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1 Editorial

In this newsletter we have three large reports on the workshops supported by the ESF Psi-k

Programme. All of them contain abstracts of presented talks. A number of workshop/conference

announcements can be found in the RTN2-, ESF-, and the generalsection advertising meetings

not sponsoredby either the RTN or ESF Psi-k Programme. The announcements of available

positions are placed in the usual section of General Job Announcemen ts . The latter is

followed by the abstracts of newly submitted papers. As usual, the newsletter is �nished with

the scienti�c highlight of the month which is on "Densit y Functional Studies of Molecular

Magnets" by Andrei V. Postnikov (Yekaterinburg and Osnabr•uck), Jens Kortus (Stuttgart),

and Mark R. Pederson(Washington DC). The highlight is very elaborate, contains 14 colour

�gures and is 51 pageslong. Pleasecheck the table of contents for further details.

The Networks have a home pageon World Wide Web (WWW). Its Uniform Resource Locator

(URL) is:

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

The above contains information on the Psi-k 2004workshopsand hands-oncourses(subject to

funding). In these pagesyou can also �nd information on how to apply for funding to make

collaborative visits.

Please submit all material for the next newsletters to the email address below.

The following email addresses,which remain in operation, are repeated for your convenience,

and are the easiestway to contact us.

function
psik-co ord@daresbury .ac.uk messages to the coordinators, editor & newsletter

psik-managemen t@daresbury .ac.uk messages to the NMB of all Net works
psik-net work@daresbury .ac.uk messages to the whole 	 k comm unit y

Dzidka Szotekand Walter Temmerman

e-mail: psik-coord@dl.ac.uk
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2 News from the new RTN2

"f-electrons"

2.1 RTN2 Workshop Announcemen ts

2.1.1 W orkshop on the Electronic Structure of the Ligh t Actinides

Riksgr •ansen, Sweden, Ma y 11-16, 2004

The �rst workshop on the electronic structure of the light actinides will be held at the ski-resort

Riksgr•ansen,Sweden,May 11-162004. The workshop will focus both on the latest theoretical

developments aswell ason the experimental aspectsof the light actinides. The scienti�c program

will include reviews, invited talks and contributed oral and poster presentations. There will be

approximately 12-15,1 hour invited talks and 10-15other oral presentations, about 30 minutes

long. The workshopendswith a snowmobile outing wherewewill drive to a lake in the mountains

and there try to catch someof the Nordic Char, which we prepare for lunch over an open �re.

The location of the workshop, Riksgr•ansen,is an excellent ski-resort in the most northern part

of Sweden where the participants can enjoy the combination of skiing, both alpine and cross-

country, and midnight sun. One reaches this resort by 
ying to Kiruna, Sweden, where a bus

will pick up all conferenceparticipants. The bus ride takesabout 90 minutes.

The workshop is supported by the ESF Psi-k programmein connectionwith its Working Group

10 'Psi-k f-electrons', the EU Research Training Network 'psi-k f-electron' and FOI, Sweden.

The workshop fee, including all meals and accommodations, is 5125 Skr (570 euro) in single

rooms or 4200 Skr (470 euro) in shared double rooms. The workshop fee is free for invited

speakers. The scienti�c program, a list of invited speakers and other information will be posted

at

http://www.fysik.uu.se/theomag/w orkshop2004

Olle Eriksson

University of Uppsala

Per Andersson

FOI

Co-chairmen
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3 News from the ESF Programme

"T owards A tomistic Materials Design"

3.1 Rep orts on the ESF Workshops/Conferences

3.1.1 Rep ort on the San Sebastian W orkshop

Rep ort on the W orkshop

Ab-initio Electron Excitations Theory:
Towards Systems of Biological In terest

21-24 Septem ber 2003

Donostia In ternational Ph ysics Cen ter, San Sebastian, Spain

http://dip c.ehu.es/arubio/dip c/bio ex.h tml

SPONSORED BY:

ESF Psi k Programme

Donostia In ternational Ph ysics Cen ter (DIPC)

NANOPHASE Researc h and Training Net work

Spanish Ministry of Science and Technology

OR GANIZERS:

Pablo Garc ��a-Gonz �alez (Universidad Aut�onoma de Madrid)

Maurizia Palummo (INFM, Universit�a di Roma "T or Vergata")

Olivia Pulci (INFM, Universit�a di Roma "T or Vergata")

Arno Schindlma yr (IFF, Forschungzentrum J•ulich)

Nathalie Vast (Ecole Polytechnique, Palaiseau)
�Angel Rubio (Universidad del Pa��s Vascoand DIPC, San Sebasti�an)

The aim of this Workshop was to assessthe present status of theoretical approaches to the

study of spectroscopicproperties of real materials, and explore their capability for applications

in further systems with technological and biological interest. Due to the di�eren t methods

used to tackle this problem (Many-Body Theory, Density Functional Theory, Con�guration

Interaction, semi-empirical approaches), this Workshop was intended as a way to promote links

among scientists coming from di�eren t communities working or interested in electron excited

states.
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The workshop was hosted by the Donostia International Physics Center (DIPC) and organized

by a team of researchers belonging to four nodes of the NANOPHASE Research and Training

Network. This meeting was the sixth of a seriesof workshops that have had an acknowledged

impact in the communit y of scientists interestedon �rst-principle theoretical techniquesto char-

acterize electron excitations.

Seventy seven scientists from Europe, United States, Australia, and Japan attended the work-

shop. The invited talks weregiven 30 minutes of time, and were followed by at least 10 minutes

for discussion. The short contributed talks, given by young researchers, lasted 15 minutes plus

�v e minutes (usually more) for discussion.Finally, there wasa poster sessionwith around thirt y

contributions. All the main authors had the opportunit y to make a brief oral presentation in a

special sessionthat took place on the �rst day of the workshop.

Our goal was to bring together scientists working on foundations and di�eren t applications of

TD-DFT and many-body theory, trying to assessthe capability of current approximations to be

applied to real systemsof increasingcomplexity. The invited and contributed talks covered:

� Fundamental topics on TD-DFT, Many-Body Theory, and electron transport theory.

� New approximations and techniques.

� Ab-initio calculations of spectroscopicproperties of complex materials.

� Application to biomolecular systems.

As a consequence,there was a broad variety of participants which helped to get an interdisci-

plinary vision of the �eld. Thus, although someof the more speci�c topics were far from the

research interest of many participants, the meeting was an excellent opportunit y to seehow

the sametechniques are usedby members of other communities. More importantly, the di�er-

ent contributions helped to show what are the bottlenecks and/or the theoretical limitations of

the approaches that now are routinely used in solid-state physics to tackle problems related to

biomolecular processes.

Finally, Ari Seitsonen(representing the participants interested on biological systems),and Rex

Godby (from the communit y of solid-state scientist) closed the workshop. Appreciating the

rapid development of the �eld, they emphasizedthe basic conceptual di�erences between the

ab-initio characterization of new materials and the understanding of fundamental biological

processes. They also concluded that complex biomoleculescan be viewed as a challenge for

those scientists working on the development of new ab-initio approaches, since they can be

viewed as intermediate systemsbetweenlocalized (molecular) and extended(solids) systems.

LIST OF PAR TICIP ANTS

Takahisha ADACHI, University of Tokyo, JAPAN.

adachi@tcl.t.u-tokyo.ac.jp
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W ORKSHOP PR OGRAMME

SUND AY 21

Registration and get together.

MOND AY 22

Theoretical Foundations I
09:15 Presentation and generalannouncements

09:30 Eb erhard K.U. Gross (Freie-Universit•at, Berlin)

ELFs and Ghosts in Density Functional Theory

10:10 Yann-Mic hel Niquet (Universite Catholique de Louvain)

High-accuracy XC potentials from the linear-response

Sham-Schluterequation: Asymptotic behavior and properties

10:50 Break

Theoretical Foundations I I
11:20 Francesco Sottile (Ecole Polytechnique)

Parameter-free calculation of response functions

in time-dependent density-functional theory

12:00 Andrea Marini (DIPC, San Sebastian)

Bound excitons in time dependent density functional

theory: optical and energy{loss spectra

12:20 Silk e Biermann (Universite Paris Sud and Ecole Polytechnique)

Electronic structure of strongly correlated materials -

a view from dynamical mean �eld theory

13:00 Break

Biological and Organic Systems I / Posters

15:30 Paolo Carloni (SISSA, Trieste)

Role and perspective of ab initio molecular

dynamics of biological systems

16:10 Mic hael Rohl�ng (Universit•at Bremen)

Dynamics of electronically excited molecules

16:30 Short oral presentations of postersI

16:50 Break

17:20 Short oral presentations of postersI I

17:40 Poster session

TUESD AY 23
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Complex Systems I

09:30 Gio vanni Onida (Universita di Milano)

Calculating optical spectra of surfaces and other non in�nite systems

using plane wavesin DFT-LD A and beyond: bottlenecks and progresses

10:10 Olle Gunnarsson (MPI, Stuttgart)

Calculation of dynamical correlation functions:

Application to resistivity saturation

10:50 Break

Complex Systems I I

11:20 Conor Hogan (Universit�a di Roma Tor Vergata)

Electron energy loss spectroscopy at As-rich GaAs(001) surfaces

12:00 Martin Friak (FHI, Berlin)

Ab Initio Investigation of the Halfmetal-Metal Transition in Magnetite

12:20 Kiril Tsemekhman (University of Washington, Seattle)

Self-ConsistentSelf-Interaction Corrected DFT:

The Method and Applications to Extended and Con�ned Systems

12:40 Krzystof Tatarczyk (FHI, Berlin)

Surface Plasmonsin Surface Alloys

13:00 Break

Biological and Organic Systems I I

15:30 Franz J. Himpsel (University of Wisconsin-Madison)

Electronic Excitations at the Interface between Soft and Hard Matter

16:10 Gero Schmidt (Friedrich-Schiller-Univ ersitat Jena)

Ground- and excited-state properties of small molecular systems:

Pyrimidine and purine basesin the gasphaseand adsorbed on silicon

16:50 Break

Biological and Organic Systems I I I

17:20 Marcus Elstner (Padeborn Universit•at)

An approximate DFT approach to excited states properties

18:00 Round Table

Conference dinner

WEDNESD AY 24

Biological and Organic Systems IV

09:30 Ari Seitsonen (Universit•at Zurich)

TDDFT in molecules and extended systems

10:10 Alb erto Castro (Universidad de Valladolid)

Investigating phenomenarelated to electronic excited states through

time dependent density functional theory: Someexamples.

10:50 Break
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Biological and Organic Systems V / Electron Transp ort

11:20 Marialore Sulpizi (EPFL Lausanne)

A Hybrid Time-dependent Density Functional/ Molecular Mechanics

investigation of Aminocoumarins in Solution

11:40 Elisa Molinari (Universita di Modena)

Optics and transport of (bio)-molecular systems:

solid state e�ects and p-p interactions

12:20 Arrigo Calzolari (INFM-S3, Modena)

Electron channelsin biomolecular nanowires

12:40 Gio vanni Stefan ucci (Lunds Universitat)

Di�er ent ways of treating the bias and the inclusion of

many-body interactions in the description of quantum conductance

13:00 Break

Electron Transp ort

15:30 Julio G�omez-Herrero (Universidad Autonoma de Madrid)

Measuring the electrical transport properties

of individual molecules: carbon nanotubes and DNA

16:10 Peter Bok es (University of York)

Coherent steady current-carrying states from the maximum

entropy principle and the Kubo formula

16:50 Andreas W acker (Technise Universit•at, Berlin)

Nonequilibrium Quantum Transport in Quantum Cascade Lasers

17:10 Rex Go dby (University of York) and Ari Seitsonen

Concluding remarks

INVITED TALKS

ELFs and Ghosts in Density Functional Theory

E.K.U. Gross

Institut f•ur Theoretische Physik, Freie Universit•at Berlin, Arnimallee 14, D-14195Berlin, Germany

The lecture consistsof two separateparts: In the �rst part, somerecent developments in time-

dependent density functional theory (DFT) will be presented. In particular, a time-dependent

generalization of the electron localization function (ELF) will be shown. The static ELF [1]

represents a tool to visualize the degreeof localization of the electron distribution and, thereby,

allows the classi�cation of chemical bonds. The time-dependent version of the ELF contains

an additional term arising from the phasesof the time-dependent Kohn-Sham orbitals. Movies

of the time-dependent ELF allow the time-resolved observation of the formation, the modu-

lation, and the breaking of chemical bonds, and can thus provide a visual understanding of

complex reactions involving the dynamics of excited electrons. We illustrate the usefulnessof

the time-dependent ELF by two examples:A � � � � transition induced by a laser �eld, and the

destruction of bonds and the formation of lone-pairs in a scattering process.
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Although time-dependent DFT enjoys increasingpopularit y as a method of calculating molec-

ular excitation spectra [2], it often has di�culties -just like ground-state DFT- in dealing with

degeneraciesor near-degeneracies.To get a grip on this kind of situations we explore, in the

secondpart of the lecture, a stationary approach to excitation energies,known asensemble DFT.

We observe that the direct Coulomb (Hartree) term appearing in the ensemble DFT for excited

states contains an unphysical \ghost" interaction which has to be corrected by the ensemble

exchange and correlation functional. We proposea simple additiv e correction to the conven-

tional ensemble exchangeenergy in the form of an orbital functional. By treating this corrected

exchangeenergyfunctional self-consistently within the optimized e�ectiv e potential method one

�nds a signi�cant improvement of atomic excitation energies[3].

[1] A.D. Becke and K.E. Edgecombe, J. Chem. Phys. 92, 5397(1990).

[2] H. Appel, E. K. U. Grossand K. Burke, Phys. Rev. Lett. 90, 043005(2003).

[3] N. I. Gidopoulos, P. G. Papaconstantinou and E. K. U. Gross,Phys. Rev. Lett. 88, 033003

(2002).

High-accuracyexchange-correlationpotentials from the linear-responseSham-Schl•uter
equation: Asymptotic behavior and properties

Y. M. Niquet 1, M. Fuchs2 and X. Gonze2

1Unit �e PCPM, Universit�e Catholique de Louvain, 1348Louvain-la-Neuve, Belgium
2Fritz-Hab er-Institut der Max-Planck-Gesellschaft, Berlin, Germany

There has been a recent interest in orbital- and energy-dependent exchange-correlation func-

tionals based on many-body perturbation theory or on the adiabatic connection 
uctuation-

dissipation theorem. These functionals, such as the Random PhaseApproximation (RPA), are

indeed able to describe Van der Waals interactions for example,which are beyond the scope of

the Local Density Approximation (LDA). However, the asymptotic behavior of the associated

exchange-correlationpotentials has remained controversial. Here we show that thesepotentials

are in fact well-behaved, and that their asymptotic behavior reveals much physics. We discuss

practical implications of theseresults for i) the calculation of thesepotentials and ii) the design

of orbital and energy-dependent approximations for the exchange-correlation energy. We also

discussapproximate exchange-correlation potentials, that are much simpler to compute while

being likely of reasonnableaccuracy.

Parameter-freecalculation of responsefunctions in time-dependent density-functional
theory

Francesco Sottile , Valerio Olevano and Lucia Reining

Laboratoire desSolidesIrradi �esCNRS-CEA/DSM, �Ecole Polytechnique, F-91128Palaiseau,France

We have establishedand implemented a fully ab initio method which allows one to calculate

optical absorption spectra of semiconductorsand insulators, including excitonic e�ects, without
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solving the cumbersomeBethe-Salpeter equation, but obtaining results of the sameprecision.

This breakthrough has been achieved in the framework of time-dependent density-functional

theory, using new exchange-correlationkernelsf xc that are free of any empirical parameter. We

show that the sameexcitonic e�ects in the optical spectra can be reproduced through di�eren t

f xc 's, ranging from frequency-dependent ones to a static one, by varying the kernel's spatial

degreesof freedom. This indicates that the key quantit y is not f xc , but f xc combined with

a responsefunction. We present results for the optical absorption of bulk Si, SiC (exhibiting

continuum exciton e�ects) and bulk Argon (exhibiting instead a bound exciton series)in good

agreement with experiment, almost indistinguishable from thoseof the Bethe-Salpeter approach.

Electronic structure of strongly correlatedmaterials - a view from dynamical mean�eld
theory

S.Biermann 1;2, F.Ary asetiawan3, A. Georges2;1

1Laboratoire de Physique desSolides,CNRS-UMR 8502,UPS Bât. 510, 91405Orsay France
2LPT-ENS CNRS-UMR 8549,24 Rue Lhomond, 75231Paris Cedex 05, France

3Research Institute for Computational Sciences,AIST, 1-1-1 Umezono,Tsukuba Central 2, Ibaraki

305-8568,Japan

Dynamical mean �eld theory (DMFT) allows for a quantitativ e description of electronic cor-

relations. Originally designedfor the study of lattice models of correlated fermions, such as

the Hubbard or Kondo models, DMFT has recently been combined with electronic structure

techniques (DFT-LD A). This "LD A+DMFT" approach provides a realistic description of the

excitation spectra of materials with arbitrary strength of electronic correlations.

After a short introduction to DMFT, we will discuss some successesof "LD A+DMFT". A

critical account of its shortcomings will also be given. Finally, we describe a recent attempt

("GW+DMFT") to go beyond heuristical combinations of band structure calculations and

DMFT.

Role and perspective of ab initio moleculardynamicsof biological systems

Paolo Carloni 1;2

1SISSA, International School for AdvancedStudies, via Beirut 2-4, 34013Trieste, Italy
2INFM DEMOCRITOS Center for Numerical Simulations, Italy

Ab initio molecular dynamics (MD) allows realistic simulations to be performed without ad-

justable parameters. In recent years, the technique has beenused on an increasing number of

applications to biochemical systems. By a survey of recent applications, we show that despite

the current limitations of sizeand time scale,ab initio MD (and hybrid ab initio MD/MM ap-

proaches) can play an important role for the modeling of biological systems. We also provide

a perspective for the advancement of methodological approacheswhich may be further expand

the scope of ab-initio MD in biomolecular modeling.
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Calculating optical spectra of surfacesand other non in�nite systemsusing plane waves
in DFT-LD A and beyond: bottlenecks and progresses

G. Onida 1, C. Hogan2, L. Reining3, R. del Sole2, O. Pulci2,

M. Palummo2, A. Incze1, and M. Rohl�ng 4

1Universita di Milano
2Istituto Nazionaleper la Fisica della Materia e Dipartimento di Fisica dell'Univ ersit�a di Roma \T or

Vergata", Via della Ricerca Scienti�ca, I{00133 Roma, Italy
3Laboratoire desSolidesIrradi �esCNRS-CEA/DSM, �Ecole Polytechnique, F-91128Palaiseau,France

4Institut fuer Festkoerpertheorie Universitaet Muenster, Wilhelm-Klemm-Strasse 10, 48149Muenster,

Germany

Calculation of dynamical correlation functions: Application to resistivity saturation

O. Gunnarsson

Max-Planck-Institut f•ur Festk•orperforschung, D-70506Stuttgart, Germany

The calculation of dynamical correlation functions is discussed,using a determinantal �nite

temperature quantum Monte-Carlo method. This method is particular suited for systemswith

electron-phonon interaction but without electron-electron interaction, since the so-calledsign

problem is then absent. The method is applied to the calculation of electrical resistivity.

The resistivity of metals normally saturates if it reachesvaluesof the order of 0.1 m
cm. This

happenswhen the apparent meanfree path becomescomparableto the separationof the atoms,

the Io�e-Regel criterion. Several exceptionshave, however, beenobserved, in particular High-Tc

cuprates and alkali-doped fullerenes. We present models of transition metal compounds and

alkali-doped fullerenes, in which noninteracting electrons are scattered by phonons. We show

that the transition metal model leads to resistivity saturation [1], while the fullerene model

shows no saturation [2]. Using the f-sum rule, we derive the Io�e-Regel condition quantum

mechanically [1,3]. We show that the underlying assumptionsare reasonablefor many transition

metal compounds [1], but that they are violated for alkali-doped fullerenes [3] and High-Tc

cuprates [4].

[1] M. Calandra and O. Gunnarsson,Phys. Rev. Lett. 87, 266601(2001).

[2] O. Gunnarssonand J.E. Han, Nature 405, 1027(2000).

[3] M. Calandra and O. Gunnarsson,Phys. Rev. B 66, 165119(2002).

[4] M. Calandra and O. Gunnarsson,Europhys. Lett. 61, 88 (2003).

Electron energylossspectroscopy at As-rich GaAs(001)surfaces

C. Hogan and R. del Sole

Dipartimento di Fisica e INFM, Universita' di Roma \T or Vergata", Via della Ricerca Scienti�ca 1,

00133Roma, Italy
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Optical spectroscopictechniques, in particular, re
ectance anisotropy spectroscopy (RAS), have

been used extensively in the past to characterize and understand the clean surfacesof semi-

conductors and metals. Increasingly, these techniques are being applied to the study of more

challenging systems,such as self-assembled nanowires on surfaces,epitaxial growth processes,

and even adsorbed organic moleculesand proteins.

One of the early driving forcesbehind thesetechniques was the hope that well de�ned features

in the surface layers, such as dimers, would yield useful signatures in the spectra. However,

it soon becameclear that this simple picture is complicated by the contribution to the optical

spectra from extendedstates,such assurfaceresonancesand surfaceperturb edbulk states. Fur-

thermore, the signal from the surfaceis very weak (a relative intensity of lessthan 1%), making

accurate measurements, and hence,comparisonwith theory, di�cult.

An alternative surfacesensitive spectroscopictechnique is that of high resolution electron energy

lossspectroscopy (HREELS). The shorter penetration depth of electrons,ascomparedwith that

of light, makes the technique much more sensitive to the details of the �rst few surface layers,

resulting in measuredrelative di�erence intensities in the surfaceanisotropy of up to 40%. In

this talk I will discussthe complementary nature of the RAS and HREELS techniqueswith the

aid of ab initio calculations of the anion-rich GaAs(001) � 2(2 � 4) and c(4 � 4) reconstructions.

Sincecalculations of HREELS spectra are usually carried out using a three-layer model which is

not valid at high lossenergies,or equivalently, at high transfer momentum q, the agreement with

experiment is usually only qualitativ e. Therefore, we also consider the problem of calculating

HREELS spectra beyond the three layer model, and present somepreliminary results.

SurfacePlasmonsin SurfaceAlloys

Krzysztof Tatarczyk , Arno Schindlmayr, and Matthias Sche�er

Fritz-Hab er-Institut der MPG, Faradayweg 4-6, 14195Berlin-Dahlem, Germany

Although in time-dependent density-functional theory quantitativ e description of collective ex-

citations is not yet complete,qualitativ e behaviour of plasmonsis reproducedwell even without

dynamic exchange-correlation e�ects. In caseof alkali and simple metal surfacesremarkable

agreement with experiments is found already in the framework of the electron gas, allowing to

believe that the accuratestudy of more complicated systemscan be performedsafetly. However,

recent research doneon the Al/Na, Al/K surfacealloy structures puts such believesin question,

since while the experimental specra show no separateplasmon excitation originating from the

alloy layers, the theory clearly predicts such. This controversy provides motivation for futher

studiesand the testing-ground for the implementation of the method. We present the EELS and

PY spectra of the above surfacealloys. These have been calculated in a generalisation of the

electron gasapproach, in which the onedimentional ground-state potential and the density pro-

�le are obtained from the ab initio study of the real system. By comparing these�ndings with

the jellium model calculations and the existing results by Liebsch we discussthe possiblerea-

sonsfor the outlined contradiction. As a side-result the usageof di�eren t exchange-correlation

kernelsand the density averaging schemeswith their in
uence on the plasmon energieshas also

beentested.
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Electronic Excitations at the InterfacebetweenSoft and Hard Matter

Franz J. Himpsel

Dept. of Physics,University of Wisconsin 1150University Ave. Madison, WI 53706,USA

The combination of organic and biological moleculeswith inorganic templates is becominga vast

new �eld with many opportunities for building up complex structures by self-assembly. This

talk will focuson their electronic excitations and give an overview of the spectroscopicmethods

available to explore them. Among the themeswill be:

1) Molecular electronics,nanotubes,switching molecules

2) Biocompatible interfaces,self-assembled monolayers

3) Block copolymer patterns

Ground- and excited-stateproperties of small molecularsystems:Pyrimidine and purine
basesin the gasphaseand adsorbed on silicon

W olf G. Schmidt �

Friedrich-Schiller-Univ ersit•at Jena, Institut f•ur Festk•orpertheorie und Theoretische Optik

Max-Wien-Platz 1, 07743Jena

The ground- and excited state properties of the DNA (RNA) basemoleculesadenine,guanine,

cytosine, thymine, and uracil is not only of interest for the understanding of electron transfer

processesalong the DNA, but also for potential nanosizeor mesoscopicdevices. Due to their

Watson-Crick basepairing complementarit y and due to the fact that DNA moleculesof speci�c

composition ranging in length from just a few nucleotidesto chains several tens of micrometers

long now be routinely prepared, a wide range of promising applications of thesemolecules- far

beyond biochemistry - are presently being explored.

We present equilibrium geometries, vibrational modes, dipole moments, ionization energies,

electron a�nities, and optical absorption spectra of the DNA basemoleculescalculated within

the single-particle as well as within Delta SCF (constrained DFT) approximation. Comparison

is made with results of quantum chemistry approachesand TDDFT results.

The adsorption of uracil on Si(001) is studied asan examplefor the interaction of a prototypical

organic molecule (featuring one C=C double bond, two NH and two carbonyl groups) with

a semiconductor surface. We �nd that the electronic properties of the uracil/Si(001) interface

dependstrongly on the details of the chemicalbonding and adsorption symmetry. Dative-bonded

interfacesare characterized by a high density of states in the energy region of the fundamental

gap and a very strong reduction of the surface dipole potential, whereas covalently bonded

interfaces are electronically passivated and show only small variations from the surfacedipole

of the clean surface.
� In collaboration with Martin Preuss,Patrick Hahn, Kaori Seinoand Friedhelm Bechstedt
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An approximate DFT approach to excited statesproperties

Marcus Elstner

Department of Theoretical Physics,University of Paderborn, Germany

We present an extensionof our density functional basedtight binding method SCC-DFTB [1] for

calculating excited state energiesin the framework of time dependent density functional linear

responsetheory [2]. The SCC-DFTB method is basedon a secondorder expansionof the DFT

total energy functional with respect to a referencedensity, where the matrix elements are de-

termined within a con�ned LCAO basis in a two-center representation. Similar approximations

are applied for the calculation of excited states energiesand gradients. The resulting compu-

tational e�ciency of this method allows to fully relax molecular systemsin excited states even

for large systemsor to perform extended molecular dynamics simulations. It further enables

investigating all the features of potential energy surfacesas minimum energy paths, transition

states and conical intersections neededfor an adiabatic analysis of photochemical problems.

Applications to small organic moleculesand aromatic systemsdemonstrate the quality of our

approach, reproducing the TDDFT results. However, also the shortcomingsof TDDTF (GGA

functionals) are inherited. We discusssomeillustrativ e examples,like the retinal chromophore

and linear polyenes,where the investigation of potential energysurfacesexhibits a qualitativ ely

wrong description of the respective photochemistry [3].

[1] Elstner et al., Phys. Rev. B 58 (1998) 7260

[2] Niehaus et al., Phys. Rev. B 63 (2001) 085108

[3] Wanko et al., submitted to JCP

TDDFT in moleculesand extendedsystems

Ari P Seitsonen and J•urg Hutter

Physikalisch ChemischesInstitut der Universit•at Z•urich, Winterth urerstr. 190, CH-8057Z•urich,

Switzerland

TDDFT hasby now mainly found applications in the calculation of �nite systemslike molecules

and clusters,due to the well-known limitations in the exchange-correlationpart and possibly the

formalism itself in extendedsystemslike liquids and solids. We present a formulation of TDDFT

in the plane wave basisset and within the linear responsetheory [J Hutter, J Chem Phys; 118

(2003) 3928]. This implementation in the CPMD code enables the calculation of excitation

energiesand responsesto external perturbations, like forceson the atoms, dipole moment and

density in the excited state. These enable calculations e.g. of adiabatic excitation energiesor

the electrostatic coupling in QM/MM calculaions.

We shall discuss some applications of TDDFT in molecular casesand its limitations in the

extendedsystems.

Investigating phenomenarelated to electronicexcited states through time dependent
density functional theory: Someexamples.
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Alb erto Castro 1;2, Miguel A. L. Marques2, Xabier L�opez3, Daniele Varsano1;2, and Angel

Rubio1;2

1Departamento de F��sica Te�orica, Universidad de Valladolid, Spain
2Donostia International PhysicsCenter, 20018San Sebasti�an, Spain
3Departamento de Qu��mica, UPV/EHU, 20018San Sebasti�an, Spain

4Departamento de F��sica de Materiales, UPV/EHU, 20018San Sebasti�an, Spain

Based on time-dependent density functional theory, we aim at the construction of a feasible

theoretical and computational framework to investigate, from �rst principles, the electronic ex-

cited states (and the phenomenarelated to them) of large systems{ up to systemsof biological

relevance. Attention has beenplacedon the optical absorption spectra, on non-linear electronic

response,and on photo-induced dynamics of the systemsdriven on excited states energy sur-

faces:photodissociation, photoisomerization, etc. We will present someselectedexamplesof our

attempts, successes,failures and concerns. Systemsunder probe have been: the green 
uores-

cent protein (GFP), DNA basis, the azobenzenecromophore, and someother small molecules.

The computational designand techniques will also be presented.

Optics and transport of (bio)-molecular systems:solid state e�ects and � � � interactions

E. Molinari

INFM-S3 and Dipartimento di Fisica, Universita di Modena e ReggioEmilia, Modena, Italy

Di�eren t ways of treating the bias and the inclusion of many-body interactions in the
description of quantum conductance

Gianluca Stefann ucci , Carl-Olof Almbladh, and Barbara Tobiyaszewska

Dept. of Physics,FTT Group, Lund University, Solvegatan 14 A, S-22362Lund, Sweden

A novel nonequilibrium Green's function approach is proposedin order to deal with the current

response of resonant tunneling systems. Most of the previous results in this �eld have been

obtained by using a "partitioned" scheme, i.e., the left and right lead are decoupled in the

remote past and in thermal equilibrium at di�eren t chemical potentials. The current 
o ws once

an hopping term between the leads and the central quantum device is estabilished. Physically

one expect that the initial correlations are washedout after very long time and hencethat the

steady state current should be the same as the one calculated in a "partition-free" scheme.

Here the whole system is in thermal equilibrium and it is the bias rather than a contact to

be switched on. Despite a more involved formulation, the partition-free approach has many

appealing featuresbeing much closer to what is experimentally done. In particular, besidesthe

static responsesone can calculate physical dynamical responsestoo.

For non-interacting resonant tunneling system we write down an analytic result for the time-

dependent current in the so called wide-band limit. We also prove a theorem of equivalence
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betweenthe two schemesas far as the long time behavior of the current responseis concerned.

The interactions can be included perturbativ ely or self-consistently. In particular the non-

interacting solution for the lesserGreen function doesn't change at the Hartree-Fock level and

this allows to study, e.g. plasmon e�ects, formation of dipolesat the interfacesand so on.

Measuringthe electrical transport properties of individual molecules:carbon nanotubes
and DNA

Julio G�omez-Herrero

Departamento de F'�sica de la Materia CondensadaUniversidad Aut�onoma de Madrid, E-28049

Madrid, Spain

In this talk we will review di�eren t experiments devoted to measurethe electrical transport

properties of natural DNA moleculesadsorbed on a insulating subtract. The results are com-

pared with those obtained in single walled carbon nanotubes(SWNT). The experiments can be

divided in to groups:

i) Contact experiments: in these experiment a metal covered atomic force microscope (AFM)

tip is usedto produce a nanocontact on the molecules.Using this technique current as high as

30 mA can be obtained in the caseof SWNT. The sametechnique doesnot show any evidence

of electrical transport in natural DNA within our experimental sensitivity 0.1 pA.

ii) Non contact experiments: In these experiments the e�ects of a long range electric �eld is

measuredsimultaneously in SWNT and natural DNA molecules. Again, in the caseof carbon

nanotubes a clear signal is obtained indicating that carbon nanotubes screenthe electric �eld

and therefore are good conductors. In the caseof DNA no signal is measuredindicating that

natural DNA is not a conductor. This technique is independent of the particular type of contact

electrodes.

Coherent steadycurrent-carrying states from the maximum entropy principle and the
Kubo formula

Peter Bok es1;2 and Rex W. Godby1

1Department of Physics, University of York, Heslington, YO10 5DD York, U.K.
2Department of Physics,Slovak Technical University (FEI STU), Ilk ovicova 3, 812 18 Bratislava,

Slovakia

In order to include electron-electron interactions in a controlled way in ab-initio calculations,

we needto formulate the problem of coherent steady-state charge transport in a form di�eren t

from the usual scattering-states-occupation theory, which is too closelybound to single-particle

concepts. We present such an approach basedon the maximum entropy principle, and discuss

its advantages as well as di�culties. We discuss the results for several semi-self- consistent

models for which the maximum-entropy results can be directly compared to the scattering-

states approach. A further alternative, in the linear-responseregime, is o�ered by a Kub o-like
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theory. We discussthe problems one needsto overcomewhen the electron-electron interaction

is to be included, as well as somesimple examples.

CONTRIBUTED TALKS

Bound excitons in time-dependent density functional theory: optical and energy-loss
spectra

A. Marini 1, R. Del Sole2, and A. Rubio1

1Departamento de F��sica de Materiales, UPV/EHU, Centro Mixto CSIC{UPV/EHU and Donostia

International PhysicsCenter. E{20018 San Sebasti�an, Spain
2Istituto Nazionaleper la Fisica della Materia e Dipartimento di Fisica dell'Univ ersit�a di Roma \T or

Vergata", Via della Ricerca Scienti�ca, I{00133 Roma, Italy

Since the 30's excitons are ubiquitous in our understanding of the optics of bulk materials,

surfaces,nanostructures and organic/bio{molecules. However just recently the �rst principle

description of excitons in the optical absorption of extendedsystemshasbeenachieved, by solv-

ing the Bethe-Salpeter equation of Many{Bo dy Perturbation Theory. An alternative approach

to the study of correlation in many{b ody systemsis given by time{dependent{densit y{functional

theory (TDDFT). In TDDFT all many-body e�ects are cast into the exchange-correlationkernel

f xc(r; t; r 0; t0) = � vxc(r; t)=� � (r 0; t0), where vxc(r; t) is the time{dependent exchange{correlation

potential. However the commonly usedapproximation for f xc basedon the Local{Density Ap-

proximation (LDA) fail to describe, among other things, excitonic e�ects in the optical and

energy{loss spectra. Furthermore, to{date, calculations of the absorption spectra of solids

beyond time{dependent LDA were performed in semiconductors characterized by weak con-

tinuous excitonic e�ects. Consequently it remains open whether or not strong electron{hole

e�ects (e.g. bound excitons) in the optical and energy{loss spectra can be described within

TDDFT. Wepresent a robust, e�cien t, frequencydependent and non{local exchange{correlation

f xc(r; r 0; ! ) derived by imposing time{dependent density{functional (TDDFT) theory to repro-

duce the many{b ody diagrammatic expansionof the Bethe{Salpeter polarization function. As

illustration, we show the calculated optical spectra of LiF, SiO2 and diamond and the �nite mo-

mentum transfer energy{lossspectrum of LiF. Bound{excitons as well as strongly and weakly

correlated resonant excitons are well reproduced in the proposedTDDFT scheme. A favorable

expressionfor f xc is given to allow its straightforward implementation.

Dynamics of electronically excited molecules

Mic hael Rohl�ng

Institut fuer Festkoerpertheorie Universitaet Muenster, Wilhelm-Klemm-Strasse 10, 48149Muenster,

Germany

After excitation of its electronic subsystem,a molecule is usually no longer in mechanical equi-

librium. Vibration, relaxation, and particle desorption may result. To describe this, we evaluate
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the geometry-dependent total energyof the system, as resulting from many-body perturbation

theory of the excitation: the total energy is given by the sum of the ground-state energy (from

density-functional theory) and the excitation energy. The many-body perturbation theory is

evaluated within the GW approximation for the self-energyoperator and for the corresponding

electron-hole interaction kernel. As an example, we discussthe desorption of hydrogen from

uracil which is a building block of RNA. When a low-energyelectron is trapp ed by the molecule

and incorporated in its electronic structure, the desorption of hydrogen is observed and the

molecule becomesa chamically reactive radical. Such processesare supposed to contribute

signi�cantly to radiation damage.

Ab Initio Investigation of the Halfmetal-Metal Transition in Magnetite

Martin Fri �ak1, Arno Schindlmayr1;2 and Matthias Sche�er 1

1Fritz-Hab er-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195Berlin, Germany
2Institut f•ur Festk•orperforschung, Forschungszentrum J•ulich, 52425J•ulich, Germany

Magnetite, Fe3O4, is a ferrimagnetic material with a unique combination of interesting properties

for applications in spintronics and data-storagetechnology. As a halfmetal, the high-temperature

phaseof magnetite possessesa 100%spin polarization at the Fermi surface,but its conductance

is not due to majorit y but to minorit y spin electrons. Besides,it has an unusually high Curie

temperature (858 K) and may be grown epitaxially using conventional deposition techniques.

We present here a theoretical study of the external conditions (uniaxial and biaxial stress,pres-

sure, substitution) that induce a halfmetal-metal transition leading to a loss of the material's

desirablehalfmetallic properties.

The total energies,electronic structure and magnetic moments are calculated within density-

functional theory (DFT) using the full-p otential linearized augmented plane-wave (FLAPW)

method. Independent geometry optimizations, which take the internal degreesof freedom fully

into account, show that the local-density approximation (LDA) signi�cantly underestimatesthe

equilibrium volume, while the generalizedgradient approximation (GGA) shows excellent agree-

ment with experimental �ndings. In responseto uniaxial, biaxial or triaxial pressure,a halfmetal-

metal transition occurs,which shifts the Fermi energyfrom the gapof the majorit y-spin electrons

either under the top of the valenceband or above the bottom of the conductanceband, so that

both spin channelsbecomemetallic. We also performed a detailed total-energy analysis of �v e

di�eren t structural and spin con�gurations simulating the substitution Fe2:5X0:5O4 (X = Mn,

Co, Ni). The results allow an identi�cation of the lowest-energy con�guration in agreement

with experimental observations. For Mn-substitution we �nd a purely metallic character, i.e.,

nonzerodensity of statesat the Fermi level also for majorit y-spin electrons,qualitativ ely similar

to the stress-inducedtransition in pure magnetite.

At about 120 K magnetite undergoes a Verwey transition, accompaniedby structural defor-

mations, whosephysical nature remains as enigmatic as the microscopicproperties of the low-

temperature phase. It is known, however, that this transition is very sensitive to the applied

stressand the impurit y concentration. By treating both of thesefactors on the samefooting and

stressingtheir qualitativ ely similar e�ects, the presented results may shed light on the driving
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factors responsible for the Verwey transition.

Self-Consistent Self-Interaction CorrectedDFT: The Method and Applications to
Extended and Con�ned Systems

Kiril Tsemekhman 1, Eric Bylaska2, and HannesJonsson1;3

1Department of Chemistry, University of Washington, Seattle, WA 98195,USA
2Paci�c Northwest National Laboratory, P.O. Box 999, Richland, WA 99352,USA

3Faculty of Science,VR-I I, University of Iceland, Reykjavik, Iceland

We lay out a framework for the self-consistent calculation of self-interaction corrections (SIC)

to the density functional theory (DFT). The technique implements the original method due to

Perdew and Zunger and combines two procedures: construction of maximally localized Wan-

nier functions (MLWF, proceduredue to Marzari and Vanderbilt and to Silvestrelli) and direct

minimization of the DFT+SIC total energy functional. In this formulation, the technique is

applicable to both con�ned and extendedsystems.While construction of the Wannier functions

is a useful tool in the caseof moleculesand clusters, it is a necessarystep for extendedsystems

sinceself-interaction energiesconstructed on Bloch functions vanish. Construction of Wannier

functions thus provides both a good initial guessand a set of functions for which calculation of

non-vanishing SIC is possible. Direct minimization scheme, similar to Car-Parrinello method,

allows us to avoid solving non-trivial generalizedeigenvalue problem aswell asto calculate forces

and structural dynamics.

We study the e�ect of self-interaction correction on the localization of the wavefunctions and

show that, in all casesconsideredhere, the solutions of DFT+SIC are maximally localized in

space. However, in many physically interesting cases,direct minimization of the DFT+SIC

functional results in the wavefunctions and density distributions that are qualitativ ely di�eren t

from those obtained by applying MLWF procedureto LDA or GGA solutions.

In particular, contrary to the DFT result, we observe localization of spin density around a single

oxygen atom near Al substitutional defect in silica and induced by this localization structural

symmetry breaking leading to the signi�cant elongation of one Al-O bond, both seenin the

experiments. We also obtain several self-trapped excitons around structural distortions in silica

which are lower in energythan the triplet exciton in perfect crystal. Applying SIC alsostabilizes

the self-trapped hole in alpha-quartz.

Becauseoccupied and excited states are treated di�eren tly in the DFT+SIC technique, the

single-particle gap in insulators and semiconductorsgets signi�cantly improved: most spectac-

ularly, Ge is reproduced as a narrow-gap semiconductor rather than a metal predicted by the

DFT. As a consequenceof this e�ect, we get signi�cant improvement in the formation energies

of the interstitial self-di�usion in Si and Ge.

We also apply the technique to calculate the reaction energiesand barriers of silane molecules.

Results, although showing the correct trend with respect to the di�erence between the DFT

(LDA or GGA) and preciseall-electron calculations, appear in somecasesto somewhatovercor-

rect the DFT results.
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A Hybrid Time-dependent Density Functional/Molecular Mechanics investigation of
Aminocoumarinsin Solution

M. Sulpizi 1, P.Carloni2;3 and U. Rothlisberger1

1Laboratory of Computational Chemistry and Biochemistry, Federal Institute of Technology

(EPFL) CH-1015Lausanne,Switzerland.
2SISSA, International School for AdvancedStudies, via Beirut 2-4, 34013Trieste, Italy

3INFM DEMOCRITOS Center for Numerical Simulations, Italy

Here we present a hybrid quantum mechanical /molecular mechanics approach (QM / MM) [1]

to describe the optical properties of the aminocoumarins, an important group of laser dyes in

the blue-green region. In the approach we use the solute (aminocoumarin) is treated at the

�rst principle level with TDDFT [2], while the solvent is treated with a classicalforce �eld. We

study the ground state and �rst excited singlet state properties of C151, C35 and C153, three

aminocoumarinsfor which a homogeneoussetof experimental data is available [3]. Our approach

is able to quantify the e�ects of the chemical substituents, and in particular to reproduce the

spectral redshift due to the increasedalkylation at the amino position. Moreover solvation

is described through a molecular approach, which permits to include in the calculations the

e�ects due to the inhomogenitiesof the solvent moleculeselectric �eld. We can quantitativ ely

reproduce the solvent spectral redshift for water and acetonitrile [4], two solvents which present

a di�eren t behavior in terms of H-bond properties. Our approach is able to give quantitativ e

information on the spectral shifts and opens the way to treatment of more complex systems,

such as chromophore in a protein environment. Moreover, it can be a useful instrument for the

rational designof new compounds with speci�c spectral properties.

