthesalarywill be34,000,000ItalianLire perannum.

For furtherinformationpleasecontact:

P.L. Silvestrellior F. Ancilotto

IstitutoNazionaleperla FisicadellaMateriaand

Dipartimentodi FisicaG. Galilei

Via Marzolo8

I-35131Padova, Italy

fax +39-049-8277102

tel. +39-049-8277170

e-mail: psil@padova.infn.it, franc@padova.infn.it
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Postdoctoraland PhD Positions

Computational Designand Research of Moleculesand Materials

(CDROM2)
University of Antwerp, Belgium

TheCDROM2 groupof theUniversityof Antwerp,Belgium,hasseveralpositionsavailable.Thegroup,

led by Profs. C. Van Alsenoy, V.E. Van Dorenandvisiting professorN.H. March (Oxford), works on

theelectronicandstructuralpropertiesof materialsandmoleculesby usingfirst-principlescalculations,

semi-empiricalandanalyticaltechniques.Wearelooking for thefollowing people:

1. A postdoc(or PhDstudent)to studythethermodynamicalandrheologicalpropertiesof amorphous

polymersby meansof MC/MD simulationtechniques.The candidateshouldhave experience

with computersimulationtechniquesanda goodknowledgeof statisticalmechanicsandpolymer

physics.

2. A PhD studentto work on the electronicand optical propertiesof dyesby meansof ab-initio

calculationsand tight-binding methods. The applicantshouldhave a good knowledgeof solid

statephysics.

3. A postdocor PhD studentto work on the theoryof new exchange-correlationpotentialsfor the

descriptionof non-bondedinteractionsin polymersandbiomolecules.Thecandidateshouldhave

a profoundknowledgeof condensedmattertheoryand /or theoreticalchemistryandpreferably

alsoa goodknowledgeof programming.

4. A postdocor PhD studentto work on the reactionmechanismof HIV proteaseusingquantum

mechanicalandmolecularmechanicalmethods.Thecandidateshouldpreferablyhave experience

with moleculardynamicsandvisualizationof biomolecules.

Thesepositionsarestartingfrom January2001.Theappointmentwill befor four yearsfor thePhDpo-

sitions.Thepostdocpositionswill befor two years,with apossibleextensionof anothertwo years.The

grosssalaryfor thePhD-studentpositionsis between2200-2550euro/month(dependingon ageandex-

perience)which resultsaftertaxes,healthandsocialinsurancein a netsalaryof 1250-1450euro/month.

Thegrossincomeof thepostdocis within therangeof 3060-3520euro/month, resultingin a netsalary

of 1600-1900euro/month,dependingon ageandexperience.

Informal inquiriesto :

Dr. D. Lamoen.Email : lamoen@ruca.ua.ac.be

tel : 32-(0)3-2180316

To apply, pleaseforward a letter specifyingfor which position(s)you areapplyinganda full CV with

thenamesandaddressesof two refereesto
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Dr. D. Lamoen

Departmentof Physics

Universityof Antwerp

Groenenborgerlaan171

B-2020Antwerpen

Belgium
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Two Junior Faculty Positions

(at the AssistantProfessorlevel (tenure track)

Institute for Theoretical Physics
Karl-Franzens University Graz, Austria

Minimum Requirement:GraduateDegreein Physics

DesiredQualifications:Ph.D.(or equivalent) in theoreticalphysics;several yearsof demonstratedre-

searchactivities (publicationsin scientificjournals,scientifictalks,etc.) in oneor moreof thefollowing

areasof theoreticalphysics:quantum-opticalandmesoscopicphenomenain solids,opticalpropertiesof

semiconductors,quantumtransportin semiconductors,statisticalmechanicsand/ormany-bodyphysics

in condensedmatterphysics;fluency in Germanand/orEnglish.

In additionto thedocumentslistedin theMerkblatt,completeapplicationsmustcontaina list of publi-

cations,ashortdescriptionof researchinterests,aswell asthreelettersof recommendation,which must

besolicitedby theapplicant.

For furtherdetails,see:

http://physik.kfunigraz.ac.at/itp/aprof-ann.html

ApplicationDeadline:December15,2000(Kennzahl:23/49/99or 23/50/99)

For questionsconsultwith: walter.poetz@kfunigraz.ac.at

Applicationsmustbemailedto:

ZentraleVerwaltung-Personalabteilung

Kennzahl:23/49/99or 23/50/99

Karl-FranzensUniversittGraz

Universittsplatz5

A-8010Graz

WalterPötz

Institut für TheoretischePhysik

Karl-FranzensUniversiẗat Graz

Universiẗatsplatz5

A-8010Graz

Austria

Tel.: +43-0316-380-5228

FAX: +43-0316-380-9820

e-mail: walter.poetz@kfunigraz.ac.at

homepage: http://physik.kfuni gra z.a c.a t/ ˜wa p
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Post-DoctoralFellowship

AppliedMathematicsTeam

IndustrialResearch Ltd

New Zealand

A post-doctoralfellowship in computationalphysicsis availableat IndustrialResearchLtd in Welling-

ton, New Zealand(http://www.irl.cri.nz). Thefellow is expectedto work with membersof theApplied

MathematicsTeamand MaterialsPhysicsTeamon first principlesand classicalmoleculardynamics

simulationsof metaloxidesurfacesand/ortransparentglassceramics.Thefellowshipwould lastfor one

yearwith thepossibilityof anextensionfor a furtheryear. Thesalaryis NZ$44,000with air-faresto and

from New Zealandto beprovidedwhereappropriate.ApplicantsshouldhaveaPhDin eithertheoretical

or computationalphysics,appliedmathematicsor similar field. Previousexperiencewith computational

many-bodysimulationsis desirable.

Pleasecontact:

Dr ShaunHendy

IRL Applied Maths

POBox 31-310

LowerHutt

New Zealand

fax: 644 5690003

email: s.hendy@irl.cri.nz
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Two PostdoctoralPositionsin Modeling of Nanostructures

RensselaerPolytechnic Institute
Troy, NY 12180-8554

Interdisciplinarynanoscienceresearchprogramat RensselaerPolytechnicInstituteseekstwo postdoc-

toral candidatesto work in the areaof nanostructuredmaterialsmodeling. Successfulcandidateswill

be a part of industrially supportedexperiment/theorycollaborative effort on carbon-basednanostruc-

tures.Onepostdoctoralresearcherwill befocusedon first principlecalculationsof electronicstructure,

bonding,andreactivity of nanoscalecarbonsystems.The secondresearcherwill addresslarger-scale

dynamicalbehavior of nanoscalesystemswith semiempiricalandempiricalmodelingapproaches,such

astight bindingand/orclassicalmoleculardynamicssimulations.