[1] Laio, A.; VandeVondele,J.; Rothlisberger, U. J.Phys.Chem.B 106, 7300(2002)

[2] M.E. Cassida,in Recent advancesin density functional methods, (Vol. 1), Ed. D.P. Chong

(World Scienti�c, Singapore, 1995); Hutter J., J Chem. Phys. 118 (9): 3928(2003)

[3] Gustavsson, T.; Cassara,L.; Gulbinas, V.; Gurzadyan, G.; Mialocq, J.-C.; Pommeret, S.

Sorgius,M.; van der Meulen, P. J.Phys.Chem.A 102, 4229(1998)

[4] M. Sulpizi, P.Carloni and U. Rothlisberger, sunmitted to PCCP

Electron channelsin biomolecularnanowires

A. Calzolari 1, R. Di Felice1, E. Molinari, 1 and A. Garbesi2

1INFM-S3 and Dipartimento di Fisica, Universita di Modena e ReggioEmilia, Modena, Italy
2CNR ISOF, Area della Ricerca, Bologna, Italy

The idea that singlemoleculesand/or molecular arrays might be anchored to inorganic supports

and integrated into electronic circuits has inspired many scientists in the last two decades.An

intense research e�ort is being developed to identify the suitable molecular candidates,exploit

them to fabricate devices,and test the device e�ciency . In this paper, we discussthe advan-

tagesof employing DNA-lik e biomoleculesto realizemolecularnanodevicesin which the intrinsic

functionalities (e.g. self-assembly, replication, recognition) of the active component might be ex-

ploited. We focus on one particular exampleof a periodic molecular wire, for which an entirely
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�rst principle approach was feasible.

By meansof ab-initio (plane-wave pseudopotential DFT-GGA) calculations, we investigate in

detail the electronic properties of a realistic DNA-derivative (G4-wire), which consists of a

quadruple helix of stacked planar hydrogen-bonded guanine tetramers stabilized by potassium

metal cations.

The analysisof the electronicground state shows that the � � � coupling amongstacked guanines

is insu�cien t to induce the formation of dispersive band along the wires. However, the presence

of closelyspacedenergylevels leadsthe formation of manifolds, whosedensity of statessuggests

an interpretation of the electrical properties of G4-wires in terms of e�ectiv e wide-bandgap

semiconductors.The actual coupling of G molecular orbitals, which may be easily induced by a

weak external interaction, givesrise extendedBloch-like electron channels,suitable to host hole

conduction along the wire.

Whether the formation of gathered manifolds seemsto be a general feature of base-baseinter-

action in stacked systems;the e�ects due to the presenceof the metals depend on the speci�c

choiceof the cation. In the caseof potassium, the detailed description of its electronic structure

(which includes the explicit treatment of 3p semicoreshell) allows us to investigate the complex

metal-moleculeinteractions, neglectedso far. With respect to the empty guanineaggregate,the

inclusion of potassium enhancesthe conduction properties of the systemgenerating further ex-

tended electron channelsstemming from the metal-moleculeinteraction: The mixed sp-orbitals

of K+ hybridize with the HOMO's of guanine,and this coupling givesorigin to a partially �lled

HOMO-derived band: G4-wire in the presenceof K + ions acts as intrinsic p-doped system.

Nonequilibrium Quantum Transport in Quantum CascadeLasers

A. W acker , S.-C. Lee, and M. F. Pereira

Institut f•ur Theoretische Physik, Technische Universit•at Berlin, Hardenbergstr. 36, 10623Berlin,

Germany

Quantum cascadelasers [1] constitute an important source of midinfrared radiation. These

semiconductorheterostructure devicesrely on the interplay of tunneling and optical transitions

far from equilibrium, manifesting a prototype of a quantum transport device. We present trans-

port and gain simulations of these structures using a fully self-consistent quantum mechanical

approach within the theory of nonequilibrium Greenfunctions [2]. We solve the Kadano�-Ba ym

equations in energy representation for the stationary nonequilibrium state using self-energies

within the self-consistent Born approximation for phonon and interface roughnessscattering.

Furthermore the mean �eld potential is evaluated self-consistently with the actual carrier dis-

tribution. The gain is calculated from linear response with respect to an external infrared

radiation. Starting from nominal sample parameters both the current-voltage characteristics

and the gain spectrum are in good agreement with experimental �ndings for various samples.

This demonstratesthat nonequilibrium Green functions o�er a strong tool for the description

of modern nanostructure devices.

[1] C. Gmachl, F. Capasso,D. L. Sivco, and A. Y. Cho, Rep. Prog. Phys. 64, 1533(2001).

[2] S.-C. Lee and A. Wacker, Physical Review B 66, 245314-1{18(2002).
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First-principles analysisof optoelectronicproperties in semiconductingpolymers: The
role of solid-statepacking

Alice Ruini 1;2, Giovanni Bussi1;2, Andrea Ferretti 1;2, Marilia J. Caldas1;3, and Elisa
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1INFM National Research Center on nanoStructures and bioSystemsat Surfaces(S3)
2Universit�a di Modena e ReggioEmilia, Via Campi 213a,I-41100Modena, Italy

3Instituto de Fisica, Universidadede SaoPaulo, CP 66318,05315-970SaoPaulo, Brazil

Ordered �lms of organic conjugated polymers o�er an ideal scenariofor the study of electronic

and excitonic con�nement, being composed of quasi-one-dimensionalsystems arranged in a

three-dimensionalcrystalline environment. Sofar, experiments are usually interpreted in terms

of a single-chain model, therefore neglectingany e�ect of solid-state arrangement and interchain

interaction.

We investigate the e�ect of solid-state chain packing on both optical and transport properties

for a prototype polymer, poly-para-phenylenevynilene (PPV), that is considered in di�eren t

possiblecrystalline packings.

The optical behaviour of PPV is explored through an ab-initio scheme based on the Bethe-

Salpeter equation, that allows us to include electron-hole interaction on top of a density-

functional theory calculation. We �nd [1] that the details of crystalline arrangement dramati-

cally alter the optical properties and lead to a richer excitonic structure: each excitonic state

splits in two direct components (with electron and hole on the samechain), one for each non-

translationally-in variant chain in the unit cell, and the optical inactivit y of the lowest component

crucially quenches the photoluminescencee�ciency .

Moreover, the transport properties of PPV have been investigated [2] by converting the band-

structure problem to a tight-binding formulation; this approach provides a �rst-principles de-

termination of the transfer integrals, which are found to be a crucial quantit y to appreciate the

important e�ect of crystalline aggregationon conduction properties.

Our results suggestthat control of interchain interaction and solid-state packing provide a tun-

able parameter for the designof e�cien t optoelectronic devices.

[1] Alice Ruini, Marilia J. Caldas, Giovanni Bussi, and Elisa Molinari, Phys. Rev. Lett. 88,

206403(2002).

[2] Andrea Ferretti, Alice Ruini, Elisa Molinari, and Marilia J. Caldas, Phys. Rev. Lett. 90,

086401(2003).

Theoretical investigation of metal-modi�ed DNA-basednanostructures

R. Di Felice 1, A. Calzolari1, H. Zhang1, E. Molinari 1,A. Garbesi2

1INFM National Center on nanoStructures and bioSystemsat Surfaces(S3), Modena, Italy
2CNR-ISOF, Area della Ricerca, Bologna, Italy
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Recent e�orts in the �eld of molecular electronicsare being extendedto the useof biomolecules

for device fabrication. The advantages of using biomolecules, rather than more conventional

organic moleculessuch conducting polymers and others, are linked to their intrinc functional-

it y (e.g., electron-transfer metalloproteins) and unique structuring. For instance, by virtue of

their recognition and self-assembling properties, DNA moleculesseemparticularly interesting in

this framework. However, whereasdouble-stranded DNA has been successfullyemployed as a

template for metallic wires, its performanceas a conductor is still questionedand several data

indicate that native DNA attached to inorganic substrates is an insulator.

Despite this evidence,it would be very appealing to combine the structural properties of DNA

with an intrinsic molecular conductivit y. Therefore, ongoing investigations are devoted to the

search of novel modi�ed DNA moleculesthat would have suitable electronic properties. In this

presentation, we focus on two possiblemodi�cations: (i) G4-DNA, which is a quadruple-helical

form of DNA in which adjacent stacked planes(each plane is a guaninequartet) are intercalated

by metal ions; (ii) metal insertion in double-helical DNA with controlled sequence(poly(dG)-

poly(dC)). We show the resultsof DFT-PW91 periodic-supercellcalculationsof in�nite G4-wires

containing di�eren t metals (K, Ag, Cu) and discussthe metal-guaninehybridization and the ex-

pectedconsequenceson charge mobilit y. Moreover, we show preliminary results for GC pairs in

which oneH-bond is substituted with a metal ion (Zn, Ag, Cu). Metal-modi�ed DNA molecules

appear asgood candidatesaswide-bandgapsemiconductors,and the metals might behave asin-

trinsic dopants, either by virtue of their redox activit y or becauseof the electronic con�guration.

We �nally discussthe implications of our results in the framework of the ab-initio computation

of I-V transport characteristics of molecular devices: the latter involve scattering properties and

charge motion in molecular wires attached to metal electrodes.

QM/MM Car-Parrinello Molecular Dynamics Study of the Photoreaction in Rhodopsin

U.F. R•ohrig 1, I. Frank2, L. Guidoni1, U. R•othlisberger1

1Laboratory of Computational Chemistry and Biochemistry, SwissFederal Institute of Technology

Lausanne,CH-1015Lausanne,Switzerland
2Chemistry Department, Ludwig-Maximilians-Univ ersity Munich, D-81377Munich, Germany

The primary event in human vision involves the photoisomerization of the chromophore of

rhodopsin, a visual pigment located in the retina. This extremely fast and e�cien t processis

completedwithin 200 fs and displays a quantum yield of 0.67. Rhodopsin has beeninvestigated

thoroughly both experimentally and theoretically, but the details of the reaction mechanism and

of the subsequent relaxation remain open questions. Our theoretical approach consists in the

application of a hybrid classical/quantum mechanical Car-Parrinello molecular dynamics algo-

rithm [1] that allows us to carry out excited state dynamics [2,3] for the whole chromophore,

taking into account the in
uence of the protein environment. The model system (� 24000

atoms) comprisesthe entire protein in a membrane mimetic environment composedof a wa-

ter/o ctane mixture, while the quantum sysytem (� 60 atoms) includes the chromophore (the

11-cisprotonated Schi�-base of retinal). Our simulations yield onewell-de�ned pathway for the

isomerization, forming a highly strained all-trans retinal within the binding pocket. Classical
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molecular dynamics simulations give insight into the following relaxation stepson a nanosecond

timescale[4].

[1] A. Laio et al., J. Chem. Phys 116, 6941(2002).

[2] I. Frank et al., J. Am. Chem. Soc. 108, 4060(1998).

[3] J. Hutter, J. Chem. Phys. 118, 3928(2003).

[4] U. Rohrig et al., Biochemistry 41, 10799(2002).

Cisplatin binding to DNA oligomersfrom hybrid Car-Parrinello/Molecular dynamics
simulations

K. Spiegel 1, U. Rothlisberger 2 and P. Carloni 1
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Center for Research in Atomistic Simulation, Via Beirut 2-4, 34014,Trieste, Italy

2Ecole polytechnique f�ed�erale de Lausanne(EPFL), 1015Lausanne,CH

Structure and binding of cisplatin to DNA in aqueoussolution is investigated by QM/MM

methodologies. In our approach, the platinated moiety is treated at the density functional

level and the biomolecular frames with the AMBER force �eld. The calculations are based

on X-ray structures of platinated DNA (in the free form, cispt-d(CCTCTG*G* TCTCC) -

d(GGAGACCAGAGG)1 and in complexwith HMG protein domain A, cispt-d(CCUCTCTG*G*

ACCTTCC) -d(GGAGAGACCTGGAA GG)2 and on cisplatin docked DNA structure.

During the dynamics, the structure of the platinated DNA dodecamerrearrangessigni�cantly

towards structural determinants of the solution structure as obtained by NMR spectroscopy.

The calculated 195Pt chemical shifts of the QM/MM structure relative to cisplatin in aqueous

solution are in qualitativ e agreement with the experimental data. The QM/MM structure of the

platinated/DNA HMG complexon the other hand remainsrather similar to the X-ray structure,

consistent with its relatively low 
exibilit y.

Docking of Pt(NH 3)2
2+ onto DNA in its canonical B-conformation causesa large kink and a

rearrangement of DNA as experimentally observed in the platinated adducts, with NMR chem-

ical shifts in qualitativ e agreement with the values in aqueoussolution. Thus, the QM/MM

approach presented here reveals itselv as novel and useful tool to investigate Pt/DNA adducts.

[1] Takahara P.M., Rosenzweig A.C., Frederick C.A., Lippard S.J., Nature 1999,377, 649-652.

[2] Ohndorf U.M., Rould M.A., He Q., Pabo C.O., Lippard S.J. Nature 1999,399, 708-712.

Enzymatic mechanism of aspartic proteasefrom �rst principles

M. Cascella 1, U. Rothlisberger 2 and P. Carloni 1

1International School of AdvancedStudies (SISSA/ISAS) and INFM - DEMOCRITOS Modeling
Center for Research in Atomistic Simulation, Via Beirut 2-4, 34014,Trieste, Italy

2Ecole polytechnique f�ed�erale de Lausanne(EPFL), 1015Lausanne,CH

The catalytic reaction of HIV-1 Aspartic proteasehasrecently beenrelated to the conformational


exibilit y of the protein frame [1]. Here we address this issue in the context of the human
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isoenzymesecretase,which featuresa fold other than that of the viral enzyme: whilst the latter

is a 2-fold homodimer, secretaseis an asymmetric monomer.

Following ref. [1], we investigate the reaction mechanism with a two-step approach. We �rst

perform � 20 ns classical MD. The simulation shows that substrate and protein motions are

correlated. We then perform hybrid Car-Parrinello MD simulation [2] to evaluate the activation

free energy of the reaction. In this approach, we adopt a quantum description (DFT/BL YP)

for the cleavage site, whereasthe rest of the system is described by standard force-�elds. We

�nd that,as in the viral enzyme [1], the reaction free energy is strongly modulated by the

conformational 
uctuations of the protein. Thus, the two di�eren t folds of aspartic proteases

seemto have beenevolutionary selectedto featuressimilar mechanical properties, which in turn

play similar roles for the biological function.

[1] S. Piana, P. Carloni, M. Parrinello; J. Mol. Biol. (2002), 319, 567-583;S. Piana, P. Carloni,

U. Rothlisberger; Prot. Sci. (2002), 11, 2393-2402.

[2] A. Laio, J. VandeVondele,U. Rothlisberger; J. Chem. Phys. (2002), 116, 6941.;A. Laio, J.

VandeVondele,U. Rothlisberger; J. Phys. Chem. B (2002), 106, 7300-7307.

Optical absorption spectra of polycyclic aromatic hydrocarbons of astrophysical interest

G. Mallo ci , G.Satta, G.Mulas and G.Cappellini

INFM-Dip. di Fisica-Univ. di Cagliari Citt. Univ. di Monserrato

Polyciclic Aromatic Hydrocarbons(PAHs) arethought to beabundant in the interstellar medium

and to play a crucial role for the chemistry and global energy balance in space. We present

our preliminary results of the photoabsorption cross-sectionof anthracene (C 14H10), pyrene

(C16H10), coronene(C24H12) and ovalene(C32H14) in the framework of Time Dependent Density

Functional Theory (TDDFT). Results obtained using two very di�eren t TDDFT implementa-

tions, namely Octopus and NWChem, are compared with available experimental results. The

computedspectra are in reasonableagreement with the experimental data, especially for the low-

lying excited states below the ionization potential of the speciesunder study. Our work shows

that computer codescommonly available to the communit y of condensedmatter physicists are

reliable enoughfor the theoretical study of the optical properties of this classof astrophysically

relevant molecules. This makes them particularly precious when direct experimental data are

not easilyobtainable, asis often the casefor the highly reactive radicals and ions of such species.

A new technique for the sp2/sp3 characterisation of carbon materials

J. T. Titan tah and D. Lamoen

TSM, Department of Physics,University of Antwerp, Groenenborgerlaan 171, 2020Antwerpen, Belgium

A method is devisedto quantify the sp3 fraction of an amorphouscarbon sample. This method is

basedon the theoretical separationof the � � and � � components of the carbon 1selectronenergy-

loss spectra. We perform density functional theory calculations [1] on graphite and a seriesof
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generatedamorphouscarbon structures of varying densities. The momentum transfer orientation

resolved energy-lossnear edgestructure calculations [2] have permitted the decomposition of the

K-edge of graphite into the � � and the � � components. The resulting � � spectrum is adopted

and assumedto be transferable to other carbon systemspendingan appropriate parametrisation

of the life-time, phonon and instrumental smoothening. The method is applied to the generated

amorphouscarbon structures and shown to bestableover a wide rangeof the energywindow used

for spectral integration. The sp3 fractions obtained using this method on a seriesof amorphous

carbon structures generated using classical Monte Carlo procedure are found to be in good

agreement with thoseobtained using the � � orbital axis vector [3] approximation. We have also

applied this method on amorphouscarbon samplesprpared usinga variety of methods and found

good agreement using the functional �tting technique. From the electronenergylosscalculations

on the generated amorphous carbon structures, we conclude that the interchangeableuse of

coordination number and hybridisation state can lead to an underestimation of the sp3 fraction

of generatedamorphouscarbon structures especially for low and moderate density amorphous

carbon.

[1] P. Blaha, K. Schwarz, G. K. H. Madsen,D. Kvasnicka and J. Luitz, WIEN2k, An Augmented

Plane Wave + Local Orbitals Program for Calculating Crystal Properties (Karlheinz Schwarz,

Techn. Universit•at Wien, Austria), 2001. ISBN 3-9501031-1-2.

[2] M. Nelhiebel et al., Phys. Rev. B. 59(20), 12807,1999.

[3] R. C. Haddon and L. T. Scott, Pure. Appl. Chem. 58, 137, 1986.

Electronic band structure of the C(111)2x1and C(111):H surfaces

Margherita Marsili 1, Olivia Pulci1, Friedhelm Bechstedt2, and Rodolfo Del Sole1
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2 Friedrich-Schiller-Univ ersit•at Jena, Institut f•ur Festk•orpertheorie und Theoretische Optik
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The acceptedmodel for the reconstruction of the (111) diamond surfaceis the (2� 1) � -Pandey

chain model [1]. Neverthelessthe details of its geometry, that a�ect the magnitude and existence

of the calculated electronic gap betweensurfacestates, are still an open issue[2,3]. Converged

total energycalculations [4,5,6] do not indicate either a chain buckling or a chain dimerization,

with the exception of Ref.[7]. Within the DFT scheme, in absenceof dimerization, this surface

appearsmetallic while experimental data show that its electronic structure has a gap of at least

0:5eV [8]; in particular, electron-energy-lossspectroscopy [9] indicates a gap of 2eV.

We present �rst principles calculations of the C(111) surface(2x1) and of the C(111) : H (1X 1)

reconstruction and electronicstructure usingDFT within LDA and GGA. In our calculations the

cleanC(111) reconstructs to a � -chain without any signi�cant dimerization or buckling. We also

show our preliminary results within the many body green's function approach. Quasi-particle

corrections to the surfaceband structure are calculated within the GW approximation.

[1]K.C. Pandey Phys. Rev. B 25 , 4338(1982).

[2]F.Bechstedt, A.A. Stekolnikov, J.Furthm •uller and P. K•ackell Phys. Rev. Lett. 87, 16103

(2001).
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[4]D.Vanderbilt and S.G.Louie Phys. Rev. B 30 , 6118(1984).

[5]A. Scholze, W.G. Schmidt and F.Bechstedt Phys. Rev. B 53 , 13725(1996).

[6]G. Kern, J. Hafner, J. Furthm •uller, G.KresseSurf. Sci. 357-358, 422 (1995).

[7]S. Iaorli, G. Galli, F. Gygi, M.Parrinello and E. Tosatti Phys. Rev. Lett. 69 , 2947(1992).

[8]R. Graupner, M. Hollering, A. Ziegler, J.Ristein and L.Ley Phys. Rev. B 55 , 10841(1997).

[9]S.V. Pepper Surf. Sci. 123 , 47 (1982)

Excitons in carbon nanotubes: a �rst-principles study

Eric K. Chang , Giovanni Bussi, Alice Ruini, and Elisa Molinari

INFM National Center on nanoStructures and bioSystemsat Surfaces(S3) and PhysicsDepartment,
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The nature of optical excitations in carbon nanotubesand their dimensionality remain an open

question. On the experimental side, it is now possible to carry out optical spectroscopy on

nanotubes of selectedsizesand types.[1]. The results indicate that single-particle schemesare

not su�cien t for their interpretation. On the theoretical side, interesting phenomenological

approacheswere applied [2], but a realistic and quantitativ e calculation of the actual excitonic

binding energyand spatial sizerequires an ab initio approach.

In this work, we present the results of our calculations of excitonic e�ects and optical properties

of carbon nanotubes. We adopt a �rst-principles approach and usemany-body methods such as

the Bethe-Salpeter Equation (BSE), which has beenusedwith considerablesuccessto calculate

excitonic e�ects in bulk semiconductors[3-5], and most recently, in one-dimensionalsystems,

such as polymers [6]. The successof the latter reinforces the applicabilit y of the BSE to one-

dimensional systemssuch as nanotubes. The novelty of our approach consistsin the symmetry

analysisof the nanotube in which we take advantage of the invarianceof the tub ewith respect to

screw-symmetryoperations. Such an analysisnot only reducesthe computation e�ort required,

but alsoo�ers a better understandingof the physicsinvolved, including the nature of the excitons

and of the optical transitions. We show �nal results for the optical spectra, exciton binding

energy and wavefunctions for selectednanotubes, and use them to discuss trends in exciton

dimensionality as a function of nanotube sizeand geometry.

[1] S.M. Bachilo, M.S. Strano, C. Kittrell, et al., Science298, 2361(2002).

[2] T. Ando, J. Phys. Soc. of Japan 66, 1066(1997).

[3] M. Rohl�ng and S.G. Louie, Phys. Rev. Lett. 80 (11): 2312(1998).

[4] L.X. Benedict, E.L. Shirley, and R.B. Bohn, Phys. Rev. Lett. 80 (20): 4514(1998).

[5] S. Albrecht, L. Reining, R. Del Sole,et al., Phys. Rev. Lett. 80 (20): 4510(1998).

[6] A. Ruini, M. J. Caldas, G. Bussi, and E. Molinari, Phys. Rev. Lett. 88, 206403(2002).

Dielectric responseof graphite and carbon nanotubes
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The dielectric responsefunctions of graphite and of small-diameter carbon nanotubes (4 �A) of

three di�eren t helicities were determined within the random-phaseand adiabatic local density

approximations.

Our �ndings outline the important anisotropy in the dielectric response,both in the optical and

electron energy lossspectra, as evidencedby the existing experimental observations.

More speci�cally the local �eld e�ects in the responseare signi�cant for certain polarizations

of the applied perturbation. Similarly, the interlayer (for the caseof graphite) and inter-tub e

interactions have a strong e�ect on the loss function, in particular in the range of the higher-

frequency � + � plasmon. We also discusswhich aspects of the dielectric responseof the tub es

can be explained from the responseof the graphenesheetwhich is the commonstructural block

for both graphite and the tub es.

GW Total Energiesfrom the Space-TimeSupercell Code

R. W. Go dby 1, Tim Gould1, P. Garc��a-Gonz�alez2, and K. T. Delaney1

1Department of Physics,University of York, Heslington, York YO10 5DD, United Kingdom
2Departamento de Fisica de la Materia Condensada,Universidad Autonoma de Madrid, Madrid, Spain

We present converged �rst results resulting from the incorporation of self-consistencyand GW

total-energy techniques into our general-purpose\space-time" supercell code suite [1,2], which

interfaceswith pseudopotential plane-wave DFT calculations as its input. This allows the ex-

tension of the GW total-energy approach from high-symmetry test systems[e.g. 3,4] to general

systems,and opens the possibility of applications to systemswhoseenergeticsis not described

su�cien tly reliably within the ususalDFT-based approaches, including the delicate energybar-

riers important in biological problems.

We present results for bulk silicon, and other systems,at three levels of self-consistency:G0W0

(the normal non-self-consistent calculation), semi-self-consistent GW0, and fully self-consistent

GW (the last two approximations being particle-number conserving).

[1] H.N. Rojas, R.W. Godby and R.J. Needs,Phys. Rev. Lett. 74 1827(1995)

[2] Martin M. Rieger,L. Steinbeck, I.D. White, H.N. Rojas and R.W. Godby, Computer Physics

Communications 117 211-228(1999)

[3] P. Garc��a-Gonz�alez and R. W. Godby, Phys. Rev. B 63 075112(2001)

[4] P. Garc��a-Gonz�alez and R. W. Godby, Phys. Rev. Lett. 88 056406(2002)

GW alculations for SphericallySymmetric Systems

Kris Delaney 1, Patrick Rinke2, P. Garc��a-Gonz�alez3, Tim Gould1, R. W. Godby1 and A.

Rubio4
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1Department of Physics, University of York, Heslington, York YO10 5DD, U.K.
2Fritz-Hab er-Institut der Max-Planck-Gesellschaft Faradayweg 4-6, D-14195Berlin-Dahlem, Germany

3Departamento de F��sica de la Materia Condensada,Universidad Autonoma de Madrid, Madrid, Spain
4Departamento de F��sica de Materiales, Facultad de Qu��micas, Univeridad del Pa��s Vasco,Centro

Mixto CSIC-UPV/EHU and Donostia International PhysicsCenter (DIPC), 20018San

Sebasti�an/Donostia, Spain

We present details of two di�eren t studies of the GW approximation applied to systemswith

spherical symmetry for calculating ground-state and excited-state propertries.

First, we present an investigation into the applicabilit y of the pseudopotential approximation

within GW using the test caseof an isolated closedshell atom. The quasiparticle spectrum,

especially the Ionization Potential (IP), is calculated for an all-electron atom and a pseudo

atom. It is found that the psudopotential approximation doesnot damagethe agreement with

experiment, contrary to suggestionsby Ku and Eguiluz [1]. Also studied is the e�ect of partial

and full self-consistencyon the IP.

The secondinvestigation is a study of the ground state total energyof Jellium Spheresusing the

Galitskii-Migdal formula with none, partial and full self-consistencyin the GW approximation.

These types of calculations have been very successfulfor systemswith high symmetry [2,3,4].

We are now investigating the applicabilit y to �nite sizedsystems. Jellium spheresare an ideal

prototype system since the importance of correlation can be tuned by varying two parameters

| the Wigner radius, r s, and the number of electrons.

[1] Wei Ku and Adolfo G. Eguiluz, Phys. Rev. Lett. 89, 126401(2002)

[2] B. Holm and U. von Barth, Phys. Rev. B 57, 2108(1998)

[3] P. Garc��a-Gonz�alez and R. W. Godby, Phys. Rev. B 63, 075112(2001)

[4] P. Garc��a-Gonz�alez and R. W. Godby, Phys. Rev. Lett. 88, 056406(2002)

Short rangecorrelation e�ects in the van der Waals interaction betweenjellium slabs

J. Jung 1, P. Garc��a-Gonz�alez2, R. Godby3, and J. E. Alvarellos1

1Departamento de F��sica Fundamental, Universidad Nacional de Educaci�on a Distancia, Apartado

60141,E-28080Madrid, Spain
2Departamento de F��sica de la Materia Condensada,C-I I I, Universidad Aut�onoma de Madrid, E-28049

Madrid, Spain
3Department of Physics,University of York, Heslington, York, YO10 5DD, UK

The RPA treatment of the correlation energy in many electron systems fail to describe the

short range correlation e�ects. Thus, the evaluation of the ground state correlation energies

of electron systemseither for extended or �nite systemswithin the RPA usually overestimate

the actual energy. However, when we are interested in the energy di�erences the RPA seemto

reproduce accurate results in somecasesthanks to the cancellation of it's inherent errors. This

is the casein the evaluation of atomization energiesor jellium spheresurfaceenergies.Similar

cancellationshave beenreported for the evaluation of surfaceenergiesand van der Waals (vdW)

e�ects in jellium slabs. Our aim in this work is to make a closer and more complete study of

the case,where partial RPA error cancellationsare present, taking into consideration non local
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short range correlation e�ects. The exchange correlation kernel, f xc , de�ned in the context of

time dependent density functional theory (TDDFT) contains all the e�ects beyond the RPA

level. A practical way of obtaining this kernel is to adapt thoseof the homogeneouselectron gas

(HEG) for the inhomogeneouscasethrough di�eren t functional approximations.

The short rangecorrelation e�ect on the van der Waals interaction betweenjellium slabsappear

most signi�cantly at small separation and intermediate distances where the electron density

overlap is signi�cant, while the behavior at largeseparationsis properly accounted for within the

RPA. In previous studies by Dobson and Wang only strictly local kernelshad beenconsidered.

We have consideredin addition a nonlocal qjj dependent Hubbard like kernel.

We have extended these studies to the caseof three jellium slabs in order to seehow van der

Waals (vdW) correlation energiesare added. Also an example model system is consideredin

order to study how sensitive is the equilibrium bonding distanceto di�eren t choicesof the kernel.

Realistic investigationsof correlatedelectronsystemswith LDA+DMFT

I.A. Nekraso v 1, K. Held2, Z.V. Pchelkina1, D.E. Kondakov1, A.V. Kozhevnikov1 G. Keller3,

T. Pruschke3, V. I. Anisimov1, and D. Vollhardt 3

1Institute of Metal Physics,RussianAcademy of Sciences-UralDivision, Yekaterinburg GSP-170,Russia
2Max-Planck Institute for Solid State Research, D-70569Stuttgart, Germany

3Theoretical Physics I I I, Center for Electronic Correlations and Magnetism, Institute for Physics,

University of Augsburg, D-86135Augsburg, Germany

In the last few years, the merger of conventional band structure theory in the local density ap-

proximation (LDA) with the many-body dynamical mean-�eld theory (DMFT) hasbeenproven

to be a powerful tool for the realistic modeling of strongly correlated electron systems.This talk

provides a brief introduction to this novel computational technique and presents the results for

two prime examplesof strongly correlated electron systems,i.e., the magnetic and orbital prop-

erties of 3d heavy fermion systemLiV 2O4 and explanation of the similarit y of the experimental

photoemissionspectra of SrVO3 and CaVO3.

Non-Equilibrium Electronic Occupationsfrom the Maximum Entropy Approach

H �ector Mera , Peter Bokesand Rex Godby

Department of Physics. University of York. Heslington, York YO10 5DD

We present calculations of non-equilibrium electronic occupanciesas predicted from a Maxi-

mum Entropy Theory (MET) for simple model resonant tunnelling structures. Contrary to

the traditional approach, in which left- and right-going states are occupied up to two di�eren t

electro-chemical potentials, in the MET the abilit y of a state to carry the current in
uences its

occupation. This results in shifts and distortions of the Fermi sphereas the systemis driven out

of equilibrium. As a result, for systemswherethe transmissioncoe�cien t variesrapidly with en-

ergy, a gap opensin k space. I-V characteristics as predicted by the MET for our model system
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are presented and discussed.As a result of the steady-stateconstraint imposedon the Hamilto-

nian in our approach coherent linear combinations of left- and right-going states are predicted.

The existenceof thesein real systemsis discussed,and their e�ect on the I-V characteristics is

examined.

The ab initio electronenergylossspectra of the cubic, tetragonal and monoclinic phases
of ZrO2 zirconia

Nathalie Vast , Philipp e Baranek, and Lucia Reining

Laboratoire desSolidesIrradi �es,CNRS-CEA, Ecole Polytechnique, Palaiseau,France

The electron energy lossspectrum (EELS) provides informations about the chemical and crys-

tallographic environment, and the electronic structure of a crystal. We present results of an ab

initio study of the electronic properties and of the EELS spectrum of the various phasesof pure

ZrO2, in which the local coordination of the transition metal atom evolvesfrom Z=8 (cubic and

tetragonal phases)to Z=7 (monoclinic phase)and to Z=6 in the hypothetical rutile phase. We

study the in
uence of the local environment on the valenceplasmon at 15 eV, on the collective

excitation at 25 eV coming from the linear increaseof the real part of the dielectric function,

and the simultaneous decreaseof its imaginary part, and on the plasmon resulting from the

excitation of the 4p electronsat 43 eV.

Ground and Excited Statesof Cu2O

F. Brunev al , N.Vast, and L. Reining

Laboratoire desSolidesIrradi �es,CNRS, CEA, Ecole Polytechnique, Palaiseau,France

Cuprousoxide hasbeenextensively studied during the last decades,mainly becauseof its exciton

seriesin the optical range. Cu2O is a good starting point to addressthe fundamental issueof

transition metal oxides. Indeed, this material has a cubic structure, a closed d shell, and is

non-magnetic. The topic of transition metal oxides is now very important: it is known that

density functionnal theory fails to predict a gap in various insulating oxides like CoO, CuO,

Ti 2O3.

We performed DFT and GW calculations using a plane-wave basisset and the pseudopotential

technique. We carefully studied the role of semicorestates (3s23p6). Though deep in energy,

these states have a large overlap with valencebands. Their in
uence is drastic on structural

properties, but slight on the Kohn-Sham band structure. We show that the semicorestateshave

to be included in the GW calculation to get meaningful results.

Theoretical Study of the Doped Titanium Oxide

Takahisa Adac hi

University of Tokyo, Japan
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Many researchesabout photocatalytic systemof titanium oxide has beencarried out. However,

this photocatalytic systemwork only under ultraviolet light (< 400nm), which exceedsthe band-

gap energy of 3.0ev in the rutile crystalline form of TiO2. In other words, we can use very

little quantit y of light in our life space. Recently, it is said that nitrogen doping of TiO2 gives

photocatalytic systemto TiO2 under visible light (< 500nm). We investigated the structure, the

causeof photocatalytic system about nitrogen doped TiO2 in terms of the band-gap.

Formation energiesof native defectsand Zn impurities in GaP

Andreas Hoglund , C.W.M. Castleton, and S. Mirbt

CondensedMatter Theory, Department of Physics,Uppsala University, Uppsala, Sweden

Zn is a well known p-dopant in variousI I I-V semiconductors.The di�usion of Zn in GaP hasbeen

studied experimentally [1] and here we present a theoretical investigation of the experimentally

proposeddi�usion mechanisms. Defect eigenenergies,electronic and atomic structures, defect

formation energiesand charge transfer levels have beencalculated for both substitutional and

instertitial Zn impurities as well as for all native defects.

The computations have been performed using ultrasof Vanderbilt pseudopotentials within the

VASP DFT-LD A code.

All properties have beencalculated under stiochometric conditions in a supercell geometry with

fully relaxed defects. We concludefrom the di�eren t di�usion mechanismsand from the defect

concentrations that the kick-out mechanim should be the favoured di�usion mechanism. In

addition comparisonshave beenmade with similar defectsin InP [2].

The formation energyand charge transfer level dependenceof the supercell sizewasalsostudied

as a meansto minimize the spurious defect-defectinteraction.

[1] P•opping, J. et al. (2001) Physica B 308-310,895-898

[2] Castleton, C. W. M. et al, unpublished

Electron-holeexcitations in 3d transition metals: IXS and ab initio calculations

I. G. Gurtuba y 1, A. G. Eguiluz2;3, O. Restrepo2;3, Wei Ku 4, J. M. Pitark e1;5, B. C. Larson3,

J. Z. Tischler3, and P. Zschack6

1Materia Kondentsatuaren Fisika Saila, Zientzi Fakultatea, UPV/EHU 644 P.K, 48080Bilb o, Basque
Country , Spain.

2Univ. of Tennessee,Knoxville, USA.
3Solid State Division, Oak Ridge National Laboratory, USA.

4Univ. of California, Davis, USA.
5Donostia International PhysicsCenter (DIPC) and Centro Mixto CSIC-UPV/EHU, Donostia, Basque

Country , Spain.
6University of Illinois, Urbana-Champaign and MRL (USA)

We report an all electron study of the dynamical structure factor S(q, ! ) of 3d transition

metals. The responseis calculated in the framework of time-dependent density-functional theory
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(TDDFT) basedon an LAPW ground state with local-density approximation (LDA). We �nd

that for low energy and large momentum transfers electron-holeexcitations involving electrons

from the narrow d-bands above and below the Fermi level can be directly identi�ed on the

energy loss spectrum. Our calculations agree very well with inelastic X-ray scattering (IXS)

measurements and illustrate the potential of this technique for the investigation of the electronic

structure of correlated materials.

Optical Properties of Germanium-SiliconAlloys

G. Satta 1 , M.Palummo 2, G.Cappellini 1, and G. Onida 3

1INFM-Dip. di Fisica-Univ. di Cagliari Citt. Univ. di Monserrato
2INFM-Dip. di Fisica, I I Univ. di Roma "T or vergata"

3INFM-Dip. di Fisica, Univ. di Milano

In the present paper wepresent preliminary resultson the linear optical propertiesof Si-Gealloys

[1]. The Si-Ge alloy systemhas beensimulated by a set of (positionally ordered) crystals where

Ge and Si atoms are distributed in di�eren t ways into diamond-like lattice sites [2]. Optical

absorption spectra have beendetermined within the DFT-LD A-RPA approximation as function

of the composition of the alloy. Present results have beencomparedwith available experimental

data and other theoretical results [2,3].

[1] A. Qteish, R. Resta, Phys. Rev. 37, 6983(1988)

[2] R. Braunstein, A. R. Moore, F. Herman Phys. Rev. 169, 695 (1958)

[3] U. Schmidt, N.E. Christensen,M. Cardona Phys. Rev. 41, 5919(1990)

Structural relaxation e�ects on the electronicexcitations and optical properties of Ge
nanocrystals embeddedin a SiC matrix

G. Cappellini*, H.-Ch. Weissker**, D. De Salvator***, J. Furthm •uller**,

F. Bechstedt**, G. Satta *, F. Casula*, L. Colombo*

*INFM and Dipartimento di Fisica, Cittadella Universitaria, S. Prov. le Monserrato-SestuKm.0.700,

09042Monserrato (Cagliari), Italy
**F riedrich-Schiller-Univ ersit•at, Institut f•ur Festk•orpertheorie und Theoretische Optik,Max-Wien-Platz

1, D-07743Jena, Germany

***INFM and Dipartimento di Fisica "G. Galilei" Universit�a di Padova, via Marzolo 8, I-3513 Padova

We proposea combined method to e�cien tly perform ground- and excited-state calculations

for relaxed geometriesusing both a �rst-principles approach and a classicalmolecular-dynamics

scheme. We apply this method to calculate the ground state, the optical properties, and the

electronic excitations of Ge nanoparticlesembeddedin a SiC matrix. Classicaldynamics is used

to relax the largecell system. First-principles techniquesare then usedto calculate the electronic

structure and, in turn, the electronic excitations and optical properties. The proposedprocedure

is tested with data resulting from a full �rst-principles scheme. Good qualitativ e accordancehas
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beenfound between the results after the two computational paths regarding the structure, the

optical properties and even the electronic excitations.

Quasiparticle band structures and optical spectra of � -cristobalite SiO2

L.E. Ramos , J. Furthm •uller, and F. Bechstedt

FSU Jena, IFTO, Max-Wien-Platz, 1 D-O7743 Jena Germany.

The organic functionalization of semiconductormaterials, in particular Si,and their compatibil-

it y with biomaterials have beeninvestigatedmore intensively in the last years. Usedasinsulator

in silicon devices,SiO2 also needsto be investigated in more detail, concerning its electronic

and optical properties. Keeping this aspect in mind, we present calculations of quasiparticle

band structures and dielectric functions for � -cristobalite SiO2 calculated using density func-

tional theory and local density approximation. We apply a plane-wave code in which interaction

betweenvalenceelectronsand nuclei are described by pseudopotentials generatedin accordance

to the Projector Augmented Wave method. Three variations of the space-groupsymmetry for

this SiO2 polymorph are considered: Fd3m (ideal f cc), I �42d (tetragonal),and P213 (simple

cubic). Because� -cristobalite SiO2 is structurally simple, it is suitable to the theoretical mod-

elling of the silicon/oxide interfaces. Quasiparticle shifts are calculated within a GW approach

which describesthe inverseof the dielectric function by a model function depending on the local

electron density. We compare the band structures and dielectric functions calculated in both

independent-particle and independent-quasiparticle picture with the available experimental data

and previous calculations.

E�ects of oxidation on silicon nanocrystallites

L.E. Ramos , J. Furthm •uller, and F. Bechstedt

FSU Jena, IFTO, Max-Wien-Platz, 1 D-07743Jena, Germany

Biocompatibilit y of semiconductormaterials is a desirablefeature for the development of biosen-

sors, in particular optical sensors.The luminescenceobserved in porous silicon (p-Si) is known

to be related to nanostructures formed on the surfaceof this material. The real mechanism that

makes feasible the radiativ e recombination is still controversial. On the other hand, there is

experimental observation that con�rms the relationship between optical properties and oxida-

tion of p-Si. Spherical-like silicon nanocrystallites (NCs) have attracted special attention, since

the optical activit y in p-Si can be also related to con�nement e�ects. Several investigations

have focusedon the in
uence of surfacepassivation on Si NCs by hydrogen, hydroxyl group and

silicon-oxygen double bond terminations. However, a more realistic model for the oxidation,

including more SiO2 covering shells on the NCs has not been consideredso far. We apply a

plane-wave code which makesuseof pseudopotentials generatedin accordanceto the Projector

Augmented Wave method to study the in
uence of oxidation in the structural and electronic

properties of Si NCs. The atomic positions are optimized under T d symmetry in order to obtain
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vanishing forceson the atoms. E�ects of passivation and oxidation in Si NCs are discussed,con-

cerning the relaxed structures, the resulting con�ning potentials of the NCs, electronic levels,

localization of the HOMO and LUMO states, pair excitation energiescalculated by the �SCF

method, and oscillator strengths.

First principles calculationsof optical properties in systemsinvolving Si-O bonds

A. Incze 1, M. Gatti 1, G. Onida1, and R. Del Sole2

1 INFM e Dipartimento di Fisica dell'Univ ersita' di Milano, Vila Celoria 16, I-20133,Milano, Italy
2 INFM e Dipartimento di Fisica dell'Univ ersita' di Roma "T or Vergata", Via della Ricerca Scienti�ca

1, I.00133 Roma, Italy

SiO2 is one of the most fundamentals oxide systems,in terms of structure and bonding. Mate-

rials involving Si-O bonding have a wide application in electronic industry. Recently, the strong

interest in achieving further progressin microscopic-scaledevice fabrication raised the impor-

tance of understanding the atomistic mechanismsof Si(100) surfaceoxidation [1].

>From the theoretical point of view, it is important to have a full control of the e�ects due to

physical approximations, separating them from those related to numerical convergenceissues.

This is essential in order to be able to obtain reliable (and quantitativ ely predictive) theoretical

spectra for realistic structures. For this reason,our study starts with an accuratedetermination

of the bulk SiO2-� absorption spectrum in the 0th order approximation to QP energies,using

DFT-LD A and norm-conservingpseudopotentials. We analyze all convergenceproperties with

respect to the number of bands, the energy cuto�, and -most important- the Brillouin zone

sampling [2]. In view of our ongoing calculations for systems involving Si-O bonds, we also

present preliminary results (neglecting excitons) for an oxidized Si(100) surfaceand for di�eren t

isomersof SinHm O clusters, taking into account the e�ects of a full structural relaxation.

Indium Quantum Chains on Silicon(111)Surface

A.Kriv osheeva, F. Bechstedt, J. Furthm ueller , A.A. Stekolnikov

Institut fuer Festkoerpertheorie und Theoretische Optik, FSU Jena, Max-Wien-Platz 1, D 07743Jena

The structural, electronicand vibrational propertiesof interesting and frequently studied indium-

induced (4� 1) and (4� 2) surfacereconstructions on silicon(111) are investigated with the pur-

poseof �nding the most agreeablewith respect to the experimental data obtained for structural

and spectral properties. The calculations are performed using density functional theory in the

generalized-gradient approximation and ultrasoft pseudopotentials. The surfacesare modeled

by repeatedslabsof 6 bilayersof silicon, adlayersof Si and In and a vacuum region with a thick-

nessof 6 bilayers. The back surfaceof the slab is hydrogen terminated. Reconstructions with

0.5 monolayer (ML), 1 ML and 0.75 ML indium coverageof the silicon substrate are analysed

by comparing the formation energiesof the systems.From the corresponding phasediagram the

energetically most favourable geometry is derived. It is consistent with experimental data and

close to the reconstruction suggestedby Kleinman et. al. The (4� 1) reconstruction consists
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of a zigzag rows of silicon atoms and two zigzag rows of indium atoms. The (4� 2) structure

is just a slightly distorted modi�cation of the (4� 1) structure. Both reconstructions clearly

exhibit a metallic character. For the (4� 1) structure phonon frequenciesat the � point are

derived from the force-constant matrix, obtained by computing all Hellmann-Feynmann forces

after displacing each atom in each possibledirection 0.01�Aaway from its equlibrium position.

14 atoms in the system are taken into consideration: 4 indium atoms and 2 additional silicon

atoms at the surface,and 8 silicon atoms of the sublayer. It is found, that in the low-frequency

region vibrational modesare mainly related to In-In bonds sincethe In atoms are heavier than

silicon atoms. Frequenciesobtained from our calculations are very closeto valuesmeasuredwith

Raman spectroscopy.

Di�eren t ordering of surfacedimers and their in
uence on the band structure of Si(100)

Philipp Eggert , Arno Schindlmayr and Matthias Sche�er

Fritz-Hab er-Institut der Max-Planck-Gesellschaft, Faradayweg4-6,14195Berlin, Germany

Accurate ab initio calculations using density-functional theory [1] and quantum Monte-Carlo

methods [2] have identi�ed buckled dimers as the principal element of the reconstruction of the

Si(100) surface. In addition, the interaction of neighbouring dimers leadsto a long-rangeorder

of the buckling directions, but the preciseorientation of the dimers at di�eren t temperatures is

di�cult to observe directly due to thermal averaging e�ects in scanning tunneling microscopy

and still requires further careful investigation.

One possibleway to determine the actual ordering of the dimers is the comparison of angle-

resolved photoemissionor two-photon photoemissiondata with theoretical band structures, be-

causethe electronic excitation spectrum dependssensitively on the surfacegeometry. Therefore,

we derive directly comparableab initio quasiparticle band structures for various reconstructions

of the Si(100) surfaceand analysehow the di�eren t orientation of the buckled dimers changes

the band structure.

In contrast to earlier work at the level of the local-density approximation [3], we calculate the

quasiparticle band structure by performing self-energycalculations within the GW approxi-

mation, using the space-timeapproach [4]. Noting the surprisingly large in
uence of spurious

polarization e�ects betweenneighbouring supercellsin cluster calculations [5], we devote special

attention to the convergenceof the quasiparticle energieswith respect to the vacuum spacing

in our periodic slab arrangement, a factor that has not beenstudied explicitly in previous GW

calculations for surfaces. Starting from the (2� 1) reconstruction, where all dimers are aligned

in the samedirection, we compare the band structure with that of the p(2� 2) reconstruction,

where dimers in the samerow are alternatingly buckled. We also consider the c(4� 2) recon-

struction, where alternations in the dimer orientations are extended to neighbouring rows. By

folding the band structures of the three di�eren t surfaceunit cells into the sameBrillouin zone,

we can directly identify the e�ect of changesin the dimer orientations.

[1] J. Dabrowski and M. Sche�er, Appl. Surf. Sci. 56-58,15 (1992).

[2] S. B. Healy, C. Filippi, P. Kratzer et al., Phys. Rev. Lett. 87, 016105(2001).

[3] A. Ramstad, G. Brocks and P. J. Kelly, Phys. Rev. B 51, 14504(1995).
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[5] G. Onida, L. Reining, R. W. Godby et al. , Phys. Rev. Lett. 75, 818 (1995).

Assessment of competing mechanismsof the abstraction of hydrogenfrom CH4 on
Li/MgO(001)

L. K. Dash 1;2 and M. J. Gillan2

1 Laboratoire desSolidesIrradi �es,CNRS, CEA, Ecole Polytechnique, Palaiseau,France
2 Department of Physicsand Astronomy, University College,London, United Kingdom

First-principles calculations basedon the DFT-pseudopotential method with plane wave basis

sets are used to study the energeticsof H abstraction from CH4 on the Li-doped MgO(001)

surface. Experimental work has led to the proposal of two competing mechanisms for the

reaction: either direct interaction of CH4 with an O� hole state bound to the Li dopant, or

interaction of CH4 with a surfaceF centre whosecharge state is modi�ed by the presenceof the

dopant. The calculations are performed in periodically repeated slab geometry, with attention

given to system-sizeerrors. For direct interaction with the hole state, the calculations indicate

that the reaction is weakly endothermic, by about 0.2eV, but for the F-centre mechanism it is

endothermic by over 1eV. Even allowing for likely DFT errors of a few tenths of an electron

volt, this givesstrong evidenceagainst the F-centre mechanism.

Ab-initio calculation of sulfur- and carbon-basedmoleculeson Cu(100) surface

Letizia Chio do1, Patrizia Monachesi2 and Rodolfo Del Sole1

1 Universita di Roma Tor Vergata and Istituto Nazionaleper la Fisica della Materia, I-00133Roma

(Italy)
2 Dipartimento di Fisica-Universit�a dell'Aquila and Istituto Nazionaleper la Fisica della Materia,

I-67100L'Aquila (Italy)

Using DFT-LD A ab initio calculations, we investigate the electronic properties of sulfur dioxide

and carbon monoxide [1] on the Cu(100) surface,with 0.25ML coverage. In a number of organic

adsorbateson Cu and Au surfaces(e.g. methanethiolate, thiols, thiophenes), sulfur is adsorbed

directly on the metallic surface,acting as a hook for the whole molecule[2][3].

We present results for the electronic density of states (DOS) of the above systems. In the case

of sulfur dioxide, we also comparethe DOS with that of the single S atom on Cu(100) and with

the photoemissionresults of [3], to support the idea of S being the hook of the molecule.

[1] S.Vollmer, G.Witte, C.Woll, Catalysis Letters, 77, 97 (2001)

[2] P.Monachesi, L.Chiodo, R.Del Sole, INF Meeting, Genova, June 2003

[3] C.Mariani, F.Allegretti, V.Corradini, G.Contini, V.Di Castro, C.Baldacchini, and M.G.Betti,

Phys. Rev. B 66, 115407(2002)

Theoretical study on molecularexcitation using chirped pulsesin the condensedphase
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Y. Nagata

Department of Chemical System Engineering, School of Engineering, University of Tokyo

In this Letter, a theoretical analysisshows that for completepopulation inversion, the adiabatic

population inversion due to chirp (APIC) has much the sametime evolution as adiabatic in-

version. We show that APIC is causedby a long frequency sweep in place of an in�nitesimal

interaction, and is more important than the positive chirp e�ect. We also show that arbitrary

pulse durations can be selectedif a suitable Rabi frequency, i.e., the laser intensity, and chirp

rate are chosen. This conclusionmean that APIC is a very e�ectiv e method in the casewhen a

system has ultrafast relaxation.

44



3.1.2 Rep ort on the 13th Sardinia W orkshop

Rep ort on the XI I I Workshop on Computational Materials Science held
from 13 to 18 Septem ber 2003 in Geremeas (Cagliari), Sardinia, Italy

The thirteenth edition of the Workshop on Computational Materials Science[formerly known as

Computational CondensedMatter (1990-1994)Italian-Swiss (1990-1997)Workshop]washeld on

the south-easterncoastof Sardinia, Italy from 13 to 18 September. The main sponsorswere the

Sardinia Region, the University of Cagliari, and the 	 k EuropeanScienceFoundation Program;

UNESCO bestowed its prestigiouspatronage. Nearly 70 participants gatheredat the Workshop,

in the pleasant framework of the CalaserenaVillage searesort, in an informal atmosphere. As

customary in this workshop,social and scienti�c programsblendedtogether nicely (a two-evening

poster sessionwas the highlight) favoring intensediscussionand contacts. Three sessionsof the

program were devoted to contribution sessions,especially from young scientists. The chanceof

presenting their own work to an expert but informal audiencehas beenvery much appreciated.

The traditional focus of this workshop is ab initio electronic structure, mostly within density-

functional theory. Tight binding and ab initio moleculardynamics,aswell asless-commontopics

such as polarization theory have beenwell represented in past editions. While keepingwith the

tradition of past meetings,this workshophasdevoted someattention to semiempiricaland model

approaches, to statistical mechanics, biophysics, biological modelling, and experiment. This

implies (given the sum rule on the workshop length) that the crosssection of each single topic

is somewhatsmaller than usual, but this program formula had the de�nite merit of opening up

new perspectivesand contacts in the form of new or unfamiliar viewpoints, besidesthe obviously

necessaryconfrontation with inputs from experiment. A somewhatarbitrary classi�cation of the

17one-hourinvited talks shows that there were5 ab initio ones,5 on statistical mechanics-related

topics, 2 on semiempirical, classical, and analytical methods, 2 on biophysics and biological

modelling, and 3 on experiments.

One of the ab initio studies focused on the extensions of DFT to the treatment of excited

states,such asTDDFT and GW (Lucia Reining), while the talk of Alfredo Pasquarelloreviewed

the state of the art on the calculations of infrared and Raman spectra of disordered oxides.

The �rst contribution of Carla Molteni was devoted to the surfaceproperties of liquid metals

with a particular attention to aspect of layering. The secondtalk of Carla Molteni gave an

overview on resultson semiconductornanocrystals within the framework of ab initio calculations.

The two lectures of Michele Parrinello described the strategies to bridge time scalesduring

simulations of relevant processes,as the onesoccurring during structural phasetransitions and

in biological systems. Biological systemswere the subject of the �rst talk of Elisa Molinari,

who discussedthe importance of electron transport. Elisa Molinari continued the overview of

aspectsconnectedto the transport related to organic semiconductorsduring her secondlecture.

Dietrich Wolf presented results on heteroepitaxy stressingthe aspects related to the interfacial

mixing. Empirical methods have been employed in the study of smetic liquid crystals, whose

properties were described in the interesting talk of Claire Loison. An alternative view of �rst

principles has been presented in the lively overviews given by Ellad Tadmor, who introduced

concepts and applications of the Multiple-Scale Modeling to mechanical problems. Finally,
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methods from statistical mechanics have beendescribed by Davide Marenduzzofor the study of

liquid crystals with an overview on technologically relevant applications. Experimental works

have beenreviewed by Jan Peter Toenniesand Franz Himpsel with very clear and appreciated

lectures. Himpsel has presented a large variety of surfacephenomenarelated to the decreasing

dimensionality of the systems,while Toennies'stalks have shown the wonderful and intriguing

world of helium clusters with relevant connectionsto super
uidit y.

Contributed talks (9) gave to young scientists the opportunit y of presenting their results on

new methods, on surfacephysics,on the action of antibiotics, on structural properties, on phase

transitions, on superconductors, as well as on the problem of the Schottky barrier and on re-

cent improvements on TDDFT. The range of topics mirrored the spectrum of the invited talks.

The over 20 posters presented in two lively evening sessionsfocusedmostly on ab initio (with

somesemiempirical tight binding blend) simulations. Among the topics touched upon, let us

mention ab initio study of clusters in astrophysically relevant conditions, metal and semiconduc-

tor surfacedynamics, quantum structures, electronic structure of nanowires, optical properties,

nanostructures, acceleratedmethods to study long-time-scalephenomenaetc.

The available abstracts of the lectures and the list of contributed talks postersfollow below.

INVITED TALKS

One-dimensional atom chains at surfaces
F. J. Himpsel

Dept. of Physics, University of Wisconsin Madison

In recent years it has becomepossible to realize atomic chain structures on silicon surfaces

that come rather close to the ideal one-dimensionalsolid. Electrons near the Fermi level are

de-coupledfrom the substrate becausethere energylies in the band gap. The metal atoms, how-

ever, are rigidly tied to the silicon lattice in substitutional positions according to �rst principles

band calculations x-ray di�raction. That makesa Peierls transition to an insulator unfavorable

and createsan opportunit y for observing exotic states predicted for one-dimensionalmetallic

electrons. Most strikingly , the hole left behind after exciting an electron is predicted to decom-

poseinto two collective excitations in onedimension,onewith spin character (spinon), the other

with charge character (holon). Such atom chains are characterized by scanning tunneling mi-

croscopy and angle-resolved photoemission. The resulting energybands and Fermi surfacescan

be tuned between2D and 1D by increasingthe chain spacing,with the intra-chain / inter-chain

coupling ratio varying from 10:1 to 70:1. Unexpected metallic bands are found, such as a pair

of nearly degenerate,half-�lled bands, a quarter-�lled band, and a fractional electron count of

8/3 electronsper 1x1 cell.

Thermal Fluctuations and Punctual Defects in a Smectic Liquid Crystal, a
Molecular Dynamics Study
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Claire Loison 1;2

1 European Centre for Atomic and Molecular Computations 2 Condensed Matter Theory Group of

Bielefeld University

We investigate the lamellar phaseL � built by amphiphilic moleculesin aqueoussolutions. This

liquid crystalline phase(smectic) is used as a solvent for polymers to synthesize new complex

materials (e.g. DNA + cationic lipids complexes).The instabilit y of somepolymer-L � complexes

is attributed to the in
uence of the polymer on the elasticity and the defects of the smectic.

The aim of the study is to describe the insertion of a linear polymer betweenthe bilayers of the

smectic at both the molecular and the mesoscopiclength-scales.

To compareL � phasewith and without polymer, weperform moleculardynamicssimulations of a

stack of amphiphilic bilayerswhich are planar (on average),parallel to each other, and separated

by layersof solvent. The idealized,coarse-grainedmodel represents the solvent with soft spheres,

the amphiphiles with tetramers (two solvophilic spheresand two solvophobic spheres)and the

polymer with bead-and-springchains. Two polymer-types were simulated: adsorbing or non-

adsorbing on the bilayers.

The position 
uctuations of the simulated bilayersarewell describedby the \Discrete Harmonic"-

theory of smectic elasticity, so that the two elastic constants -the bending rigidit y K c and the

smecticcompressibility modulus B - can be computed. We observe that the interactions between

the bilayers are softenedin the presenceof a polymer (adsorbing or non-adsorbing).

Additionally , the in
uence of the polymer on the poreswas studied. It turns out that transient

pores spontaneously nucleate in the bilayers of the simulated lamellar phaseeven without the

polymer. The size and shape distributions of these pores are investigated. The presenceof a

non-adsorbing polymer triggers pores in its surroundings, whereasthe adsorbing polymer has

no notable in
uence on thesepoint defects.

Lattice Boltzmann simulations of liquid crystal hydro dynamics: applications
to rheology and devices

Davide Marenduzzo

Department of Theoretical Physics - 1, Keble Road - OX1 3NP Oxford - England

The hydrodynamics of liquid crystals can be described by the Beris-Edwards model, which

couplesa di�eren tial equation for a tensor �eld describingthe orientational order of the molecules

to a Navier-Stokesequationsdetermining the velocity �eld of the 
uid. A full numerical solution

of theseequations is very rare due to the complexity of the problem and severe approximations

are routinely made.

Here we describe a lattice Boltzmann algorithm suitable to this task. No approximations apart

from discretization are in principle involved. In particular viscoelastic e�ects and back
o w (i.

e. the back e�ect of the director �eld distribution on the liquid crystal 
uid velocity) are fully

considered. Back
o w in particular is known in simple casesto heavily impinge on rheological

properties of viscoelastic 
uids and on the switching properties of modern liquid crystal devices.

Well-known examplesare respectively shear-bandingin polymeric liquid crystals and the optical

bounceduring the switching o� of twisted nematic devicesemployed e.g. in laptops.
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We �rst report results of lattice Boltzmann simulations of hydrodynamical rheological proper-

ties (shear and Poiseuille 
o w) in a) a nematic liquid crystal when there are elastic distortions

imposede.g. by con
icting anchoring to the boundariesand b) a cholesteric liquid crystal. The

situation in a) is of concern to modern device builders (e.g. for the characterization of the so

called HAN cell), while that in b) stirred considerableinterest in the past due to puzzling ex-

perimental measurements. We discussthe implications of our results to thesetopics. Then, we

show the potential to apply our simulations to present-day devices. In particular we consider

nematic deviceswherethe boundariesare chemically treated soasto induce a non-homogeneous

anchoring. The electric �eld-induced switching dynamics in thesemodern devicesis shown to be

completely changed if back
o w is included in the simulations, thus pointing to the importance

of a detailed treatment in order to fully exploit the devicepossibilities.

Electron states and conduction of biomolecules
Elisa Molinari

INFM National Center on nanoStructures and bioSystemsat Surfaces (S3)

and Physics Department, University of Modena and Reggio Emilia

Via Campi 213A, I-41100 Modena, Italy.

Abstract not available

Optics and transp ort of organic semiconductors
Elisa Molinari

INFM National Center on nanoStructures and bioSystemsat Surfaces (S3)

and Physics Department, University of Modena and Reggio Emilia

Via Campi 213A, I-41100 Modena, Italy.

Abstract not available

Layering at liquid metal surfaces
C. Molteni

King's College London (UK)

Liquid metal surfacesplay an important role in many technological processes.

At variance from dielectric liquid surfaces,metallic liquid surfacesstratify in layers, due to the

strong interplay betweenatomic structure and conduction electrons. This layering phenomenon

for free surfaceshas only recently beenobserved experimentally by x-rays re
ectivit y measure-

ments in Ga, Hg and In; very recent measurements have also beenmade for K, but layering in

alkaline metals is di�cult to observe experimentally becauseof their large thermally induced

surfaceroughness,resulting from their low surfacetension. Still alkaline metals are very inter-

esting to study becausetheir conduction electrons are nearly free, in contrast to other metals

such as Ga with a tendency toward covalent bonding.

To complement and help elucidating the experimental data and the surfacelayering mechanisms,

we have performedextensive �rst principles molecular dynamicssimulation for liquid surfacesof

Na, chosento represent the alkaline metals, at di�eren t temperatures. The interplay of atomic
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and electronic structures has beenanalyzed in details.

Semiconductor nano crystals by �rst principles molecular dynamics.
C. Molteni

King's College London (UK)

Nanocrystals are playing an increasingly important role in solid state physics, chemistry, mate-

rials science,and even biology and medicine. Many fundamental crystal properties (e.g. melting

point and band gap) depend upon the solid being periodic and can therefore be tuned by accu-

rately controlling the nanocrystal sizeand surface. Interesting nanocrystal-basedmaterials can

be designedusing techniquesof molecular assembly (from nanocrystals/p olymers compositesto

DNA directed assembly of nanocrystal patterns).

In particular, the study of semiconductornanocrystals under pressureis uncovering novel mech-

anismsof phasetransformations that shedlight on important issueslike crystal structure trans-

formations, nucleation phenomenaand sizedependence.Theseprocessescan now be elucidated

at the atomistic level by performing simulations with a recently developed constant-pressure

molecular dynamics method for non-periodic systems, which combines a classical description

of the pressuretransmitting medium with a quantum mechanical description of the system of

interest. By applying and releasingpressure,new metastable structures with non-conventional

bonding arrangements can also be created.

Results will be presented for silicon and CdS nanocrystals, treated within density functional

theory, tight-binding and QM/MM techniques.

Calculation of free energy surfaces in classical and ab-initio molecular
dynamics

Mic hele Parrinello

Department of Chemistry, Chair of Computational Science, ETH Zurich, c/o SwissCenter for

Scienti�c Computing (CSCS), Via Cantonale, CH-6928 Manno,Switzerland

The freeenergysurfaceof a complexsystemis usually characterizedby the presenceof deepmin-

ima separatedby large barriers. Such minima correspond to distinct states of the system, and

transitions among these minima re
ect important changessuch as phasetransitions, chemical

reactions and conformational modi�cations. Direct simulation of these processesis frustrated

by the exponential dependenceof the rate on the barrier height, and simulations often do not

leave the free energy minimum from which they were started. In order to solve this problem

we introduce a coarse-grainednon-Markovian dynamics or metadynamics that can reconstruct

the free energydependenceon a set of suitably de�ned collective coordinates. The metadynam-

ics makes it possibleto simulate in short molecular dynamics runs complex chemical processes

involving several reactive stepsand overcomelarge energybarriers in a modest amount of com-

puter time. We illustrate the power of the method in a seriesof applications and demonstrate

its abilit y to tackle a large variety of problems. In particular we show how the method can be

adapted to study structural phasetransitions. We also combine the metadynamics ideas with
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Car-Parrinello ab-initio simulations, obtaining a very e�cien t method for the study of chemical

reactions. Finally we show how statistical errors can be controlled and free energiesof arbitrary

accuracycan be calculated.

Infrared and Raman spectra of disordered oxides from �rst principles
Alfredo Pasquarello

Institut de Th�eorie desPh�enom�enesPhysiques(ITP), Ecole Polytechnique F�ed�erale de Lausanne
(EPFL), CH-1015 Lausanne,Switzerland

Institut Romand de Recherche Num�erique en PhysiquedesMat�eriaux (IRRMA), CH-1015 Lausanne,

Switzerland

We describe a scheme for investigating infrared and Raman spectra of disordered oxides from

�rst principles. Using �rst-principles molecular dynamics, we �rst generatean atomistic model

structure of the oxide with a quench from the melt. The validit y of our structural description is

then examinedby comparisonwith neutron di�raction experiments. The vibrational frequencies

and modesare obtained via the dynamical matrix which is calculated by taking �nite di�erences

of the atomic forces for small atomic displacements. Through the dynamical structure factor,

the vibrational properties allow us to directly compare the calculated and measuredneutron

densitiesof states. To accessinfrared and Raman spectra, we needto deal with the coupling to

electric �elds. One way of treating such couplings is achieved through the useof �nite electric

�elds. For calculating the infrared spectrum, we obtain the dynamical chargesfrom the atomic

forces in the presenceof a �nite electric �eld. For the Raman spectra, we obtain the Raman

tensors from the secondderivative of these forces with respect to the �eld. We illustrate this

schemein an application to vitreous B2O3. We �nd that inelastic neutron and infrared spectra

are well reproduced,while the comparisonbetweentheory and experiment is lessimpressive for

the Raman spectrum. These results can be explained as follows. The inelastic neutron and

infrared data are well described becausethey are related to the short-range order, which is

well reproduced in our structural model. At variance, the Raman spectrum is shown to depend

primarily on oxygen bending motions and is thereforemore sensitive to the medium rangestruc-

ture. The medium rangestructure is evidently lesswell reproducedby our atomistic model. We

can neverthelessextract useful structural information from the comparisonbetween calculated

and experimental Raman spectra. >From the intensity of the strong line at 800 cm� 1, we could

extract an estimate for the fraction of boron atoms occurring in boroxol rings.

Electron-hole excitations in the quasiparticle and in the densit y-functional
framew ork

Lucia Reining

LSI, CNRS-Ecole Polytechnique, 91128Palaiseau, France

Ab initio calculations based on density functional theory (DFT) are a powerful tool for the

study of ground state properties of even complex systems. In the caseof electronic spectra,

however, approaches have to be designedthat extend existing methods to the description of

electronic excitations. Today, two main lines of research seemto compete for the calculation of
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electron-hole excitations (that occur, e.g. in absorption or electron-energyloss spectroscopy):

�rst, the GW and Bethe-Salpeter approaches, derived in the framework of many-body Green's

function theory generally yield spectra in good agreement with experiment, although with a

considerablecomputational e�ort. Second,time-dependent density functional theory (TDDFT)

could in principle be more e�cien t, but su�ers from the lack of reliable approximations for the

exchange-correlationcontributions; therefore, in particular absorption spectra of bulk materials

are in generalnot well described.

We will comparethe two approachesby investigating the meaning and importance of their var-

ious ingredients, by pointing out similarities and di�erences in the formalisms, and by showing

results for various materials ranging from nanotubesto bulk semiconductorsand insulators.

Recent progress in developmen ts and applications of time-dep endent densit y
functional theory

Lucia Reining

LSI, CNRS-Ecole Polytechnique, 91128Palaiseau, France

Based on the discussionsof the previous talk " Electron-hole excitations in the quasiparticle

and in the density-functional framework", we show that the two studied approaches are not

in competition, but that their advantages should be combined in order to yield a reliable but

e�cien t method for the calculation of electronic spectra of materials. We discussmodelsand an

ab inito expressionfor the exchange-correlationkernel of TDDFT that have beenderived from

the Bethe Salpeter equation. We show that the simple models allow one to quickly estimate

excitonic e�ects in semiconductors.Finally, the parameter-freeab initio kernel yields absorption

spectra in semiconductorsand insulators that are almost indistinguishable from the results of

the Bethe Salpeter equation, for both continuum and bound excitons.

Multiple-Scale Mo deling of Materials using the Quasicon tin uum Metho d
Ellad B. Tadmor

Department of Mechanical Engineering, Technion { Israel Institute of Technology, 32000Haifa, Israel

Atomistic and continuum methods alike are often confoundedwhen facedwith mesoscopicprob-

lems in which multiple scalesoperate simultaneously. In many cases,both the �nite dimensions

of the systemaswell as the microscopicatomic-scaleinteractions contribute equally to the over-

all response.This makesmodeling di�cult sincecontinuum tools appropriate to the larger scales

are unaware of atomic detail and atomistic models are too computationally intensive to treat

the systemas a whole.

We present an alternative methodology referred to as the "quasicontiuum method" which draws

upon the strengths of both approaches. The key idea is that of selective representation of

atomic degreesof freedom. Instead of treating all atoms making up the system,a small relevant

subsetof atoms is selectedto represent, by appropriate weighting, the energeticsof the system

as a whole. Based on their kinematic environment, the energiesof individual "representativ e

atoms" arecomputedeither in nonlocal fashionin correspondencewith straightforward atomistic
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methodologyor within a local approximation asbe�tting a continuum model. The representation

is of varying density with more atoms sampled in highly deformed regions(such as near defect

cores) and correspondingly fewer in the less deformed regions further away and is adaptively

updated as the deformation evolves.

The method has been successfullyapplied to a number of atomic-scale mechanics problems

including nanoindentation into thin aluminum �lms, microcracking of nickel bicrystals, inter-

actions of dislocations with grain boundaries in nickel, junction formation of dislocations in

aluminum, cross-slipand jog-drag of screwdislocations in copper, stress-inducedphasetransfor-

mations in silicon due to nanoindentation, polarization switching in ferroelectric lead-titanate

and deformation twinning at aluminum crack tips. An overview of the methodology and selected

examplesfrom theseapplications will be presented.

A First-Principles Analysis of Deformation Twinning in FCC Metals
Ellad B. Tadmor

Department of Mechanical Engineering, Technion { Israel Institute of Technology, 32000Haifa, Israel

Deformation twinning and slip are two fundamental mechanismsfor plastic deformation in met-

als. In most metals slip dominates. Deformation twinning (DT) becomesimportant when the

number of available slip systemsis limited or at low temperatures and high strain rates. DT

occurs in two phases: a critical nucleation phase followed by growth at a lower stress level.

Theoretical analysis in recent yearssuggeststhat nucleation of twins most likely occurs hetero-

geneouslyat pre-existing defect sites such as grain boundaries,dislocation structures and crack

tips. This talk focuseson DT nucleation at crack tips in face-centered cubic (FCC) metals. An

analysis involving numerical simulation and theoretical modeling is presented.

First, atomic-scalesimulations of the deformation mechanisms at crack tips in Al were carried

out. The objective of the simulations was to characterize the conditions under which DT occurs

at the crack tip. Al was selectedbecausealthough traditionally cited as a metal that does

not twin, recent experiments have shown DT at Al crack tips. It was found that for certain

combinations of loading mode and orientation, DT doesoccur at crack tips in Al in agreement

with experimental observation.

Second,a theoretical nucleation criterion for DT at crack tips basedon the Peierls concept was

formulated. The criterion is similar to the criterion recently introduced by Rice for dislocation

emission from crack tips. The DT criterion identi�es a new material parameter named the

\unstable twinning energy", in analogy to Rice's unstable stacking energy. This new parameter

controls DT at crack tips in materials. The predictions of the criterion are comparedwith the

numerical simulations in Al and found to be in good agreement.

Finally, the theoretical criterion was usedto de�ne a new measurefor the inherent \t winnabil-

it y" of a material. This measure,which is basedentirely on parameters that can be computed

from �rst principles, characterizesthe tendency of a material to twin relative to its tendency to

deform by slip. The twinnabilit y of 8 fcc metals was computed using parametersobtained from

tight binding calculations and comparedwith experimental data. The agreement is encouraging.
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Liquid Helium Clusters: New Exp erimen ts and Theoretical Challenges
J. Peter Toennies

Max-Planck-Institut f•ur Str•omungsforschung,Bunsenstrasse10, D-37073 G•ottingen, Germany

Despite extensive e�orts by many noted theoreticians, ranging from Landau to Feynmann, the

phenomenonof super
uidit y in the quantum liquids 4Heand 3He is still not fully understood al-

though a large variety of computational techniquesare presently available. Finite sizedliquid He

clusters provide simple model systemsfor understanding super
uidit y as well as Bose-Einstein

Condensation (BEC) related e�ects in stars and nuclei and have therefore been extensively

studied theoretically. Being only extremely weakly bound small He clusters have long beenin-

accessibleto conventional experimental probes. Theseproblemscould recently be circumvented

by analyzing molecular beamsof He clusters by di�racting them from nanostructured transmis-

sion gratings. Sinceonly the wave nature is involved the method is essentially non-destructive.

This technique has been further developed to make possible the measurement of the average

bond distance of the He-dimer ( 50 �A) and its binding energy (10-3 K ' 10-7 eV) making the

dimer the largest and most weakly bound ground state molecule. The scattering of di�raction

selectedclustersfrom rare gasatoms hasrecently beenusedto determine the He-Heradial distri-

bution functions in the trimer and tetramer. Theseexperimental results are in good agreement

with recent theories.

Mixed 4He/3He clustersare alsoextremely weakly bound becauseof the smaller massof the 3He

isotope. Small clusters with three or more 3He atoms, which are being explored experimentally

in our laboratory, are expected to exhibit interesting Fermi symmetry e�ects.

Recently the di�raction technique has beenimproved to facilitate measurements of the sizedis-

tributions of larger clusterswith N ' 50. Surprisingly magic numbersare found which cannot be

explained using the available models of nuclear and cluster physics. Recent dedicated Di�usion

Monte Carlo calculations reveal that thesemagic numbers appear whenever the small clusters

can accommodate an additional elementary excitation level. Thus very detailed experimental

information on both the structure and energeticsof small He clusters is now becomingavailable

for testing theoretical models.

If time permits we will also brie
y review experiments on larger He droplets with N ' 1000

atoms. These have beensuccessfullyprobed via the infra-red spectroscopy of embedded chro-

mophore molecules. The unexpected observation of sharp rotational lines indicate that the

moleculesrotate freely, which is not expected for a liquid environment, and has beenshown to

bea new microscopicmanifestation of super
uidit y. An analysisof the intensities, positions, and

widths of the spectral features provides deep insight into a variety of microscopic phenomena

related to super
uidit y.

In terfacial mixing in hetero epitaxy
D. E. W olf

Physics Institute, Univ. Duisburg-Essen,D-45470 Duisburg, Germany

Recent results of kinetic Monte Carlo simulations will be presented, which addressthe question,

to what extent substrate atoms will contaminate a growing �lm. This question is important
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e.g. for spintronics, where the performanceof heterolayers would be spoiled by magnetic im-

purities in the nonmagnetic �lm. If the substrate atoms behave partially like a surfactant, the

impurities in the growing �lm are most strongly correlated in the presenceof Ehrlich-Schwoebel

barriers, less strongly on a high symmetry surface with free interlayer di�usion and least on

vicinal surfaces. The concentration pro�le of impurit y atoms shows power-law scaling, which

is also borne out by a rate equation theory. The width of the intermixed zonedependson the

growth parameters,which in most casescan be explained by physical arguments.

CONTRIBUTED TALKS AND POSTERS

Molecular di�usion through proteins , M. Ceccarelli, A.Laio, M. Parrinello

ETH Z•urich, Switzerland.
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Institute of Theoretical Physics, �EcolePolytechnique F�ed�erale de Lausanne,CH-1015Lausanne

EPFL, Switzerland

Spin-P eierls e�ect and electron densit y in fractional quan tum Hall states , Shosuke

Sasaki
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Research Institute for Computational Sciences(RICS), National Institute of AdvancedIndustrial

Scienceand Technology (AIST), AIST Tsukuba Central 2, Umezono1-1-1, Tsukuba, 305-8568

Ibaraki, Japan.

In and In-C defects in silicon , Paola Alippi

CNR-IMM, Catania, Italy .

Energetics of nativ e poin t defects in 3C-SiC ,

F. Bernardini, A. Mattoni, L. Colombo

INFM and Department of Physics - University of Cagliari, Italy

A Preliminary Study of Carbinic Stabilit y inside a Nanostructured Carb on Film

grown by Sup ersonic Beam Dep osition , M.Bogana (a) , L.Colombo (b) , and C.Bottani (a)

(a) INFM - Dipartimento di IngegneriaNuclearePolitecnico di Milano, via Ponzio 34/3, I-20133

Milano, Italy
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3.1.3 Rep ort on the 2004 \Computational Ph ysics and Materials Science"

Mini-W orkshop in Gif-sur-Yv ette, France

In ternational Workshop

on Computational Ph ysics and Materials Science:

\Progress in Ab Initio Computational Metho ds

for Condensed Matter"

8{10 January 2004
CNRS Campus,Gif-sur-Yvette, France

The aim of this three-day workshop was to give a snapshot of the state of the art concerning

computational methods in materials sciencethrough the presentation of some recent works.

The sessionshave been chosen in order to illustrate the vast applicabilit y and the increasing

complexity of ab initio calculations, and to explore their capability to deal even with systemsof

technological or biological interest. The workshop was also intended as a way to promote links

among scientist coming from di�eren t communities and favour the exchange of ideas between

distant �elds, ranging from methods involving multiple time and length scales,to catalysis, or

to strongly correlated materials.

The workshop was part of the series of \T otal Energy"workshops started in Oxford (1983)

and continued up to Trieste (2001, 2003), Mira
ores de la Sierra (2000) and Tenerife (2002).

The 2004 edition was organized locally by members of the theory group of the Laboratoire

des Solides Irradi �es (a laboratory of the CNRS, CEA and the Ecole Polytechnique) at the

Ecole Polytechnique, Palaiseau,France (Valerio Olevano, Lucia Reining, Nathalie Vast). The

scienti�c committe was composedby Alfonso Baldereschi, Stefano Baroni, Giulia Galli, Mike

J. Gillan, Xavier Gonze,Jisoon Ihm, Erik Koch, Karel Kunc, Steven G. Louie, Richard Needs,

Pablo Ordejon, Michele Parrinello and David Vanderbilt. The CNRS Campus in Gif (about 10

kilometers from the EcolePolytechnique) waschosenasa very convenient site for this workshop,

since Gif is well connected to Paris by public transportation, it is a pleasant place, and the

Campus o�ers all facilities within walking distance (a guesthouse,restaurant, lecture hall, and

rooms for discussionsin the castle).

The workshop wasattended by about 90 scientists in total, of which about 30 camefrom all over

the world, and 60 from the Paris region. On average, every sessionwas attended by 70 to 80

persons.In fact, ashoped the program hasalsoattracted many researchers who are not directly

working in the �eld, for example experimentalists who used this opportunit y to get informed

about ongoingdevelopments in our communit y. Thanks to �nancial support by the ESF through
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Psi-k, on top of support from CNRS, CEA, the Ecole Polytechnique, the R�egion Ile-de-France,

and the Institut Fran�cais du P�etrole, we could cover essentially local expensesof many young

researchers from European labs, and help to create an informal atmosphere through common

mealsand refreshments, without charging a registration fee to the participants.

In fact, the two things that have generally beenmost appreciated about this workshop was the

quality of the talks and posters(seethe program of oral contributuions below, and more details

including abstracts of talks and postersat the website

http://theory .lsi.polytechnique.fr/events/w orkshops/gif2004.html ),

and the discussions,that wereparticularly lively and continuous, including the o�cial discussion

time (10 minutes) after each talk, but also the co�ee breaks, lunches and the poster session,

involving physicists and chemists, experts and newcomers, theoreticians and experimentalists.

There wasalsoa strong participation in the round table dealingwith the future of our �eld - that

includesof coursethe future of our computer codes,but also,most importantly, the (uncertain)

future of the young researchers!

In conclusion,one could note that the interest in ab initio calculations as a tool for the investi-

gation of materials, complementary to experimental approaches, has increasedsigni�cantly, at

least in France. In a sense,it has beentimely to have this workshop here in 2004. We can hope

that it has stimulated at the sametime an increasing exchange of ideas between experts, and

increasingpublicit y for the potential of ab initio calculations in other communities.

Th ursda y, Jan uary 8th

9:00 Welcomeand opening remarks.

Surfaces

9:15 Ro dolfo Del Sole (Universit�a di Roma \T or Vergata", Italy): Theory of optical and

energy loss spectroscopies at surfaces.

10:05 W olf Gero Schmidt (Friedrich-Schiller-Univ ersit•at Jena, Germany): Calculation of

surface optical properties: >From qualitative understanding to quantitative predictions.

10:45 Co�ee Break

11:15 Herv �e Toulhoat (Institut Fran�cais du P�etrole, France): Kinetic interpretation of cat-

alytic activity patterns based on theoretical chemical descriptors. \Patenting the potentials,

or the potential of a patent".

11:55 Poster contributions presentation (2 minutes per contribution)

12:30 Lunch
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Core Lev els

14:30 John J. Rehr (University of Washington, Seattle, USA): Excited State Electronic Struc-

ture and the Theory of Core-levelSpectra.

15:20 Delphine Cabaret (Universit�e Pierre et Marie Curie, Paris, France): First-principle

simulations of X-ray absorption spectra for large systemsPlane-wavepseudopotential ap-

proach.

16:00 Co�ee Break

Strongly Correlated Systems

16:40 Silk e Biermann (CPHT, �Ecole Polytechnique, France): Electronic structure calcu-

lations for materials with strong Coulomb correlations { a challenge for computational

physics.

17:20 Stefano Fabris (DEMOCRITOS, Trieste, Italy): Uni�e d LDA+U approach for pure

and defective ceria.

17:50 Poster sessionand reception dinner

Frida y, Jan uary 9th

Nanostructures

9:00 Stev en G. Louie (University of California at Berkeley, USA): Theory and Computation

of the Electronic, Transport and Optical Properties of Nanostructures.

9:50 Xa vier Blase (Universit�edeLyon \Claude Bernard", France): Plastic to superconducting

properties of cage-likeclathrate systems.

10:30 Co�ee Break

11:00 Maria Mac hon (TU Berlin, Germany): The strength of the radial breathing mode in

single walled nanotubes.

11:20 No �el Jakse (Laboratoire de Th�eorie de la Mati �ere Condens�ee,Universit�e de Metz, and

Laboratoire de Physiqueet Mod�elisation desMilieux Condens�es,France) Prediction of the

Short-Range Order of Liquid and Supercooled Metals by Ab Initio Molecular Dynamics.

Metho ds in volving Multiple Time and Length Scales

11:40 Jorge Kurc han ( �Ecole Sup�erieure de Physique et Chimie Industrielles, Paris, France):

Supersymmetry of Langevin and Kramers equations: applications in Physical Chemistry.

12:20 Lunch

62



14:00 Stefan G•odecker (University of Basel, Switzerland): Structure determination of large

systems: �nding local and global minima of the potential energy surface.

14:40 Christoph Dellago (University of Vienna, Austria): Studying Rare Events in Complex

Systems.

15:20 Co�ee Break

Magnetism and Spin Dep enden t Prop erties

15:50 Vladimir An trop ov (Ames Laboratory, Ames, USA): Ab-initio spin dynamics at �nite

temperatures.

16:40 Hadi Akbarzadeh (Department of Physics, Isfahan University of Technology, Iran):

Spin Density Wave in chromium.

17:20 Round table (Erich Wimmer) .

Saturda y, Jan uary 10th

Biological Systems

9:00 Elisa Molinari (Universit�a di Modena,Italy): Electron statesand transport in biomolecules.

9:40 Matteo Ceccarelli (ETH Zurich, Switzerland): A non-markovian molecular dynamics

algorithm to investigate rare events: from biological to arti�cial molecular machines.