Thoseinterestedshouldsenda resume,statementof researchinterest,list of publicationsand list of

referencesto:

Prof. Pawel Keblinski

MaterialsSc.& Eng.Department

PhysicsDepartment

Phone:(518)2766858

FAX: (518)276-8554

E-mail: keblip@rpi.edu

(Largescaleatomisticsimulations)

or

Prof. SarojNayak

Phone:(518)2762932

FAX: (518)276-6680

E-mail: nayaks@rpi.edu

(First principlecalculations)
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8 Nominations for MichelsonPostdoctoralPrize

Michelson PostdoctoralPrize Lectureship

Department of Physics

CaseWestern ReserveUniversity
Cleveland,Ohio

Nominationsareinvited for thefifth annualMichelsonPostdoctoralPrizeLectureship,to beheldSpring

2000in theDept of Physics,CaseWesternReserve University. This prize will be awardedto a junior

scholaractive in any field of physics. The winner will spendone week in residenceat CWRU and

deliver3 technicallecturesandacolloquium.Thelectureshipcarriesanhonorariumof $1000plustravel

expenses.

Eligibility: Nomineesmust have beenawardeda PhD between8/01/1993and 8/31/2000,and as of

11/30/2000maynotholdor have acceptedany tenured,tenure-trackor equivalentposition.

Requirements:Oneletterof nominationandtwo lettersof supportfrom ineligiblescientists,at leastone

employedat aninstitutionotherthanthenominee’s. Thelettersshouldaddressthenominee’s scientific

accomplishmentsandpromiseandability to communicateeffectively. NomineeshouldsubmitaCV and

anoutlineof his/hertalks.Pleasesendhardcopiesof all materialsto:

MichelsonPostdoctoralPrizeLectureshipDeptof PhysicsCaseWesternReserve UniversityCleveland,

OH 44106-7079

Inquiriesmayalsobemadeby FAX: 216-368-4671or email:mppl@theory1.phys.cwru.edu

Deadlinefor receiptof all materials:Nov. 30,2000
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9 Abstracts

Chemical Effect in RareGasAdsorption

SeanClarke,Gustav Bihlmayer, andStefanBlügel

Institut für Festk̈orperforschung, ForschungszentrumJülich,

D-52425Jülich, Germany

Abstract

In orderto investigatepostulatedchemicaleffectsin adsorptionof heavy raregasatoms,we in-

vestigatetheAg(001)c(2	 2)-XesystemusingtheFull-PotentialLinearizedAugmentedPlane-Wave

(FLAPW) method.Adsorptionin theon-topsite is foundto befavoredby 8.6 meV – adsorptionin

this site suggeststhat thereis a chemicalcontribution to the bonding. The topologyof the charge

densityassociatedwith the Xe 5p statesclearly shows that thesestatesare involved in a bonding

interactionwith thesubstratestates.We alsoshow thattheextra splitting of the5p3
 2 orbitalsarises

from adsorbate-adsorbateinteractions.It is observedthat thespin-orbitinteractiondrasticallyalters

theelectronicbut not geometricpropertiesof thesystem.

(Submittedto Phys.Rev. B)

Copy availablefrom: s.clarke@fz-juelich.de
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Two-dimensionalsurfaceorderedMn-Co alloyson Co(001)

S.Meza-Aguilar, O. Elmouhssine,H. DreysśeandC. Demangeat

InstitutdePhysiqueet ChimiedesMatériauxdeStrasbourg,

3, rue du Loess,F-67037Strasbourg, France

Abstract

Thespin-polarizationof varioussurfacealloysof manganeseandcobalton cobalt(001)is deter-

minedby theTight-binding-linear-muffin-tin-orbitalsmethod.An orderedsurfacealloy restrictedto

thesurfaceplanei.e. Mn0 � 5Co0 � 5/Co(001)is shown to bemorestableascomparedto largeislandsof

Mn or Co in thesurfaceplane.ThecouplingbetweenMn andCo is found to beantiferromagnetic

in thegroundstatewith a metastableferromagneticconfigurationa few mRy higherin energy. This

ferromagneticcouplingbetweenMn andCo is in agreementwith recentmagneto-opticalKerreffect

andX-ray magneticcirculardichroismresults.Thetwo–dimensional(andtwo–layersthick) surface

orderedalloy (Mn0 � 5Co0 � 5)2/Co(001)is morestableascomparedto the perfectMn monolayeron

Co(001)andonly solutionswith antiferromagneticcouplingsbetweenMn atomsareobtained. A

ferromagneticcouplingbetweentheMn atomsat thesurfaceandtheCoatomsin thesubstrateis the

groundstate.A buriedmonolayerof Mn i.e. Co/Mn/Co(001)is alsofoundmorestableascompared

to Mn/Co(001)so thata completeexchangebetweensurfaceMn monolayerandtheCo subsurface

layeris energeticallyfavorable.

(Accepted,PhysicalReview B, February1)

Manuscriptsavailablefrom: Claude.Demangeat@ipcms.u-strasbg.fr
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Substrate-MediatedInteraction on Ag(111)Surfacesfr om First Principles

KristenA. Fichthorn

ThePennsylvaniaStateUniversity, UniversityPark, PA 16802,USA

MatthiasScheffler

Fritz-Haber-InstitutderMax-Planck-Gesellschaft,Faradayweg 4–6,

14195Berlin-Dahlem,Germany

Abstract

Whentwo or moreatomsbind to a solid surface,the substratecanmediatean interactionbe-

tweenthem. In this paper, we usedensity-functionaltheoryto quantify thesubstrate-mediatedpair

interactionbetweentwo adatomson a compressively strainedAg(111) surfaceandon unstrained

Ag(111). On thestrainedsurface,theelasticinteractionis significantover theshortrangeandleads

to a netattractionbetweentwo adatoms.However, at thelongestdistancesprobed,theinteractionis

primarily electronicandrepulsive. Therepulsioncanbeasstrongat50meV, andit formsaring-like

structurearoundanatom.OnunstrainedAg(111),theinteractionis primarily electronicin origin and

it is weakrelative to the interactionfound on the strainedsurface. We calculatethe energy barrier

for an isolatedatomto diffusein eachof thesesystems.For thestrainedsurface,themagnitudeof

thediffusionbarrieris comparableto thatof theadsorbateinteraction.We discussthe implications

of our findingsfor growth at surfaces.

(submittedto: CollectiveDiffusionon Surfaces:CollectiveBehaviourandtheRoleof AdatomInterac-

tions, editedby M. C. TringidesandZ. Chvoj (Kluwer AcademicPubl.,Dordrecht))

Contactperson:MatthiasScheffler (scheffler@fhi-berlin.mpg.de)
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Orbital and dipolar contributions to the hyperfine fields in bulk bccFe,

hcp Co and at the Fe/Ag(100)interface: The inclusion of orbital

polarization
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Abstract

First principlescalculationscanmake quantitative predictionsof many propertiesof solids in-

cluding magnetichyperfinefields (Bhf). The inclusionof relativistic effectsbecomesimportantin

this case.We have selectedto studythreesystemsin orderto assesthe importanceof orbital and

dipolarcontributionsto theBhf andits anisotropies:bulk bccFe,hcpCo andtheFe/Ag(100)inter-

face. For the last two, in-plane(parallel to the hexagonalplanesandto the interfacerespectively)

andperpendicularmagnetizationswereconsidered.The influenceof differentexchangecorrelation

potentials(local densityandgeneralizedgradientapproximation)andtheinclusionof theorbitalpo-

larizationterm(known to improvetheevaluationof orbitalmoments)in theHamiltonianis reported.

A comparisonis madewith othertheoreticalstudiesandto experimentwhenpossible.

(submittedto: Phys.Rev. B)

Contactperson:M. VeronicaGanduglia-Pirovano(pirovano@fhi-berlin.mpg.de)
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Point defectson III-V semiconductorsurfaces

G. Schwarz,J.Neugebauer, andM. Scheffler
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14195Berlin-Dahlem,Germany

Abstract

The basicpropertiesof point defects(atomicgeometry, the positionof charge-transferlevels,

andformationenergies)on the(110)surfaceof GaAs,GaP, andInPhavebeencalculatedemploying

density-functionaltheory. Basedon theseresultswe discussthe electronicpropertiesof surface

defects,defectsegregation,andcompensation.

(submittedto: Proceedingsof theICPS25,Osaka(Springer, Berlin/Heidelberg, 2000))

Contactperson:GüntherSchwarz(schwarz@fhi-berlin.mpg.de)
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Freeenergy and molecular dynamicscalculationsfor the cubic-tetragonal

phasetransition in zirconia

StefanoFabris,1 Anthony T. Paxton,andMichaelW. Finnis

AtomisticSimulationGroup,Departmentof PureandAppliedPhysics,

Queen’s University, BelfastBT71NN,UnitedKingdom

Abstract

Thehigh-temperaturecubic-tetragonalphasetransitionof purestoichiometriczirconiais studied

by moleculardynamics(MD) simulationsandwithin theframework of theLandautheoryof phase

transformations.Theinteratomicforcesarecalculatedusinganempirical,self-consistent,orthogonal

tight-binding(SC-TB)model,which includesatomicpolarizabilitiesup to thequadrupolarlevel. A

first setof standardMD calculationsshowsthat,onincreasingtemperature,oneparticularvibrational

frequency softens.Thetemperatureevolutionof thefreeenergy surfacesaroundthephasetransition

is then studiedwith a secondset of calculations. Thesecombinethe thermodynamicintegration

techniquewith constrainedMD simulations.Theresultsseemto supportthethesisof asecond-order

phasetransitionbut with unusual,veryanharmonicbehaviour abovethetransitiontemperature.

(To appearin Phys.Rev. B, February152001)

Preprintsavailablefrom http://titus.phy.qub.ac
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Self-interaction correcteddescription of the electronic propertiesof

americium monochalcogenidesand monopnictides
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Abstract

Wecalculatetheelectronicstructureof theAm pnictidesandtheAm chalcogenideswith thehelp

of theab-initio self-interactioncorrectedlocal spin-densityapproximation.This allows usto descri

be the Am ion with eithera localized f 6 or f 7 shell, correspondingto a trivalentor divalentcon-

figurationrespectively. From the calculationof the total energy versuslattice constantthe valency

configurationof thegroundstatecanthusb e established.We find thattheAm pnictidesarewell de-

scribedby a trivalentAm configuration,whilst thechalcogenidesmightbedescribedasintermediate

valent.

(Submittedto Phys.Rev. Lett.)

Manuscriptsavailablefrom: lpetit@ifa.au.dk
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The inhomogeneousRPA and many-electron trial wave functions
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Abstract

Thelong-rangeelectroniccorrelationsin auniformelectrongasmaybededucedfromtherandom-

phaseapproximation(RPA) of BohmandPines.HerewegeneralizetheRPA to nonuniformsystems

and use it to derive many-electronSlater-Jastrow trial wave functions for quantumMonte Carlo

simulations.The RPA theoryfixesthe long-rangebehavior of the inhomogeneoustwo-bodyterms

in the Jastrow factorandprovidesan accurateanalyticexpressionfor the one-bodyterms. It al-

soexplainsthesuccessof Slater-Jastrow trial functionscontainingdeterminantsof Hartree-Fock or

density-functionalorbitals,eventhoughthesetheoriesdo not includeJastrow factors.After adjust-

ing theRPA Jastrow factorto incorporatetheknown short-rangebehavior, wetestit usingvariational

MonteCarlo. In thesmall inhomogeneouselectrongassystemwe consider, theanalyticRPA-based

Jastrow factorslightly outperformsthe standardnumericallyoptimizedform. The inhomogeneous

RPA theorythereforeenablesusto reduceor evenavoid thecostlynumericaloptimizationprocess.

(Submittedto PhysicalReview B)

Manuscriptsavailablefrom R. Gaudoin:(r.gaudoin@ic.ac.u k)
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First principles relativistic theory of photoemissionfr om magnetic

surfaces
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Abstract

A first principlestheoryof spin- and angle-resolved photoemissionhasbeendeveloped. The

theoryis basedondensityfunctionaltheoryandis fully relativistic. It is implementedusingmultiple

scatteringtheorywith a Green’s function calculatedusinga real spaceclustermethod. No lattice

symmetryor periodicity is assumedandthereforeour approachcanbe appliedto low-dimensional

systems.We illustratethetheorywith a calculationof thephotoemissionspectrafrom Ni(100) and

interprettheresultin termsof thebandstructure.Theeffect of thepolarisationof thephotonon the

spectrais emphasised.

(Acceptedfor Publication:Journalof MagnetismandMagneticMaterials)

Manuscriptsavailablefrom: p.strange@phys.keele.ac.uk
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X-rays exhibit largeoptical activity

Gerrit VanderLaan
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WarringtonWA44AD,UnitedKingdom

Abstract

Optical activity wasfirst observed almosttwo centuriesagoon a quartzcrystalusingcrossed

polarizersandexplainedasbeingdueto optical rotation,a rotationof theplaneof the linearpolar-

ization, andoptical rotatorydispersion,an unequalrotationof the planeof polarizationof light of

differentwavelengths.With intensive researchgoingon for solong onewould not immediatelyex-

pectany new discoveriesin this field. However, usinglinearly polarizedsynchrotronradiationwith

anenergy of around5 keV, JoseGoulonat theEuropeanSynchrotronRadiationFacility (ESRF)in

Grenobleandhis coworkershave observeda strongnon-reciprocaltransverseanisotropy in the low

temperature,antiferromagnetic,insulatingphaseof a Cr dopedV2O3 crystalin whichonesinglean-

tiferromagneticdomainwasgrown by magnetoelectricannealing[Phys.Rev. Lett. 85,4385(2000)].

This effect,althoughtheoreticallypredicted,hasneverbeenobservedsoclearlybefore.