10:20 Co�ee Break

10:50 Miguel A. L. Marques (Freie Universit•at Berlin, Germany): Absorption spectra of

biological systemsfrom TDDFT

11:30 Francesco Gerv asio (ETHZ, Lugano, Switzerland): Oxidative damageto DNA.

12:00 Concluding remarks

List of Participan ts
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Abstracts

Spin Densit y Wave in chromium

S.J. Hashemifarand H. Akbarzadeh
Department of Physics, Isfahan University of Technology, Isfahan, Ir an

The peculiar magnetic properties of chromium have made it an interesting subject in condensed

matter physics. The incommensurate Spin Density Wave (SDW) in ground state chromium

has been extensively studied using di�eren t experimental and theoretical methods[1,2]. The

experimental results indicate that simple bcc chromium, in its ground state (well below 123K),

has an antiferromagnetic structure modulated by a nearly sinusoidal wave with wavelength of

about 21 lattice constant and so the wave vector of SDW in (001) direction is about 0.95 of the

reciprocal lattice vector.

In 1962 Overhauser applied Hartree-Fock model to an homogeneousfermi electron gas and

showed that this system is unstable with respect to formation of a SDW that its wave vector

connect two points in the Fermi surfaceof paramagneticgas[3]. At the sameyear Lomer showed

that the nesting property of the Fermi surfacefavor formation of SDW in Cr and henceonecan

calculate the wave vector of SDW using this Fermi surface[4].

Two approachesare commonly used to calculate properties of chromium. The direct approach

is to take a large supercell containing about 21 unit cell (the wave length of SDW), and carry

out the ab initio calculations within it. This time consumingapproach has not yet beenable to

predict a correct ground state magneticphasefor chromium[5]. The secondor indirect approach,

which is basedon the Lomer model, is to utilize the calculatedFermi surfaceof the paramagnetic
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phaseto obtain the nesting vector and consequently, the magnetic properties of the system. In

this method it is not neededto usesupercell and hence,the calculation is much faster.

We have used the secondapproach to study the SDW of chromium and have investigated the

e�ect of various parameterssuch as pressureand impurit y on the wave vector. Our result show

that Lomer model is successfulin predicting a value for the SDW wave vector, which is in close

agreement with the experimental result.

It has beenshown experimentally that in applying pressureon the chromium, di�eren t experi-

mental condition do not lead to a unique behavior of the system[6]. When the pressureis applied

for the �rst time, the pressuredependenceof the SDW wave vector follows the so called soft

mode, having large pressuredependence,while, when the pressureis removed or reapplied up to

the samepressure,the hard mode is observed, With a small pressuredependence.our calculated

results are only consistent with the hard mode. It is not yet clear to us whether this de�ciency

roots in Lomer model, or it has someother sources.

Secondly, we doped V, Fe, Co, W and Mo impurities in chromium and calculated the rate of

change of SDW wave vector with respect to the concentration. For this investigation we used

a simple model, which is basedon an assumption that the impurities do not a�ect the band

structure of pure chromium and they only modify the Fermi energylocation. Our results are in

qualitativ e agreement with available experimental data and have the correct signs[1].

Finally, we calculated the magnetic hyper�ne interaction at impurit y sites in Cr15X alloys (

X=Rh, Cd, Sn ).

All of our calculations were performed by WIEN2k code that is a full-p otential LAPW package

basedon DFT[7].
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Ab-initio spin dynamics at �nite temp eratures

V.P. Antropov
Ames laboratory, Ames, USA
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A theoretical analysisof magnetic order as function of temperature magnetsis performed using

time dependent density functional theory of spin dynamics. We will show that such 'hydrody-

namic' spin dynamics allows to describe low temperature quantum e�ects and high temperature

classicalbehavior in framework of oneconsistent approach. We demonstrated that the e�ects of

quantum statistics can be included in simulational scheme. Our �rst applications for 3d mag-

nets revealed a giant short range order speci�c for itinerant magnets. The existenceof a such

order allows us for the �rst time to resolve several longstanding problems in magnetism theory:

the high temperature susceptibility and the critical temperature of magnetic phasetransition in

itinerant magnets. A critical analysis of time dependent density functional theory and a corre-

sponding comparison with other techniques will be demonstrated. I will discussa signi�cance

and coexistenceof intraatomic coulomb correlations and short range order e�ects in magnetic

systems.

Ab initio Calculated Electronic, Magnetic, and Structural
Prop erties of Fe/GaAs(001) Junctions

N. Baadji, M. Alouani, H. Dreyss�e
Institut de Physiqueet de Chimie desMat�eriaux de Strasbourg, UMR 7504 du CNRS, 23 rue

de Loess,F-67034 Strasbourg, France.

The electronic and magnetic properties of Fe/GaAs(001) have beencomputed by meansof the

�rst-principles full potential linearized augmented plane-wave method (FLAPW). The e�ects of

the atomic relaxation and the di�usion at the interfaceon the electronic and magneticproperties

will be discussed.In particular, it is shown that the atomic relaxations increasethe Fe magnetic

moment at the interface for the caseof F/Ga interface and reduceit for that of Fe/As interface.

This e�ect was explain by band hybridization e�ects by computing and analyzing directional

density of states of neighboring interface atoms. In addition, the atomic relaxations are shown

to have a tendency to exchangethe Fe by Ga or Fe by As at the interface. This behavior led us

to exchange As with Fe. The result of this exchange resulted on the discovery of the so-called

dead magnetic layer of Fe at the interface. We have computed the X-ray magnetic circular

dichroism (XMCD) at the Fe L2;3 edgeand found that the results are strongly related to the

di�eren t situation obtained by direct calculations of the ground state properties. The XMCD

spectra can be compareddirectly with experimental results.

Electronic structure calculations for materials with strong
Coulom b correlations { a challenge for computational physics

S. Biermann
CPHT, Ecole Polytechnique, Palaiseau, France

Density functional theory in the local density approximation (LDA) has led to tremendous

progressin our abilit y to describeor even predict materials propertieswithin a generaltheoretical
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framework. It fails, however, rather spectacularly in "strongly correlated materials" where

e�ects associated with the Mott phenomenon,that is electronic localization due to interactions,

are essential. A combined electronic structure { many body method, "LD A+DMFT", that

supplements band structure theory with a dynamical mean �eld (DMFT) treatment of many

body e�ects has proven successfulin thesecases.

We will give an overview of these developments, including somerecent examples[1], but also

give a critical account of the shortcomingsof the LDA+DMFT method. Finally we will discuss

recent developments towards a �rst principles approach to strongly correlated materials based

on ideasfrom the GW approximation and dynamical mean �eld theory [2] This "GW+DMFT"

approach combines a GW-inspired description of screeningwith the abilit y of DMFT to deal

with interactions of arbitrary strength.

[1] E. Pavarini, S. Biermann, A. Poteryaev, A. Lichtenstein, A. Georges,O. K. Andersen, \Mott

transition and suppressionof orbital 
uctuations in d1 perovskites", condmat-0309102.

[2] S. Biermann, F. Aryasetiawan, A. Georges, \First principles approach to the electronic

structure of correlated materials: combining GW and DMFT", Phys. Rev. Lett. 90 086402

(2003).

Plastic to superconducting prop erties of cage-lik e clathrate
systems.

Xavier Blase
D�epartement de Physiquede la Mati �ere Condens�ee et desNanostructures

CNRS and Universit �e Claude Bernard Lyon I, France

We will �rst review of few properties of silicon clathrates. Si clathrates are cage-like materials

composedof face-sharingSi20, Si24 and/or Si28 cages. All atoms are in a four-neighbors sp3

hybridization, as in the diamond phase,but unlike this latter structure, a signi�cant doping (or

intercalation) is allowed by placing selectedatoms(Ba, I, Na, etc.) inside the cages.Wewill show

that silicon clathrates (a) can exhibit a direct band gap in the visible range (from 1.9 to 2.4 eV

GW value) [1] and (b) that the sp3 network can lead to Tc = 8 K BCS-type superconductivity

in a strong coupling regime of � � 1 [2]. Further, the properties of the hypothetical carbon

clathrates will be predicted. The electron-phononcoupling potential will be shown to be much

larger than in fullerenes[2]. Finally the mechanical ideal strength of carbon clathrates will be

comparedto that of diamond.

[1] D.Connetable, V.Timoshevskii, E.Artacho, X.Blase, Phys. Rev. Lett. 87, 206405 (2002).

[2] D. Connetable et al., Phys. Rev. Lett. 91, 247001(2003).

E�ectiv e Hamiltonians in condensed matter: a �rst principles
many-b ody approac h

Christian Brouder
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The e�ectiv e Hamiltonian methods in condensedmatter, such as the crystal �eld or the cluster

approaches, divide the sytem into a strongly interacting part and an environment, and use

parameters to model the interaction with the environment. An e�ectiv e Hamiltonian is built,

which givesa detailed representation of the strongly interacting part, and treat the environment

as a perturbation. The main drawback of this approach is the fact that the parameterscannot

be calculated ab initio.

Using many-body theory, we build a �rst principles self-consistent e�ectiv e Hamiltonian, where

all parametersare caculated.

Standard many-body theory considersthe initial state as a single non degenerateSlater deter-

minant. To set up an e�ectiv e Hamiltonian, it is necessaryto take into account a spaceV of

initial states. The dimension of V is the dimension of the Hamiltonian. Then a hierarchy of

Green functions is derived. This hierarchy is closedto get the desiredself-consistent equations.

The hierarchy reproducesthe standard many-body results for a spaceV of dimension 1, and its

�rst order approximation reproducesthe standard crystal �eld equations.

This formalism is expected to be e�cien t for systemsthat are well represented by the crystal

�eld formalism, such as the optical properties of transition metal impurities or the magnetic

properties of rare earths.

Excited states of Cu 2O
within GW appro ximation

F. Bruneval, N. Vast, and L. Reining
Laboratoire desSolidesIrr adi�es, CNRS, CEA, �Ecole Polytechnique, Palaiseau, France

Cuprousoxide hasbeenextensively studied during the last decades,mainly becauseof its exciton

seriesin the optical range. Cu2O is a good starting point to addressthe fundamental issueof

transition metal oxides. Indeed, this material hasa cubic structure, a closedd shell, and is non-

magnetic. The topic of transition metal oxides is now very important: it is known that density

functional theory fails to predict a gap in various insulating oxides like CoO, CuO, Ti 2O3.

We performed DFT and GW calculations using a plane-wave basisset and the pseudopotential

technique. We carefully studied the role of semicorestates (3s23p6). Though deep in energy,

these states have a large overlap with valencebands. Their in
uence is drastic on structural

properties, but slight on the Kohn-Sham band structure. We show that the semicorestateshave

to be included in the GW calculation to get meaningful results.

Even a \correct" GW calculation underestimateslargely the intrinsic gap. We discussthe causes

of this failure.

70



Excitons in carb on nanotub es: a �rst-principles study

Eric K. Chang, Giovanni Bussi, Alice Ruini, and Elisa Molinari
INFM National Center on nanoStructures and bioSystemsat Surfaces (S3)

and Physics Department, University of Modena and Reggio Emilia

41110Modena, Italy

The nature of optical excitations in carbon nanotubesand their dimensionality remain an open

question. On the experimental side, it is now possible to carry out optical spectroscopy on

nanotubes of selectedsizesand types.1 The results indicate that single-particle schemesare

not su�cien t for their interpretation. On the theoretical side, interesting phenomenological

approaches were applied2, but a realistic and quantitativ e calculation of the actual excitonic

binding energyand spatial sizerequires an ab initio approach.

In this work, we present the results of our calculations of excitonic e�ects an d optical properties

of carbon nanotubes. We adopt a �rst-principles approach and usemany-body methods such as

the Bethe-Salpeter Equation (BSE), which has beenusedwith considerablesuccessto calculate

excitonic e�ects in bulk semiconductors3;4;5 and most recently, in one-dimensionalsystems,such

as polymers.6 The successof the latter reinforces the applicabilit y of the BSE to one-dimensi

onal systemssuch as nanotubes. The novelty of our approach consistsin the symmetry analysis

of the nanotube in which we take advantage of the invarianceof the tub e with respect to screw-

symmetry operations. Such an analysis not only reducesthe computation e�ort required, but

also o�ers a better understanding of the physics involved, including the nature of the excitons

and of the optical transitions. Weshow results for the optical spectra, exciton binding energyand

wavefunctions for selectednanotubes,and usethem to discusstrends in exciton dimensionality

as a function of nanotube sizeand geometry.

First-principle simulations of X-ra y absorption spectra for large
systems. Plane-w ave pseudop oten tial approac h.

Delphine Cabaret, Emilie Gaudry and FrancescoMauri
Laboratoire de Min �eralogie-Cristallographie UMR CNRS 7590

Universit �e Pierre et Marie Curie

Bâtiment 7, 140 rue de Lourmel, 75015PARIS

X-ray absorption spectroscopy (XAS) is a powerful technique for structural end electronic stud-

ies of materials. The extended region of a XAS spectrum, called EXAFS, gives quantitativ e

information about the local range order around the absorbing atom (coordination number, in-

teratomic distances). The near-edgeregion, called XANES, provides qualitativ e information

1S.M. Bachilo, M.S. Strano, C. Kittrell, et al., Science298 , 2361 (2002).
2T. Ando, J. Phys. Soc. of Japan 66, 1066 (1997).
3M. Rohl�ng and S.G. Louie, Phys. Rev. Lett. 80 (11): 2312 (1998).
4L.X. Benedict, E .L. Shirley, and R.B. Bohn, Phys. Rev. Lett. 80 (20): 4514 (1998).
5S. Albrecht, L. Reining, R. Del Sole, et al., Phys. Rev. Lett. 80 (20): 4510 (1998).
6A. Ruini, M. J. Caldas, G. Bussi, and E. Molinari, Phys. Rev. Lett. 88, 206403(2002).
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about the atomic arrangement up to the medium range(i.e. � 8 �A around the absorbingatom).

XANES spectroscopy is sensitive to the electronic structure (nature of chemical bounds,orbital

hybridizations, valencestate of the absorbing atom, etc). It is indeed consideredas a tool to

probe empty states in solids.

The interpretation of XANES is not straightforward, as compared to that of EXAFS. Indeed

XANES analysis often requires sophisticated simulation tools. In the caseof K -edges,real-

spacemultiple scattering theory has beenextensively used in the past twenty years. However,

multiple scattering theory has traditionally su�ered from a drawback, i.e., the \m u�n-tin" ap-

proximation of the potential. I will present a \non mu�n-tin" scheme for calculating XANES

spectra. The method usesperiodic boundary conditions, plane-wave basis-set, pseudopoten-

tials and reconstructsall-electron wave functions within the Projector Augmented Wave (PAW)

framework. The useof a Lanczosbasisand of the continued fraction permits the calculation of

XANES spectra in large supercells (hundreds of atoms). The crosssection is implemented in

both electric dipole (E1) and electric quadrupole (E2) approximations.

Several applications on oxide minerals will be shown. In particular, I will present calculations at

the K -edgeof paramagnetic impurities (Cr, Fe, Ti) in � -Al 2O3 (i.e. ruby and sapphires). The

in
uence of core-holee�ects and of spin polarization will be investigated. Furthermore, some

examplesof pre-edgecalculations (containing both E1 and E2 transitions) will be presented.

Finally, comparisonwill be made with recently developed Bethe-Salpeter approach.

A non-mark ovian molecular dynamics algorithm to investigate
rare events: from biological to arti�cial molecular machines

Matteo Ceccarelli,A. Laio and M. Parrinello
ETH Zurich, Switzerland

We present the application of a novel method to investigate rare events. As an example we

consideredthe translocation of an antibiotic molecule through a protein channel and the con-

formational changeof a molecular switch in solution upon oxido-reduction. An empirical force

�eld was usedin both examples.

The method consists of an history-dependent molecular dynamics where one or more order

parameters are choosed to guide the processat a coarse-grainedlevel, but with an all-atom

description to evaluate forceson them. With a de�ned frequencya repulsivepotential is addedto

the Hamiltonian preventing the systemto re-visit conformations described by the instantaneous

values of the order parameters. This allows to escape from free energy minima. Moreover the

accumulated repulsive potentials, with the sign inverted, give the free energydependenceon the

order parameters.

The algorithm is generalenoughto be extendedto other systemseven with an ab-initio descrit-

pion of interactions, such aschemical reactions in solution or on surfaces,defect transformations

in solids.
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On the incorp oration mechanism of water in � -quartz

Andreia Luisa Da Rosa
School of Life Sciences, Chemistry Department

University of Sussex

Falmer, Brighton BN1 9QJ United Kingdom

It is well known that the presenceof water in � -quartz has extremely in
uence on a wide

range of geologicalprocesses.Water in � -quartz can a�ect its mechanical properties and lead

to hydrolytic weakening and cracking. Water in � -quartz has been subject of several studies

in the past years, but its incorporation mechanism is not completely understood yet. In this

work we have investigated incorporation of water in � -quartz using density-functional theory

(DFT). Generalizedgradient approximation (GGA) wasusedto determine the atomic geometry

and thermodynamic properties of water related defects in � -quartz. We found that water is

incorporated by forming hydroxyl groups at low temperature. We also found that the choice of

the water chemical potential plays an important role in predicting the stabilit y of structures.

Ab Initio Characterization of the Cubic, Tetragonal, Mono clinic
and Rutile Phases of Zirconia by Di�eren t Spectroscopic

Techniques

L.K. Dash, Ph. Baranek, N. Vast and L. Reining
Laboratoire desSolidesIrr adi�es, CNRS CEA �Ecole Polytechnique, 91128Palaiseau Cedex,

France

In this work, we aim to predict, with the aid of ab initio calculations, spectra obtained by

di�eren t experimental methods (Bremsstrahlung isochromat spectroscopy (BIS); X-ray absorp-

tion spectroscopy (XAS); electron energy lossspectroscopy (EELS); Raman spectroscopy) and

to determine which is the most appropriate spectroscopicmethod to characterize the di�eren t

phasesof zirconia (ZrO2).

We have studied the fundamental state of pure zirconia. The relative stabilities of the cubic,

tetragonal and monoclinic phaseshave beenobtained using Density Functional Theory (DFT)

in the local density approximation (LDA). The theoretical results are in good agreement with

experimental data, contrary to results obtained for the rutile and anatasephasesof TiO2, where

the theoretical stabilit y does not agreewell with experiment. We discussthe results obtained

for the equationsof state of the di�eren t phases.

The electron energy loss spectra (EELS) have been calculated using Time-Dependent Density

Functional Theory (TDDFT), and are compared to experimental results. In particular, we

discuss the e�ect on the spectra which could be obtained by di�eren t methods (BIS, XAS,

EELS and Raman) of the evolution of the coordination of the zirconium atom from Z=6 in the

cubic and tetragonal phasesto Z=7 in the monoclinic phase and to Z=6 in the hypothetical

rutile phase.
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Assessment of comp eting mechanisms of the abstraction of
hydrogen from CH 4 on Li/MgO(001)

L. K. Dash and M. J. Gillan

First-principles calculations basedon the DFT-pseudopotential method with plane wave basis

sets are used to study the energeticsof H abstraction from CH4 on the Li-doped MgO(001)

surface. Experimental work has led to the proposal of two competing mechanisms for the

reaction: either direct interaction of CH4 with an O� hole state bound to the Li dopant, or

interaction of CH4 with a surfaceF centre whosecharge state is modi�ed by the presenceof the

dopant. The calculations are performed in periodically repeated slab geometry, with attention

given to system-sizeerrors. For direct interaction with the hole state, the calculations indicate

that the reaction is weakly endothermic, by about 0.2eV, but for the F-centre mechanism it is

endothermic by over 1eV. Even allowing for likely DFT errors of a few tenths of an electron

volt, this givesstrong evidenceagainst the F-centre mechanism.

Studying Rare Events in Complex Systems

Christoph Dellago
Institute for Experimental Physics

University of Vienna

Boltzmanngasse5, 1090 Wien, Austria

Computational studies of processesoccurring in complex systemsare often complicated by a

wide separation of time scales.Examples include the nucleation of �rst-order phasetransitions,

chemical reactions in solution, di�usion on surfaces,and protein folding. To bridge this time

scale gap various approaches have been put forward. I will discusssome of these techniques

focusing on computational methods to treat rare transitions betweenknown stable states.

Theory of optical and energy loss spectroscopies at surfaces

Rodolfo Del Sole
INFM and Dipartimento di Fisica,

Universita' di Roma "T or Vergata"

The theory of surfaceoptical spectroscopy is brie
y reviewed. The reduced symmetry of most

surfacesallows one to extract the anisotropic surfacecontribution from the much greater, but

isotropic in cubic crystals, background re
ectance dueto the bulk. HenceRe
ectance Anisotropy

Spectroscopy (RAS) is a widely employed technique for surfaceoptical spectroscopy. DFT Kohn-

Sham states are used to calculate the matrix elements of the momentum operator between

�lled and empty states, which yield the transition probabilities. Self energy e�ects can be
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embodied according to the GW approximation. The electron-holeinteraction, which is essential

to obtain accurate theoretical spectra, can be accounted for by solving the Bethe Salpeter

equation. However, its computational complexity makesit doableonly for the simplest surfaces.

Someexamplesare given, which show good agreement with experiments.

Electron energy loss spectroscopy is much more sensitive to surfaces;however, its theoretical

description requires the inversion of the nonlocal dielectric function, which is a formidable task

in itself. Hence, calculations are usually carried out within the local three-layer model. The

electron-hole interaction has never beenincluded so far in energy losscalculations for surfaces.

Uni�ed LD A+U approac h for pure and defectiv e ceria

StefanoFabris
DEMOCRITOS, Trieste, Italy

We present ab-initio density functional calculations which for the �rst time allow to treat pure

and defective structures of cerium oxide in a unique theoretical framework. The problem of

describing electron localization at Ce crystal sites, which occurs when stoichiometry departs

from the CeO 22 phase,without a priori assumptionson the defectchemistry itself, is solved by

adding a Hubbard U term to the traditional density functional. The parameter U is calculated

variationally. The method correctly predicts the atomistic and electronic structures of the CeO2

and Ce2O3 bulk phases,as well as the subtle defect chemistry in reduced materials CeO2� x ,

which controls the oxygen storagefunctionalit y of cerium-basedoxides.

Elemen tary pro cessesduring the epitaxial growth of oxides: the
case of MgO

G. Geneste1, J. Morillo 1, F.Finocchi2 and M. Hayoun3

1: CEMES/CNRS, Toulouse(France)

2: GPS, Universit Paris 6-7 and CNRS, Paris (France)

3: LSI/DRECAM/DSM/CEA et Ecole Polytechnique, Palaiseau (France)

Metal oxides are nowadays used in many applications (microelectronics, gas detection, mag-

netic devices,etc). They may appear as epitaxially grown thin �lms on various substrates, as

substrates, or both of them. As a consequenceof the intense and rapidly varying microscopic

electrical �eld, their electronic properties are very sensitive to the atomic structure, such as the

surface
atness and to the details of the interfaceswith other materials. The understanding of

the basic mechanisms that play a role during the growth (adsorption, di�usion, evaporation,

etc.) is therefore crucial.

In this paper wefocuson oxide on oxide growth studied by meansof �rst-principles and empirical

simulations. To this purpose,we performed an overall study of the corresponding elementary

processesin the prototypical caseof MgO homoepitaxy on the MgO(001) surface[1], considering
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as deposited speciesatoms (Mg,O) or small molecules(O2, MgO, MgO2) that may occur in

molecular beam epitaxy or sputtering.

We show that the energy landscape that is seenby the di�using speciesis determined by the

local electronic and atomic structures, to a large extent. For instance, di�usion closeto atomic

stepsis qualitativ ely and quantitativ ely di�eren t from that on 
at terraces. Moreover, the study

of various charge-transfer reactions betweenthe ad-moleculesand/or the ad-atoms reveals that

the actual surface stoichiometry results from a subtle interplay between the reactivit y of the

involved speciesand their di�using behaviour. The computed core-level shifts of the ad-species

can be comparedto the outcomeof X-ray photoemissionspectra taken during the growth, which

enablesthe identi�cation of the ad-specieson real samples.

The atomic and electronic structures of 
at ad-clustersMgn Om (2 < n; m < 5) are alsostudied.

Finally, we outline a possiblescenariofor large-scalehomo-epitaxy and compareour simulations

to the available experimental data. A special emphasisis put on the perspectivesof linking our

atomic-scalecalculations with the macroscopicmodels that are usually employed to describe the

crystal growth. In particular, we show that those models must be generalizedto account for

the larger complexity of the chemistry and the physicsat oxide surfaces,comparedto elemental

crystals.

[1] G.Genesteet al, Appl. Surf. Sci., 188, (2002) 122-127;Surf. Sci., 532-535 , (2003) 508-513;

F. Finocchi et al, Nuovo Cimento, (2003) acceptedfor publication.

Multi-scale mo deling of the defect population evolution in
electron irradiated alpha-iron

C. C. Fu, J. Dalla Torre, F. Willaime, J.-L. Bocquet and A. Barbu
Service de Recherchesde Mtal lurgie Physique,

CEA/Saclay, France

We have performed a multi-scale modeling of the evolution under isochronal annealing of the

defectsproduced by electron irradiation in alpha-Fe. The stabilit y and mobilit y of the relevant

point defectsand defect clusters (vacancies,self-interstitials and small clusters of vacanciesor

intertitials) are �rst determined by the SIESTA ab initio method using supercells with 128

atoms. Thesecalculations were made possibleby developing a suitable basisset for Fe and by

improving the performanceof the SIESTA code for metals. The speed-upfactor with respect to

plane-wave codesallowed us to study a largenumber of defectcon�gurations aswell asmigration

paths. Theseresults are then usedas input data for an event-based kinetic Monte Carlo model

to simulate the defect-population evolution after low temperature electron irradiation: defects

may migrate, aggregate,dissociate or annihilate. We followed closely the conditions of existing

experiments, where changesin the defect population are evidencedby abrupt variations in the

resistivity of the sample (so-calledrecovery stages). We successfullyreproduce all the recovery

stagesand we clearly attribute them to the migration or dissociation of speci�c defects. Dose

e�ects, i.e. shifts of the recovery stageswhen the irradiation doseis increased,are also properly

reproduced.

76



Oxidativ e damage to DNA

FrancescoGervasio
Physical Chemistry ETHZ,

Usi Campus, CH6904 Lugano

Oxidativ e damageof DNA via radical cation formation is a common causeof mutagenesis,and

elaborate defensesystemsagainst its e�ects exist in almost all organisms. Basedon state-of-the-

art ab-initio molecular dynamics simulations, we suggestthe existenceof a steering mechanism

that guidesthe �rst stepsof this oxidation processtoward a unique product. In the mechanism

proposed here, guanine, which among the baseshas the lowest oxidation potential, and the

phosphate backbone play a crucial role. We found that guanine, losing one of its protons to

cytosine, acts as a radical state sink, causing the localization and stabilization of an otherwise

delocalized state. After this �rst step a chain of reactions, leads to a speci�c radical precursor

to the most common oxidation product found in DNA: 8-oxo-guanine. The rate limiting step is

the water protolysis. We illuminate the role of the local environment in considerably lowering

the barrier. Of particular relevance in this respect is the role of the phosphatebackbone.

Prediction of the Short-Range Order of Liquid and Supercooled
Metals by Ab Initio Molecular Dynamics

No�el Jaksea,b) and Alain Pasturel b)
a) Laboratoire de Thorie de la Matir e Condense,Universit de Metz,

1. bd FD Arago, 57078Metz cedex 3, France

b) Laboratoire de Physiqueet Modlisation desMilieux Condenss,

Maison desMagistres, BP 166 CNRS, 38042Grenoble-cedex09,France

The understanding of the short-range order (SRO) of liquid and supercooled metals is a funda-

mental problem in relation to nucleation phenomena[1].>From the early studies of Frank[2], it

is believed that the icosahedralpacking can explain deepundercooling e�ects in metallic liquids.

Recent neutron scattering experiments[3] on Ni, Fe and Zr have revealed a quite pronounced

icosahedral SRO already in the stable liquid, which reinforces in the supercooled region, al-

though it has beenargued that larger polytetrahedral structures yield to a better description of

the structure factors for thesemetastable states.

In this work, we report results of a seriesof ab initio molecular dynamics simulations (MD)

for liquid Ni, Zr and Ta to investigate the local structure and its evolution upon supercooling.

Such �rst-principles based simulations provides an accurate and powerful theoretical tool to

study consistently structural, dynamic and electronic properties of these metals containing d-

electrons. Using the common-neighbour analysis[4], giving a three-dimensional picture of the

inherent structures from the simulations, we have found an evolution upon supercooling which

depends on the system under consideration. For Ni[5], undercooling is accompaniedby the

occurrenceof a complexpolytetrahedral SRO that consistsof more numerousFrank and Kasper

polyhedra[6] (Z14, Z15 and Z16) larger than the simple icosahedron. This is also true for Zr,
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but in this case,we show that a strong competition exist with the bcc-like SRO which increases

with the degreeof supercooling[7]. For Ta, the results give a strong support to the occurrence

of a metastable A15 phaseupon supercooling[8].

Finally, it is worth mentioning the caseof covalent metals such asSi for which undercooling gives

rise to a completely di�eren t behaviour. We have shown[9] that the tetrahedral ordering rein-

forcesand the coordination number decreases,which has implications for the liquid-liquid phase

transition towards a low-coordinated liquid, as shown recently by empirical MD simulation[10].

[1] D.R. Nelson and F. Spaepen, Solid State Physics, ed. by H. Ehrenreich, F.Seitz and D.

Turnbull (Academic , New York) Vol. 42 p. 1 (1989).

[2] F. C. Frank, Proc. R. Soc. London, Ser. A 215, 43 (1952).

[3] T. Schenk, D. Holland-Moritz, V. Simonet, R. Bellissent, and D.M. Herlach, Phys. Rev.

Lett. 89, 075507(2002).

[4] J. D. Honeycutt and H. C. Andersen,J. Phys. Chem. 91, 4950(1987).

[5] N. Jakseand A. Pasturel, J. Chem. Phys., submitted.

[6] F.C. Frank and J. S. Kasper, Acta Crystallogr. 11, 184 (1958); ibid. 12, 483 (1959).

[7] N. Jakseand A. Pasturel, Phys. Rev. Lett. 91, 195501(2003).

[8] N. Jakseand A. Pasturel, Phys. Rev. B, submitted.
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A tomistic mechanism of proton conduction in solid CsHSO 4 by
�rst-principles study

Xuezhi Ke1 and Isao Tanaka2

1Fukui Institute for Fundamental Chemistry,

Kyoto University,

Kyoto 606-8103,Japan
2Department of Materials Science and Engineering,

Kyoto University,

Sakyo,Kyoto 606-8501,Japan

The electronic structure and proton transfer mechanism of the solid CsHSO4 in the phaseI with

a tetragonal structure and the phaseI I with a monoclinic structure have been studied by the

�rst-principles method based on the density functional theory (DFT). The calculated results

show both phaseshave similar properties in the electronic structures including the density of

states and the band gap. Proton transfer paths and barriers have been investigated by the

transition state theory. The similarities and di�erences of proton transfers in both phaseshave

been discussed. For the phase I, the calculated results indicate that the reorientations of the

sulfate tetrahedrons can take placevery frequently, which is in accordancewith the experimental
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observation. For the phaseI I, the highly orderedhydrogen-bond network makesthe reorientation

of the tetrahedron very di�cult. The relatively disorderedhydrogen-bond network in the phaseI

makesthe reorientation quite easy, which speedsup proton transfer signi�cantly. The atomistic

proton-transfer mechanism in the phaseI is proposed.

Quasiparticles from quan tum Mon te Carlo:
E�ectiv e mass and Wilson ratio for K 3C60

Erik Koch and Olle Gunnarsson
Max-Planck-Institut f•ur Festk•orperforschung,

Stuttgart

Taking advantage of the �xed-no de approximation to stabilize excited states,we calculate quasi-

particle energiesby quantum Monte Carlo. We apply this approach to a model describingK 3C60

and show that it works surprisingly well. We determine how the quasiparticle dispersionchanges

with increasing correlation and compare to the many-body enhancement of the Pauli suscep-

tibilit y. While the self-energiesfor our model seemto depend only weakly on the momentum

(and band-index), we �nd a Wilson ration that appears to behave qualitativ ely di�eren t from

what is expected from dynamical mean-�eld theory.

Supersymmetry of Langevin and Kramers equations:
applications in Ph ysical Chemistry

JorgeKurchan
�Ecole Sup�erieure de Physiqueet Chimie Industriel les, Paris, France

Langevin and Kramers processescan be immersedin a larger frame by adding �ctitious fermion

variables. The (super)symmetry of this larger structure has beenused to derive Morse theory

in an elegant way. The original physical di�usiv e motion is retained in the zero-fermion sub-

space. Subspaceswith non-zero fermion number which yield deep information, as well as new

computational strategies for barriers, reaction paths, and unstable states { even for non-zero

temperatures. I will attempt a self-contained presentation.

First principles calculation of vibrational Raman spectra in
large systems

MicheleLazzeri and FrancescoMauri
Laboratoire de Mineralogie Cristal lographie de Paris,

and Universite Pierre et Marie Curie

We present an approach for the e�cien t calculation of vibrational Raman intensities in periodic

systems within density functional theory[1]. The Raman intensities are computed from the
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secondorder derivative of the electronic density matrix � with respect to a uniform electric

�eld. In contrast to previous approaches, the computational e�ort required by this method

for the evaluation of the intensities is negligible compared to that required for the calculation

of vibrational frequencies. The second-orderderivatives of � are obtained through an original

formalism we recently developed[2], which allows the straightforward treatment of uniform-

electric-�eld perturbations in extendedinsulators. As a �rst application, we study the signature

of 3- and 4-membered rings in the the Raman spectra of several polymorphs of SiO2, including

a zeolite having 102 atoms per unit cell.

[1] M. Lazzeri and F. Mauri, Phys. Rev. Lett. vol. 90, 036401(2003).

[2] M. Lazzeri and F. Mauri, Phys. Rev. B vol. 68, 161101(R)(2003).

Theory and Computation of the Electronic, Transp ort and
Optical Prop erties of Nanostructures

Steven G. Louie
Department of Physics,

University of California at Berkeley, and

Materials Sciences Division, Lawrence Berkeley National Laboratory,

Berkeley, CA 94720, USA

The restricted geometry and symmetry of nanostructuresoften give rise to interesting quantum

con�nement, enhancedmany-electron interaction, and other e�ects related to reduced dimen-

sionality. These e�ects can lead to novel physical properties and phenomena,which also are

potentially useful in applications. In this talk, I discuss how theory and computation have

provided understanding to someof the unusual electronic, transport, and optical properties of

nanotubesand molecular junctions. Several selectedexamplesare presented. The quantum con-

ductance of metallic carbon nanotubes is very robust against defects, and nanotube junctions

form interesting nanoscaledeviceelements. The band gap of BN nanotubesmay be tuned with

transverseelectric �elds via a giant Stark e�ect. The optical spectra of small diameter carbon

nanotubesexhibit dramatic excitonic e�ects. Molecular dynamics studies show unexpected be-

haviors in the dissipation of mechanical energiesin nanostructures (friction on the nanoscale).

Finally, molecular electronic devices, i.e., electrical transport through a single molecule, can

produce highly nonlinear I-V characteristics. The physical mechanisms behind these unusual

behaviors are examined.

The strength of the radial breathing mo de in single walled
nanotub es

M. Machon, S. Reich, J. Maultzsch, P. Ordejon, and C. Thomsen
TU Berlin, Germany

Since their discovery, carbon nanotubes have attracted the attention of scientists due to their

unusual physical properties and their potential applications. A major challengeis the character-
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ization of the nanotube diameters and chiralities present in a sample. Raman measurements of

the diameter-dependent radial-breathing-mode (RBM) frequency seemto be a candidate tech-

nique to solve this problem. We present ab initio calculations of the RBM electron-phonon

coupling matrix elements for several nanotubes. Using the SIESTA package,we calculated the

phonon spectrum and equilibrium electronic band structure. We studied the band energy shift

causedby the deformation of the nanotube due to the radial breathing mode, which yield the

electron-phonon coupling matrix elements. We obtain a systematic dependenceof the matrix

elements on diameter and chiralit y, which suggeststhe useof the Raman intensity as additional

information for samplecharacterization.

Absorption spectra of biological systems from TDDFT

Miguel A. L. Marques
Freie Universitt Berlin, Germany

Not surprisingly, the theoretical understanding of biophysical processesis a very active �eld of

research. In particular, there havebeenspectacularadvancesin the characterisation of structural

and dynamical propertiesof complexbiomoleculesby a combination of quantum-mechanical and

classical-molecularmechanics methods (QM-MM). However, and in spite of the large amount

of experimental work in photo-active molecules,the theoretical description of the interaction of

these moleculeswith external time-dependent �elds is very much in its infancy. Photo-active

moleculesrelevant for biology include the green
uorescent protein (GFP), retinal, chlorophyll,

etc. On the other hand, time dependent density functional (TDDFT) theory has proved to be

an invaluable tool for the calculation of excitation spectra of molecules.We will present a way

to combined QM-MM methods (for the ground state) with TDDFT (for the description of the

excited states) to calculate optical absorption spectra. Our �rst test case, the GFP, yielded

remarkably good results. Very recent work on azobenzeneand on the DNA basis will also be

reviewed.

Valence Band O�set in Mo=SiO2 structures

A. S. Martins, Y. M. Niquet, G-M. Rignanese,and X. Gonze
Universit �e Catholique de Louvain

The continued scaling of CMOS devicespresently calls for a fundamental change in transistor

gatestack materials. In addition to SiO2 replacement by high-k dielectrics, the useof poly-silicon

asthe gate electrode hasbeenquestioned. Betweenthe possiblecandidatesto gate electrode, the

Molybdenum displays someinteresting features, like the wide range valuesof its work function

that can be attained by mean of ion implantation.

In this work, we report progresseson ab-initio calculations of the valenceband o�set (VBO) of

Mo=SiO2 structures. The VBO is split in two terms:

� EV B O = � Ev + � V; (1)
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where � Ev is the band-structure term, that is, the di�erence between the two band edgesof

the constituent materials, and � V is the lineup of the electrostatic potential generatedby the

electronic pseudo-charge and by the charge of the bare ion cores. The � V term is obtained

by making a macroscopicaverage of the Kohn-Sham Potential, that in turn is periodic. The

calculations werecarried out in the framework of the density functional theory (DFT). First, we

perform simulations on a relatively small systemconsisting of 5 layers of bcc Molybdenum plus

4 cristobalite SiO2 layers, allowing atomic relaxation. Second,we analysethe e�ect of increasing

the number of SiO2 and Mo layers on the VBO, without relaxation of the atomic coordinates.

In the SiO2 layers, a residual non-negligible electric �eld develops, becauseof non-equivalence

of the two Mo=SiO2 interfaces present in the supercell. Finally, we discussthe impact of this

e�ect on our results.

Ab-initio study of the neutral self-defects in a silica glass

L. Martin-Samos1, Y. Limoge1, J.P. Crocombette1, G. Roma1, N. Richard2

1Service de Recherche de M�etallurgie Physique,CEA-Saclay, France
2CEA-DIF, Bruy�ere-Le-Châtel

In the context of a general study on aging of nuclear glasses,we present a characterisation of

the neutral self-defectsin a silica model and the �rst results on the self-di�usion mechanism.

Due to the intrinsic disorder in the glassand then, the requirement to calculate a statistic, it

is necessaryto usea fast and accurate ab-initio method. We choosean ab-initio code basedon

Localisedpseudo-Atomic Orbitals basisset SIESTA [1,2,3]. To test the validit y of the basisset

choosewe compare the SIESTA results with VASP [5,6,7] and PWSCF [4]. We will show the

self-defectsformation energydistributions (self-interstitials and vacanciesof oxygen and silicon)

and the structures. We will also discussthe origin of theseenergydistributions and the nature

of the principal di�usion mechanism as a function of the oxygen partial pressure.

[1] J. M. Soler and E. Artacho and J. D. Gale and A. Garc��a and J. Junquera and P. Ordej�on

and D. S�anchez-Portal, J. Phys. Condens. Matt. 14, 2745(2002).

[2] P. Ordej�on, E. Artacho and J. M. Soler, Phys. Rev. 53, BR10441(1996).

[3] E. Anglada, J. M. Soler, J. Junquera and E. Artacho, Phys. Rev. 66, B205101(2001).

[4] S. Baroni, A. Dal Corso, S. de Gironcoli and P. Giannozi, http://www.p wscf.org

[5] G. Kresseand J. Hafner, Phys. Rev. B 47, RC558 (1993).

[6] G. Kresseand J. Frthm uller, Phys. Rev. 54, B11169(1996).

[7] G. Kresseand J. Joubert, Phys. Rev. 59, B1758 (1999).

Excited State Electronic Structure and the Theory of Core-lev el
Spectra

J.J. Rehr�

Dept. of Physics, Univ. of Washington, Seattle, WA, 98195, USA
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There has been dramatic progressin recent years both in ab initio calculations and the in in-

terpretation of various core level x-ray and electron spectroscopies[1]. We begin by discussing

the theory basedon the closeconnectionbetweencore-level spectra and excited state electronic

structure: both are related to a Green's function for an excited photoelectron in the presence

of a core-hole, leading to a "standard" quasi-particle model for excited state calculations. We

focus on the real-spaceGreen's function approach which is the real spaceanalog of the KKR

band structure method. This approach hasbeenimplemented in e�cien t ab initio codes,such as

FEFF8, which incorporate the most important many-body e�ects and and permit an interpreta-

tion in terms of geometrical and electronic properties of a material. We also discussextensions

to the theory which go beyond the independent-particle approximation. These include time-

dependent density functional theory (TDDFT) which treats local �eld e�ects, and an e�ectiv e

Green'sfunction theory which includesexcitations beyond the quasi-particle approximation. Fi-

nally we discussrecent improvements basedon fast, parallel algorithms which have made large

scaleab initio core-level calculations practical in aperiodic systemswith of order 1000atoms [2].

These developments are illustrated with a number of applications to x-ray absorption spectra

(XAS) and electron energy lossspectra (EELS) from the far UV to x-ray energies.

[1] J. J. Rehr and R. C. Alb ers, Rev. Mod. Phys. 72, 621 (2000).

[2] A. L. Ankudinov et al., Phys. Rev. B 65, 104107(2002).

*Supported by DOE Grant DE-FG03-97ER45623and facilitated by the DOE CMSN.