(To bepublishedin PhysicsWorld (December2000))

Copiesavailablefrom g.vanderlaan@dl.ac.uk
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Ab initio calculation of phaseboundariesin ir on along the bcc-fcc

transformation path and magnetismof ir on overlayers
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Abstract

A detailedtheoreticalstudyof magneticbehavior of iron alongthebcc-fcc(Bain’s) transforma-

tion pathsat variousatomicvolumes,usingboth the local spin densityapproximation(LSDA) and

the generalizedgradientapproximation(GGA), is presented.The total energiesarecalculatedby

spin-polarizedfull-potentialLAPW methodandaredisplayedin contourplotsasfunctionsof tetrag-

onaldistortionc� a andvolume;borderlinesbetweenvariousmagneticphasesareshown. Stability

of tetragonalmagneticphasesof γ-Fe is discussed.The topologyof phaseboundariesbetweenthe

ferromagneticandantiferromagneticphaseis somewhat similar in LSDA andGGA, however, the

LSDA fails to reproducecorrectlythe ferromagneticbccgroundstateandyields the ferromagnetic

andantiferromagnetictetragonalstatesat too low volume.Thecalculatedphaseboundariesareused

to predictthelatticeparametersandmagneticstatesof iron overlayerson various(001)substrates.

(Acceptedfor publicationin Phys.Rev. B, Feb1, 2001)

Latex-file or psfile availablefrom : Martin Friák,mafri@ipm.cz
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Magnetic circular dichroism in Co 2p photoemissionof Co/Cu(11 13):

Separationof the fundamental spectra
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Abstract

We measuredhigh-qualityCo 2p magneticcirculardichroism(MCD) spectrain photoemission

for � 5 ML Cofilms grownonCu(11 13)usinga“complete”experiment,wherethesamplemagneti-

zationandthelight helicity vectorwerereversedseparately. Weshow how thefour measuredspectra,

M � P� , canbeusedto makenew linearcombinations,which correspondto thecirculardichroismin

the angulardependence(CDAD), magneticlinear dichroismin the angulardependence(MLDAD)

andMCD spectra.The integratedsignalsof the MLDAD andCDAD canbe usedto estimatethe

errorcausedby thedifferencein thedegreesof magnetizationandlight polarization,respectively, in

theoppositealignments.TheMCD signalintegratedovertheentire2p regiondoesnotaverageto ze-

ro, asonewouldhaveexpectedfrom thesumrule for photoemissionto a non-interactingcontinuum

state.Thereis astrongMCD signalin theentireregionbetweenthe2p3� 2 and2p1� 2 mainlineswith

pronouncedsatellitestructure.Thedifferencesbetweenthe measuredandcalculatedresultsfor an

independent-particleandan atomicmodel indicatethe presenceof interatomicelectroncorrelation

effectsandconfigurationalmixing.

(To bepublishedin J.EuropeanPhysicalJournalB)

Preprintsrequeststo: g.vanderlaan@dl.ac.uk
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Three-dimensionalspin-structureona two-dimensionallattice:

Mn/Cu(111)
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D-52425Jülich, Germany
¶Departmentof Physics,NaraMedicalUniversity, Kashihara,

Nara634-8521,Japan

Abstract

Basedon first-principlesvectorspin-densitytotal-energy calculationsof themagneticandelec-

tronicstructureof Cr andMn transition-metalmonolayersonthetriangularlatticeof a(111)oriented

Cusurface,weproposefor Mn athree-dimensionalnon-collinearspinstructureonatwo-dimensional

triangularlatticeasmagneticgroundstate.Thisnew spin-structureis amultiplespin-densitywaveof

threerow-wiseantiferromagneticspin statesandcomesaboutdueto magneticinteractionsbeyond

thenearestneighborsanddueto higherorderspininteractions(i.e. four-spin).Themagneticground

stateof Cr is a coplanarnon-collinearperiodic120� Néelstructure.

(acceptedatPhys.Rev. Lett.)

copy availablefrom: s.bluegel@fz-juelich.de
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Abstract

Theinfluenceof interfacialinterdiffusionon themagneticorderin ultrathinepitaxialCr films on

a Fe(001)substratewasstudiedby meansof electronicstructurecalculations.Thetotal coverageof

the films wasassumedto be one,two, andsix monolayersof Cr while the interdiffusionwassim-

ulatedby two-dimensionalCr-Fealloys in the two atomiclayersforming theCr/Feinterface. Two

limiting caseswereconsidered:(i) perfectlyorderedalloys, describedin termsof a semiempirical

tight-bindingmethodusingtherecursiontechnique,and(ii) substitutionallydisorderedalloys,whose

electronicstructurewasdeterminedabinitio usingthetight-bindinglinearmuffin-tin orbitalmethod

andthecoherent-potentialapproximation.In bothcases,themagneticcouplingof theCr overlayer

to theferromagneticFesubstrateexhibits similar transitions(π phaseshifts)dueto varyingcompo-

sitionsat theinterface.Thecalculatedresultsprovideadditionalsupportfor recentinterpretationsof

experimentsonFe/Cr/Fe(001)trilayers.

(submittedto: Phys.Rev. B – scheduledfor January1, 2001)

postscriptfile availablefrom turek@ipm.cz
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Nonuniquenessof the Potentialsof Spin-Density-FunctionalTheory
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Abstract

It is shown that, contraryto widely held beliefs, the potentialsof spin-density-functionalthe-

ory (SDFT) arenot uniquefunctionalsof the spin densities.Explicit examplesof distinct setsof

potentialswith thesameground-statedensitiesareconstructed,andgeneralargumentsthatunique-

nessshouldnot occur in SDFT andothergeneralizeddensity-functionaltheoriesaregiven. As a

consequence,varioustypesof applicationsof SDFTmustbecritically reexamined.

Contactperson:KlausCapelle(capelle@if.sc.usp.br)
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Relativistic Fluctuations and AnomalousDarwin Terms in

Superconductors
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Abstract

The anomalousDarwin term,oneof the recentlyderived relativistic correctionsto the conven-

tional theory of superconductivity, is analyzedin detail. This analysisleadsto the predictionof

unusualtypesof fluctuations,of relativistic origin, in superconductors.An alternative derivationof

theanomalousDarwin term,muchsimplerthanthatgivenoriginally, is presentedandusedto clarify

somepuzzlingfeaturesof the original derivation. The questionof observability of the anomalous

Darwin termandtheresultingfluctuationsis discussed,andits relationto theconventionalDarwin

termandto earlierproposedsuperconductingDarwin termsis clarified.

(To appearin Phys.Rev. B (scheduledfor Feb2001))

Contactperson:KlausCapelle(capelle@if.sc.usp.br)
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Abstract

Recentapplicationsof andapproximationsto anovel density-functionalapproachto spin-density

waves and antiferromagneticsystemsare outlined. The nonlocalnatureof the antiferromagnetic

correlationsandpossiblenoncollinearityin spinspacearedescribedby a new fundamentalvariable,

thestaggereddensity, whichsupplementsthespindensitiesof conventionaldensity-functionaltheory.

(To appearin J.Magn.Magn.Mater. (proceedingsof ICM 2000))
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tr eatment
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Abstract

Theformationof aspin-densitywavein theone-dimensionalHubbardmodelwith asmallnumber

N of sitesis investigated.Thenumericaldiagonalizationof the modelHamiltonianshows that, for

oddN, frustrationgivesriseto aspin-densitywave in thegroundstate.

(To appearin J.Magn.Magn.Mater. (proceedingsof ICM 2000))

Contactperson:KlausCapelle(capelle@if.sc.usp.br)

71



Relativistic Theory of Superconductivity

K. Capelle1, M.A.L. Marques2 andE.K.U. Gross3,
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Abstract

Therelativistic formulationof thetheoryof superconductivity is reviewedwith respectto its con-

ceptualbasisandfirst applications.The constructionof relativistically covariantorderparameters

for superconductorsis outlined,andthegeneralizationof theDiracequationfor thesuperconducting

stateis presented.A weaklyrelativistic expansionof thisequationleadsto thePauli equationfor su-

perconductors,whichdescribesthelowest-orderrelativistic correctionsto theconventionaltheoryof

superconductivity. Thephysicsof thesecorrectionsis discussed,andtheprospectsfor experimental

detectionof relativistic effectsin superconductorsareexamined.

(To appear‘CondensedMatterTheories’, Vol. 16. (Nova,New York, 2001))
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Abstract

We presentquantummechanicalcalculationsof the electronand ion momentumdistributions

following doubleionizationof a one-dimensionalheliumatomby ultrashortlaserpulses(780 nm)

at variousintensities.Thetwo-electronmomentumdistributionsexhibit a cleartransitionfrom non-

sequentialto sequentialdoubleionization.Weprovidestrongevidencethatrescatteringis responsible

for non-sequentialionizationby calculatingthemomentumspectrumof theHe2� recoil ions– which

we find in excellentagreementwith recentexperiments– andby analysingtheelectroniccenter-of-

massmotionvia Wignertransforms.

(submittedto Phys.Rev. Lett.)

contactperson:ManfredLein (mlein@phys-chemie.uni-wuerzburg.de)
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Abstract

Quantummechanicalcalculationsof multiphotondoubleionizationby intenselaserpulsesshow

that thetotal–kinetic–energy spectrumof thephotoelectronsconsistsof peaksseparatedby thepho-

ton energy, analogousto ordinaryabove–thresholdionization.Relatedstructuresappearin thetwo–

electronandin the recoil–ionmomentumdistribution. We proposea methodto extract the total–

kinetic–energy spectrumfrom theexperimentalrecoil–ionspectrum.

(submittedto Phys.Rev. Lett.)
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Abstract

A multicomponentdensity-functionaltheoryis developedfor thecombinedsystemof electrons

andnuclei. We constructapproximatefunctionalsfor the electron-nuclearcorrelationenergy and

illustratethetheoryby explicit calculationsfor theH �2 molecularion.

(submittedto Phys.Rev. Lett.)

contactperson:E.K.U. Gross(gross@physik.uni-wuerzburg.de)
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10 SCIENTIFIC HIGHLIGHT OF THE MONTH

High-pr essure phasesof the alkali metals
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Abstract

A seriesof recentx-ray diffractionexperimentscarriedout by scientistsfrom the Max-Planck-

Institut FKF in Stuttgartandthe ESRFin Grenobleon elementalsemiconductorsandalkali metals

underhigh pressurehave providednew insight in pressureinducedstructuraltransformations.New

structureshave beenidentified, andsomeof thesehave surprisingsimilarities, suchas low coor-

dinationnumbers.The new lithium phase,Li-cI16, which hasa cubic structurewith 16 atomsin

the cubic cell, hasnot beenfound for any otherelement. Theoreticalstudies,someof which are

describedhere,usingab initio methodsto calculateelectronicandstructuralpropertiesprovide the-

oreticalsupportfor theanalysisof theseexperiments,andmayalsoserve to predictnew properties,

suchassuperconductivity, of thematerialswhenexposedto veryhighpressures.

Intr oduction

Thealkali metals,earlierconsideredassimplemetalswith bandstructuresthatdiffer only slightly from

thoseof free-electronsystems,have attractedconsiderable[1] interestbecauseapplicationof external

pressurechangesthebondingpropertiesfundamentally. For examplelithium, thefirst monovalentmetal

in thePeriodicTable,is sometimesexpectedto bea modelsystemof hydrogen,wheretheatomsform

diatomicmoleculesin insulatingsolid phases.Thebreakingof thebondsin hydrogenby applyingvery

highpressuresis aHoly Grail of physics[1], andit is importantfor theunderstandingof themetallichy-

drogenin theinteriorof theheavy planets.In view of this it wasremarkablethattheoreticalcalculations

by NeatonandAshcroft[2] predictedthat compressedLi might assumea structure( oC8 with iCmca
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Figure1: Contourplot of thecalculatedvalence-electrondensityin lithium in theBC8 structureat 165

GPa (V � V0=0.23). The colour coding is dark blue towardsred/magentafor increasingdensity. The

lowest contourvalue is 0.0472Å � 3, the incrementis 0.0135Å � 3. Disregardingthe innermostcore

oscillations,the highestvalencedensityis found in the interstitial square-like greencontour, 1.4� ρav,

whereρav=0.204Å � 3 is theaveragedensity.

symmetry) wherethe atomsform pairs, andthat this phaseis semi-insulating.This is in sharpcon-

trastto theintuitiveexpectationthatapplicationof hydrostaticpressureshouldfavourhighly coordinated

metallicphases.

The compressibiltyof the alkali metalsis very large, and the large volume reductionwith applica-

tion of pressureaffects significantly the otherwisefree-electronlike electronicstructure. As a con-

sequence,thesemetalsundergo several pressure-inducedstructuraltransformations.Thesehave been

studiedexperimentally(seefor exampleRef. [3, 4, 5, 6, 7, 8, 9]) aswell asby theoreticalmethods(Ref.

[2, 3, 9, 10, 11, 12, 13, 14] andreferencestherein). Amongseveral interestingresultsof this research,

themostrecentprogressincludestheobservation[3] of new high-pressurephasesof lithium, Li-hR1and

Li-cI16, andtheidentification[6, 15] of thestructureof Cs-VandRb-VI asbeingtheorthorhombicCmca

structurewith 16 atomsin theorthorhombicunit cell (oC16). Thesamestructuretype,with very nearly

thesamerelative atomiccoordinates,is foundin Si andGeunderpressure.[7, 12, 16, 17, 18] This Cm-

ca structurecontainstwo typesof atoms,sayCs1 andCs2, with Cs1 in planararrangementsseparating

Cs2 doublelayers. Theatomsin thesingleplanesform a densepackingof dimers.[12] This hassome

similarity with the Cmcastructurepredictedfor Li underpressureby NeatonandAshcroft.[2] In that

structure(oC8), however, thedoublelayersof type-2atomsareabsent,i.e. thestructureis similar to that

of Gaat ambientpressure.