Ab-initio DFT Studies on the In teractions of Selected
Biologically Activ e Molecules with Heme Prostetic Group

Dorota Rutkowska-Zbik 1,
Malgorzata Witk o1 , Grazyna Stochel 2

1 Institute of Catalysis and Surface Chemistry, PAS, ul. Niezapominajek 8, 30-239 Krakow,

Poland

2 Institute of Chemistry, Jagiellonian University, ul. Ingardena 3, 30-029 Krakow, Poland

Both the chemistry and biology of the heme complexesare of a great biological importance.

This is due to the fact that they are formed in vivo and are believed to be responsible for

numerousphysiological and pathophysiological e�ects. Consequently, they are subject to many

experimental studies. Theoretical investigations of their geometric and electronic structure are

not so frequent and usually limited to quite small models. Here, the full-size six and �v e

coordinate heme complexeswith selectedsmall molecules, namely NO, CO, O2, NO2-, and

H2O, are studied by means of quantum chemical DFT method within both LDA-VWN and

GGA-RPBE functionals. Kohn-Sham orbitals are described by extended all-electron basissets

of contracted Gaussians. For each complex the optimal geometric structure is obtained. The

electronic structures of complexesare described in terms of Mullik en chargesand Mayer bond

indices. Obtained results allow oneto concludethat the bond betweeniron and a small molecule

is the strongest in the caseof carbonyl complex and the weakest in Fe(heme)(his)NO2 system.

In addition, the latter has a positive binding energy, which means that the bond is unstable
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and should spontaneously undergo dissociation. This result supports the proposedmechanism

for reductive nitrosylation of ferrihemoproteins. It is claimed that once the heme-NO2adduct

is formed, the Fe-NO2 bond is broken and �v e-coordinate heme complex binds NO present in

solution. Moreover, the analysis of the parameters de�ning the iron-histidine bond indicates

that this bond is longer and weaker in nitrosyl and carbonyl complexesthan in the systemswith

the O2, NO2-, and H2O moleculesas ligands. The shortest and, what follows, the strongest

bond occurs in aqua complex. The energy needed to split this bond is negative in caseof

Fe(heme)(his)NO compound, which meansthat this bond is thermodynamically unstable and

the histidine dissociation processis favored. This con�rms the hypothesisof the mechanism of

sGC activation by the elongation of the bond, followed by its dissociation. Although the energy

of the iron-histidine bond in Fe(heme)(his)CO is higher, other parametersof the bond (length

and bond order) suggestthat the �rst step of the enzymeactivation by CO may be the sameand

may consist of the weakening of the bond similarly as during the activation by NO. Finally, the

analysis of charge changesinduced by the binding of the small moleculesto the Fe(heme)(his)

complex point out the role of the hemering as a reservoir of electronsin the studied complexes.

Acknowledgements: D. R.-Z. acknowledges�nancial support from Cracow Research Centre in

Molecular Catalysis and Soft Matter Chemistry CATCOLL - G5MA - CT - 2002- 04024

Tigh t-binding study of the strain e�ects on the electronic
prop erties of InAs/GaAs quan tum dots

R. Santoprete, B. Koiller, R.B.Capaz,P. Kratzer � , and M.Sche�er �

Federal University of Rio de Janeiro, Brazil
� Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

Wepresent an atomistic investigation of the strain e�ects on the electronicpropertiesof quantum

dots (QD's) within the empirical sp3s� tight-binding (TB) model with interactions up to 2nd

nearest neighbors and spin-orbit coupling. Results for the model system of capped pyramid

shaped InAs QD's in GaAs, with supercellscontaining � 105 atoms are presented and compared

with previous empirical pseudopotential results; the good agreement found shows that TB is

a competitiv e tool for a realistic treatment. The strain is incorporated through two di�eren t

approaches: the continuum elasticity theory and the atomistic valenceforce �eld model, which

are combined. The TB treatment allows for the e�ects of bond length and bond angledeviations

from ideal InAs and GaAs zincblende structure to be selectively removed from the electronic

calculation, giving quantitativ e information on the impact of strain e�ects on the bound state

energiesand on the electron and hole wave function con�nement inside the dot. E�ects of dot-

dot coupling have also beenexamined to determine the relative weight of both strain �eld and

wave function overlap.
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Calculation of surface optical prop erties: From qualitativ e
understanding to quan titativ e predictions

Wolf Gero Schmidt*
Friedrich-Schiller-Universit•at, IFTO, Max-Wien-Platz 1, 07743Jena, Germany

Optical spectroscopiesare emerging as powerful and exquisitely sensitive to probe surfaces,

with many potential applications in determining surfacestructure or monitoring the growth of

materials. However, the interpretation of surfaceoptical spectra is not at all straight forward and

may even becounter-intuitiv e. It requireseither comparisonsof with already understood spectra

for similar structures or detailed calculations of the line shape. Unfortunately, calculations

of surface optical properties are numerically very demanding and, therefore, have not always

beenvery helpful in understanding and predicting the surfaceoptical response. Thanks to the

computational and methodological progress in the last couple of years, however, it has now

becomepossibleto calculate surfaceoptical spectra accurately and with true predictive power.

This allows on onehand for a much better understanding of the origin of speci�c featuressuch as

certain surfaceoptical anisotropies. On the other hand, a good agreement betweenthe measured

and the calculated spectra o�ers conclusive con�rmation of the surfacestructure. In this talk

I will focus on the simulation of Re
ectance Anisotropy Spectroscopy (RAS) for semiconductor

surfacestructures and will discussrecent methodological advances,which allow for the modeling

of self-energy, excitonic and local-�eld e�ects in large and complex systems. It is demonstrated

to what extent transitions between surface states, surface defects, surface-inducedstrain and

surfaceelectric �elds causemeasurableoptical anisotropies.

*in collaboration with PH Hahn, K Seino,F Bechstedt, S Wang, W Lu, and J Bernholc

Parameter-free calculation of response functions in
time-dep endent densit y-functional theory

FrancescoSottile, Valerio Olevano and Lucia Reining
Laboratoire desSolidesIrr adi�es CNRS-CEA/DSM,

�Ecole Polytechnique, F-91128 Palaiseau, France

We have establishedand implemented a fully ab initio method which allows one to calculate

optical absorption spectra of semiconductorsand insulators, including excitonic e�ects, without

solving the cumbersomeBethe-Salpeter equation, but obtaining results of the sameprecision.

This breakthrough has been achieved in the framework of time-dependent density-functional

theory, using new exchange-correlationkernelsf xc that are free of any empirical parameter. We

show that the sameexcitonic e�ects in the optical spectra can be reproduced through di�eren t

f xc 's, ranging from frequency-dependent ones to a static one, by varying the kernel's spatial

degreesof freedom. This indicates that the key quantit y is not f xc , but f xc combined with

a responsefunction. We present results for the optical absorption of bulk Si, SiC (exhibiting

continuum exciton e�ects) and bulk Argon (exhibiting instead a bound exciton series)in good

agreement with experiment, almost indistinguishable from thoseof the Bethe-Salpeter approach.
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Kinetic in terpretation of catalytic activit y patterns based on

theoretical chemical descriptors.
\P aten ting the poten tials, or the poten tial of a paten t"

Herv�e Toulhoat
Institut Fran�cais du P�etrole, France

We have shown previously that \v olcano curves" can be obtained when activit y patterns, con-

veying experimental information on periodic trends in catalysis by transition metal sul�des, are

correlated with bond energy descriptors calculated for ideal bulk solidsat the DFT/GGA level

([1], [2]). Theseresults can be viewed as illustrating the signi�cance of the Sabatier principle in

heterogenouscatalysis.

A rather simple kinetic foundation of \v olcano curves" has beenproposeda few years ago [3],

which can be shown to need only simple bonding parameters to describe the e�ect of varying

the solid catalyst.

I will illustrate the implementation of such a model in the casesof hydrogenation and hydrogenol-

ysis reactions catalysed by transition metals. I will discussthe basic assumptions, the �tting

procedures,the physical meaningof the �tted parameters,and the predictions of the models [4].

I will show in which way DFT \b ond energy descriptors" should prove useful in the \virtual"

pre-screeningof putativ e new catalytic compounds [5].

[1] H. Toulhoat, P. Raybaud, S. Kasztelan, G. Kresse,J. Hafner, \T ransition Metals to Sulfur

Binding Energies Relationship to Catalytic Activities in HDS: back to Sabatier with First-

Principles Calculations" Catalysis Today, 50 (1999) 629.

[2] R. Chianelli, G. Berhault, P. Raybaud, S. Kasztelan, J. Hafner, H. Toulhoat , \P eriodic

Trends in Hydrodesulfurization: in support of the Sabatier Principle", Applied Catalysis A:

General 227 (2002) 83.

[3]. Kasztelan, S., Applied Catal. Lett. 83, (1992) L1-L6.

[4] H. Toulhoat, P. Raybaud, \Kinetic interpretation of catalytic activit y patterns based on

theoretical chemical descriptors" J. Catal., 216, (2003) 63.

[5] H. Toulhoat, French Patent Application F2810113,2000.
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3.2 ESF Workshop/Conference Announcemen ts

3.2.1 CECAM/Psi-k SCHOOL and W ORKSHOP

Time-Dep endent Densit y-F unctional Theory: Prosp ects and

Applications

(h ttp://sophia.ecm.ub.es/2004tddft/2004tddft. htm)

Benasque, Spain, August 29 - Septem ber 11, 2004

Organizers: E.K.U. Gross, M.A.L. Marques, F. Nogueira, and A. Rubio

Scienti�c content:

The use of TDDFT is increasing, and it is fast becoming one of the tools of choice to get

accurate and reliable predictions for excited-state properties in solid state physics, chemistry

and biophysics. However, in international meetings,schools and workshops,TDDFT hasusually

beenjust oneof the topics covered. This meansthat scientists new to the �eld facedi�culties in

grasping its many aspects that could be alleviated if they could attend a school on TDDFT. We

also believe that a school on TDDFT would be extremely helpful for young graduate students,

post-docs and even older scientists that are envisaging a project for which TDDFT would be

the tool of choice. For this reasonwe decidedto organizea 10 day school on TDDFT, covering

its theoretical, practical, and numerical aspects.

This school will be followed by an international workshop, where the new developments of

TDDFT will be discussed.Students attending the SummerSchool will be encouragedto attend

the workshop,sothey canget in contact with state of the art research in the �eld of TDDFT. The

purposeof the workshopis to bring together leadingexperts in the �eld of TDDFT with di�eren t

backgrounds, like density functional, many-body, nuclear physics and quantum chemists. This

will allow the exchangeof ideasbetweenthe di�eren t �elds and the creation of links betweenthe

traditionally separatedcommunities. We believe that the intenseand informal discussionwhich

is possiblein this kind of workshopscan contribute to the formation of a strong communit y in

the �eld of TDDFT. Someof the recent developments of TDDFT that will be covered during

the workshop include TDDFT versuscurrent-DFT, van der Waals interactions, applications to

biological systems,new functionals, transport phenomena,optical spectra of solids, etc. It will

assemble specialists in theseand other areasand will consistof several presentations and round-

tables.

Location/Timing:

We plan to organizethis event at the \BenasqueCenter for Science"(http://sophia.ecm.ub.es/),

Benasque,Spain, from August 29, 2004to September 11, 2004. Benasqueis a beautiful town in

the heart of the Pirinees (http://www.b enasque.com/). The school will take place from August

87



29 to September 7, and the workshop will start September 8 and �nish on Sep. 12.

Web-site:

Registration and further information can be found in the web site

http://sophia.ecm.ub.es/2004tddft/2004tddft.h tm

Tentativ e program for the school:

The school will be attended by a maximum of around 30 student, and will last 10 days, with

theoretical sessions(mostly) in the mornings and practical (tutorial) sessionsin the afternoons.

The theoretical sessionswill consist of two 1.5 hour lectures + 20 minutes for discussion. The

practical sessionswill last for 3 hours and a computer will be allocated for each two students.

This will allow the students to have sometime every day for studying and talking to the teach-

ers. The program of the school starts with basic ground-state DFT, then continues with the

theoretical and numerical aspects of TDDFT, and will end with an outline of someof its many

applications.

A preliminary program of the school can be found in the web page:

(http://sophia.ecm.ub.es/2004tddft/teac hers.html)

During the school we will incentiv e a closeand informal contact between the students and the

teachers. Furthermore, the students will be stimulated to talk about their current research

activities and future interests. We feel that this is an important point, since young scientists

should be involved in the building up of a strong communit y.

Preliminary program of the workshop

The 4 day workshopwill take placebetweenthe 8-12September 2004. It will include both invited

talks on key aspects of TDDFT (45m each), contributed talks (30m) and a poster session.The

tentativ e list of invited speakers is

Walter Kohn* (Santa Barbara, USA)

Steven G. Louie (Berkeley, USA)

Roberto Car (Princeton, New Jersey, USA)

Rex Godby (York, UK)

Kieron Burke (Rutgers, New Jersey, USA)

NeepaMaitra (Rutgers, New Jersey, USA)

Xavier Lopez (San Sebastian,Spain)

Robert van Leeuwen (Groningen, The Netherlands)

Andreas Goerling (Munich, Germany)

Lucia Reining (Paris, France)

Carla Molteni (Cambridge, UK)

Ursula Roethlisberger* (ETH Zuerich, Switzerland)

Michiel Sprik (Cambridge, UK)

Ulf von Barth (Lund, Sweden)

Carl-Olof Almblahd (Lund, Sweden)

Giovanni Vignale (Univ. Missouri, USA)

Pablo Garcia Gonzalez(UAM, Madrid, Spain)
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Massimiliano di Ventra (Virginia, USA)

Juerg Hutter (Zurich, Switzerland)

Risto Nieminen (Helsinki, Finland)

M. Cassida(Grenoble, France)

Yoshi Miyamoto (NEC, Japan)

Martin Fuchs (FHI, Berlin, Germany)

Roy Baer (Naval Res. Lab., Washington DC, USA)

E.K.U Gross(FU Berlin, Germany)

*) Not yet con�rmed.

Format of the workshop:

We plan an informal workshopwith su�cien t time for discussions.The informal character of the

talks will be encouragedand presentations which are partly tutorial, given the mixed character

of the audience,are most welcome.The time for each talk will bedivided into 75thepresentation

plus 25encouragedto divide their available time into two separateparts if their topic falls under

more than one heading.

We will select some posters from the young researchers participating in the workshop to be

presented as oral communications.

Participants to the workshop:

The call for participation will be mainly directed to students and scientists specializedon com-

putational physics,quantum chemistry and biophysics. We will limit the number of participants

to 60, in order to ensurea maximum interaction between all the scientists participating. At-

tendanceof graduate students and postdocs will be strongly encouragedthrough the inclusion

of short contributed talks and a poster session.Furthermore, we will award to Ph.D. students

who present an outstanding poster short oral presentations.
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4 General Workshop/Conference Announcemen ts

4.1 Workshop Hands-on-FPLO

First Announcemen t of the Third Workshop

Hands-on-FPLO

Univ ersit y of California, Davis, June 18 - 22, 2004

FPLO is a highly accurate full potential minimum basis package that solves the Kohn-Sham

equations for regular lattices. It comprisesscalar relativistic and 4-component relativistic ap-

proaches,LSDA and LSDA+U aswell asa CPA solver. The workshop is aimed at the exposition

of the method, introduction into the algorithms, handling of the package,exchangeof experience

amongst the users,and introduction to the rangeof applications. Two previous workshopswere

held at IFW Dresden,Germany, in 2002and 2003.

This announcement and further informations are available at:

http://www.ifw-dresden.de/FPLO/

A second(�nal) announcement will follow in February, 2004.

On behalf of the organizers,

Dr. Manuel Richter

Dept. of Theoretical Solid State Physics

IFW Dresdene.V.

P.O. Box 270016

D-01171Dresden,Germany

Tel. +49-351-4659-360

Fax. +49-351-4659-490

email m.richter@ifw-dresden.de

http://www.ifw-dresden. de/~manuel/
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4.2 A CS PRF Summer School

Time-Dep endent Densit y-F unctional Theory and the Dynamics

of Complex Systems

Santa Fe, June 5-10, 2004

Time-dependent density-functional theory (TDDFT) wasestablished20 yearsago,and hassince

then made signi�cant formal and practical progress. Today, TDDFT is the method of choice

for calculating excitation energiesof complex molecules,and is becoming increasingly popular

for describing spectroscopic properties of bulk solids, clusters, and nanostructures. Another

growing area of applications is the nonlinear dynamics of strongly excited systems.

This Summer School will provide an in-depth introduction to the fundamental framework of

TDDFT, and will give a broad overview of its applications. The School speci�cally invites

students and non-specialists in chemistry, physics and materials science,and will be organized

as a 6-day interactive short-course.

The website, including application materials, is at

http://campus.umr.edu/tddft/tddft.h tm.

Spaceis limited.

The organizersare Carsten Ullric h, Kieron Burke, and Giovanni Vignale
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4.3 SPRING COLLEGE ON SCIENCE AT THE NANOSCALE

24 Ma y - 11 June 2004

Miramare - Trieste, Italy

The Abdus Salam International Centre for Theoretical Physics (ICTP) is organizing a Spring

College on Scienceat the Nanoscale,to be held at the Abdus Salam International Centre for

Theoretical Physics (ICTP), Trieste, Italy , from 24 May to 11 June 2004. The Collegewill be

directed by Profs.:

Roberto CAR (Princeton University, Princeton,USA),

Supriyo DATT A (Purdue University, West Lafayette, Indiana, USA),

Giacinto SCOLES (SISSA, Trieste and Princeton Univ., USA),

Sandro SCANDOLO (the Abdus Salam ICTP, Trieste).

The Local Organizer will be

Dr. Ralph GEBAUER (the Abdus Salam ICTP, Trieste, Italy).

In recent yearsit has becomepossibleto manipulate matter at an atomistic scale. The research

into ways to perform such manipulations and to carry out measurements, aswell asthe attempts

to understand the basic physics underlying the observed phenomenahave rapidly grown into a

very active scienti�c domain. Today, research on nanoscalephenomenais strongly supported

in most developed countries due to the important bene�ts expected from the introduction of

nanoscaledevicesin technological areassuch as electronics, micromechanics and biomedicine.

But progressin theseareasis necessarilylinked to advancesin the comprehensionof the funda-

mental physical processestaking place at the nanoscale,as well as to cross-disciplinary e�orts

aimed at unifying languagesand concepts from chemistry, materials scienceand condensed

matter physics. In this respect, nanoscalephenomenarepresent an ideal bench table for the

development of new conceptsand new trends in basic science.

The �eld of nanoscienceis evolving so rapidly that the gap between achievements in basic

research and technological applications hasshrunk considerably. It is therefore very desirableto

bring researchers from developing countries in contact with this domain of scienceand stimulate

them to be an active part of this �eld. Making this kind of contact possibleis the main target

of the Spring College.

The Collegeis planned to focus on three distinct aspects of nanoscience:

(A) Phenomenologicalaspects

(B) Experimental challenges

(C) Quantum (ab-initio) simulations
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About 20-25world-leading scientists will lecture at the College,covering thesedomains. Apart

from those lectures, introductory tutorials will also be held in order to recall basic concepts

underlying the physicsat the nanoscale.Hands-oncomputer exercisesand laboratory visits will

be o�ered as supplementary incentiv es for those interested.

A preliminary list of speakers includes:

Boris Altshuler (Princeton Univ., USA);

Rashid Bashir (Purdue Univ., USA);

Roberto Car (Princeton Univ., USA);

Supriyo Datta ((Purdue Univ., USA);

Julio Fernandez(Columbia Univ., USA);

Cherie Kagan (IBM, USA);

Uzi Landman (Gatech, USA);

Mark Lundstrom (Purdue Univ., USA);

Chris Murray (IBM, USA);

Michele Parrinello (ETH, Switzerland);

Mark Ratner (North western Univ., USA);

Angel Rubio (San SebastinUniv., Spain);

Matthias Sche�er (FHI Berlin, Germany);

Wolf-Dieter Schneider (EPFL Lausanne,Switzerland);

Giacinto Scoles(Princeton Univ., USA and SISSA, Trieste);

Annabella Selloni (Princeton Univ., USA);

Uri Sivan (Technion, Haifa, Israel);

Erio Tosatti (SISSA, Trieste);

Robert Wolkow (NRC Ottawa, Canada).

Scientists and students from all countries that are members of the UN, UNESCO or IAEA can

attend the activit y. The main purpose of the Centre is to help researchers from developing

countries through a programme of training activities within the framework of international co-

operation. However, students, post-doctoral scientists and researchers from developed countries

are most welcometo attend. As the College will be conducted in English, participants must

have an adequateworking knowledgeof that language.

As a rule, travel and subsistenceexpensesof the participants areborneby their homeinstitutions.

Every e�ort should be madeby candidatesto securesupport for their fare (or at least half-fare).

However, limited funds are available for someparticipants who are nationals of, and working in,

a developing country, and who are not more than 45 years old. Such support is available only

to those attending the entire College. There is no registration fee to attend this activit y.

The closing date for the receipt of requestsfor participation is:

20 February 2004

The Application Form is obtainable from the ICTP WWW server:
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http://agenda.ictp.trie ste. it/s mr.php?1564

(which will be constantly up-dated) or from the activit y Secretariat (smr1564@ictp.trieste.it).

It should be completed, signedand returned before20 February 2004to:

The Abdus Salam International Centre for Theoretical Physics

Spring Collegeon Scienceat the Nanoscale(smr.1564)

Strada Costiera 11

I-34014Trieste, Italy

Telephone:+39-040-2240305

E-mail: smr1564@ictp.trieste.it

Telefax: +39-040-224531

http://agenda.ictp.trie ste. it/s mr.php?1564

Trieste, November 2003

Activit y's WWW web page:

http://agenda.ictp.trie ste. it/s mr.php?1564
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4.4 SNS2004 Conference

7th In ternational Conference on

Spectroscopies in Novel Superconductors (SNS2004)

July 11-16, 2004, Sitges, Spain

With great pleasurewe invite you to the 7th International Conferenceon Spectroscopiesin Novel

Superconductors(SNS2004)to be held July 11 - 16, 2004at the Meli�a Gran SitgesHotel in the

beautiful coastal town of Sitgesnear Barcelona, Spain.

SNS2004continues the successfulseriesof International Conferencesheld at Argonne (1991),

Sendai (1992), Santa Fe (1993), Stanford (1995), Cape Cod (1997) and Chicago (2001). We

invite you to explore the SNS2004Web pageat:

http://www.icmm.csic.es/sns2004/

which contains detailed information concernedthe Conference,such asImportant Datesor Hotel

Accommodation.

The First Announcement may be downloaded from

http://www.icmm.csic.es /sns 2004/fi rst_ ann. htm

and also the Registration form is already available in the SNS2004Web site.

We already sensea very high degreeof interest in SNS2004and expect a large turnout. We

recommendthat you subscribe to the SNS2004Mailing List available at the Web site, in order

to ensurethat you will receive all conferencemailings in a timely manner.

Please feel free to forward this messageto anyone who you believe would be interested in

attending SNS2004.

We expect SNS2004to be the best SNS yet and look forward to seeingyou in Sitges.

Maria C. Asensio

Conferencechairperson

LURE, Bat 209D. BP 34

Centre Universitaire Paris Sud

F-91898Orsay Cedex - France

Tel.: +33 1 64468012

Fax: +33 1 64464148

http://www.icmm.csic.es/an tares/

Arun Bansil

Conferenceco-chairperson
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5 General Job Announcemen ts

Postdo ctoral Position in Condensed Matter Theory

Institute of Theoretical Ph ysics,

Univ ersit y of Frankfurt am Main,

Condensed Matter Theory Group

Field(s): computational physics, condensedmatter, theoretical physics

Application deadline: Jan 30 (Fri), 2004

Contact: Prof. RoserValenti

E-mail: openings.valenti@itp.uni-frankfurt.de

Address: Institute of Theoretical Physics, University of Frankfurt am Main

Job description:

Applications are invited for a postdoctoral research position in solid state physicsat the Institute

of Physicsof the University of Frankfurt, Germany. The candidate should have a Ph.D. in theo-

retical Physicswith an excellent academicbackground and good computational skills. Applicants

with research experienceon ab initio (Density Functional Theory) calculations on strongly cor-

related transition metal systemsand/or metallorganic materials are encouragedto apply. The

focusof the work will be the microscopicdescription of the behavior of low-dimensionalsystems

by a combination of Density Functional Theory calculations and Many-body methods. Teaching

support will be welcomed.

The appointment will be for two yearsstarting in April 2004.

Interestedapplicants should submit a curriculum vitae and arrange for three letters of reference

to be sent to the addressbelow.

Prof. RoserValenti

Institute of Theoretical Physics

Johann Wolfgang Goethe University

Robert-Mayer-Str. 8

D-60054Frankfurt am Main

Germany

E-mail:openings.valenti@itp.uni-frankfurt.de
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PhD Position in Condensed Matter Theory

Institute of Theoretical Ph ysics,

Univ ersit y of Frankfurt am Main,

Condensed Matter Theory Group

Field(s): computational physics, condensedmatter, theoretical physics

Application deadline: Jan 30 (Fri), 2004

Contact: Prof. RoserValenti

E-mail: openings.valenti@itp.uni-frankfurt.de

Address: Institute of Theoretical Physics,University of Frankfurt am Main, CondensedMatter

Theory Group

Job description:

Applications are invited for a Ph.D. research position in solid state physics at the Institute of

Physicsof the University of Frankfurt, Germany. The candidate should have a Diplom/M.S. in

Physicswith an excellent academicbackground and good computational skills. The focusof the

work will be the microscopicdescription of the behavior of strongly-correlated electron systems

by a combination of Density Functional Theory calculations and Many-body methods. Teaching

support will be welcomed.

The appointment will be for three yearsstarting in April 2004.

Interestedapplicants should submit a curriculum vitae and arrange for three letters of reference

to be sent to the addressbelow.

Prof. RoserValenti

Institute of Theoretical Physics

Johann Wolfgang Goethe University

Robert-Mayer-Str. 8

D-60054Frankfurt am Main

Germany

E-mail:openings.valenti@itp.uni-frankfurt.de
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POST DOCTORAL OPENINGS FOR COMPUT ATIONAL QUANTUM
CHEMISTS/BAND THEORISTS

Chemistry Departmen t, Case Western Reserv e Univ ersit y,

Clev eland OH 44106 USA

The above positions are available in the lab of ProfessorA. B. Anderson. It is desired to be-

gin theseprojects as soon as possible. The research will center on electron transfer theory and

electro-catalytic reaction mechanismswith an emphasison novel fuel cell electrodes. Both Gaus-

sian and VASP methods will be usedand familiarit y with both codeswould be very desirable.

Pleaseaddressany questionsand make your application to aba@po.cwru.edu. Include your cv

with your application and pleasearrangefor three letters of recommendationto be sent. Phone:

216 368 5044; fax 216 368 3006.

Case Western Reserve University is one of several important scienti�c, cultural, and medical

institutions in the University Circle area of Cleveland. If you are not familiar with it, please

check it out on the web. Electrochemical research spansseveral departments at our University

and the University is well known for research in this �eld. The successfulcandidateswill bene�t

from possibleinteractions with groups in other departments here and at other universitiesor at

companies.

CaseWestern Reserve University is an equal opportunit y, a�rmativ e action employer and en-

couragesapplications from women and minorities.
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Postdo coral Position in Computational Materials Science at
RICS-AIST

A theoretical postdoc position is open at Research Institute for Computational Sciences(RICS),

Institute of Advanced Industrial Scienceand Technology (AIST) in Tsukuba, Japan. The po-

sition is available for three years from 1 April 2004 and funded by the Ministry of Education,

Culture, Science,Sports, and Technology (MEXT) of Japan through Grant-in-Aid for Creative

Scienti�c Research (Elucidation and control of interfacesrelated to organic electronic devices).

The focus of the project is to elucidate atomic structures, electronic properties, and chemical

reactions at organic/metal interfaces related to organic electronic devicesusing density func-

tional theoretical (DFT) calculations. It will be carried out in collaboration with Dr. Yoshitada

Morikawa (RICS-AIST) and in closecontact with experimental groups in Nagoya, Chiba, and

Tohoku Universities. A strong background in physics or chemistry, especially, in electronic-

structure theory is desirable. Applications including 1) a curriculum vitae, 2) a list of pub-

lications and 3) two con�dential letters of recommendation or contact information should be

addressedto Dr. Yoshitada Morikawa (yoshi.morikawa@aist.go.jp). The evaluation of the can-

didates beginsimmediately and will continue until the position is �lled.

Additional information:

AIST http://www.aist.go.jp/

RICS http://unit.aist.go.jp/rics/index-e.h tml

Computing resourcesat AIST

http://unit.aist.go.jp/tacc/en/system.h tml

Experimental group of Prof. Kazuhiko Seki at Nagoya University

http://mat.chem.nagoya- u.ac .jp/ inf o/in dex_e01.htm l

Contact address:

Dr. Yoshitada Morikawa

Research Institute for Computational Sciences(RICS),

National Institute of AdvancedIndustrial Scienceand Technology (AIST),

Tsukuba Central 2, 1-1-1 Umezono,Tsukuba, Ibaraki, 305-8568JAPAN

Fax: +81-29-861-3171

E-mail: yoshi.morikawa@aist.go.jp

URL: http://sta�.aist.go.jp/y oshi.morikawa/
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PhD Studen tship in Computational Nanotec hnology

Univ ersit y College London, UK

We have money from the Interdisciplinary Reserach Collaboration in Nanotechnology for a PhD

student (who must bea citizen of an EU country) at UCL in the CondensedMatter and Materials

Physics group. Below is a description of the project we have in mind. If you think you might

be interested in this project pleasecontact either one of:

Andrew Hors�eld a.hors�eld@ucl.ac.uk

David Bowler david.bowler@ucl.ac.uk

This project will be a computational study of nanowires both isolated and on semiconductor

substrates. We will investigatetheir structure, both atomic and electronic, at the level of density

functional theory, and will study electrical conduction and heat generationin the nanowiresusing

our recently developed time dependent conduction formalism.

The student will be exposed to the phenomenologyof nanowires, and more generally to the

world of nanotechnology. A very solid grounding in electronic structure methods, notably den-

sity functional theory and tight binding, will be provided. Further, the student will be working

with state-of-the-art conduction formalisms, and will have the opportunit y to contribute new

computer code. Links with experiment will be actively sought at all points through the project,

both in terms of the conduction properties of nanowires, and their structure and nature on

semiconductorsurfaces.

Andrew Hors�eld

Department of Physics and Astronomy,

University CollegeLondon,

Gower Street, London WC1E 6BT,

United Kingdom

Phone: +44-(0)20-7679-3500

FAX: +44-(0)20-7679-1360

Email: a.hors�eld@ucl.ac.uk
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Op en position at IRRMA

Post-Do ctoral Position at the EPFL (Lausanne)

There is currently a post-doctoral position available for a talented and motivated individual

at the Institute for Numerical Research in the Physics of Materials (IRRMA) of the EPFL in

Lausanne. The position is for one year and could be extendedfor a secondone. This individual

will join a research project in computational condensedmatter physics. Research topics con-

cern (i) vitreous materials and (ii) atomic processesat semiconductor-oxide interfaces. Previous

experiencewith computational techniquesbasedon density functional theory is requested.The

interested candidatesshould sendtheir (1) curriculum vitae, (2) publication list, (3) one or two

reprints representativ e of previous research, and (4) con�dential letters of recommendationto:

Alfredo Pasquarello

IRRMA-EPFL

PPH-Ecublens

CH-1015Lausanne

Switzerland

Tel : +41 21 693 44 16

Fax : +41 21 693 66 55

E-mail : Alfredo.Pasquarello@ep
.ch

Refer for more details to the web-page:

http://irrma www.ep
.ch/G3.h tml
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Position of Assistan t-Do ctoran t at the EPF-Lausanne

The Institute for Numerical Research in the Physics of Materials (IRRMA) at the EPFL in

Lausanne is seeking an outstanding PhD student for performing research in the domain of

vitreous materials or semiconductor-oxide interfaces(for more details, refer to the web-page:

http://irrma www.ep
.ch/G3.h tml)

Typical methods involve �rst-principles electronic structure calculations and ab initio molecular

dynamics simulations. The position, available at the earliest on 1st April 2004, requires a

universitary degreein physics or physical chemistry (or equivalent), which should have been

obtained by the starting date. The candidate will have teaching duties and shall prepare a

doctoral thesis at EPFL. A good background in quantum mechanics and previous experiencein

FORTRAN programming are required.

The interested candidates should send as soon as possible. their (1) curriculum vitae, (2) the

list of passedexaminations and relative marks, and (3) con�dential letters of recommendation

to Prof. Alfredo Pasquarello, IRRMA-EPFL, PPH-Ecublens, CH-1015 Lausanne,Switzerland,

Tel. +41/21/6934416, email: Alfredo.Pasquarello@ep
.ch.
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POSTDOCTORAL POSITIONS IN NREL'S SOLID STATE THEOR Y
GR OUP

IN ALLO Y THEOR Y AND THEOR Y OF NANOSTR UCTURES

National Renew able Energy Lab oratory (NREL)

http://www.sst.nrel.go v

NREL's Solid State Theory Group is looking to �ll two Postdoctoral positions. One in the

area of Electronic Structure Theory of Semiconductor Nanostructures and one in the area of

electronic structure theory of alloys. The work involves developing new methodologiesas well

as application of our newly developed algorithms. The duration of the positions are up to 3

years. The salary range is 45; 000� 55,000per year, depending on quali�cation and experience.

Applicants are expected to have a strong background in solid-state theory. The positions are

with Alex Zunger, Solid State Theory Group Leader. The start date is during early 2004 to

summer2004. Applications for both positions are being considerednow. For more details about

ongoing work, see

http://www.sst.nrel.go v.

The Solid State Theory Group currently consists of ten Ph.D.'s in condensedmatter theory

and interacts with a broad range of experimentalists. Furthermore, the group has outstanding

computational facilities: a dedicated local computing systemconsistingof a 16 node SGI Origin

2000, a 44 processorLinux cluster that will be shortly massively expanded, 4 Sun Ultra 80

workstations and remote accessto IBM-SP supercomputers at NREL and NERSC, Berkeley.

The group has an excellent basic-research atmosphere, and is located in the beautiful Rocky

Mountains. Consult our web pagefor additional information on the group, its history, research

subjects, publications, current and past personneland facilities.

Interested candidates should send IMMEDIA TELY curriculum vitae, list of publications (in-

cluding preprints of unpublished papers if possible), and arrange for two to three references

addressedto:

Alex Zunger, M/S 3213

Solid State Theory Group

National Renewable Energy Laboratory

1617Cole Boulevard

Golden, Colorado 80401

Clari�cation or further details can be obtained via email to azunger@nrel.gov.

NREL is an equal opportunit y employer and proud of its commitment to diversity. Women and

minorities are encouragedto apply.
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Fellowship available at Isfahan Univ ersit y of Technology , Iran

The computational condensedmatter group in physicsdepartment of Isfahan University of Tech-

nology (IUT) is going to expand its regional scienti�c activit y by acting as an ICTP A�liated

Centre. Following such a mission, the Abdus SalamInternational Centre for Theoretical Physics

(ICTP) and IUT have agreedto support the below mentioned fellowships for the year 2004:

1. Two Fellowship for young researchers ( possessinga PhD degreeor at the �nal stagesof

getting it) from the regional countries (Western South Asia, Central Asia, and Middle

East ) to comeand work in the center as long term visitors (3-6 months).

2. Two Fellowship for senior researchers from the regional countries to comeand work in the

center as short term visitors (6-12 weeks).

The applicants are expectedto have a keeninterest in computational condensedmatter physics,

with somehands on experienceon �rst principle methods.

The fellowships are available from 1st of January 2004.

Interested applicants are requestedto senda full CV, a list of publications, a proposal of about

500 words explaining the details of the research project that he/she is going to perform during

the stay in the center, the period that he/she wishesto visit the center, and namesand addresses

(email) of two refereesto the following address:

ProfessorHadi Akbarzadeh

Department of Physics,

Isfahan University of Technology,

Isfahan, Iran

Email: akbarzad@cc.iut.ac.ir,

Tel: +98-311-3912375(or 3913700),

Fax: +98-311-3912376.

Accepted candidatesare entitled for the following supports:

1. Travel expensesby economy round trip air ticket.

2. Accommodation in IUT Guest House.

3. 400 Euro per month for living expenses( For senior researchers it can be increasedto 500

Euro).

4. One full meal per day.
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Current research interests of the center Electronic structure calculations, as a valuable tool for

understanding the properties of condensedmatter, are the main current activit y in the compu-

tational condensedmatter group in physicsdepartment of Isfahan University of Technology.

Our calculations are within the density functional theory using FP-LAPW method. We have

accessand hands on experience to work with WIEN2k code (www.wien2k.at). This general

purposeelectronic structure code is a very appropriate tool to calculate many properties of a

solid: band structure, density of states, equilibrium geometry, magnetic structure, electric-�eld

gradients, hyper�ne �elds, and X-ray spectra, etc. The code contains LDA+U to study highly

correlated systems.

The ongoing research projects in the group are as follow:

1. The e�ect of pressureand impurit y on spin density wave of Cr.

2. First principle study of hyper�ne interaction in Cr15X alloys ( X= Rh, Cd. Sn, Fe ).

3. Ab-initio investigations of magnetic thin �lms.

4. Structural and electronic properties of matlokite MFX ( M=Sr, Ba, Pb; X=Cl, Br, I )

compounds.

5. First principles investigation of the bowing parametersin the Mg3xBe3-3xN2ternary alloy.
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Post Do ctoral Position in Belfast

There is a Post Doctoral Position available for 35 months in the Atomistic Simulation Group at

Queen'sUniversity Belfast.

O�cial Details can be found at

http://www.qub.ac.uk/jo bs/? vac_no=W110&functi on=view_job

For Uno�cial Details, please contact Tony Paxton (Tony.Paxton@QUB.ac.uk) and see our

group's website (http://titus.ph y.qub.ac.uk).

The closing date for applications is Friday 30 January 2004.

106



Positions in Theoretical Surface Science as Research Associate

School of Ph ysics, Univ ersit y of Sydney , Australia

Applications are invited for two Research Associate Positions in the areaof computational theo-

retical surfacesciencein the group of ProfessorStamp
 in the School of Physicsat the University

of Sydney, Australia. The research involvesdevelopment and application of novel ab initio based

statistical mechanical schemesfor the study of processesand reactions at surfaces;e.g., kinetic

Monte Carlo including adparticle interactions via the lattice-gas approach, for calculation of

reaction rates in heterogeneouscatalysis, or stable and metastable phasesin crystal growth.

The applicant must hold a Ph.D. in physics, chemistry, or materials science,and have good

knowledgeof electronic structure theory, and experiencein �rst-principles calculations.

The positions o�er good opportunit y for international collaborations, and the campusis located

near the heart of Sydney. The positions are full-time and �xed term for two years,subject to the

completion of a satisfactory mandatory probation period of six months, commencingas soon as

possible.Further o�ers of employment of up to oneyear may beavailable, subject to funding and

need. For further information, contact ProfessorCatherine Stamp
 on (02) 93515901or e-mail:

stamp
@physics.usyd.edu.auor visit: http://www.ph ysics.usyd.edu.au/stamp
/ To apply, send

5 copiesof the application to: The PersonnelO�cer, Collegeof Sciencesand Technology, Carslaw

Building, (F07), The University of Sydney, NSW, 2006by the 14th of February. The application

should quote referencenumber: A01/004499, addressthe selectioncriteria, and include a CV,

the names,addresses,e-mail, fax and phone number of two referees.
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Research Associate Position

Ruhr-Univ ersitaet Bo chum, German y

Applications are invited for a research associate position. The preferred starting date would be

spring 2004.

The ideal candidate would have signi�cant experiencein electronic structure theory, DFT/MD

calculations, surface science, and heterogeneouscatalysis. She or he would work primarily

on using dynamical (Car-Parrinello) electronic structure methods in order to understand the

complexprocessesinvolved in chemical reactionsoccurring at surfacesin contact with dense/hot

water. In addition, he/she can also be involved in other challenging research projects including

both method development and large-scaleapplications.

Information on the techniques usedand developed are accessiblevia

http://www.theo chem.ruhr-uni-bochum.de/go/cprev.html.

The Theoretical Chemistry Group at RUB o�ers an exciting interdisciplinary environment with

excellent working conditions (including several parallel platforms and a 500GFlop/s SCI machine

in house).

Candidatesshouldsenda detailed resumeincluding an outline of their research achievements and

interestsaswell ascontact information for academicreferencesasonepdf/ps �le to o�ce@theochem.ruhr-

uni-bochum.de.

Consideration of candidateswill begin immediately and continue until the position is �lled. The

University particularly welcomesapplications from women.

ProfessorDominik Marx

Lehrstuhl fuer Theoretische Chemie

Ruhr-Univ ersitaet Bochum

D-44780Bochum

Germany

Phone : ++49 234 322 6485

Fax : ++49 234 321 4045

o�ce@theochem.ruhr-uni-bochum.de

http://www.theo chem.ruhr-uni-bochum.de/
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Position: Manager, Materials Science Quan tum Application

Dev elopmen t

Rep orts To: Senior Director, Materials Science Research and

Dev elopmen t

Lo cation: Cam bridge, UK

Advertisement:

Accelrys is the leading provider of software for biologists, chemists, and materials scientists.

Through computation, simulation, and the management and mining of scienti�c data, we ac-

celerate product design, discovery, and development. Our platform technology and consulting

servicesenableenterprise-wide solutions tailored to today's leading research organizations. The

result is great science,faster. We are seekinga Manager of Materials ScienceQuantum Ap-

plication Development to be part of our dynamic Materials ScienceResearch and Development

team.

Summary Job Description

This individual will lead the Materials ScienceQuantum Application development team in Cam-

bridge, numbering some 4 engineersand scientists. In this role, s/he will provide technical

and managerial leadership to a diverse team working on Accelrysb Materials Studio product

line: CASTEP, DMol3, and VAMP. S/he will work closely with other Materials ScienceR&D

managersand the marketing organization in de�ning the requirements and speci�cations for

enhancements to theseproducts. S/he will be responsible for leading and mentoring developers

and scientists within the team to ensurethe successfulenhancement and integration of new tech-

nologieswithin theseapplications. To achieve this goal, s/he will provide outstanding scienti�c

and technical leadershipand will foster a positive and enthusiastic team environment. Responsi-

bilities also include scienti�c validation studies, tracking and monitoring scienti�c developments

in the area of responsibilit y, and building and fostering regular contact and research activities

with academicgroups worldwide.

REQUIREMENTS

The ideal candidate will have both a strong academicrecord using �rst-principles atomistic sim-

ulations, and experiencewith commercial-quality software development in both Windows and

UNIX/Lin ux basedenvironments. Additionally , the quali�ed candidate should possessa PhD

in Physics, Chemistry or a related discipline, or the functional equivalent. Intimate familiarit y

with DFT-based simulations and/or semi-empirical techniques is expected. Signi�cant experi-

ence(5+ years)of developing commercial-standardscienti�c software is required asis experience

leading a research or development team. Very good working knowledge of C and FORTRAN

90, and experience of development under UNIX/Lin ux. OOD, user interface design, and/or
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Microsoft Windows skills, including VB, C++, COM, Perl, MFC, are a strong advantage. Very

good familiarit y with numerical algorithms is expected. The candidate must have prior experi-

enceof working with a plane-wave, local orbital and/or semi-empirical code, and the numerical

techniques used therein. A strong proven record of successfulacademicresearch/development

collaborations and abilit y to coordinate and manage such collaborations is a must as is the

demonstrated interpersonal,organizational, and communication excellence.

Should you be available and interested, pleasesend your CV to recruitment@accelrys.comor

fax: +44 1223228501
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Position: Senior Soft ware Dev elopmen t Scientist, Quan tum

Application Dev elopmen t

Rep orts To: Manager, Quan tum Application Dev elopmen t

Lo cation: Cam bridge, UK

Advertisement:

Accelrys is the leading provider of software for biologists, chemists, and materials scientists.

Through computation, simulation, and the management and mining of scienti�c data, we ac-

celerate product design, discovery, and development. Our platform technology and consulting

servicesenableenterprise-wide solutions tailored to today's leading research organizations. The

result is great science,faster. We are seekinga SeniorSoftware Development Scientist, Quantum

Application Development to be part of our dynamic Materials ScienceResearch and Develop-

ment team.

SUMMARY JOB DESCRIPTION

This individual will be responsible for the scienti�c development, integration, validation, and

maintenanceof oneor moreof Accelrysb 
agship quantum-mechanicsbasedscienti�c application

engineswithin the Materials Studio product line: CASTEP, DMol3, and VAMP. The ideal can-

didate will have both a strong academicrecord using �rst-principles atomistic simulations, and

experiencewith commercial-quality software development in both Windows and UNIX/Lin ux

basedenvironments.

This role involves all aspects of the development and/or integration of new capabilities within

theseapplications, from inception through speci�cation, design,development, implementation,

testing, and documentation. The Senior Scientist will work closely with other scientists on

the team, as well as marketing, customers, and external academic groups, to de�ne product

speci�cations and scienti�c algorithms.

REQUIREMENTS

The outstanding candidatewill possessa PhD in Physics,Chemistry or a related discipline, or the

functional equivalent. Intimate familiarit y with DFT-based simulations and/or semi-empirical

techniquesis expected. Strong academicrecord with proven experienceof developing and apply-

ing atomistic simulations using quantum basedtechniques required. You must have signi�cant

experience(3+ years)of developing commercial-standardscienti�c software. Very good working

knowledge of C and FORTRAN 90, and experienceof development under UNIX/Lin ux. Mi-

crosoft Windows skills and knowledgeof oneor more of C++, COM, VB, and Perl are a strong

advantage. Very good familiarit y with numerical algorithms is expected. Ideally, the candidate

hasprior experienceof working with a plane-wave, local orbital and/or semi-empiricalcode, and

the numerical techniques used therein. Additionally , the ideal candidate will have the abilit y
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and willingness to work successfullywith a talented team of software developers and scientists,

and to follow standard software development best practice. Besidesan outstanding and relevant

scienti�c record and good software development skills, the position requiresthe abilit y and will-

ingnessto work with a diverseteam of software engineersand scientists and to adopt commercial

software development practices.

Should you be available and interested, pleasesend your CV to recruitment@accelrys.comor

fax: +44 1223228501
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Positions (P oten tially 5): (Senior) Soft ware Engineers, Materials Science

Rep orts To: R&D Managers

Lo cation: Cam bridge, UK

Accelrys is the leading provider of software for biologists, chemists, and materials scientists.

Through computation, simulation, and the management and mining of scienti�c data, we ac-

celerate product design, discovery, and development. Our platform technology and consulting

servicesenableenterprise-wide solutions tailored to today's leading research organizations. The

result is great science,faster. We are seeking5 enthusiastic (Senior) Software Engineersto be

part of our dynamic Materials ScienceResearch and Development team.

Summary Job Description

One position will be responsible for the development of infrastructure components in support

of the Materials Studio product line, with particular emphasison maintenance and enhance-

ment of the client-server infrastructure. Four of the other positions will focus on either the

development or maintenance of quantum-mechanics or force-�eld basedscienti�c applications.

All of these positions will be involved in all aspects within the Materials Studio product line,

with particular emphasison the development of the application logic, user interface, and client-

server logic. In these roles, you will be involved in all aspects of the development of such

components/enhancements, from inception through requirements gathering, speci�cation, de-

sign, development, implementation, testing, and documentation. You will work closely with

other team members to meet overall product schedulesand quality standards, and be capable

of independently driving development projects to a successfulconclusion.

REQUIREMENTS

The quali�ed candidateswill possessa BS/BA/MS in Computer Science,Engineering,Chemistry

or a related discipline or the functional equivalent. You should have experience(3+ years) in

commercial software development and a proven track record of successfullydelivering complex

software development projects. The familiarit y with product development life cycle and quality

testing assurancemethodologiesis a must aswell asexperiencewith software development skills

in both Windows and UNIX/Lin ux based development environments, including VB, COM,

C++, MFC, ATL, STL. Good knowledge of Perl is an advantage, as is a strong background

in numerical methods and algorithms. You should have great interpersonal, organizational,

and communication skills. A scienti�c background and knowledge of atomistic modeling is an

advantage but not strictly required. Besidesexcellent technical skills, the position requires

enthusiasm,creativit y, and the demonstrated abilit y to develop high-quality software as part of

an outstanding team of scientists, developers and software architects. Applications at varying

level of seniority/exp eriencewill be considered.

Should you be available and interested, pleasesend your CV to recruitment@accelrys.comor

fax: +44 1223228501
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PhD Position at the Univ ersit y of Oslo

A doctoral scholarship available to model complexhydrides using density functional calculations

in Centre for Materials Scienceand Nanotechnology at the University of Oslo.

O�cial Details can be found at

http://folk.uio.no/ravi /act ivit y/u tlys n_hydrogen. rtf

We seekcandidate for the following activit y

http://folk.uio.no/ra vi/p osition.htm

For Uno�cial Details, pleasecontact

Helmer Fjellvag (helmerf@kjemi.uio.no)

or

P. Ravindran (ponniah.ravindran@kjemi.uio.no)

and seeour activities at group's website

http://folk.uio.no/ra vi/activitie s.htm.

The closing date for applications is 1st February 2004.
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PhD position

\Quan tum Transp ort through Self-Assem bled Metallic

Nano wires"

Univ ersit y of Tw ente, the Netherlands

Pro ject description: On the nanoscaleelectronic currents are quantum mechanical by nature.

Almost perfect nanowires are formed on semiconductorsubstrates,by depositing Pt atoms on a

Ge surface,for instance. Thesewires are 1 atom in diameter and up to a 1000atoms long and

are ideally suited for studying quantum electronic transport.

In this project we aim to model the relation betweentransport and structure of such wires. We

will useDFT calculations to establish the structure and electronic structure of metal nanowires

on semiconductorsubstrates. For the transport calculations we will extend our recently devel-

oped real spacequantum scattering approach. We have a strong collaboration with an experi-

mental group, wheresuch nanowires will bemadeand measured,and interpret their conductance

(STM and STS) data. The duration of the project is 4 years, leading to a PhD thesis.

Emplo ymen t: As PhD student you will be part of the computational materials sciencegroup

in the physicsdepartment of the university of Twente. This group hasa substantial program on

quantum transport through nanostructures, including topics from spin-electronicsand molecular

electronics. You will get a contract for 4 years with the FOM foundation (see: www.fom.nl; it

is part of the Dutch national sciencefoundation). During the �rst year the grosssalary is 1,668

euro per month. This amount will increaseto 2,244euro during the fourth year.

Information: For more information pleasecontact Dr. G. Brocks (e-mail: g.brocks@tn.utwente.nl,

webpage:www.tn.ut wente.nl/cms).

Applications: Candidates are invited to submit applications (preferably by e-mail) including

a CV, list of university coursesfollowed and gradesobtained, and the namesand full contact

details of 2 refereesto:

Dr. G. Brocks, Computational Materials Science,Faculty of Scienceand Technology, University

of Twente, P.O. Box 217,7500AE Enschede,The Netherlands. E-mail: g.brocks@tn.utwente.nl,

Tel: +31 534893155.
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Tw o PhD Positions

\A tomistic Mo deling of Ligh tweight Metal-Hydrides"

Univ ersities of Tw ente and Nijmegen, the Netherlands

Pro ject description: Lightweight hydrogen storage materials are envisioned to play a cen-

tral role in a future hydrogen-basedeconomy. This project aims at �nding and modeling novel

metal-alloys suitable for hydrogen storage,starting from �rst-principles electronic structure cal-

culations. It is part of the Dutch ACTS program "Sustainable Hydrogen" in which leading

experimental and theoretical groups cooperate.

The project is a cooperation between two groups at the universities of Nijmegen (KUN) and

Twente (UT). It involves modeling lightweight metal-alloys plus catalysts from an atomistic

point of view using state-of-the-art electronic structure techniques. The central objective is to

gain an understanding of the relation betweenstructure and composition of the materials on the

one hand, and their thermodynamic, kinetic (UT) and optical (KUN) properties on the other.

Frequent interactions with experimental groups within the program are planned. The duration

of the project is 4 years, leading to a PhD thesis.

Emplo ymen t: One Phd student will be embedded in the computational materials science

group at the University of Twente, the other in the theoretical physics group at the University

of Nijmegen. Both will get a contract for 4 yearswith the FOM foundation (see: www.fom.nl; it

is part of the Dutch national sciencefoundation). During the �rst year the grosssalary is 1,668

euro per month. This amount will increaseto 2,244euro during the fourth year.

Information: For more information pleasecontact Dr. G. Brocks (e-mail: g.brocks@tn.utwente.nl,

webpage:www.tn.ut wente.nl/cms) or Dr. G.A. de Wijs (e-mail: dewijs@sci.kun.nl).

Applications: Candidates are invited to submit applications (preferably by e-mail) including

a CV, list of university coursesfollowed and gradesobtained, and the namesand full contact

details of 2 referees.

For the position in Twente: Dr. G. Brocks, Computational Materials Science,Faculty of Science

and Technology, University of Twente, P.O. Box 217, 7500AE Enschede,The Netherlands. E-

mail: g.brocks@tn.utwente.nl, Tel: +31 534893155. For the position in Nijmegen: Dr. G.A.

de Wijs, ESM, theoretical physics,KUN, P.O. Box 9010,6500GL Nijmegen, The Netherlands.

E-mail: dewijs@sci.kun.nl,Tel: +31 243652984.
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Postdo ctoral Position at Berk eley

A postdoctoral position in electronic structure is available at the Department of Physics of the

University of California, Berkeley. The initial appointment will be for one year, renewable for a

secondyear.

The position is available immediately, and the review of applications will continue until the posi-

tion is �lled. Interested candidatesshould contact Ivo Souzavia e-mail at isouza@berkeley.edu.
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Post-do ctoral Position at the Ph ysics Departmen t, Uppsala
Univ ersit y, Sweden

The PhysicsDepartment at Uppsala University, Swedenis seekingan outstanding post doctoral

fellow to perform research on Theory of Materials Properties: >From Electronic Structure to

Dislocations. Typical methods involve �rst-principles electronic structure calculations and ab

initio molecular dynamics simulations.

The position is available immediately, and the review of applications will continue until the po-

sition is �lled. The position requiresa Ph.D. degreein physics,chemistry or quantum chemistry

(or equivalent), which should have been obtained by the starting date. A good experience in

FORTRAN and C++ programming is desirable.

The interested candidates should send as soon as possible. their (1) curriculum vitae, (2)

list of publications, and (3) con�dential letters of recommendation to ProfessorOlle Eriksson

(olle.eriksson@fysik.uu.se)or Associate ProfessorRajeev Ahuja (ra jeev@fysik.uu.se)at the De-

partment of Physics, Uppsala University, Box 530, 51 21 Uppsala, SWEDEN.
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6 Abstracts

Unra velling Orbital Ordering in La 0:5Sr1:5MnO 4

S. S. Dhesi
Diamond Light Source, Chilton, Didcot, OX11 0QX, UK

A. Mirone and C. De Nada•�
ESRF, BP 220, F-38043Grenoble,France

P. Ohresser
LURE, Centre Universit�e Paris Sud, F-91898Orsay, France

P. Bencokand N. B. Brookes
ESRF, BP 220, F-38043Grenoble,France

P. Reutler and A. Revcolevschi
Laboratoire de Physico-Chimie de l'Etat Solide,

Centre Universit�e Paris Sud, F-91405Orsay, France
A. Tagliaferri

INFM-Dip artimento di Fisica, Politecnico di Milano,20133Milano, Italy
O. Toulemonde

IPCMS-GSI,CNRS UMR7504, F-67037Strasbourg, France
G. van der Laan

Magnetic Spectroscopy, DaresburyLaboratory, Warrington WA4 4AD, UK

Abstract

Orbital ordering (OO) in the layered perovskite La0:5Sr1:5MnO4 has been investigated
using the enhancedsensitivity of soft x-ray resonant di�raction at the Mn L edges. The

energydependenceof an OO di�raction peak over the L 2;3 edgesis comparedto ligand-�eld
calculations allowing a distinction betweenthe in
uences of Jahn-Teller distortions and spin

correlations. The energydependenceof the di�raction peakat the Mn L 1 edgeis remarkably
di�eren t from that observed at the Mn K edgewhich may be ascribed to the in
uence of

the large 2s-3d exchangeinteraction.

(Physical Review Letters, in print )

Reprints available from g.vanderlaan@dl.ac.uk
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Electron channels in biomolecular nanowires

Arrigo Calzolari*, RosaDi Felice, Elisa Molinari

INFM-S 3 - Center on nanoStructures and Biosystemsat Surfaces,

and Dipartimento di Fisica Univerisit�a di Modena e Reggio E., Modena Italy

I-41100 Modena, Italy

Anna Garbesi

CNR ISOF, Area della Ricerca, I-40100 Bologna, Italy

Abstract

Wereport a �rst-principle study of the electronicand conduction propertiesof a quadruple-

helix guanine wire (G4-wire), a DNA-derivative, with inner potassium ions. The analysis
of the electronic structure highlights the presenceof energy manifolds that are equivalent

to the bands of (semi)conducting materials, and reveals the formation of extended electron
channelsavailable for charge transport along the wire. The speci�c metal-nucleobaseinter-

actions a�ect the electronic properties at the Fermi level, leading the wire to behave as an
intrinsically p-doped system.

To be published in: Journal of Physical Chemistry B (2004)

Latex and PDF �les available from: http://it.arXiv.org/abs/cond-mat/04 01012

*Contact: email: calzolari.arrigo@unimore.it, url: www.nanoscience.unimore.it
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Electron channels in biomolecular nanowires

Arrigo Calzolari*

INFM-S 3 - Center on nanoStructures and Biosystemsat Surfaces,

and Dipartimento di Fisica Univerisit�a di Modena e Reggio E., Modena Italy

Nicola Marzari

Department of Materials Science and Engineering,

MassachusettsInstitute of Technology, CambridgeMA USA

Ivo Souza

Department of Physics and Astronomy, Rutgers University,

Piscataway NJ USA

Marco Buongiorno Nardelli

Department of Physics, North Carolina State University, Raleigh NC

and CCS-CSM, Oak Ridge National Laboratory, Oak Ridge TN USA

Abstract

We present a comprehensive �rst-principles study of the ballistic transport properties

of low dimensional nanostructures such as linear chains of atoms (Al, C) and carbon nan-
otubes in presenceof defects. A novel approach is intro duced where quantum conductance

is computed from the combination of accurate plane-wave electronic structure calculations,

the evaluation of the corresponding maximally-lo calizedWannier functions, and the calcula-
tion of transport properties by a real-spaceGreen's function method basedon the Landauer

formalism. This approach is computationally very e�cien t, can be straightforwardly imple-
mented as a post-processingstep in a standard electronic-structure calculation, and allows

to directly link the electronic transport properties of a device to the nature of the chemical
bonds, providing insight onto the mechanismsthat govern electron 
o w at the nanoscale.

To be published in: Physical Review B 69 (2004)

Latex and PDF �les available from: http://it.arXiv.org/abs/cond-mat/03 11018

*Contact: email: calzolari.arrigo@unimore.it, url: www.nanoscience.unimore.it
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Perio dic densit y functional study on structural and vibrational

prop erties of vanadium oxide aggregates

Veronika Br�azdov�a, M. Ver�onica Ganduglia-Pirovano and Joachim Sauer
Humboldt Universit•at zu Berlin, Institut f•ur Chemie,

Unter den Linden 6, D-10099Berlin, Germany

Abstract

We present periodic density functional calculations within the generalizedgradient ap-
proximation (Perdew-Wang 91) on structures and vibrational properties of di�eren t vana-

dium oxide aggregates,namely cagetype V4O10 and V8O20 gas phaseclusters, bulk V2O5

and its (001) surface,as well as thin vanadium oxide �lms supported by � -alumina. Vana-
dium is di�eren tly coordinated by oxygen in the di�eren t systems.The calculatedvibrational

frequenciesof bulk V2O5 are in good agreement with observed IR and Raman frequencies,
for stretching modes the rms deviation is 40 cm� 1. The calculations for the V2O5(001)

surfacesuggestmodi�cations of previous assignments of HREELS data. In agreement with
HREELS, vanadyl frequenciesshift to higher wavenumbers on surface formation. The cal-

culated frequenciesfor bulk Al 2O3 are systematically lower than the observed IR data (by
about 30 cm� 1). Models for V2O3 supported on Al 2O3 are obtained when in the outermost

layersof Al 2O3(0001) slabsAl is replacedby V. These�lms do not show vibrations above930

cm� 1. Oxygen adsorption on top of the vanadium siteson thesesupported �lms createsvery
stable vanadyl groups with binding energiesof about 450 kJ/mol ( 1

2 O2). Bond distances,

vibrational frequenciesand oxygen binding energiesare compared with those of vanadyl
groups at the V2O5(001) surfaceand in (V2O5)n clusters. The relevanceof the �ndings for

experiments on vanadia particles supported on alumina is discussed.

(submitted to: Phys. Rev. B)

Contact person: Joachim Sauer(js@chemie.hu-berlin.de)
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Anomalous Ferromagnetism of Monatomic Co Wire at the

Pt(111) Surface Step Edge

Alexander B. Shick, Franti �sekM�aca
Institute of PhysicsASCR, Na Slovance 2, Prague,Czech Republic

Peter M. Oppeneer
Leibniz-Institute of Solid State and Materials Research, Dresden,Germany;

Department of Physics,UppsalaUniversity, Uppsala,Sweden

Abstract

A �rst-principles investigation of the anomalousferromagnetismof a quasi-one-dimensional
Co chain at the Pt(111) step edge is reported. Our calculations show that the symmetry

breaking at the step leadsto an easymagnetization axis at an odd angleof � 20� towards the

Pt step, in agreement with experiment [P. Gambardella et al., Nature 416, 301(2002)]. Also,
the Co spin and orbital moments becomenoncollinear, even in the caseof a collinear ferro-

magnetic spin arrangement. A signi�can t enhancement of the Co orbital magnetic moment
is achieved when modest electron correlations are treated within LSDA+ U calculations.

Paper available from: http://xxx.lanl.go v/abs/cond-mat/03 12467

or upon request from A. B. Shick e-mail: shick@fzu.cz
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CO adsorption on close-packed transition and noble metal

surfaces: Trends from ab-initio calculations

Marek Gajdo�s, A. Eichler, J. Hafner
Institut f•ur Materialphysik

and Center for Computational Materials Science
Universit•at Wien, Sensengasse8/12, A-1090 Wien, Austria

Abstract

We have studied the trends in CO adsorption on close-packed metal surfaces: Co, Ni,

Cu from the 3d row, Ru, Rh, Pd, Ag from the 4d row and Ir, Pt, Au from the 5d row

using density functional theory. In particular, we were concernedwith the trends in the
adsorption energy, the geometry, the vibrational properties and other parameters derived

from the electronic structure of the substrate. The in
uence of speci�c changesin our setup
such as choice of the exchangecorrelation functional, the choice of pseudopotential and size

of the basis set, substrate relaxation has been carefully evaluated. We found that while
the geometricaland vibrational properties of the adsorbate-substratecomplex are calculated

with high accuracy, the adsorption energiescalculated with the gradient-corrected Perdew-
Wang exchange-correlation energiesare overestimated. In addition, the calculations tend

to favour adsorption sites with higher coordination, resulting in the prediction of wrong
adsorption sites for the Rh, Pt and Cu surfaces(hollow instead of top). The revisedPerdew-

Burke-Erzernhof functional (RPBE) leads to lower (i.e. more realistic) adsorption energies

for transition metals, but to wrong results for noble metals - for Ag and Au endothermic
adsorption is predicted. The site preferenceremains the same. We discusstrends in relation

to the electronic structure of the substrate acrossthe Periodic Table, summarizing the state-
of-the-art of CO adsorption on close-packed metal surfaces.

J. Physics: Condens. Matter, in print

Contact person: Marek Gajdo�s (marek.gajdos@univie.ac.at)
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E�ect of in terface bonding on spin-dep endent tunneling from

the oxidized Co surface

K. D. Belashchenko, E. Y. Tsymbal
Department of Physicsand Astronomy and
Center for Materials Research and Analysis,

University of Nebraska,Lincoln, Nebraska68588
M. van Schilfgaarde

Department of Chemical and Materials Engineering,
Arizona State University, Tempe, Arizona 85287

D. A. Stewart
SandiaNational Laboratories, Livermore, California 94551

I. I. Oleynik
Department of Physics,University of SouthFlorida,

Tampa, Florida 33620
S. S. Jaswal

Department of Physicsand Astronomy and
Center for Materials Research and Analysis,

University of Nebraska,Lincoln, Nebraska68588

Abstract

We demonstrate that the factorization of the tunneling transmission into the product

of two surface transmission functions and a vacuum decay factor allows one to generalize
Julli �ere's formula and explain the meaning of the \tunneling density of states" in some

limiting cases.Using this factorization we calculate spin-dependent tunneling from cleanand
oxidized fcc Co surfacesthrough vacuum into Al using the principal-layer Green's function

approach. We demonstrate that a monolayer of oxygen on the Co (111) surface createsa
spin-�lter e�ect due to the Co-O bonding which producesan additional tunneling barrier in

the minorit y-spin channel. This changesthe minorit y-spin dominated conductancefor the

clean Co surfaceinto a majorit y spin dominated conductancefor the oxidized Co surface.

(Submitted to Phys. Rev. B; preprint: cond-mat/0308268)

Contact person: Kirill Belashchenko (kdbel@unlserve.unl.edu)
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Kinetic hindrance during the initial oxidation of Pd(100) at

ambien t pressures

E. Lundgren, J. Gustafson,A. Mikkelsen,J.N. Andersen,
Department of Synchrotron Radiation Research,Institute of Physics,

University of Lund, Box 118, S-22100 Lund, Sweden
A. Stierle, H. Dosch

Max-Planck Institut f•ur Metallforschung,Heisenbergstr.3,
D-70569Stuttgart, Germany

M. Todorova, J. Rogal, K. Reuter, M. Sche�er,
Fritz-Haber Institut der Max-Planck Gesellschaft,

Faradayweg 4{6, D-14195Berlin, Germany

Abstract

The oxidation of the Pd(100) surfaceat oxygen pressuresin the 10� 6 to 103 mbar range
and temperaturesup to 1000K hasbeenstudied in-situ by surfacex-ray di�raction (SXRD)

The results provide direct structural information on the phasespresent in the surfaceregion
and on the kinetics of the oxide formation. Depending on the (T; p) environmental conditions

weeither observea thin (
p

5�
p

5)R27� surfaceoxide or the growth of a rough, poorly ordered

bulk oxide �lm of PdO predominantly with (001) orientation. By either comparison to the
surface phasediagram from �rst-principles atomistic thermodynamics or by explicit time-

resolved measurements we identify a strong kinetic hindrance to the bulk oxide formation
even at temperatures as high as 675K.

(Phys. Rev. Lett. in press(2003))

Contact person: Mira Todorova (todorova@fhi-berlin.mpg.de)
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7 SCIENTIFIC HIGHLIGHT OF THE MONTH

Densit y Functional Studies of Molecular Magnets

Andrei V. Postnikov1, JensKortus2 and Mark R. Pederson3

1 Institute of Metal Physics,RussianAcademyof Sciences,
S. Kowalewskoj18, Yekaterinburg 620219,Russia, and

Osnabr•uck University { Department of Physics,
D-49069Osnabr•uck, Germany

2 Max-Planck Institut f•ur Festk•orperforschung,Heisenbergstr. 1,
D-70569Stuttgart, Germany

3 Center for Computational Materials Science,
Naval Research Laboratory, WashingtonD.C. 20375,USA

Abstract

After a general intro duction into the �eld of molecular magnets the discussionfocuses

on a more speci�c discussionof their most important representativ e species,single-molecule
magnets incorporating transition metal ions. We overview traditional model approachesfor

the phenomenologicaldescription of such systemsand outline someways usedto parameterize
the corresponding models from experiment and from �rst-principle calculations. The latter

can be either multi-determinan tal quantum chemical schemesor those basedon the density
functional theory. In particular we discussHeisenberg exchange parameters and magnetic

anisotropy constants. As a practical example,an intro duction into problems and properties

of some single-moleculemagnets which gained much attention within last years, namely
Mn12-acetate, \F e8" and \V 15" systems,is given. This intro duction into systemsis followed

by a critical comparisonof calculation schemesbasedon the density functional theory that
are particularly well suited for the study of molecular magnets. For the above systems

we select somebenchmark results, obtained by di�eren t methods. Finally, we outline our
recent progressin the study of other single-moleculemagnets,including six-membered\ferric

wheels", \ferric stars" and `Ni4" molecules,which we studied with the useof �rst-principles
methods Siest a and NRLMOL.
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1 In tro duction

Following Olivier Kahn7, who is consideredby many as one of the founders of this research

topic, "Molecular magnetismdeals with magnetic properties of isolated moleculesand/or assem-

blies of molecules" (Kahn, 1993). This de�nition is quite general and there has been recently

more emphasison the aspect of the rational design of molecular magnetic properties in the

�eld (Verdaguer, 2001). Therefore, molecular magnetism is seen\as a discipline which con-

ceives, realizes, studies, and usesnew molecular materials bearing new but predictable magnetic

(and other) physical property" (Linert and Verdaguer, 2003). At present it conveniently hosts

many di�eren t activities involving methods of physical characterization of matter (optical, X-

ray, M•ossbauerand neutron spectroscopies,scanningmicroscopies)and attracts physical models

of di�eren t degreeof sophistication and abstraction. The progressin the �eld is clearly driven

by advancesin chemical synthesis of the materials and experiments. However, the combined

e�orts of physicists and material scientists, particularly theorists, inspires con�dence for that

such e�orts are not only useful for explaining but also for computationally tuning the synthesis

of new promising materials. At the moment, the theory dealing with �rst principles calculations

tries to keep the pacewith experiment but is still at the stage trying to reproduce the experi-

mental data rather than leading experiment. However, there has beennotable progressin the

prediction of exchange interactions and magnetic anisotropy energiesfrom density-functional

theory during the last few years. In contrast to caseswhere magnetic exchange interactions

follow the famous Goodenough-Kanamori rules (Goodenough,1955,1958;Kanamori, 1959), in

the caseof magnetic anisotropy, another crucial property of molecular magnets,we still have to

await similarly cleangeneralinsights derived from theory, which could revolutionize the rational

designof molecular nanomagnets.

This �eld of research is very attractiv e for �rst-principles microscopicsimulations, becausethe

crystal structure of new molecular magnets is well de�ned, reproducible and is made available

rapidly. This is in sharp contrast to the situation in nanoparticle materials or in surfacestudies

where the structure data are usually more ambiguous. Synthetic chemists and theorists per-

forming ab initio simulations despite di�eren t skills already speak a common languagewhen

discussingchemical bonding or magnetic interactions.

Whereasthe actual execution of �rst-principles calculations did not require any special develop-

ment of basically new numerical schemes,certain di�culties present in and speci�c to this type

of materials provide interesting challengesto computational methods. For example, there are

generally a large number of atoms (often several hundreds) in the unit cell, virtual absenceof

useful crystalline symmetry, and very inhomogeneousspatial distribution of chargedensity, with

\v ery dense" and \almost empty" regions. The overall progresson the methodological side of

atomistic �rst-principle calculations include more e�cien t basis sets, new order-N algorithms,

along with general augmentation of computational power and this helps to addressmolecular

magnetsat a the atomistic level. This task would have beentoo complicated a decadeago.

The number of materials brought into discussion as molecular magnets is considerable, and

somesystematics might be appropriate to de�ne better the subject of our present discussion.

7Unfortunately for all of us O. Kahn died the 8th December 1999.
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Generally, all materials containing organic building parts and spins associated with unpaired

electron(s) fall into one or another category of molecular magnets. Possibleclassi�cations may

depend on the origin of the unpaired electron(s), the resulting moment localization and mobilit y,

the typeof interaction betweenindividual moments, or their spatial organization (weakly coupled

molecular fragments; 1-, 2- or 3-dimensional connectedstructures). A well structured general

overview of di�eren t classesof molecular magnetic materials can be found in (Molecule-based

magnets,2000).

Magnetic moleculescontain oneor moretransition metal centers or rare-earth ionsor just organic

radicals which are locked at their lattice sites by a careful chemistry of surrounding organic

fragments. We won't discusspurely organic magnets where spins are carried by free radicals,

although such systemsclearly belong to the topic of molecular magnetism, and ferromagnetic

ordering with Tc of 35.5 K (Banister et al., 1996) have been demonstrated in them. In the

following we restrict ourselves to systemswhere the spins resideon 3d transition metal ions.

In particular we will concentrate on the so-calledsingle moleculemagnets (SMM) { seeSessoli

et al. (1993), { which are often also called molecular nanomagnets.Such materials can often be

crystallized, but interactions betweenthe molecular entities remain weak, so that the magnetic

behavior probed by experiments is often dominated by intramolecular e�ects. The discovery of

a moleculecontaining 12 manganeseions Mn12O12(CH3COO)16(H2O)4 with a magnetic ground

state of S= 10 showing a magnetic hysteresis(Sessoliet al., 1993) due to the properties of the

single Mn12-moleculeshave boosted interest in the �eld enormously. The observed hysteresisin

molecular magnets is not due to re-magnetization of domains, as in conventional ferromagnets,

but re
ects the \magnetization tunneling" (Friedman et al., 1996) between quantum states of

di�eren t m, � S� m� S, of the total spin S of the molecule,asthe external magnetic �eld realigns

the degeneraciesof di�eren t states. This processcan only be observed becausethe relaxation

time is very large compared to the measurement time. The relaxation of the magnetization

becomesindeedvery slow at low temperatures (of the order of several months at 2 K). A single

moleculebehaves like a single domain and is relatively independent on the magnetization of its

neighboring molecules.

What is the present state of art, \�gures of merit", perspectives etc. in the �eld of molecular

magnets?The �eld is becomingrapidly too large to cover all aspects in a compact introduction.

There is a number of recent good reviewsby Barbara and Gunther (1999); Gatteschi and Sessoli

(2003);Verdaguer(2001),alongwith special issuesof journals and conferenceproceedings(Linert

and Verdaguer, 2003; Molecule-basedmagnets, 2000) which help to accessthe situation. We

single out just several promising directions:

� Single molecule units as \bits" for magnetic storage. The size of moleculesof interest is

about one order of magnitude smaller than presently accessibledomains in magnetic lay-

ers, and further miniaturization of conventional domains will be prevented at somepoint

by approaching the superparamagnetic limit. This problem doesn't arise for magnetic

molecules,becausethe intr amolecular magnetic order is set by the chemistry of a single

molecule in question and not due to achieving certain critical size, or certain amount of

magnetic atoms. In order to becomepracticable, this application needsmoleculeswith

net ferromagnetic (or ferrimagnetic) intramolecular ordering of su�cien t strength (high
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spin ground state S). The intramolecular magnetic interaction have to be strong enough

to prevent decoupling of the spins within the molecule by thermal 
uctuations, so that

the single moleculee�ectiv ely behaveslike an atom with a giant spin S. Moreover, a high

magnetic anisotropy is required, to prevent spontaneous re-orientation of the magnetiza-

tion of the molecular unit, i.e. to increaseits blocking temperature. The intrinsic magnetic

anisotropy becomesthe temperature-determining �gure of merit. Weak interactions be-

tweenadjacent molecules,a prerequisite for writing down magnetic bits independently in

each molecule, are usually taken for granted. Potential candidates for such applications,

albeit with properties not yet good enough for any real application, are represented by

\Mn 12-acetate" and \F e8" molecules,both with S=10, to be discussedbelow.

� Working units for quantum computation. This requires a schemeto populate and manip-

ulate excited states of a molecular magnet in a controllable way. Leuenberger and Loss

(2001); Leuenbergeret al. (2003) proposeda seeminglyfeasibly schemeof imposinga pre-

pared electron spin resonanceimpulse to write in, transform, and read out the information

on a quantum state in the multilev el systemof, say, S=10, explicitly referring to two above

mentioned systems,\Mn 12-acetate" and \F e8". A promising technique may make use of

the abovementioned magnetization tunneling (Friedman et al., 1996).

� Room-temperature molecule-basedpermanent magnets, very di�eren t in some aspects

(solubilit y in various solvents, biocompatibilit y) from \conventional" (e.g. intermetallics-

based)magnets,and possessingan additional advantage of exhibiting interesting combined

magnetooptical and electrooptical properties. Many such systemsare basedon Prussian

blue analogues(Ohkoshi and Hashimoto, 2002;Verdagueret al., 1999,2002). Curie tem-

peraturesas large as42 � C (Ferlay et al., 1995),53 � C (Verdagueret al., 1999)and 103 � C

(Holmes and Girolami, 1999), have been achieved with V, Cr-based Prussian blue ana-

logues. Although such systemscan be investigated by �rst principles calculations without

principal problems (see, e.g., Pedersonet al., 2002c) and despite the fact that they are

generally recognizedas molecular magnets,we leave them beyond the current discussion,

becausethey are formed of extended metallorganic patterns Such three-dimensionalcon-

nectivit y is of courseessential for obtaining substantial valuesof Tc.

� Systemswhich exhibit novel collective phenomenasuch as magnetism switching by light,

temperature, pressureor other physical interactions. Moleculeswhich exhibit spin-crossover

behavior would for instancefall into that class. Many such systemsare amongFe-binuclear

complexes(Gaspar et al., 2003; Ksenofontov et al., 2001a,a). The spin-crossover e�ects

(switching betweenhigh-spin and low-spin states in di�eren t combinations at two Fe cen-

ters) are usually discussedin terms of interplay betweenintramolecular and intermolecular

magnetic interactions, the latter being smaller but not negligible.

2 Structures and prop erties of some single molecule magnets

Now, in order to make �rst contact with the materials we are discussing, we review basic

structural propertiesof someexamplesof the most intensely investigatedSMM. From hereon we
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will useMn12-acasshorthand for the completechemical formula Mn 12O12(CH3COO)16(H2O)4 �2

CH3COOH� 4 - H2O.8 The Mn12-ac was the �rst examplewhich showed the slow magnetization

relaxation characteristic for a single molecule magnet. This compound is probably the most

investigatedSMM and, along with the oxo-nuclear iron compound Fe8, it hasshown sofar many

manifestations of interesting magnetic behavior which keep the research in the �eld growing.

We'll discussthe structure and magnetic properties of these two magnetic moleculesin more

detail, becauseone can look at them as kind of test casesthe theory was able to explain. For

a conciseand basic introduction into the �eld of single moleculemagnetswe refer the reader to

Barbara and Gunther (1999).

2.1 Mn 12-ac magnet

Figure 1: The ball and stick model of Mn12-ac. Left panel: the entire molecule, with methyl

groups replaced for clarity by hydrogen atoms (large balls are Mn atoms). Right panel: the

magnetic core Mn12O12. Eight outer Mn ions have spins s = 2 ordered in parallel, four inner

s= 3=2 are antiparallel to them, resulting in ferrimagnetic structure with total spin S= 10.

Mn12-ac has been synthesized and reported in 1980 by Lis (1980). The molecular crystal has

tetragonal symmetry with spacegroup I 4, a single Mn 12-ac cluster in the crystal possesa S4

symmetry. Figure 1 shows a ball and stick model of the molecular structure including only some

organic ligands. No water of crystallization and acetic acid moleculesare included, although

they may play an important role, in particular for the processof tunneling of the magnetization.

The manganeseatoms are six-fold coordinated but show signi�cant Jahn-Teller induced local

8There are now several modi�cation of Mn 12 -ac known, with di�eren t crystal structures, solvent moleculesand

water coordination { seeGatteschi and Sessoli(2003) for more information. Basically the inner structure of the

molecule is always the same, and we'll uniformly refer to all these speciesas Mn 12 -ac.
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Oh symmetry lowering due to partially �lled eg shellson the outer sites. Right panel of Fig. 1

shows only the magnetic core, for better clarity. The inner four Mn atoms which are in the

charge state Mn4+ (s= 3=2) form, together with four O atoms, a (slightly distorted) cube. The

eight outer Mn atoms are in the Mn3+ (s = 2) charge state. The inner Mn ions are coupled

antiferromagnetically to the outer ones,yielding a ferrimagnetic groundstate with a total spin

S = 8� 2 � 4� 3=2 = 10. An evidenceof the S = 10 ground state has beenobtained from high

�eld magnetization studiesby Caneschi et al. (1991) which later hasbeencon�rmed by di�eren t

experimental techniques, such as high �eld EPR (Barra et al., 1997),high �eld magnetic torque

measurements (Cornia et al., 2000)or neutron scattering (Mireb eauet al., 1999;Robinsonet al.,

2000).

The (outer) Mn3+ ions are distinguishable from manganeseatoms in di�eren t charge state by

the elongatedstructure of the oxygen atom coordination octahedraor the corresponding oxygen-

manganesebond lengths which are typical for Jahn-Teller distortions known in many Mn(I I I)-

systems. This seemsto be important for the magnetic anisotropy of the SMM (Gatteschi and

Sessoli,2003).

A surprising feature of the Mn12 clusters is that they remain intact in solution. This has been

demonstratedby NMR measurements on several derivativesof the material (Eppley et al., 1995).

This remarkable �nding clearly suggeststhat the observed magnetic properties have indeed an

intramolecular origin. This is further supported by speci�c heat measurements which found no

evidencefor long range order in the material (Gomes et al., 1998). Each magnetic molecule

in the crystal is well separatedfrom its neighbors by water and acetic acid molecules;Barbara

and Gunther (1999) estimate the volume fraction of moleculesin crystal to be merely 5%. The

critical energyscalefor the magnetic behavior is the magnetic anisotropy energywhich is of the

order of 60 K. The dipole-dipole interaction betweenmoleculesis of about 0.03meV, or 0.35 K,

so that one can safely discard it, for practical reasonsand for setting up calculations.

2.2 Fe8 magnet

The octanuclear iron(I I I) molecular magnet of the chemical formula [Fe8O2(OH) 12(tacn)6]8+ ,

with tacn = 1,4,7-trizacyclononane(C6N3H15), is often referred to as the Fe8-cluster. The

structure the Fe8-molecular crystal, �rst synthesized by Wieghardt et al. (1984), is shown in

Fig. 2. It is acentric P1 with a = 10:52, b= 14:05 and c= 15:00�A, � = 89:90� , � = 109:65� and


 = 109:27� .

The approximate D2 symmetry observed in the molecule (Wieghardt et al., 1984) is formally

broken by the presenceof halide atoms and waters of crystallization. The iron atoms form

a structure which is often described as a butter
y . The central iron atoms are connectedby

oxo-hydroxo bridges to the four outer ones. The large spheresshow the iron atoms, which

are Fe(II I) ions with a d5 electron con�guration. The two inner Fe(II I) atoms are coordinated

octahedrally to oxygen and the bridging hydroxy ligands. The outer iron atoms are also in

octahedral coordination with the corresponding oxy and hydroxy ligands and nitrogen atoms

of the tacn-rings. The organic tacn-rings are very important for stabilizing the magnetic core

of the molecule becausethe three pairs of nitrogen dangling bonds complete a quasi six-fold

environment for the Fe atoms. Two of the Fe(II I) atoms have antiparallel spin projections than
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Figure 2: Repeated unit cells of the Fe8 molecular crystal. Large greenballs represent Fe.

the other six, so that the ferrimagnetic coupling of all eight results in the S = 10 spin ground

state, as was directly proven by polarized neutron scattering measurements (Caciu�o et al.,

1998).

The tacn-rings separate the Fe8-clusters in the crystal, resulting in negligible intermolecular

dipole �elds which are typically on the order of 0.05T (Wernsdorfer et al., 1999). The resulting

formal charge states are nominally Fe3+ , (OH) � 1 O� 2, and tacn0, leading to a molecule with

an overall formal charge state of +8, which must be compensatedby negatively charged halide

ions. Due to the lower symmetry as compared to Mn 12-ac, the Fe8-cluster is allowed to have

a transversemagnetic anisotropy, which is required in order to observe the quantum tunneling

of the magnetization (QTM). This is becausethe transversal anisotropy is able to couplestates

with di�eren t ms, that is a basic condition for \real" tunneling processes. In contrast, the

tunneling in Mn12-ac is often described as thermally, or phonon assisted,where dipolar and

hyper�ne interactions playing an important role (Gatteschi and Sessoli,2003).

One of peculiar featuresof the Fe8-cluster making it particularly interesting is that its magnetic

relaxation becomestemperature independent below 0.36K, showing for the �rst time a pure

quantum tunneling of the magnetization (Wernsdorfer et al., 1999; Wernsdorfer and Sessoli,

1999). Further, the topological quenching of the tunnel splitting predicted by Garg (1993) has

beenobserved in the form of a periodic dependenceof the tunnel splitting on the magnetic �eld

along the hard axis (Wernsdorfer and Sessoli,1999).
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2.3 V 15 spin system

Figure 3: The top view (along the threefold axis, left panel) and the sideview (right panel, note

the sandwiched structure) to the ball and stick model of the V 15 spin system. The large balls

represent the 15 vanadium atoms. They all contain a single electron in the d-shell and couple

in complicated ways to yield a total spin ground state con�guration of S = 1=2.