In Fig. 1 we show, asan exampleof sucha ”pairedstructure”,thedistribution of valenceelectronsin

lithium at 165GPa. Theapparentformationof atompairs, however, shouldnot beoveremphasized.It

is true that thereis a single,shortestinteratomicdistance,but thenext-nearestneighboursin theCmca

structuresarenot muchfurtheraway. Thereforethe ”effective” coordinationnumberis rather � 5 than
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one.Theinterestingresult,though,is thatthereis a tendency of formationof low-coordinatedphasesof

highly compressedalkali metals.Further, astheresultsof thecalculationswill show, thebondingis very

differentfrom usualmolecular(covalent)bonding.Already, thedensityplot, Fig. 1, demonstratesthis.

The pressure-driven electronics � d transition[19] plays a major role in the structuralbehavior of

cesium,[11, 20] in particulartheocurrenceof thetetragonalCsIVphasewhichisonlyeightfoldcoordinated.[5]

Theunusualdecreaseof thecoordinationnumberwith increasingpressurefrom 12 in fcc to 8 in CsIV

hasbeeninterpretedin termsof apeculiardirectionalbondinginducedby thes-d transition.[20, 21] This

leadsto a softeningandadynamicalinstability in Cs-II (fcc).[13, 14] Also, thethermalexpansioncoef-

ficientsof Cshave beenpredictedto benegative at all temperaturesin certainpressureranges.[13, 14]

Thelight alkali metals,Li andNa,aresimilarly stronglyinfluencedby ans � p transition.

Structuresand Method of Calculation

Theab initio simulationmethodswhichweapplycannotbeusedto performanideal,moleculardynam-

ical structuraloptimization.Wemustselectacertainsetof structuretypes,i.e. spacegroupsandnumber

of atomsin thecells.Someof thestructures,however, will have parameters,like axial ratiosandatomic

siteparameters,whichmustbeoptimizedat eachvolume(pressure).Wecanthen,amongthestructures

includedin theset,determinewhich oneis stable,staticallyaswell asdynamically, at a givenvolume.

In thatwayonecanneverbesureto find the’true’ groundstatestructure,but theprocedurewill begiven

relevancein describingtrendsandbindingpropertiesto beexpectedif thestructuresto beexaminedare

selectedin a ’sensiblemanner’.

Thesimplestclose-packed structures,bcc,fcc,hcpdhcp, body-centeredcubic,facecenteredcubic,and

hexagonalclosepackedarewell-known. Thehcpstackingsequencein thec-directionis ABA. Similarly,

fccandbcccanbebuilt by stacking(111)-layersin thesequenceABCA. In thishexagonalrepresentation,

fcc hasc� a= � 6, andfor bcc theaxial ratio is c� a=1
2 � 3� 2. Theso-calledω-phasestructureappearsif

theB andC layersi bccareshiftedsothat they coalesceat z=c� 2. Thedouble-hexagonalclose-packed

structure(dhcp) hasanidealc/aratiowhichis twicethatof hcp,andthestackingis ABACA. The”samar-

ium typestructure”,9R, is anine-layerhexagonalstructure,stackingABABCBCACA. Calculationsare

mostconvenientlyperformedusingtheprimitive rhombohedralcell which containsonly 3 atoms.Al-

soA7 (spacegroup166 in the InternationalTables)hasa rhombohedralprimitive cell. It containstwo

atoms. For specialparameters,A7 becomesthe simplecubic,sc, structure.The simplerhombohedral

structure,hR1, is obtainedby strainingthe fcc structurealonga bodydiagonal.Thestructurewhich is

calledcI16 belongsto the spacegroup I 4̄3d (number220 in the InternationalTables). This wasfound

experimentallyfor Li underpressure[3], andsofar it hasnotbeenobservedfor any otherelementalsolid.

Theatomsarelocatedin the16cWyckoff positions.Theprimitive cell is bcc. TheoC8structureis of

Cmcasymmetry, andit resemblesthatof α-gallium,but canalsoveviewedasthatof blackphosphorous

compressedperpendicularlyto its doublelayers.

Someof thehigh-pressurephaseshave structuressimilar to thecationsublatticesof binaries,[3] andthe

structureof CsIV[5] is anexampleof this. CsIV formsin a tetragonalstructurewith I41/amdsymmetry,

SG141,andtheatomsareplacedin
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r1 ��� 0 � 0 � 0 ; r2 �!� 0 � 12 �
c
2a
 #" (1)

This is thestructureof theTh sublatticein ThSi2.[22] ThecI16 structuredescribedabove is in fact that

of the the cationsublatticein Eu4As3 andYb4As3, i.e. anti-Th3P4 structures.[23] As mentionedcI16

is a cubic structurewith a bcc Bravais latticeand8 atomsin the rhombohedralprimitive cell. Several

othercubicstructuresmaybegeneratedby distortingsuchabccsupercell.As oneexamplewe consider

the BC8 structure,mainly becauseit hasbeenfound, as alsoR8, in metastableSi phases.The BC8

structure[24] is alsobody-centered-cubicwith 16 atomsin theunit cell (8 atomsin theprimitive cell).

Thespacegroupit Ia3̄, andtheatomsarein the16c Wyckoff sites,(x0,x0,x0). It mayalsobeviewedas

a rhombohedralstructurewith an8-atomprimitivecell, SGR3̄. Thishas2 atomsin the2c, (u,u,u)and6

in the6 f , (x,y,z), sites.Theseparametersarerelatedto x0 by u=2x0, x=1/2,y=0, andz=1/2-2x0. Thus,in

BC8thereis oneinternalparameter(x0) whichmustbeoptimized.

TheBC8structurecanbeconsideredasaspecialsettingof thestructuralparametersof theR8structure.

Both have theSGR3̄ (number148). The8 atomsin theR8 primitive cell arelocatedarethe2c, (u,u,u),

andthe6f, (x,y,z), Wyckoff sites.In BC8all 8 sitesareequivalent,but in R8 the2c andthe6f sitesare

inequivalent.TheSi-BC8and-R8phasesaredescribedin Ref. [25].

The total energy for a given choiceof atomiccoordinatesis calculatedwithin approximationsto the

densityfunctional theory, the local approximation(LDA) as well as a generalizedgradientapproach

(GGA).Theresultspresentedhereareobtainedwith theGGA,andweusedthePerdew-Burke-Ernzerhof

scheme.[26] The solutionof the effective one-electronequationsis performedby meansof the linear

muffin-tin-orbital (LMTO) method[27] in the full-potential version. [28] The semi-corestates,Li-1s,

Na-2s, andNa-2p, aretreatedaslocal orbitals[29] in thesameenergy window asthevalencestates.The

bandstructurecalculationsarescalarrelativistic, i.e. all relativistic effects,exceptspin-orbitsplittings,

areincluded.