The K6[V15As6O42(H2O)] � 8H2O molecular crystal was �rst synthesizedby M•uller and D•oring

(1988). The V15 moleculecomprisesspinss=1/2 at all vanadium atoms,which coupletogether to

form a moleculewith a total spin S=1/2 ground state. The weakly anisotropic V 15 demonstrates

quantum behavior, such as tunneling splitting of low lying spin states, and is an attractiv e

model system for the study of mesoscopicquantum coherenceand processeswhich destroy it.

An understanding of such processesmay be of interest for the �eld of quantum computing. V 15

has a crystallographically imposedtrigonal symmetry with three setsof inequivalent vanadium

atoms (Gatteschi et al., 1991). They form two hexagonal layers and an inner triangular layer

sandwiched in between. The vanadium atoms are hold in place by oxygens and arsenic atoms

so that the complete cluster forms a ball-, or cage-like structure. The empty space inside

the cavit y is often �lled by a randomly oriented water moleculewhich strictly speaking would

formally break the trigonal symmetry.

The unit cell contains two V15 clusters and is large enoughso that dipolar interactions between

them are negligible. Between 20K and 100K the e�ectiv e paramagnetic moment is 3 � B , as

for three independent spins, and below 0.5K it changes to the S = 1=2 ground state. The

experimental results were interpreted with antiferromagnetic interactions betweenall vanadium

atoms (Gatteschi et al., 1991). In order to explain the magnetic behavior, a complicated spin

Hamiltonian with many di�eren t exchangeparametersJ ij (as indicated in Figure 4) is required

(Kortus et al., 2001a).

Due to the layered structure and the trigonal axis one expects that the V 15 cluster will show

interesting magnetic properties, such as a canted non-collinear magnetic ground state. Calcula-
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Figure 4: The schemeof di�eren t exchangecoupling J ij between15 vanadium atoms neededfor

the description of the magneticbehavior of that compound. The spin con�guration shown is that

with the total spin S= 1=2, corresponding to the lowest-energyDFT Ising spin con�guration.

tions on such correlated systemspresent a challengeto mean-�eld frameworks such as density-

functional theory, becauseit is often not possibleto construct a single collinear referencestate

which preservesthe inherent symmetry of the systemand hasthe correct spin quantum numbers.

3 Magnetic in teractions

A rather complicated and subtle subject that appearsoften in the discussionof experiments and

theory of molecular magnetsis that of interatomic magnetic interactions. We begin by intro duc-

ing a consistent conceptual framework for the following discussion.Later on, we outline several

calculation approaches which yielded valuable contribution in the understanding of molecular

magnets,and list selectednumerical results in their comparison. We concludeby presenting and

discussingour new results on several molecular magnet systemsof actual interest, that helps to

grasp several typical features of electronic structure of this classof materials.

All discussionof magnetic interaction parameters makes senseonly in the referenceto a par-

ticular physical model which in general does not explain but describes mathematical relations

between observables. In particular, the speci�c character of interaction between spins is not

immediately available from calculation nor from experimental measurements. A directly mea-

surable experimental information, like temperature or �eld dependency of magnetization or

magnetic susceptibility, might be more or lesssatisfactorily �tted on the predictions of a certain

model, yielding the valuesof interaction parameters in the senseof this particular model only.

On their side, the �rst-principles calculations provide the spectrum of eigenvalues, or compare

total energyin di�eren t magnetic con�gurations, and derive the estimatesof interaction param-

eters from �tting these data, again, to a particular physical model. Therefore one should be
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careful in comparing \measured" and \calculated" interaction parameters: they are accessed

indirectly and from di�eren t starting points, hencetheir agreement may be accidental, and the

sourceof disagreement not immediately obvious.

3.1 Spin Hamiltonians

The mechanismsof interaction do normally include, asthe presumably leading term, the Heisen-

berg Hamiltonian

H = � 2
X

i>j

J ij Si Sj ; (2)

with the summation indicates that each pair of spins Si , Sj is counted only once. As only

the relative orientation of both spins matters, this interaction is isotropic. The dependence

on absolute spin orientation, i.e. with respect to the crystal lattice, can be brought in via a

modi�cation of the Heisenberg model taking into account anisotropy:

H = � 2
X

i>j

J ij

h
Sz

i Sz
j + 
 (Sx

i Sx
j + Sy

i Sy
j )

i
: (3)

This form of interaction recovers the conventional Heisenberg model in caseof 
 =1, reducesto

the Ising model for 
 =0, or to the 2-dimensionalinteraction for 
 � 1. Further on, the single-spin

anisotropy can be included, and the Zeemanterm added, yielding

H = � 2
X

i>j

J ij (Si Sj ) � D
X

i

(ei Si )2 � g� B

X

i

B Si : (4)

The single-spinanisotropy term may lack someof the true physics. It is scaledwith its corre-

sponding constant D and depends on the orientation of each spin Si relative to a reasonably

chosen�xed direction in spaceei ; the Zeemanterm scaleswith the external magnetic �eld B ,

for the chosenvalue of the g factor.

It should be noted that the de�nition of the Heisenberg Hamiltonian in di�eren t works di�ers

sometimesin the sign and in the presenceof prefactor 2, that must be taken into account when

comparing di�eren t sets of extracted parameters. The notation as above corresponds to J > 0

for ferromagnetic coupling.

A sophistication of such model spin Hamiltonian can be further enhancedby introducing ad-

ditional parameters, i.e., distinguishing between random (varying from site to site) and con-

stant (global) magnetic anisotropy, yielding the appearanceof distinct D parametersin Eq. (4).

Moreover, higher-order terms in isotropic interaction (biquadratic exchange, etc.), as well as

from antisymmetric Dzyaloshinsky-Moriya spin exchange

HDM =
X

i>j

D ij � [Si � Sj ] ; (5)

can be introduced. This might be necessaryto graspan essential physics,but makesthe extrac-

tion of parameters,usually from a limited set of experimental data, more ambiguous, leading to

a problem of over-parameterization.

The advantage of ab initio approaches to the extraction of interaction parameters is that cer-

tain mechanisms of interaction can be switched on and o� in a fully controllable way. Thus,
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all anisotropy terms may only have e�ect if the spin-orbit interaction is explicitly present in

the calculation. The non-collinear orientation of individual spins can sometimesbe arbitrarily

chosen,and at least di�eren t settings of \up" and \down" con�gurations of spins with respect

to a global quantization axis are normally available in any calculation scheme, so that angles

betweenspins becomein one or another way directly accessible.

The experiment does not allow such grade of control on the microscopic level; the magnetic

�eld and temperature are eventually the only tunable parameters,and the availabilit y of good-

quality oriented monocrystalline samplesis not a rule. Microscopictechniquesinclude some(few)

spectroscopicstudies and (exclusively for Fe-basedmagnets) M•ossbauere�ect measurements;

which are able, to someextent, to probe charge and spin state of an ion in question.

3.2 Relation to exp erimen t

Once the spin Hamiltonian is agreed on, it can be, at least in principle, diagonalized, and

its eigenvalues En determine the partition function and all thermodynamic properties in their

dependencyon magnetic �eld B and the temperature. Speci�cally , the molar magnetization is

M mol = � NA

P

n
@En=@B exp(� En=kT)

P

n
exp(� En=kT)

(6)

(NA is the Avogadro number), and the zero-�eld molar magnetic susceptibility, taking into

account the dependenceof eigenvalues En on the homogeneousmagnetic �eld B z up to the

secondorder

En = W (0)
n + BzW (1)

n + B 2
zW (2)

n + : : : ; (7)

yields

� mol = � 0NA

P

n

h
(W (1)

n )2=kT � 2W (2)
n

i
exp(� W (0)

n =kT)

P

n
exp(� W (0)

n =kT)
: (8)

The evaluation of parameter values in the spin Hamiltonian proceedsby �tting thus obtained

temperature (and/or magnetic �eld) dependenciesto the measureddata. The practical di�cult y

lies in the diagonalization of the Hamiltonian, whose dimension grows very rapidly with the

number of spins and their S values.

A common conceptual di�cult y is the necessity to choosebetween several sets of parameters

which yield equally reasonable�t. An example of such ambiguity is given by Katsnelson et al.

(1999) in �tting the model 8-spin Hamiltonian for Mn 12-ac to the neutron scattering data.

3.3 Relation to �rst-principles calculations

In �rst-principles calculations, one has the freedom to imposecertain constraints (�x the mag-

nitude or orientation of magnetization, modify the potential felt by certain electronic states,

switch on or o� the relativistic e�ects) and inspect the e�ect of this on the total energy. More-

over, one-electroneigenvaluesand corresponding (Kohn-Sham, or Hartree-Fock) eigenfunctions

are also available from a self-consistent calculation.
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There are certain subtleties related to the assessment of exchange parameters from quantum

chemistry (QC) and in DFT calculations.

In QC onedealswith a multi-con�gurational schemewhich allows to mix di�eren t spin con�gu-

rations and to sort out energy eigenvaluescorresponding to di�eren t total spin values. For two

interacting spins S1, S2 summing up to S0 = S1 + S2 one gets

2S1S2 = S02 � S2
1 � S2

2 ;

with eigenvalues[S0(S0+ 1) � S1(S1 + 1) � S2(S2 + 1)]. For a textb ook exampleS1 = 1
2 , S2 = 1

2

this yields a singlet (S0 = 0) and a triplet (S0 = 1) states. The corresponding eigenvaluesof the

Heisenberg Hamiltonian must be then 3=2J and � 1=2J , correspondingly.

Indeed, the basisfunctions in an ab initio calculation are normally pure spin states. In the basis

of spin functions jmS1 mS2 i , for the caseS1 = 1
2 , S2 = 1

2 the Heisenberg Hamiltonian takes the

form:
mS1 mS2

�
� 1

2
1
2

� �
� � 1

2
1
2

� �
� 1

2 � 1
2

� �
� � 1

2 � 1
2

�

�
� 1

2
1
2

�
� J=2

�
�� 1

2
1
2

�
J=2 � J

�
� 1

2 � 1
2

�
� J J=2

�
�� 1

2 � 1
2

�
� J=2

(9)

The diagonalization of (9) is achieved by a basistransformation which mixesdi�eren t mS values:

1p
2

� �
� 1

2 � 1
2

�
�

�
� � 1

2
1
2

� �
(singlet) S = 0 E = 3

2J ;

�
� 1

2
1
2

�

1p
2

� �
� 1

2 � 1
2

�
+

�
� � 1

2
1
2

� �

�
� � 1

2 � 1
2

�

9
>=

>;
(triplet) S = 1 E = � 1

2J :
(10)

In a QC (multi-determinantal) calculation, eigenvaluesof singlet and triplet states, E S and ET

correspondingly, are immediately accessible.This allows the (formal yet unambiguous) mapping

of a �rst-principles result onto the Heisenberg model:

ES � ET = 2J : (11)

The caseS1;2 = 1
2 corresponds to, e.g., two interacting Cu2+ ions. Other ions from the 3d row

yield more rich systemof eigenvalues{ for instance,S1;2 = 1 (two Ni2+ ions) producesa quintet

level EQ beyond singlet and triplet, with the energyseparation

ES � EQ = 6J : (12)

Whether both equations(11) and Eq. (12) can be satis�ed by the sameJ is a measureof validit y

of the Heisenberg model.

In a DFT calculation, the eigenvalues of multi-determinantal states are not available, and one

must rely either on Kohn-Shameigenvectorsor on total energiesin specially preparedsymmetry-

breaking metastable states, subject to di�eren t constraints with respect to spin states of a

system. In practice, onecan try ferromagnetic (FM) or antiferromagnetic (AFM) con�gurations

of two spins, or imposethe �xed spin moment (FSM) scheme, �rst intro duced by Schwarz and
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Mohn (1984). The total energy in di�eren t spin con�gurations relates not to eigenvectors but

to diagonal elements of, e.g., the Hamiltonian H of (9):

EFM =
�

1
2

1
2

�
�
�
� H

�
�
�
�

1
2

1
2

�
= �

1
2

J ;

EAFM =
�

�
1
2

1
2

�
�
�
� H

�
�
�
� �

1
2

1
2

�
=

1
2

J ; (13)

hence

EAFM � EFM = J (14)

for the above caseof S1;2 = 1
2 . This is a valid representation for J provided the Heisenberg

model itself remains valid throughout the path from FM to AFM state. The latter formula

can be approximated using the concept of magnetic transition state (Gubanov and Ellis, 1980).

Generally, according to Slater, the shift in the DFT total energy � E due to a whatever change

� n i in the occupation of certain orbitals is

� E =
X

i

� n i " �
i + O(� n3) ; (15)

where" �
i areKohn-Shameigenvaluesobtained self-consistently with occupation numbersmidway

betweeninitial and �nal states. For the 
ip from FM to AFM con�guration,

EFM � EAFM '
X

i

�
nA

i " � nA
i#

� �
" �

i # � " �
i " ;

�
(16)

where (nA
i " � nA

i#) is the magnetic moment (which gets inverted) in the orbital i , and the latter

bracket is spin splitting (in energy) of the same orbital, calculated in the con�guration with

zero spin on atom A (transition state), i.e. induced fully via the interaction with the second

spin. While being approximativ e, the magnetic transition state scheme might have a certain

advantage of numerical stabilit y over explicit comparisonof large total energyvalues. Moreover,

the result is available from a singlecalculation and o�ers a microscopicalinsight of how di�eren t

orbitals are a�ected by magnetic interaction { the information which remainshidden in the total

energynumbers. Being of usea number of times in the past (primarily for magnetic oxides), the

method was recently applied for the analysis of exchange parameters in Mn 12-ac (Zeng et al.,

1999).

The validit y of either \�nite di�erence" scheme(14), or \di�eren tial" procedure(16) presumes

that the mapping on the Heisenberg model makes sense,in the �rst place. However, with just

two interacting spins we have no immediate criterion whether this is true. The applicabilit y

of the Heisenberg model would mean that the functional part of the interaction comesfrom

the scalar product of two spin operators, with the parameter J ij independent on Si and Sj .

The mapping on the Heisenberg model may be less ambiguous if done as a limiting caseof

small deviations from a certain stationary state. The meaning of such deviations in the DFT

might be some admixture to pure spin states (in the senseof local spin density functional),

i.e., non-diagonal (in the spin space) form of density matrices. It allows a transparent quasi-

classical interpretation in terms of non-collinear magnetic density varying from point to point

in space{ seeSandratskii (1998) for a review. If a pair of local magnetic moments can be

reasonablyidenti�ed in the calculation, and their small variations from the global magnetization
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axis allowed, the counterparts in the Heisenberg model will be deviations of local exchange�elds

at two corresponding sites. Matching the leading terms in the angular dependenceof interaction

energyin the DFT and in the Heisenberg model yields the desiredmapping. This line of arguing

comesback at least to Oguchi et al. (1983) who extracted interaction parameters in simple 3d

oxides from DFT calculations. Antrop ov et al. (1997); Liechtenstein et al. (1987, 1984) worked

out closedexpressionfor J ij in a form consistent to spin-
uctuation theories9 in terms of the

elements of the Green's function. When using the �nal formulae, one should be careful to check

whether they don't silently imply S = 1=2, and also examinethe prefactor and sign which may

be introduced di�eren tly. The following line of argument leads to the formula which has been

applied in a number of calculations. If the total interaction energyof two quasi-classicalspins is

E = J ij Si Sj ; (17)

its variation by deviating the spins by respective angles� ' i , � ' j reads:

� 2E = J ij S2� ' i � ' j : (18)

In the attempt to cast a variation of DFT total energyin a comparableform, onecan pro�t from

the Andersen's local force theorem, which works here becausewe are interested in in�nitesimal

deviations from the ground state. An explicit derivation of the local force theorem in the desired

form is given in an Appendix to the paper by Liechtenstein et al. (1987). In terms of the Green's

function G and Kohn-Sham Hamiltonian H the �rst variation of the total energy reads

� E = �
1
�

� FZ
d� Im Tr (� H G) (19)

(which can be shown to be zero), and the secondvariation

� 2E = �
1
�

� FZ
d� Im Tr

�
� 2H G+ � H G� H G

�
: (20)

The variation of Kohn-Sham Hamiltonian can be explicitly related to rotations in spin spaceas

� H =
i
2

� ' i [H ; � ] ; (21)

with the Hamiltonian composedof spin-dependent part at the site i , with � i = V "
i � V #

i [a

potential, in general,non-diagonal in (l ; m)] and the rest H 0:

H =
� i

2

 
1 0

0 � 1

!

+ H 0

 
1 0

0 1

!

: (22)

This yields for the variation of H

� H =
i
2

� ' x � i

 
0 1

� 1 0

!

+
1
2

� ' y � i

 
0 1

1 0

!

: (23)

Extracting from Eq. (20) the terms bilinear in � ' i , recovering cite and spin indexes in the

elements of the Green's function Gij
� and implying the summation in (l ; m) yields

J ij = �
1

2�
Im

� FZ
d�

�
� i G

ij
" � j Gj i

# + � i G
ij
# � j G

j i
"

�
: (24)

9with magnitude of spin varying, and attributed to J . Note therefore the di�erence in the de�nition of J ij

between these papers and Eq. (2).
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This is the �nal formula for interaction between isolated spins in otherwise in�nite and unper-

turb edenvironment. If oneis interestedin the interaction betweentwo sublattices of periodically

repeatedatom typesi and j , the Greenfunction follows explicitly in terms of Kohn-Sham eigen-

functions  il m
nk � and eigenvalues � nk �

Gij
lm;l 0m0(� ) =

X

k n

 � il m
nk  j l0m0

nk

� � � nk
(25)

and, using for the product of Green's functions

1
(� � � n )( � � � n0)

=
1

� n � � n0

�
1

� � � n
�

1
� � � n0

�
; (26)

the integration in energyover occupied states yields

J ij =
X

f mg

� i
mm 0 � ij

mm 0m00m000�
j
m00m000 (27)

in terms of non-local susceptibility, which dependson Kohn-Sham occupation numbers n nk � ,

� ij
mm 0m00m000=

X

k nn 0

nnk " � nn0k #

� nk " � � n0k #
 � il m

nk "  il m00

nk "  il m0

n0k # � il m000

n0k # ; (28)

{ a formula probably �rst given by Liechtenstein et al. (1995) and used in a number of pub-

lications, notably by Boukhvalov et al. (2002) for Mn 12-ac. It should be understood that this

formula describes interaction between two sublattices rather than two spins, and hence may

give numbers very di�eren t from those by Eq. (27). The above derivation relates to S = 1=2,

therefore the values reported for J ij had to be rescaledaccording to actual interacting spins

on, e.g., Mn atoms, a fact not always clearly stated in publications. Such scaling has beenper-

formed using the LDA (fractional) calculated valuesof magnetic moments, rather than nominal

(integer) values.10

3.4 Spin-orbit coupling and magnetic anisotrop y energy

As early as 1937 van Vleck pointed out that the magnetic anisotropy (MAE) arises mainly

becauseof spin-orbit coupling and other relativistic terms in the Hamiltonian. Calculations

of MAE on solids, layered structures and �lms have been carried out for many years using

density-functional theory (Jansen, 1988, 1999; Schneider and Jansen,2000; Shick et al., 1998;

Zhong et al., 1991). Several problems associated with the accurate density-functional-based

determination of MAE in the solid state have beenidenti�ed. For examplethe role of incomplete

orbital polarization has been shown to be one issuerelated to inaccuraciesin the solid; other

may be related to correlation e�ects beyond the mean-�eld treatment of correlations in the DFT.

Recently, Pedersonand Khanna (1999b,c) have developed a method for accounting for second-

order anisotropy energies. This method relies on a simple albeit exact method for spin-orbit

coupling and a second-orderperturbativ e treatment of the spin Hamiltonian to determine the

dependenceof the total energyon spin projection. The Cartesian representation of the spin-orbit

term is usedwhich is exact and also is more adaptable for multi-center systems:

U(r ; p; S) = �
1

2c2 S � p � r � (r ) : (29)

10 D. Boukhvalov, priv ate communication.
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Using single-particle wavefunctions expressedin terms of a basisset

 is (r ) =
X

j;�

C is
j � � j (r )� � ; (30)

where the � j (r ) are the spatial functions and � are spin functions, the matrix elements can be

expressedas

Uj;� ;k ;� 0 = h� j � � j U(r ; p; S) j � k � � 0i (31)

= � ih� j j Vx j � k ih� � j Sx j � � 0i (32)

where the operator Vx is de�ned as

h� j j Vx j � k i =
1

2c2

��
d� j

dz

�
�
�
� �

�
�
�
�
d� k

dy

�
�

�
d� j

dy

�
�
�
� �

�
�
�
�
d� k

dz

��
: (33)

In the above, �( r ) is the Coulomb potential. Thus this treatment usesmatrix elements of the

Coulomb potential with partial derivatives of the basis functions, thereby avoiding the time

consumingtask of calculating the gradient of the Coulomb potential directly.

Here we generalizesomeof the derivations from uniaxial symmetry to an arbitrary one. The

samede�nitions and lettering of the symbols is used as by Pedersonand Khanna (1999c). In

the absenceof a magnetic �eld, the second-orderperturbativ e change to the total energy of a

system with arbitrary symmetry can be expressedas

� 2 =
X

� � 0

X

ij

M � � 0

ij S� � 0

i S� 0�
j ; (34)

which is the generalization of Eq. (19) of Pederson and Khanna (1999c). In the above ex-

pression, � sums over the spin degreesof freedom and i; j sums over all the coordinate labels,

x; y; z respectively. The matrix elements S� � 0

i = h� � jSi j� � 0
i implicitly depend on the axis of

quantization. The matrix elements M � � 0

ij are given by

M � � 0

ij = �
X

kl

h� l � jVi j� k� 0ih� k� 0jVj j� l � i
" l � � "k� 0

; (35)

where� l � are occupiedand � k� 0 and unoccupiedstatesand " 's are the energyof the correspond-

ing states.

The above equation can be rewritten in a part diagonal in the spin index plus the non-diagonal

remainder according to:

� 2 =
X

ij

X

�

M � �
ij S� �

i S� �
j +

X

ij

X

� 6= � 0

M � � 0

ij S� � 0

i S� 0�
j : (36)

Using the following relation for the expectation value of a spin operator in a closedshell molecule

with excessmajorit y spin electrons � N

h1jSi j1i = �h 2jSi j2i =
hSi i
� N

; (37)

the �rst term of Eq. (36) can be expressedas

X

ij

(M 11
ij + M 22

ij )
hSi ihSj i
(� N )2 : (38)
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With the help of

h1jSi j2ih2jSj j1i = h1jSi Sj j1i � h1jSi j1ih1jSj j1i

= h1jSi Sj j1i �
hSi ihSj i
(� N )2 ; (39)

and similar relation for h2jSi j1ih1jSj j2i , and a bit of algebrathe secondterm of Eq. (36) becomes

X

ij

� (M 12
ij + M 21

ij )
hSi ihSj i
(� N )2 +

1
4

X

i

M 12
ii + M 21

ii : (40)

Therefore, the total secondorder shift � 2 together from Eq.(38) and Eq.(40) becomes

� 2 =
1
4

X

i

M 12
ii + M 21

ii +

X

ij

(M 11
ij + M 22

ij � M 12
ij � M 21

ij )
hSi ihSj i
(� N )2 : (41)

As can be easily veri�ed, the last equation gives the sameresult for uniaxial symmetry as Eq.

(21) of Pedersonand Khanna (1999c), where the Cartesian o�-diagonal M ij matrices vanish

and M � � 0

xx = M � � 0

yy . For the derivation of the above expressionof � 2 we did not assumeany

particular symmetry, therefore the resulting expressionis general.

In the following, we overview the record of �rst-principles calculations on someSMM, outline a

few typical problems and discussthe achieved results and remaining di�culties.

4 Requiremen ts to a DFT computational scheme;

working approac hes and levels of accuracy

Physical questions which are of interest in the study of molecular magnets are not basically

di�eren t from thoseencountered in the study of magnetismand electronic structure of, say, bulk

solids, surfaces,of clusters from �rst principles in the DFT. One is interested in a description

of the ground-state electronic structure and, as far as possible,of lowest excitations, in terms

of Kohn-Sham eigenvalues and corresponding charge and spin density. It is advantageous to

have accessto su�cien tly accurate total energiesfor comparing di�eren t competing charge or

spin con�gurations; moreover, forces could be neededto perform conjugate-gradient structure

optimization, or simulation of vibrations. Theserequirements are quite common in the practice

of DFT calculations. The simulation of molecular magnetspresents, however, certain technical

di�culties which are not necessarytypical for all DFT applications, and imposelimitations both

on the choice of calculation code for an e�cien t useand on the number of systemsaddressedso

far in a �rst-principle simulations. Thesedi�culties are:

1. Large number of atoms, up to several hundreds of atoms per repeated structural unit.

2. Low spacegroup (or, point group) symmetry { or none at all, that does not allow the

methods which use(l ; m)-expansionsin lattice harmonics (KKR, FLAPW) to pro�t from

e�cien t block diagonalization.
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3. Typically large size of a simulation box and, on the average, low density of atoms, that

makesplanewave methods with a global basisset cuto� ine�cien t.

4. The presenceof transition-metal, or even rare earth, atoms with deep core states and,

sometimes,with important semicore,along with the rest of predominantly light organic

atoms. This might create di�culties for the useof norm-conservingpseudopotentials.

5. In tight-binding methods with �xed basis sets, speci�c problems may arise due to the

need to tune and optimize the basis, as charge con�gurations and spatial distribution of

density in molecular magnets may di�er from those one is acquainted with in crystalline

compounds.

6. The lack of energy dispersion (due to very week coupling between molecular units) and

quite commonly a densespectrum of nearly degeneratediscrete states in the vicinit y of

HOMO-LUMO gap, which makesthe self-consistencyslowly convergent or even unstable.

Retrospectively, it seemsunderstandablethat larger number of calculationsdonesofar employed

oneor another schemeusing 
exible tight-binding bases.Pseudopotential planewavecalculations

are not much represented, although one may expect an increaseof their fraction, particularly

with the useof ultrasoft pseudopotentials, in the future. Other all-electron methods (FLAPW)

were used only for benchmark calculations on simpli�ed systems. One can also anticipate a

certain impact of basis-free,purely numerical approaches in the future.

In the following we critically compareseveral families of methods which played, or are expected

to play, an important role in DFT calculations on molecular magnets, and emphasizeseveral

representativ e results.

4.1 Tigh t-binding linear mu�n-tin orbital metho ds

The tigh t-binding linear mu�n-tin orbitals (TBLMTO { Andersen and Jepsen,1984;

Andersen et al., 1987;TBLMTO homepage)method has beenusedby the Ekaterinburg group

for calculations of electronic structure and interaction parametersof Mn 12-ac (Boukhvalov et al.,

2002) and V15 (Boukhvalov et al., 2003). The calculation method used in these works was

indeedTB-LMTO and not the LMTO method in the lessaccurate \orthogonal approximation"

(Gunnarssonet al., 1983)as erroneouslycited in thesepublications.11 The calculation usedreal

(tetragonal) structure of molecular crystal and periodic boundary conditions. The interatomic

exchangeparametersJ were estimated along Eq. (27,28).

Having the advantage of compact and 
exible (numerical and adjustable in the courseof calcula-

tion) basisset, the LMTO method facesdi�culties in the treatment of looselypacked structures,

as it employs space�lling by atomic spheresand/or \empt y spheres"{ in crystals with large and

low-symmetric cavities, a cumbersomeand ambiguous procedure. There are further drawbacks

of LMTO for the treatment of molecular magnets. First, the method always employs periodic

boundary conditions, sothat molecularunits must beposedeither in their true (and very di�use)

crystalline arrangement, or { in order to simulate them asasisolated entities { with substantially

11 D. Boukhvalov, priv ate communication
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enlarged lattice parameters. Second,the method has limitation of only one principal quantum

number per l value in the basis set, i.e., 3p and 4p states cannot be simultaneously present in

the valenceband. Thesede�ciencies are known to degradedelicate results of calculation, such

asplacement of somebands,or their dispersion in solids. Therefore oneshould accessthe quan-

titativ e results of theseLMTO calculations with care. Possibleindications of inferior numerical

accuracy are the total magnetic moment of the Mn 12-ac system which is 19 � B in the LDA, at

variance with experiment and other calculations (Pedersonand Khanna, 1999a,b,c;Zeng et al.,

1999), yielding 20 � B , as well as the absenceof HOMO-LUMO gap in both Mn 12-ac and V15,

again in variance with calculations by di�eren t methods. One should note, however, that the

overall shape of local DOS is consistent with results of other calculations.

Boukhvalov et al. emphasizethe importance of intraatomic correlation in the description of

magnetic interactions and excitation spectra of Mn 12-ac and V15. This might well make sense

as evidencedby rich experienceto this subject with manganitesand vanadates,where the local

coordination of transition metal ions and electronic structure are somehow similar to those in

molecular magnets. The intraatomic correlation may be brought into the calculation by means

of the LDA+ U approach (Anisimov et al., 1997),and depending on the ad hoc choiceof average

Coulomb parameter U. There are certain arguments for the choice of this parameter in the

papers cited, U=4 eV for V15 and U=8 eV for Mn12-ac. Not less important than the actual

results with theseparameter valuesare the trends with U varying, which have beenreported for

Mn12-ac. One �nds that as U changesfrom 4 to 6 to 8 eV, the exchangeinteraction parameters

between four inner Mn atoms of the cubane core vary from 37 to 33 to 30 K (other Mn{Mn

interaction constants, of the sameorder of magnitude, change in a similar manner). Moreover,

local magnetic moments on all Mn atoms get slightly enhanced,and the band gap increasesfrom

1.35 to 1.78 to 2.01 eV. This trends follow from a qualitativ ely transparent fact that higher U

valuesdeepen in energy the occupied 3d states and plunge the unoccupied, thus increasing the

band gap. As the spin-
ip excitations acrossthe gap becomemore di�cult, and they contribute

to nonlocal susceptibilities (the denominator in Eq. (28) increases),this hasan e�ect of reducing

the interatomic exchange interaction. This mechanism will further be discussedin Section 5.

4.2 Gaussian-t yp e orbital metho ds: NRLMOL

� The linear combination of atomic orbitals method with a basisof Gaussian-t yp e orbitals ,

of which several \
a vors" are known and have beenin use.

This approach is \full-p otential" onein the sensethat no mu�n-tin or atomic spheresgeometryis

imposed,and the spatial form of potential is fairly general. In particular the versionimplemented

in the Naval Research Laboratory Molecular Orbital Library (NRLMOL) code (Jackson and

Pederson,1990;NRLMOL homepage;Pedersonand Jackson, 1990) has beenfrequently usedin

calculations on molecular magnets.

The NRLMOL program packagedeveloped by Pederson,Jackson and Porezagis an all-electron

Gaussian-type orbital implementation of DFT (Briley et al., 1998;Jackson and Pederson,1990;

Pedersonand Jackson,1990,1991;Pedersonet al., 1988;Pedersonand Lin, 1987;Pedersonet al.,

2000c;Porezagand Pederson,1999,1996;Quong et al., 1993). It has beenapplied successfully

to calculate the electronic and magnetic properties of several molecular nanomagnets(Baruah
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and Pederson,2002, 2003; Bobadova-Parvanova et al., 2002; Kortus et al., 2002a,b, 2001a,b;

Kortus and Pederson,2000;Kortus et al., 2002c;Pedersonet al., 2002a;Pedersonand Khanna,

1999a,b;Pedersonet al., 2000a,2002b,2000b). By including the spin-orbit coupling it is possible

to calculate the magnetic anisotropy energy, which is a crucial parameter for understanding the

magnetic behavior of SMM. The agreement between experiment and the result from the �rst-

principles calculation is in many casessurprisingly good. Therefore it seemsto be suitable to

give somedetails on this particular numerical implementation.

The molecular orbitals were expandedas linear combinations of Gaussianfunctions centered at

the atomic sites; multicenter integrals are evaluated numerically on a specially generatedvaria-

tional integration mesh{ seePedersonand Jackson(1990) for details. An e�cien t parallelization

(Pedersonet al., 2000c)makesall-electron calculations with more than hundred atoms feasible

in a�ordable time, a prerequisite for useful applications in the domain of SMM. The problem

of basis optimization, severe one in all methods employing localized and �xed basis functions,

is solved in NRLMOL by tuning to the solutions of self-consistent isolated atoms (Porezagand

Pederson,1999).

Self-consistent potentials, obtained numerically, are least-square�tted to the sum of bare spheri-

cal Gaussiansor Gaussian-screened1=r potentials, in order to facilitate multicenter integrations.

Given the basis sets and the Gaussian-representation of the atomic potentials, it is possibleto

obtain very good insight into the class of multicenter integrands that need to be integrated,

and this information is usedto generatea numerical variational integration mesh(Pedersonand

Jackson, 1990) that allows to precisely determine integrals required for calculation of secular

matrices, total energiesand derivativesaccording to:

I =
Z

drQ(r ) =
X

i

Q(r i )
 i ; (42)

where 
 i is the volume associated with point r i . Errors arising from the numerical integration

can easily be checked and controlled by adjusting a few parameters which control the mesh

construction. It should be emphasizedthat the Gaussian-screenedpotential are only used to

optimize the numerical quadrature schemesusedfor meshgeneration.

Once self-consistencyis achieved the forces acting on each atom are determined from the

Hellmann-Feynman-Pulay theorem (Feynman, 1939; Hellmann, 1937; Pulay, 1969). After ob-

taining all the forcesacting on all the atoms a conjugate-gradient method, or other force-based

algorithms, can be used to carry out geometry optimizations. Once the equilibrium geometry

and Kohn-Sham wavefunctions is obtained, the properties available for the analysis include (be-

yond the standard set provided by any DFT package) polarizabilities, vibrational frequencies,

infrared and Raman spectra and magnetic anisotropy energies.

For the [Mn4O3Cl4(O2CCH2CH3)3(NC5H5)3] system,containing as its corea Mn3+
3 Mn4+ pyra-

mid and possessinga magnetic moment of 9 � B per unit (Mn 3+ spins are anti-ferromagnetically

coupled to Mn4+ ), Park, Pedersonand Bernstein (2003) calculated the properties related to

dimerization. The Mn4 units were presumed to couple antiferromagnetically, based on their

unusual quantum tunneling properties (Wernsdorfer et al., 2002), that was now con�rmed in

a calculation by NRLMOL (Park et al., 2003c). A �t to the Ising model yields intraatomic

exchange parameters of 44 K (ferromagnetic; Mn 3+
3 {Mn 3+ ) and � 152 K (antiferromagnetic;
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Mn3+
3 {Mn 4+ ) { both overestimated by roughly a factor of two in comparisonwith experiment-

derived values. The intermolecular coupling of merely � 0.24 K is also twice larger than the

experimental �t value. In addition to structure relaxation, Park et al. performed a calculation

of vibration spectra with infrared and Raman intensities { the data not yet available from exper-

iment but extremely important for identi�cation and further characterization of this molecular

magnet.

4.3 Numerical atom-cen tered basis functions : Siesta

The Siest a method and computational code (Siest a homepage;Soler et al., 2002) also uses

compact atom-centered basis functions, but (di�eren tly from NRLMOL) numerical oneswith

strict spatial con�nement, as the most frequent choice. (Gaussian-type orbitals, or other �xed

functions at the user's convenience,are equally available for the basis set). Due to strict con-

�nement of basis functions, the program can make a clean distinction betweencasesof isolated

fragment (molecule or cluster), \chain", \slab" or \crystal" cases(with periodic boundary con-

ditions in one, two or three dimensions,correspondingly), and to correctly construct Madelung

terms according to each case. Keeping trace on local neighborhood in the calculation of ma-

trix elements, in combination with order-N facilities (see,e.g., Ordej�on, 1998; S�anchez-Portal

et al., 1997), makes Siest a a great method for treating large low-coordination low-symmetry

structures, as molecular magnets exactly are. In contrast to NRLMOL which determines the

coulomb and exchange-correlation potentials analytically from the Gaussian representation of

the wavefunctions, Siest a employs fast Fourier transform of the residual charge density (after

subtraction of dominant atom-centered contributions) for the solution of the Poissonequation,

that also yields high (and controllable) accuracy neededespecially in the calculation of forces

and optimization of structure. Moreover, for periodic systems (as molecular magnets gener-

ally are, in a crystalline state) the components of stresstensor are calculated, and can be used

for simultaneous optimization of lattice parameters and internal coordinates subject to target

pressure. Particularly important for magnetic systemsis the option of treating \non-collinear"

(i.e., not diagonal in the spin space)density matrix, that allows to simulate deviations of local

magnetic moments from the global magnetic axis { for a recent application, seePostnikov et al.

(2003b). Di�eren tly from two above discussedmethods, Siest a is not all-electron one but em-

ploys norm-conservingpseudopotentials (Troullier and Martins, 1991,amongother choices)and

allows to apply the corecorrection after Louie et al. (1982). As the basisset is of localized func-

tions and not planewaves, the useof hard pseudopotentials, like those of transition metals (also

\small core", with semicorestatesattributed to the valenceband) or oxygen, is not problematic.

Siest a was designedin view of large distorted systemsand dynamical simulations therein, so

that properties of spacegroup (or point group) symmetry are essentially lost. Therefore no

special treatment of symmetrized molecular orbitals is provided.

As with other pseudopotential methods Siest a in its present version requires some care in

choosing and testing pseudopotentials prior to calculation, and, moreover, in choosing basis

orbitals. A certain freedom in the tuning of the latter is more matter of experience than of

consistent control in a variational procedure (as is the casewith planewave cuto� ). Whereas

being, as a rule, reasonablyworkable, such settings are di�cult to consistently improve. More
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insight in the problem of basissetswas provided by S�anchez-Portal et al. (1996) and Junquera

et al. (2001).

The application of Siest a to molecularmagnetsis relatively new. We outline somerecent results

below.

4.4 Discrete variational metho d

The discrete variational metho d (DVM) (Painter and Ellis, 1970; Rosenet al., 1976), one

of earliest DFT schemesto �nd applications in chemistry, seemsto be potentially very well

suited for the studies on molecular magnets. The method is all-electron one, it usesbasis of

numerical atomic orbitals, and the 3-dimensionalintegration over the spaceoutside the spheres

circumscribing core regionsof each atom is done on a pseudorandomnumerical grid. DVM was

used in one of the �rst ab initio calculations of electronic structure of the Mn 12-acetate (Zeng

et al., 1999). Apart from discussingcharge states, magnetic moments and local DOS of three

distinct groups of Mn and O atoms in the molecule, which largely remained uncontested by

subsequent calculations, Zenget al. estimated Heisenberg exchangeparametersin the magnetic

transition state scheme (Gubanov and Ellis, 1980), an extension of Slater's original transition

state ansatz, through a procedureoutlined above in Sec.3. Flipping the spin at one atom and

detecting the shift of the 3d-energy level on another one due to induced magnetic polarization

helps to arrive at a system of equations where di�eren t interatomic exchange parameters are

coupled. For the sake of simplicit y and the clearnessof analysis,only collective (non-symmetry-

breaking) spin 
ips on all atoms belongingto each set of Mn atoms, { Mn(1) in the inner cubane,

Mn(2) and Mn(3) in the peripheral region, seeFig. 1, { were allowed in the analysis of Zeng

et al.. This meansthat four spins within each group always remained rigidly ferromagnetically

coupled. It resulted in a systemof three equations,whencethe valuesof J12, J23 and J13 could

have been determined. The DFT results were explicitly �tted to the Heisenberg Hamiltonian

of the form of Eq. (2). However, the parametersJ11 etc., representing the coupling within each

group, did not appear in the �t, becausethe spin excitations necessaryto probe them, which

would break the symmetry of the molecule, were not allowed. Their inclusion in an otherwise

organizedcalculation could result in renormalization of exchangeparameters.

The valuesof J12, J23 and J13 are given in Table 1; they are all negative, i.e. indicate an AFM

coupling (as could be expecteddue to a more-than-90� superexchangepathway through bridging

oxygens), and hencefrustration in accommodating three spin subsets.

4.5 Plan wave metho ds

The use of planew ave basis for calculation on molecules is, as was mentioned above, com-

putationally ine�cien t, but technically feasible and, with su�cien tly high cuto�, also ulti-

mately accurate. Massobrio and Ruiz (2003) recently compared straightforward (from the to-

tal energy di�erence in low-spin and high-spin con�guration) estimates of Heisenberg-model

exchange parameters J for several Cu-based binuclear molecules: Cu2(CH3COO)4, [Cu2(� -

OH)2(bipyrimidine) 2](NO3)2�4H2O and [(dpt)Cu( � -Cl)2Cu(dpt)]Cl2 (dpt = dipropylenetriamine),

using identical norm-conservingpseudopotentials and exchange-correlationscheme(amongother,
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Table 1: Electronic structure parametersof Mn 12 from ab initio calculations.

Method Magnetic moments (� B ) Heisenberg exchangeparameters(K)

Mn(1) Mn(2) Mn(3) J12 J13 J23

DVM a 3.056 � 3.889 � 4.039 � 136 � 72 � 102

NRLMOL b 2.57 � 3.63 � 3.58 � 57 � 41 � 8

LMTO c, U=4 eV 2.72 � 3.44 � 3.65 � 53 � 47 � 19

LMTO c, U=8 eV 2.92 � 3.52 � 3.84 � 47 � 26 � 7

aZeng et al. (1999); LDA.
bPedersonand Khanna (1999c); GGA; moments within a sphereof 2.5 Bohr. J valuesby Park

et al. (2003b).
cBoukhvalov et al. (2002); LDA+ U; moments within spheresof 2.7/2.8 Bohr (inner/outer Mn

atoms).

di�ering options) as with Gaussian-type basis functions. The largest system consisted of 62

atoms, a moderate number by the standards of a calculation with localizedbasisfunctions. For

the computational load with the planewave basis, however, it is the size of the simulation box

that primarily matters. Here its linear sizeof 18.5 �A resulted in about 2.4�106 plane waves for

the expansionof chargedensity and demandedhours of highly parallelized execution. The small

valuesof J obtained in the plane-wave calculation (� 518, � 95 and +61 cm� 1, correspondingly)

were of correct correct sign and order of magnitude in all cases,although deviations in absolute

value, from experimental estimate and between di�eren t exchange-correlation 
a vors, were up

to 50%.

5 Some recent developmen ts

In the following we outline some recent results on relatively \new" molecular magnets, i.e.

systems which have only becomeavailable during the last few years, For the study of their

electronic characteristics several questions arose which our calculations attempted to clarify.