Thestructuraloptimizationrequiredin all casesexceptfor thebccandfcc structuresis madeat eachof

21 volumes,V, in the range0 " 10 � V0 to 1 " 10 � V0, whereV0 is the (experimental)equilibrium volume

of bcc-Naat ambientpressure.(We useV0=21.2725 Å3 for Li and37.7073Å3 for Na). For some

structures,like hcp,dhcp, andhR1, only a single,internalparameterneedsto bevaried,but othercases

requiremoretime consumingoptimizations.A7 and9R requireoptimizationof two parameters,z and

c� a. In theCmcastructureswe needto vary theaxial ratios,c� a andb� a, aswell as2 (in oC8) or 3 (in

oC16) internalparameters.Also for R8 thereare5 parametersto beoptimizedsimultaneously. This is

doneby meansof asteepest-descentmethod.

Results

Having calculatedthe optimizedtotal energies,E, vs. volumefor all structures,andapplyinga least-

squaresfit to a power seriesin X �!� V � V0  1$ 3 (positive aswell asnegative powers),we derive pressure,

P, bulk modulus,B, andenthalpy, H � E % PV. ThecalculatedP & V relationsarethenusedto calculate

H � P , andtheresultsaresummarizedin Fig.2. Thecalculatedpressuresfor someof thecompressedNa

phasesareshown in Fig. 3.

The dhcpstructureis not includedsinceit is closein energy to hcp. Also, the calculationsfor oC16
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have beenomitted,sincefor Na (asfor Li) it is above theotherstructuresin energy. At low pressures

(not visible on thescaleof Fig.2) we find that thebccstructureis favouredin sodium. Thecalculation

predictsthatthis remainsthestablestructureupto Pt1 � 80GPa,whereit transformsto thefcc. It should

be noted,however, that the the maximumdifference,E � f cc '& E � bcc is only 5 meV/atom. (We find

thesamedifferencesusingLDA). Thefact thatwe find theenergy differenceto thatsmallalsoimplies

that a substantialerror bar is associatedwith the value of Pt1, and we therealso madeindependent

calculationsusingtheFP-LAPWmethodasimplementedin theWIEN97 code.[30] Very similar results

wereobtained.

The instability of Na-bcc is alsoreflectedin thevolumedependenceof theelasticshearconstants.As

foundby Katsnelsonetal.[10] andalsoin thecalculations[13, 14] for Cs,C( andC44 softenandtendto go

negativeundercompression.Anotherdistortionof thebccstructureof sodiumcouldbepossible,namely

thatto theω-phase.[31] At highpressures,Fig.2clearlyshows thatNa-ω cannotbeastablestructure.

The(perfect)fcc (red-orangein Fig.2) structureremainsstableup to � 170GPa, whereit becomesun-

stableagainsta rhombohedralshear. TheelasticconstantC44 goesnegative, andthefcc-latticebcomes

dynamicallyunstable. This signalsthe transitionto the distortedstructure,hR1 (orange). The cI16

structurestartsto bethe favouredstructureat Pt2 � 170GPa. Thefigureshows how a hypotheticalbcc

becomesunstabletowardsx-distortionsaround130GPa,andatPt2 theenergy gainassociatedwith these

displacementshasbecomesolarge thatcI16 enthalpy valueis thesameasthatof hR1. However, in the

verysamepressureregimeNa-CsIVrapidly lowersits freeenergy with pressuresomuchthatit becomes

thelowestamongthoseexaminedup to Pt3 � 220GPa,wheretheCmcastructure,oC8 takesover. The

figureshows thatwith theerrorbarstheonsetof Na-cI16 maybesomewherebetween110and170GPa

if observed at all. The displacements,x, increasewith compression,asin Li,[3], but in Na x seemsto

approachalimiting valueof 0.065atextremecompressions.This is differentfrom Li, whereasaturation

valueof 0.125wasfound.[3]

Apart from therangearound170GPawhereseveralstructuresareclosein energy, thehexagonalstruc-

tures,hcpanddhcp, arenot likely to be”goodcandidates”for Na at high pressure,andit is soalthough

althoughsubstantialenergy canbeobtainedby reducingc� a atsmallvolumes.

The threecoexistencepressuresPt1, Pt2, andPt3 arealsomarked in Fig.3 which shows the calculated

P & V relationsfor someselectedstructuresof Naatsmallvolumes.Fromlow pressures(in factfrom 0)

upto120GPawefind thatthepressuresof theclose-packedphasesfollow eachotherclosely. Thechange

of slopein P � V  for hcp-Na structurearound270GPareflectsa rapidchangein c� a uponcompression.

For Li it wasdemonstratedthata thedistortion(finite x valuein Fig. 2 of Ref. [3]) of thebccstructure

into cI16causestheformationof apseudo-gap,andthusto adownshift in anappreciableamountof filled

electronstates.Theone-electronenergy sumis similarly reducedin Na-cI16 asx becomesnon-zero.A

similar effect is found in the CsIV andthe BC8 structures.Again the formationof a pseudogapnear

EF tendsto stabilizethe structure. In all casesthe increasingoccupationof p stateswith pressureis

essentialfor theformationof thenew structures,andthis is mostspectacularin Na-oC8, thephasewhich

is clearlythelowestin energy amongthoseexaminedin thehigh-endof thepressurerangeof Fig. 2. The

pseudogapwhich is presentevenatV � V0=0.45becomesrapidlydeeperasthelatticeis compressed,and

at thesmallestvolumeexaminedfor Na,V � V0=0.10,its DOSatEF vanishes,Fig. 4. In factaverysmall,

finite gaphasformed.In Li-oC8 it wasalsofound[2, 3] thatDOS(EF) vanishesat a very high pressure,

but theenergy-optimizedstructuredid not exhibit a finite gap.Thes � p transitionresponsiblefor this
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behavior is furtherillustratedin Fig. 5.

A similar strongincreasein theratio betweenp- ands electroncountsat largecompressionswasfound

for Li. At first, sucha behavior might beexplainedfor Li asaneffect of orthogonality;theLi atomhas

a full s core,andthe2s valencestatesarekept away from thecoreregime,evenat small volumesdue

to their orthogonalityto the1s states.Orthogonalitydoesnot imposea similar radial constrainton the

Li-2p states,andconsequentlythe2p canonicalband[27] canincreaseits overlapwith theLi-2s band

whenLi is compressed.

A similar argumentcannotbe appliedto Na. In that casethe coreof the atomcontainss- aswell as
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Figure4: Density-of-statesfunctionsfor Na in theoC8structureatV � V0=0.10.

p-states( 2p), andaweaker s � p transitionshouldthenbeexpected.But thebehaviour in sodiumis as

thatof lithium.

Hybridizationis verystrongin thecompressedalkali metals.If weconsiderahypotheticalNa-fcccrystal

at thesmallestvolume,V=0.1V0, consideredhere,its interatomicdistanceis 1.73Å. This is thesameas

thedistancefrom thenucleusof thefreeNaatomto theoutermaximumof theNa-3s wavefunction.[32]

Consequently, a 3s wavefuntionfrom a nearestneighbouratomin thecompressedsolid will, whenex-

pandedin aroundthe local site, yield a very large p component. Only s stateshave non-vanishing

amplitudeson thenucleus,andthereforethecrystalstructureadjustssothatthereareinterstitialregimes

wherethe valencecharge canpile up. This meansthat the coordinationnumberis reducedto a lower

valuethanin fcc, for example.

Thevalenceelectrondistribution calculatedfor Na-oC8, seeFig. 6 is very similar to thatfoundin theLi

calculations.”Pairs”of atomscanbeseen,but, asmentionedearlier, thenext-nearestneighbourdistances

arecloseto theshortestinteratomicdistance,andit is not very meaningfulto characterizethisasa solid

with coordinationnumber1. Thedensityplot, Fig. 6, furthershowsthatthestructurehassomesimilarity

with hP4, that of graphite,andthis is even moreso in oC8-2, the Cmcastructurederived from the Si

sublatticein MoSi2.

We have alreadyat several placescomparedtheNa resultsto experimentalandtheoreticalresultspre-

sentedrecentlyfor lithium.[3, 2] Nevertheless,it is worthwhileto compareto a largersetof datathanthe

onewhich wasincludedin our calculationsin Ref. [3]. Figure7 summarizesenthalpy calculationsfor

14 out16examinedstructures.
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Thosenot includedareoC16(”CsV”) andR8. The former hasenergieswhich arewell above the ref-

erencein Fig. 7, andLi-R8 wasfound to converge to Li-bcc at low pressuresandto Li-BC8 at high

pressures.Among the new resultswhich are interesting,we mentionthoseof Li-hP4 (graphitetype)

andLi-CsIV. Li-hP4becomesa competitorto Li-oC8at very high pressures,andthecalculationsshow

that it hasthe lowestenthalpy above � 300 GPa. The CsIV structurei even moreinterestingsinceits

energy becomesvery closeto that of Li-cI16 in a pressurerangewhich may be accesssedexperimen-

tally. The upperpressureattainedin themeasurementsof HanflandandSyassen[3] is around55 GPa,

andthe presentcalculationssuggestthat therecould be a pressurewindow startinga bit higherwhere

Li-CsIVmight befound.Thesmallestenergy differencebetweenLi-CsIVand-cI16 in thecalculationis

1-2meV/atom,i.e. well below ourerrorbars.

ComparingFig. 1 to Fig. 8 we seethatat highpressurethevalenceelectronsin Na distributedsimilarly

to thoseof Li. Theshapesof thecontoursbetweentheatomsin the ”pair” resemblethoseof covalent

bonds.But thenatureof thebondingis far from beinga conventionaldiatomicmolecularbonding.The

blue contoursindicateminimal densities.The valenceelectronsarein the interstitial regimes,andthe

bondingmaybeconsideredasamulticenterbonding.Thebondingin thehigh-pressurephasesof Li and

Na, for examplein theoC8, is thusquitedifferentfrom from thatin theSiVI phase(oC16, alsoCmca),

seefor exampleFig. 6 in Ref. [33]. In view of this, it surprisinghow similar someof thehigh-pressure

phasesof the alkali metalsare in structureto someof thosefound in Si andGe. Apart from having

differentrelative coordinates(x0 is different)theBC8structureof silicon resemblesthatof Li-BC8, but

the bondingis quite different. Figure9 shows our calculateddensityin Si-BC8. This may crudelybe

describedasan”inverse”of theLi- andNa plots.

Conclusions

Sodiumandlithium bothassumeseveral,rathercomplex structuresunderpressure.Examinationof the

bandstructuresandorbital-projecteddensity-of-states(DOS)functionsshow thatthenumberof p-states

is found to increaseat the expenseof s statesundercompression.The reasonis that the interatomic

distancesbecomesmall comparedto the rangeof thewavefunctions,andthehigh-pressurephasesbe-
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Figure6: Densityof valenceelectronsin Na-oC8atV � V0. Note that the lowestdensitiesareshown in

blue,whereasthered(magenta)correspondto high (highest)densities.

comeratheropen.Therefore,thestructuresfoundtheoreticallyto begoodcandidatesfor sodiumunder

very highpressuresarecharacterizedby having coordinationnumberswhicharelower thanthoseof the

intermediate-pressurephases,bccandfcc.

Thestructuralenergy differencescalculatedheredo not includethermaleffects,i.e. vibrationalcontri-

butionsto enrgy andentropy[13, 14] areneglected.This addsto theerrorbarsof someof thetiny free

energy differences.Within suchlimitations,thecalculationscannotclearlydistinguishbetweenthe fcc,

bccandtheR9structuresat zeropressure.At slightly elevatedpressures,though,bcc is favoured,and

a bcc� fcc transitionis predictednear80 GPa. Theerrorbar is large,probably > 20 GPa. Na-fcc un-

dergoesa rhombohedraldeformation,andcloseto 180GPaseveralnew structuresbecomeenergetically

possible.Among thesethe cI16 is an interestingcandidate,becausethis structurewasexperimentally

observed[3] for Li underpressure.But alsoin thiscasetheerrorbars,atbest5 meV/atom,ontheenergy

differencecalculationscombinedwith the slow variationof enthalpy with P implies that a theoretical

estimateof thestability rangeof Na-it cI16 is difficult to give. If observedat all, thelower limit on the

onsetpressurewould bearound110GPa,andupperlimit of its pressurerangewould benear170GPa.

Amongthestructuresexaminedherewefind thatNa-CsIVis lowestin enthalpy between170and220G-

Pa. Above P � 220GPa we find that theNa-oC8, Cmca,maybestableup to very high pressures.The

structureof Na-oC8 is similar to theLi-oC8phase,but thestructuralparameters,y, z, b� a, andc� a (not

shown here)vary somewhatdifferentlywith volume.

Highly compressedNa containseven more3p- than3s states,and in the oC8 the hybridizationis so

strongthat thehybrizationgapmakestheDOSvanishat theFermi level in themostcompressedcases.

(In that context, seealsothediscussionby NeatonandAshcroft[2] of thePeirlsdistortionin Li). The

metal-insulatortransitionoccursin Na only at extremecompression.At 88 % compresssiontheCmca

phaseis still metallic, but reductionof the volume to 0.10� V0 producesa tiny gapaccordingto the

calculations.Thecorrespondingpressureis � 950GPa,roughly3 timesthepressureat thecenterof the
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Figure8: Contourplot of thecalculatedvalence-electrondensityin sodiumin theBC8 structure.Blue

contourscorrespondto thelowestdesities,redandmagentato thehighest.
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Figure9: Contourplot of thecalculatedvalence-electrondensityin silicon in theBC8 structure.Blue

contourscorrespondto thelowestdesities,redandmagentato thehighest.

Earth.For comparison,bcc-Na wouldneed� 1500GPato becompressedto V � V0=0.10.
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