\F erric wheels" gained interest, not in the last place, becauseof their \esthetically reward-

ing" (Gatteschi and Pardi, 2003) shape. Two examplesdiscussedbelow have an AFM ground

state; consequently they might �nd applications related to quantum tunneling and quantum

computing. Other structurally similar (although chemically di�eren t) examples include 3d

ions (notably Mn) at larger distances,with magnetic interactions mediated by organic radical

groups that lead to strong antiferromagnetic couplings of Mn ions. An example is the molecule

[Mn(hfac)2(NITPh)] 6 (hfac= hexa
uoroacetylacetonate, NITPh= 2-phenyl-4,4,5,5-tetramethyl-

4,5-dihydro-1H -imidazol-1-oxy-3-oxide), seeGatteschi and Pardi (2003)with a net spin of S=12.

\F erric stars" include a central 3d ion to which peripheric ionscoupleantiferromagnetically which

results in a net spin value in the ground state. Due to their not-negligible magnetic anisotropy

thesesystemslook like possibleprototypesfor magnetic storage. Ni 4 is a seeminglysimple mag-

netic molecule for which a �t of experimental data of magnetization vs. magnetic �eld to the
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Heisenberg model fails quite dramatically, and possiblereasonsfor deviation have beenstudied,

with the help of �rst-principles calculations. Finally, we considera two-nuclei model systemwith

the aim to study the e�ect of intraatomic correlation (\Hubbard U") on the electronic struc-

ture and interatomic magnetic interactions in a more numerically accuratecalculation than has

yet been accomplished(for Mn12 by TB-LMTO, Boukhvalov et al.). In the most recent case

the calculations have beenperformed with the FLAPW method (FLEUR homepage),for other

systems{ by methods using atom-centered localizedbasisfunctions, either Siest a or NRLMOL.

5.1 \F erric wheels"

Hexanuclear \ferric wheels" M Fe6[N(CH2CH2O)3]6Cl (M = Li, Na, seeFig. 5), the systems

to be discussedbelow, were synthesized at the Institut f•ur Organische Chemie in Erlangen

(Saalfrank et al., 1997) and labeled as substances4 and 3 in the latter publication. There exist

a large family of ferric wheelswith a di�eren t even number (N = 6; 8; 10; 12; 18) of iron atoms

(Abbati et al., 1997;Caneschi et al., 1996,1999,1995;Pilawa et al., 1997;Saalfrank et al., 1997;

Taft et al., 1994; Taft and Lippard, 1990; Waldmann et al., 2001, 1999; Watton et al., 1997).

Besidesthe ferric ones,there have beenreports on wheelswith other transition metal ions such

asan eight memberedCr(I I I) wheel (van Slagerenet al., 2002),a Cu(I I) (Lascialfari et al., 2000;

Rentschler et al., 1996), a Co(I I) (Brechin et al., 2002), a Mn(I I) (Abbati et al., 1998) and a 24

membered Ni(I I) wheel (Dearden et al., 2001). The latter structure contains the largest so far

number of transition metal ions in a wheel-like structure. Synthesis of odd-numbered magnetic

wheelsor necklessesappearsto be a nontrivial task.

Fe atoms in these compounds are connected by oxo-bridges, that are reminescent of the 90�

coupling of magnetic atoms in transition-metal oxides. The nearestcoordination of the Fe atom

is octahedral; two pairs of O ions form bridges to the neighboring Fe atoms on both sides;the

�fth oxygen (referred to below as \apical") and the nitrogen ion are connected by the C2H4

group. The octahedra are slightly distorted, to accommodate the sti�ness of oxo-bridges with

the curvature of the molecular backbone. While the Fe{O{F e anglesdi�er slightly in the Li-

centered and Na-centered wheels (101.1� and 103.3� , respectively), the structure of the two

moleculesis almost identical.

According to magnetization and torque measurements by Waldmann et al. (1999), thesesystems

arecharacterizedby S=5/2 on the Fesite, thus implying a highly ionizedFe(II I) state. Moreover,

a �t to the spin Hamiltonian of the Heisenberg model (2) yields the J values of � 18 to � 20

K for the Li-wheel (depending on sampleand method) and � 22.5 to � 25 K for the Na-wheel,

thus implying an AFM ground state (Waldmann et al., 1999). X-ray photoelectron and X-ray

emission spectroscopy studies (Postnikov et al., 2003a) allowed for probing of the electronic

structure in the valenceband and on the Fe site, albeit without resolution in spin. Whereasthe

magnetic measurements data are by now well established,the spatially resolved distribution of

magnetization wasnot yet accessedprior to the present calculation. Speci�cally , we comparethe

results of electronic structure calculations by two di�eren t methods within the DFT, Siest a and

NRLMOL (seethe discussionon the methods in Sec.4). In both caseswe usedthe generalized

gradient approximation after Perdew,Burke and Ernzerhof (1996). We emphasizethat the most

important di�erence between two methods, in what regards the present study, is that Siest a
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Figure 5: Structure and spin density distribution in \ferric wheel" molecules. Left panel: two

views of the Li-centered molecule. The Li ion is in the middle of the ring; the distant Cl ion

included in the simulation is not shown; the rest of (electrically neutral) solvent is neglected.

Right panel: iso-surfacescorrespond to � 0:01e=�A
3
, according to NRLMOL calculation (Post-

nikov et al., 2003c). While most of the magnetic moment is localized at the Fe atoms, there is

still somespin polarization on O and N.

usesnorm-conservingpseudopotentials whereasNRLMOL implements an all-electron method.

For an ab initio pseudopotential code such as Siest a, benchmark calculations, based on the

very accurate NRLMOL suite of codes,aid in accessingthe accuracyof pseudo-potential based

methods in somecritical casesand/or for new systems.

Weoutline below the resultsobtained by Siest a for the Li-centered molecule,and by NRLMOL {

for the Na-centered one,as presented in more detail by Postnikov et al. (2003c). The NRLMOL

treatment was restricted to the ground-state AFM con�guration (alternating orientations of

Fe magnetic moments over the ring); the Siest a calculation addressedin addition di�eren t

magnetic con�gurations, that allowed for the extraction of DFT-based exchangeparameters.

Fig. 6 displays the partial densities of states (DOS) on Fe and its several neighbors in the

AFM con�guration, as calculated by both methods. The discrete levels of the energy spectra

are weighted (with the charge density integrated over atom-centered spheresin NRLMOL, or
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Figure 6: Atom- and spin-resolved partial densities of states as calculated for Li-centered

moleculeby Siest a (left panel) and for Na-centered moleculeby NRLMOL (right panel). The

DOS at the Fe site is scaleddown by a factor of 2 relative to other constituents. The numbering

of atoms which are neighbors to the Fe atom is shown in the inset. Seetext for details on the

calculation.

accordingto Mullik en population analysisin Siest a), and broadenedfor presentational purposes

with broadening parameter of 0.15 eV (Siest a) and 0.14 eV (NRLMOL). The local moments

corresponding to integrating such partial DOS over occupied states are given in Table 2. Both

calculations give a consistent description of state densitiesat Fe and O sites, even though this

property is rather loosely de�ned (and its calculation di�eren tly implemented in Siest a and

NRLMOL).

Notably, both methods �nd the local magnetic moments on Fe sites very close to 4 � B and

not to 5 � B as is generally assumed,basedon the above mentioned magnetization data. The

maximal magnetization S=5/2 of the Fe atom correspondsto a Fe(II I)-ion with in 3d5
" d0

# con�g-

uration. Our �rst-principles calculations suggesta somewhatdi�eren t picture: the minorit y-spin

DOS has a non-zerooccupation due to the hybridization (chemical bonding) of Fe3d with O2p

states. However, the magnetic polarization in the organic ligand which provides the octahedral

coordination for the iron atoms, due to Fe is substantial, the most pronouncede�ect being on
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the apical oxygen atom (which is not participating in the bonding to the next Fe neighbor).

Taken together with the (smaller) polarization of the bridging oxygen atoms and magnetization

at the nitrogen site, the distributed magnetic moment per Fe atom yields 5 � B , recovering the

agreement with the magnetization results.

A clear visualization of the above discusseddelocalized (or, rather, distributed) magnetic mo-

ment associated with the Fe atom comesfrom the map of spin density, obtained from the NRL-

MOL calculation (Fig. 5, right panel). One should take into account that the volume enclosed

by the iso-surfacesis not directly correlated to the total moment at the site. One seesmoreover

an absenceof magnetization on carbon and hydrogen sites. The fact that the magnetization

is noticeable and changesits sign when passing through bridge oxygen atoms emphasizesthe

failure of methods depending the spherical averaging of atom-centered potentials.

An important consequenceis that the chargestate of iron is not Fe(II I) but more closeto Fe(II),

according to our (JK+AP) calculations. Moreover, the distributed magnetic moment behaves

like a rigid one, in a sensethat it can be inverted, following a spin 
ip on a Fe site. This

is illustrated by the analysis of other magnetic con�gurations, done with Siest a (Postnikov

et al., 2003a). The local DOS does not change considerably when switching from AFM to

FM con�guration { only the HOMO/LUMO gap becomeslesspronounced, and a slight ferro-

magnetic shift betweenthe two spin bands appears.

For the sake of improving both the stabilit y of convergencewith Siest a and for pinning down

a particular spin con�guration (FM, or with one or more Fe magnetic moments inverted), we

applied the FSM scheme (Schwarz and Mohn, 1984) in the calculation. Imposing an (integer)

spin moment per molecule �xes the number of electrons in two spin channels and removes a

possibility of spin 
ips, which area major sourceof numerical instabilit y, asthere aremany nearly

degeneratestates in the vicinit y of the Fermi level in the molecule(and no symmetry constraints

on these states in Siest a). The FSM procedure would normally split the common chemical

potential in two separateones, for majorit y- and minorit y-spin channels, that corresponds to

an e�ectiv e external magnetic �eld and henceto additional (Zeeman) term in the total energy,

in analogy with Eq. (4). Since molecular magnets possessa HOMO-LUMO gap, the latter

correction must only beconsideredif such gapsin two spin channelsdo not overlap. Fig. 7 shows

the total energyvaluesand energygapsfor FSM valuesof 30 � B (FM case),20 and 10 � B (one

and two local moments inverted, correspondingly); 0 (alternate-spin AFM case). A linear change

Table 2: Local magnetic moments M at Fe and its neighbors. NRLMOL results correspond to

spin density integrated over sphereof radius R centered at corresponding atom; Siest a values

are due to Mullik en population analysis.

Atom R(a.u.) M (� B ), NRLMOL M (� B ), Siest a

Fe 2.19 3.85 3.91

O (apical) 1.25 0.20 0.30

O (bridge) 1.25 � 0.01 � 0.02

N 1.32 0.07 0.09

153



Figure 7: Total energyper Fe atom (left panel) and energygap in two spin channels(right panel;

shadedarea { majorit y-spin, thick lines { minorit y-spin) from �xed spin moment calculations.

of the total energywhile inverting one and then two local moments from the FM con�guration

is what would be expected from the Heisenberg model with \rigid" magnetic moments (in the

sensethat their S valuesdo not depend on the total spin of the system), assumingmoreover that

only nearest-neighbors interactions betweenspins are important. An additional justi�cation of

the validit y of the Heisenberg model comesfrom an observation that the magnitudes of local

magnetic moments at Fe atoms always remain close(within several per cent) to 4 � B , and the

partial DOS on Fe sites remains largely una�ected by the actual magnetic ordering. Similarly

una�ected is a pattern of local magnetic moments at O and N neighbors of a particular Fe atom,

always getting inverted as the latter experiencesa spin 
ip. Keeping this in mind, and assuming

Heisenberg-model spin Hamiltonian as in Section 1 with the S value of 5/2 (i.e., for the total

spin which getsinverted), we arrive at the estimate for � J of around 80 K (over both 30! 20 and

20! 10 � B 
ips). This is qualitativ ely correct (i.e. indicates a preferencetoward AFM coupling)

and even of correct order of magnitude. However, two observations can be made here. First,

the \true" AFM con�guration (with half of magnetic moments inverted on the ring) does not

follow the linear trend (seeFig. 7) and lies actually higher in energythan the con�guration with

two spins inverted. The origin of this is not yet clear to us at the moment. There are several

possibilities, the zero-FSM con�guration is, technically,the most di�cult to converge, so some

numerical instabilit y canstill play a role. On the other hand, a true (mixed) quantum-mechanical

ground state of a system with six coupled S=5/2 spins may win over both our DFT solutions

which correspond to selectedvaluesSz=0 or Sz=5 of the total spin. Moreover, the necessity to

include magnetic interactions beyond �rst neighbors, not yet consideredat the moment, might

further complicate the situation. The secondobservation concernsthe magnitude of exchange

parameter J and the fact that it is probably overestimated by a factor of � 4 in our calculation.
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The origin of this lies most probably in on-site correlations, which, if treated accurately beyond

the standard schemesof the DFT, would primarily a�ect localizedFe3d states, shifting the bulk

of occupied states downwards in energy, the bulk of unoccupied states upwards, expanding the

energy gap, and { whatever scheme to use for estimating exchange parameters { substantially

reducing their magnitude. This has beenrecently shown for another molecular magnet (Mn 12)

by Boukhvalov et al. (2002) { seethe discussionon Mn 12 above and our analysis of a model

binuclear systembelow.

Summarizing our analysisof the electronic structure of Li- and Na-centered \ferric wheels", one

can conclude that local magnetic moments on Fe sites seemto be 4 � B rather than 5 � B as is

often assumed.This implies the valencestate closerto Fe(II) than to Fe(II I), with a substantial

covalent part in the Fe{O bonding. The local spin of S=5/2 per iron site consistent with

magnetization measurements is however recovered if one takesthe magnetization of neighboring

atoms into account. The abilit y to calculate Wannier functions in such systemsmay provide

much more reliable estimatesof projected moments than are currently o�ered by either Mullik en

methods or methods basedon moments within a sphere. It is the largest on the apical oxygen

atom, followed by smaller moments on nitrogen and the bridging oxygen atoms. This picture is

well con�rmed by a spatial distribution of spin density.

With respect to its magnetic interactions, this system can be mapped reasonablywell onto the

Heisenbergmodel; hencewe dealwith rigid magneticmoments which areneverthelessdelocalized

{ an interesting counter-exampleto a commonbelief that the Heisenbergmodel primarily applies

to localized spins.

5.2 Ni 4

Mo12 cage + Ni4 tetrahdron
Mo{Ni are bonded
via oxygenbridges

full molecular unit

Figure 8: Buildup of the \Ni 4" molecular unit.

\Ni 4" is a shorthand notation for a molecular crystal [Mo12O30(� 2{OH) 10H2f Ni(H 2O)3g4] � 14

H2O, synthetisized and characterized by M•uller et al. (2000). This material crystallizes in a

structure containing two formula units (shown in Fig. 8), related by the 180� rotation around

an edgeof the Ni4 tetrahedron. The Ni{Ni distance is 6.6{6.7 �A, and magnetic interactions are

mediated by a longer path than in the systemsdiscussedabove.

Magnetic properties are due to Ni I I ions in the 3d8 con�guration (s=1); the ground state is an-
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Figure 9: Left panel: local DOS of atoms at the Ni{Ni magnetic path. Right panel: a scheme

of energy levels in di�eren t spin con�gurations of \Ni 4" according to the Heisenberg model and

from �rst-principles calculations.

tiferromagnetic. An intriguing aspect of this compound is that the measuredzero-�eld magnetic

susceptibility can be very well mapped onto the Heisenberg model, whereasthe measurements

of magnetization cannot. The inclusion of di�eren t anisotropy terms in the Heisenberg model in

order to improve the description of experiment had only limited success(Br •uger, 2003). First-

principles calculations have been performed using the Siest a method in order to accessthe

electronic structure and estimate the magnitudes of magnetic interaction parameters.

Similarly as in the caseof the \ferric-wheel" systemdiscussedabove, the FSM schemewas used

for pinning down di�eren t spin con�gurations and comparing their total energies. The local

DOS is practically indistinguishable for the casesof zero total moment (the AFM structure,

which has indeed, in agreement with experiment, the lowest total energy) and con�gurations

with local magnetic moments inverted at oneor two Ni atoms (yielding, in the last case,the FM

con�guration). The local moment per atom in thesecasesagreeswith the s=1 estimation derived

from magnetization measurements. As was discussedabove for other magnetic molecules,the

magnetic moment is not fully localized on the Ni ion; small but non-negligible magnetization

is induced on neighboring oxygen atoms, and even on more distant Mo atoms (Fig. 9, left

panel). As the Ni{Ni interaction path is much longer than in other earlier discussedmagnetic

molecules(seeinset in Fig. 9), the energy di�erences between con�gurations with FSM values
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Figure 10: Total energy(left panel) and HOMO-LUMO gap (right panel) from FSM calculations

of \Ni 4". Seetext for details.

of 0, 4 and 8 � B are small. These solutions are separated by other magnetic con�gurations

which can be converged(2 and 6 � B ) and correspond to a non-magneticcon�guration of one Ni

atom, with unchanged and di�eren tly coupled s=1 at three others (as schematically shown in

Fig. 10, left panel). Energiesof these intermediate con�gurations are substantially higher, and

HOMO-LUMO gaps in two spin channels move apart, indicating the necessity of an external

magnetic �eld (hence additional Zeemanenergy) for stabilizing these arti�cial con�gurations.

On the contrary, the three lowest-energycon�gurations have HOMO-LUMO gapscommon for

both spin directions (Fig. 10, right panel), therefore the mapping to the Heisenberg model can

be done directly, without consideringthe Zeemanterm.

An attempt of such mapping is schematically shown in the right panel of Fig. 9; obviously the

sequenceof energiesof the con�gurations with one or two spins inverted (starting from the

FM solution) is only in qualitativ e agreement with the Heisenberg model, but numerical energy

di�erences do not allow for the evaluation of a unique value of J , in contrast to the caseof \ferric

wheel" discussedabove. At best, one can make a rough estimate of the order of magnitude of

� J , that yields 30 { 90 K.

This failure suggeststhat the magnetic interactions in \Ni 4" are strongly anisotropic. However,

an adequate mapping of �rst-principles results onto models including the anisotropy would

require the inclusion of spin-orbit interaction in the calculation, and this is not yet available in

Siest a. This feature is however included in NRLMOL and someof the progressalong these

lines is outlined below.
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5.3 Magnetic anisotrop y in single molecule magnets

As a modi�cation of Eq. (4) which introducedthe anisotropy in the simplest form, wedistinguish

in the following between axial and transverseanisotropy, with their corresponding parameters

D and E. They enter the magnetic spin Hamiltonian (only secondorder terms) as follows:

H = DS2
z + E(S2

x � S2
y ); (43)

The values of the axial anisotropy D are available from a number of experiments for di�eren t

SMM, and for several SMM �rst-principle calculations have beencarried out with the useof the

NRLMOL code. Theseresults are summarizedin Table 3.

Table 3: Comparison of the calculated by NRLMOL and experimental magnetic anisotropy

parameter D for the single moleculemagnets. Seetheory referencesfor computational details.

Molecule S D(K)

Theory Experiment

Mn12O12(O2CH)16(H2O)4 10 � 0.56a � 0.56b

[Fe8O2(OH) 12(C6H15N3)6Br6]2+ 10 � 0.53c � 0.30d

[Mn10O4(2,2'-biphenoxide)4Br12]4� 13 � 0.06e � 0.05f

Co4(CH2C5H4N)4(CH3OH)4Acl4 6 � 0.64g � 0.7 { � 0.9h

Fe4(OCH2)6(C4H9ON)6 5 � 0.56i � 0.57j

Cr[N(Si(CH 3)3)2]3 3/2 � 2.49i � 2.66k

Mn9O34C32N3H35 17/2 � 0.33 � 0.32l

Ni4O16C16H40 4 � 0.385 � 0.40l

Mn4O3Cl4(O2CCH2CH3)3(NC5H5)3 9/2 � 0.58m � 0.72n

aPedersonand Khanna (1999a,b), bBarra et al. (1997); Mertes et al. (2001), cKortus et al. (2001b),
dDressel et al. (2003), eKortus et al. (2002a), f Barra et al. (1999), gBaruah and Pederson (2002),
h Murrie et al. (2003), i Kortus et al. (2002c), j Schromm et al. (2003), k Bradley et al. (1973), l Rajaraman

and Wimp enny, m Park et al. (2003c), n Wernsdorfer et al. (2002).

In all the casespresented here the calculated spin ordering is in agreement with experiment.

The calculated D parameters for Mn12, Mn10, Mn9, the ferric star Fe4 and Cr-amide molecular

magnetsare in excellent agreement with experimental values. The only remarkable discrepancy

is found for Fe8, a systemwhich seemsto posecomplications for the DFT treatment. Apparently

the DFT may be unable to predict the ground state density accurately enough due to impor-

tant electronic correlations beyond the mean-�eld treatment or missing Madelung stabilization

(absent in the isolated system).

The SMM listed in Table 3 are in generalcharacterized by a high spin ground-state. However,

a high spin state doesnot necessarilycorrelate with a high anisotropy barrier. The prefactor D

is also very important. In order to increasethe barrier one has to understand and control D ,

which will be the main goal of future research in this area. In all caseswherethe E parameter is
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not zeroby symmetry it hasbeenpredicted with similar accuracyas D { seerelevant references

for details.

The results obtained make one con�dent in the predictive power of the formalism. It has

beenalready mentioned that a microscopicunderstanding (basedon the electronic structure of

SMM) of the magnetic anisotropy parametersis crucial for the rational designof singlemolecule

magnets.

In the following we will discusssome selectedrecent results of the not so well known single

moleculemagnets.

5.3.1 Co 4 magnet

A newCo-basedferromagneticSMM with the completechemical formula Co4(hmp)4(CH3OH)4Cl4
(hmp� is the deprotonated hydroxymethylpyridine), hasachieved great interest due to the high

anisotropy energy. A simulation by Baruah and Pederson(2002) resulted in the prediction of

two new, energetically noncompetitiv e structural conformations with even higher anisotropy.

Speci�cally , the magnetic anisotropy energyper Co atom wasestimated from the experiment to

be25{50 K (Yang et al., 2002). Although, newer experiments on a similar Co4-cluster �nd signif-

icantly smaller total anisotropy energiesof about 29 K (Murrie et al., 2003), in better agreement

with calculated valuesof 23, 160 and 50 K for the lowest energy and two higher energy phases

found in the calculation. As already mentioned above, a large magnetic anisotropy is a prereq-

uisite for potential applications of molecular magnetsas \micro domains" for magnetic storage.

An additional requirement, the existenceof a net spin moment, is also satis�ed here, with S=6

per molecular unit in the parallel (high spin) con�guration, in all three isomers. Especially given

that the earlier calculated results of Baruah et al. comparemore favorably with the more recent

experimental results, a �rst-principle calculation might guide and stimulate practically relevant

experimental research on this promising family of molecular magnets.

5.3.2 Fe4-star

This material (of which several analogueswith di�eren t central atom are known by now) realizes

net spin moment in relatively compact and highly symmetric moleculedue to AFM coupling of

peripheric Fe atoms to the central one. The structure of the Fe4 \ferric star" is shown in Fig. 11.

All iron atomsare in the Fe3+ state, and the resulting ferrimagnetic arrangement hastotal S = 5.

Similar to the other molecularmagnetsonly stateswithin an energywindow of about 5 eV around

the Fermi level contribute to the magnetic anisotropy. The symmetry of the cluster allows for

a rhombohedral E contribution to the spin Hamiltonian. Using the experimental geometry

(Schromm et al., 2003) as a starting point for the calculation the theoretical value of jE j=0.064

K is in good agreement with the experimental one(jE j=0.056 K). 12 This agreement is relatively

stable with respect to geometry changes. Total anisotropy barriers change normally only by a

few K at most, although in somecasesthe agreement betweentheory and experiment becomes

worseby optimizing the moleculargeometry in the calculations. This canbeunderstood because

the geometryoptimization is donefor a singleisolated moleculeneglectingcrystal packing e�ects

12 The sign of E depends on the de�nition of the axis.
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Figure 11: The molecular structure of the Fe4-star. The Fe atoms are shown by large spheres.

and interactions in the molecular crystal which are important for the real molecular geometry.

5.3.3 Mn 10 cluster

Ten Mn atoms form a tetrahedron-like structure with Mn atoms at the cornersand at the middle

of the tetrahedron edges,all bridged by oxygen ions(Barra et al., 1999). Two of the Mn atomsare

coupled antiferromagnetically to all the rest. The calculation by Kortus et al. (2002a) suggests

an ionic picture that the �rst Mn has an Mn3+ (S = 2) state, whereasthe other two are Mn2+

(S = 5=2). Due to the symmetry of the cluster, the two typesof majorit y spin Mn atoms have

a multiplicit y of 4 whereasthe minorit y spin Mn atom has a multiplicit y of 2, resulting in the

S = 4� 2+ 4� 5=2� 2� 5=2 = 13 magnetic ground state. This magnetic coreis further stabilized

by organic rings which are also connectedto the oxygen atoms. This molecular unit with the

chemical formula [Mn10O4(2,2'-biphenoxide)4Br12]4� is charged and compensated by another

molecular cluster containing a single manganeseatom, [(CH 3CH2)3NH]2[Mn(CH 3CN)4(H2O)2].

The calculations con�rms the experimental suggestionthat the magnetic anisotropy is only due

to the functional unit containing 10 Mn atoms. The compensating cluster behaves paramag-

netically with the Mn atom in a +2 charge state and spin s = 5=2. As shown by Kortus et al.

(2002a), the single Mn-complex exhibits the easy-planebehavior with the energy well of only

0.1 K. The majorit y-spin gap in Mn10 is much smaller than the minorit y-spin one. Thosematrix

elements of Eq. (35) related to the occupied majorit y-spin states contribute in favor of an easy

axis behavior whereasthe matrix elements from the occupied minorit y-spin channel favor easy

plane. Thesetendenciescompete and canceleach other to a large extent. Only due to the larger

contribution from the occupied majorit y-spin channel the complete Mn 10 cluster endsup as an

easy-axissystem. Therefore, in spite of the fact that Mn 10 possessesa high-spin state (S is

larger than in Mn12-ac), the anisotropy barrier in this system is small. Kortus et al. (2002a)

160



a) b)

Figure 12: Isosurface(dark blue) at 0.005e=a3
B of the squareof the wavefunctions (a: occupied

majorit y state; b: unoccupiedminorit y state) that contribute most to the matrix elements M � � 0

ij

of Eq. (35). Light blue: Mn, yellow: Br, red: O, green: C atoms. It is clearly visible that the

matrix element connectsmajorit y and minorit y d-states at the sameMn atom.

found that the removal of subsetsof the Br ions will changethe magnetic anisotropy drastically

due to large perturbations of the electronic structure. However, neutralizing the electric �eld

due to Br ions by an external potential in the calculations changed the anisotropy barrier by

lessthan 1 K. Therefore, one can concludethat the electric �elds created by the Br ions do not

have any signi�cant e�ect on the magnetic properties of the molecule, in contrast to chemical

interactions.

One of the advantagesof the �rst-principles approach is the possibility to control in detail the

interactions and states which are important for a certain physical property in order to gain

a microscopic understanding. Eq. (35) shows that the barrier is related to matrix elements

betweenoccupied and unoccupied orbitals in the majorit y and minorit y spin channels. Besides

the discrimination associated with spin pairing, we can analyze which electronic states mostly

contribute to the matrix elements M � � 0

ij . In Fig. 12 we display plots of the square of the

wavefunctions of the occupiedmajorit y state and the unoccupiedminorit y state that contribute

to the matrix element M � � 0

ij with the largest absolutevalue.13 It is clearly visible that the states

of interest are d-states localized at the sameMn atom. In this case,the states are localized at

the minorit y spin Mn atoms.

5.4 Some results of the V 15 spin system

As already mentioned, the V15 system remains of great interest for studies on quantum coher-

ence and relaxation phenomena,despite not having any sizeablemagnetic anisotropy barrier

(Chaboussant et al., 2002;Chiorescuet al., 2000;Gatteschi et al., 1991;Kortus et al., 2001a).

The dynamics of the magnetization relaxation dependson the spin-phonon interaction at �nite

temperatures and an intrinsic phonon-bottleneck with a characteristic 'butter
y' hysteresishas
13 Pleasenote, that the value of the magnetic anisotropy energy is not determined by a single dominant contri-

bution, but results from the sum of many contributions with di�eren t signs.
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beendemonstrated by Chiorescuet al. (2000). Due to several very recent experimental studies

on this system it becamepossible to check the quality of the electronic structure calculation.

In a joint theoretical and experimental study by Boukhvalov et al. (2003) the system has been

investigated using the LSDA+ U band structure calculations [the samecomputational method

as referred to above, for calculations by the samegroup on Mn 12-ac, Boukhvalov et al. (2002)]

and measuredX-ray photoelectron and 
uorescencespectra. Comparing experimental data with

the results of electronic structure calculations the authors conclude that the LMTO LSDA+ U

method provides a good description of the electronic structure of V 15.

Choi et al. (2003) report the re
ectance and optical conductivit y of solid V 15 over a wide energy

range. The band centered at 1.2 eV is assignedas a V dd transition, and other features at

3.7, 4.3, and 5.6 eV are attributed to Op-Vd charge transfer excitations. The comparison of

the results to recent electronic structure calculations (Boukhvalov et al., 2003; Kortus et al.,

2001a,b)show good agreement with all thesecalculations without clearly favoring any U value.

Chaboussant et al. (2002) report an Inelastic Neutron Scattering study of the fully deuterated

molecular compound. They deliver direct con�rmation that the essential physics at low tem-

perature is determined by three weakly coupled spin-(1/2) on a triangle. Interestingly, the

experiment allowed to determine the e�ectiv e exchangecoupling of 0.211meV within the trian-

gle and the gap betweenthe two spin-(1/2) doublets of the ground state. This direct interaction

had beenpredicted earlier by Kortus et al. (2001a) with an value of 0.55 meV.

The work by Kortus et al. (2001a)utilized an e�cien t coupledmultilev el analysiswhich relied on

�tting density-functional energiesto mean-�eld Heisenbergor Ising energiesin order to determine

the exchangeparameters. The approximate exchangeparametersgleanedfrom the �rst N Ising

con�gurations were usedto �nd the next lowest energy Ising con�guration and subsequently to

improve the parameterization of the exchange parameters. The \self consistency" criterion in

this approach wasthe check asto whether the predicted Ising levelsremain unchangedunder the

addition of data from new Ising con�gurations. This mapping of DFT results on a classicalIsing

model allowed for the determination of the exchangeparametersby consideringonly several spin

con�gurations.

The data used to determine the exchange parameters from a least square �t to the mean-�eld

solution of the Heisenberg Hamiltonian (Eq. 2) are displayed in Table 4. The �t is very good

(with errors ranging from 0.1 to 1.55 meV) and leadsto exchangeparameters(in the notations

of Fig. 4) of J = 290.3meV, J 0= � 22.7meV, J 00=15.9 meV, J 1 = 13.8meV, J 2 = 23.4meV and

J 3 = 0.55 meV, where positive numbers correspond to AFM and negative to FM interactions.

The ferromagnetic interaction J 0 is a surprising result and deservesfurther discussionsinceit is

qualitativ ely di�eren t from earlier assumptionsbasedon entirely AFM interactions (Chiorescu

et al., 2000;Gatteschi et al., 1991). A FM coupling is possiblewithout polarizing the oxygens

through a fourth order processsimilar to super-exchange. In super-exchange, the intermediate

state has the lowest d-orbital on the V atom doubly occupied with up and down electrons.

However, electrons can also hop to higher energy d-orbitals. In this caseboth parallel and

antiparallel spins are allowed without violating the Pauli exclusion principle, and consistently

with the Hund's �rst rule the parallel spin alignment is preferred. The superexchange (within

the samed-orbital) completely excludesthe electrons of the same spin electrons whereasthe
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Table 4: DFT energies(E in meV) of calculated Ising con�gurations, energiesobtained from

the �t, and 4hSq
i Sq

j i along each of the six bonds. Also included is the anisotropy shift � for

the M s = S state of each Ising con�guration. A least square�t of this data leads to exchange

parametersof J =290.3, J 0= � 22.7, J "=15.9, J 1=13.8, J 2=23.4 and J 3=0.55 meV.

E F it J J 0 J 00 J 1 J 2 J 3 Spin Label � (K)

� 78:37 � 78:44 � 6 2 � 2 6 � 6 � 1 1/2 I 0.8

� 73:39 � 73:63 � 6 2 � 2 4 � 4 � 1 1/2 I I

� 35:48 � 35:08 � 6 � 2 2 4 � 4 � 1 1/2 I I I

� 34:89 � 34:53 � 6 � 2 2 4 � 4 3 3/2 IV

0:00 � 0:79 � 6 � 6 6 6 � 6 3 3/2 V 1.5

8:38 8:28 � 6 � 6 6 2 � 2 � 1 1/2 VI 1.3

28:14 28:08 � 6 � 6 6 � 6 6 3 3/2 VI I

126:32 126:14 � 4 � 4 6 4 � 6 3 1/2 VI I I

129:17 128:88 � 4 � 4 2 6 � 4 3 5/2 IX

278:35 278:50 � 2 � 6 2 4 � 4 3 3/2 X

434:22 435:78 0 0 6 6 0 3 9/2 XI 1.6

760:75 760:76 6 6 6 � 6 � 6 3 9/2 XI I 1.6

873:11 872:35 6 6 6 6 6 3 15/2 XI I I 1.8

ferromagnetic process(di�eren t participating d-orbitals) merely favors FM alignment. Thus

a FM coupling is obtained if the V-O hopping matrix elements into the higher d-orbital are

signi�cantly larger than the matrix elements for the hopping of O electrons into the lowest

energy d-orbital. The occurrenceof such interactions are possible in a low-symmetry system

such as V15. Even with this FM interaction, the spin Hamiltonian yields an S=1/2 ground

state composedlargely of Ising con�gurations similar to the one depicted in Fig. 4. This Ising

con�guration was predicted from the J 's from the earlier �ts to DFT energiesand corresponds

to the ground state DFT con�guration (I).

Comparing the calculated susceptibility with experiment (Chiorescu et al., 2000), one �nds the

that low-temperature behavior is not well reproducedand the doublet-quadruplet gap � � 10K

is signi�cantly larger than the experimental value of � � 3:7K, while the high-temperature

behavior shows that calculated value of J is too large.

Both of thesediscrepanciescan be explained almost entirely by a J that is too large within the

density-functional-based treatment. The large value of J can be attributed to both exchange

processesthrough the oxygensand to direct exchangebetweenthe V. If direct exchange is im-

portant, the value of J will be in
uenced greatly by the overlap betweenthe V atoms. Electronic

correlations included in form of LDA+ U may help to improve the agreement with experiment,

becausethe overlap between the d-orbitals of the vanadium atoms will be decreasedby shift-

ing the occupied d-orbitals down in energy by U. Similarly, self-interaction corrections (SIC)

(Svane and Gunnarsson,1988,1990) will lower the magnitude of J becauseit will localize the

V d-orbitals more, reducing the overlap of the wavefunctions.
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Without including a direct exchange interaction between the vanadium atoms in the inner

triangle (J 3 = 0), reducing J to 70 meV and slightly reducing the di�erence between J 1 and

J 2 yields the experimentally observed e�ectiv e moment. Although, another set of only anti-

ferromagnetic interactions (Gatteschi et al., 1991)also �ts the experimental results well. In fact

any set of parameterswith the correct valuesof J and � given by simple perturbation theory

� =
3
4

(J 2 � J 1)2(J 00� J 0)
J 2 +

3
2

J 3; (44)

will �t the experimental e�ectiv e moment well. The already mentioned problem of the parameter

dependenceon the assumedmodel ariseshere.

By including a possibledirect interaction betweenthe triangle vanadium atoms (J 3) in the spin

Hamiltonian the agreement with experiment can be achieved by dividing all J 0s by a constant

factor of 2.9. Scalingof J 3 down by a factor of 2.9 givesa value of 0.19meV, in surprisingly good

agreement with the corresponding value obtained from inelastic neutron scattering (Chabous-

sant et al., 2002) of 0.221 meV. One possibility to decide between di�eren t models could be

the measurement of the spin ordering and the spin-spin correlation functions by, e.g., neutron

scattering.

5.5 A model Fe-bin uclear system

Binuclear metal-organic systemsform a large, and probably simplest, group among molecular

magnets. Even if their magnetic characteristics like ordering temperature and bulk magnetiza-

tion are not necessarilyoutstanding, they help to grasp important physics of 3d{3d magnetic

interaction mediated by an organic ligand and thus o�er a convenient model system. Moreover,

an interesting e�ect of spin-crossover has been observed in somesuch systems,for instance in

[Fe(bt)(NCS) 2]2-bpym (bt= 2,2'-bithiazoline, bpym= 2,2'-bipyrimidine): a switch from LS-LS

to LS-HS to HS-HS con�guration (LS: low spin; HS: high spin) at the increaseof temperature,

wherethe intermediate LS-HS state getsstabilized near 170K due to an interplay betweeninter-

molecular and intramolecular magnetic interactions (Ksenofontov et al., 2001a,b;L�etard et al.,

1999). One demonstrated the possibility of optical switching betweendi�eren t magnetic states

and brought into discussionthe prospects of their useas active elements in memory devices.

Our interest in binuclear systemsis primarily that for model molecular magnets, to be treated

with a method of recognizedaccuracy, and with the aim to look at the e�ect of intraatomic

correlation e�ects (\Hubbard U"). Starting from the real structure of [Fe(bt)(NCS) 2]2-bpym

(seeFig. 13, left panel), we \streamlined" it somehow to �t it into a compact unit cell for an

accurate calculation by a band structure method with periodic boundary conditions (Fig. 13,

right panel). This transformation preserved the bipyrimidine part between two Fe centers, but

\shortcut" the distant parts of ligands to make a connectedstructure. The calculation hasbeen

donewith the FLEUR code (FLEUR homepage),a realization of full-p otential augmented plane

wave technique. One can seethat, in contrast to \ferric wheels", the Fe atom is now octahedrally

coordinated by nitrogen ions. A formal valencestate in these compounds is routinely referred

to as Fe(II). The HS and LS states were discussedto be represented by the t 4
2ge2

g and t6
2g

con�gurations, correspondingly (Ksenofontov et al., 2001b). Our calculation did not yet include
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Figure 13: Two viewsof the [Fe(bt)(NCS) 2]2-bpym molecule(left panel) and a simpli�ed periodic

Fe-binuclear system usedin the FLEUR calculation (right panel).

the orbital transition of this type; we initialized only HS con�gurations and brought them into

self-consistencyin FM and AFM settings. The resulting partial DOS are shown in Fig. 14.

Certain similarities can be found with the Fe local DOS in \ferric wheels" { clear splitting

into t2g-like and eg-like states in nearly octahedral ligand �eld, full occupation of majorit y-spin

Fe3d states and oneelectron per Fe atom trapp ed in the Fe3d{N2p hybridized band of minorit y

spin. The valuesof magnetic moments (total per Fe atom in the FM case,along with the local

moment, integrated over the mu�n-tin sphere)are listed in Table 5. The interatomic exchange

parametershave beenestimated from total energydi�erences betweenFM and AFM cases.

Table 5: Magnetic moments and interaction parameters as estimated for a model Fe-binuclear

system (Fig. 13) from calculations by FLEUR with and without Hubbard U.

M (Fe) M /F e �E J (S=5/2)

U= 0 FM 3.62 4.10

AFM 3.61 { 102.5meV � 190 K

U= 4 eV FM 3.93 4.94

AFM 3.92 { 76.8 meV � 143 K

Sincethe magneticmoment is largely localizedat the Fe site, the inclusion of intraatomic correla-

tions beyond the \conventional" DFT might be important. The exchangeparametersJ depend

on the spatial overlap of the d-orbitals on di�eren t Fe-sites. It is well known that the d-orbitals

within DFT are not localized enough compared to experiment, consequently the J values will

be overestimated. There are two main reasonsfor this shortcoming. First, possible on-site
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Figure 14: Densities of states in FM and AFM casesas calculated by FLEUR for the model

Fe-binuclear system, in the DFT and in the LDA+ U approach. Fe local DOS are shown as

shadedareas.

correlations as known from atomic physics are underestimated in caseof \conventional" DFT.

Second,DFT is not free from spurious self-interactions due to the replacement of the point-lik e

electrons by corresponding densities. Bringing in the atomic physics in the form of LDA+ U

(adding a local orbital dependent atomic Coulomb interaction parameter U to DFT (Anisimov

et al., 1997) or self-interaction corrections (SIC) (Svane and Gunnarsson,1988, 1990) will im-

prove the results by lowering the d-orbitals in energy and therefore localizing them stronger.

SIC only a�ects occupied states, whereasLDA+ U plungesthe occupied d-states and shifts the

unoccupied ones to higher energies. By increasing, on the average, the magnetic excitation

energy acrossthe spin majorit y-minorit y gap, both mechanisms help to e�ectiv ely reduce the

magnitude of J . To our knowledge,SIC have not yet beenapplied in calculations on molecular

magnets(nor, are we aware of any practical implementation of SIC in a full-p otential code, i.e.,

beyond the mu�n-tin- or atomic sphere approximation. Baruah et al. are actively working

toward a practical implementation of SIC within the NRLMOL suite of codes. The LDA+ U

scheme is implemented in the FLEUR code (as in many others). This ansatz has however a

disadvantage of not being truly �rst-principles one: it remains on the user to single out certain

orbitals as localized and to choosean appropriate value for the \Hubbard U" parameter. For
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Fe-binuclear system we have chosenan empirically reasonablevalue U=4 eV; in principle, we

were more interested in studying qualitativ e trends, as it deals with a model system anyway.

One observes from Table 5 that the inclusion of intraatomic correlation enhancessomehow the

local magnetic moment at th Fe site, and to a much smaller extent { the total magnetic moment

(in the FM con�guration). Much more important, the J parameter is noticeably reduceddue to

correlation included. These observations agreewith what was earlier reported by Boukhvalov

et al. (2002) for the \Mn 12" systemfrom the LDA+ U calculation.

6 Conclusion

We attempted to give a broad overview of physical questionsand technical problems one faces

in modern �rst-principles simulations in the rapidly growing �eld of molecular magnets. Our

own presented results largely correspond to work still in progress,and they might be far from

providing an ultimativ e answer for particular systems.On the contrary, the results are likely to

be re�ned and extended by subsequent studies. Our current results make us very con�dent in

the predictive power of the presented methods. In order to explore the range of systemswhere

the presented �rst-principles methods give reliable results, further studies on more systemsare

required. A large number of calculations are being performed by other groups on many other

systems, which we might fail to name in this limited contribution. However, it is our hope

that it may help the newcomersin the �eld to accessthe problems, the di�culties experienced

and the possibilities o�ered by di�eren t methods and practical schemesof �rst-principles cal-

culation. Many additional calculations are required to obtain a complete understanding of the

idealized behaviors of molecular magnets and both new theory and new computational tools

will be required to understand the nonidealities which will de�ne the operating environments in

applications of such systems.
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