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1 EditorialIn this summer issue of the Psi-k Newsletter we have several reports on reent Psi-k supportedworkshops and one ollaborative visit. These are followed by a number of job announments andabstrats of newly submitted or reent papers.The sienti� highlight of this issue is by Leonardo Guidoni (L'Aquila), Carme Rovira (Barelona)and Marialore Sulpizi (Cambridge) on "Ab initio methods for biologial systems: state of the artand perspetives".For further details on this newsletter, please hek the table of ontent.The Uniform Resoure Loator (URL) for the Psi-k webpage is:http://www.psi-k.org.uk/Please submit all material for the next newsletters to the email address below.The email address for ontating us and for submitting ontributions to the Psi-k newsletters isfuntionpsik-oord�dl.a.uk messages to the oordinators, editor & newsletterDzidka Szotek, Martin Lüders and Walter Temmermane-mail: psik-oord�dl.a.uk
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2 Psi-k Programme�Towards Atomisti Materials Design�
2.1 Reports on the Psi-k Supported Workshops2.1.1 Report on the 4thInternational ABINIT Developer WorkshopAutrans (Frane)24th� 27thMarh 2009Psi-k Network, GdR-DFT and SienomisP. Blaise, D. Caliste⋆, T. Deutsh, L. Genovese and V. Olevanohttp://wwwold.abinit.org/2009-AbinitInitiated in 2002, the series of ABINIT developer workshops, organized eah other year, playsan important role in the life of the ABINIT ommunity. It is the oasion for the most ativeABINIT developers, as well as a few expert users, and seleted invitees, to gather and exhangeinformation, and present reent developments. The future of ABINIT is also disussed, andreommendations are issued.This year, the number of partiipants reahed 56 people inluding four invited speakers fromdi�erent other ommunities. This opening to developers outside ABINIT and their interestingontributions show the maturity of this software. These invited ontributions were done in the�eld of post-ground state alulations with the talk about Yambo, a software for Many-Bodyalulations in solid state and moleular physis (A. Marini). The seond talk in this �eld wasabout the apability to ompute the Maximaly Loalized Wannier Funtions for aelerated bandstruture alulations with the help of the Wannier90 library (A. Mosto�). In these both ases,ABINIT is used as the fundamental tool to ompute the ground state of the system. The seondaxis of the invited talks was about the improvement of ABINIT with the help of outside on-tributions. On one hand this was done with the presentation of a Linux distribution pakagerpoint of view about the pakage and its distribution (D. Berkholz) and on the other hand bythe presentation of the XC library initially developped for Otopus software but on the way forinlusion inside ABINIT (M. Marques).Beside these outside ontributions, di�erent labs implied in the development of ABINIT presentedtheir ontributions. One should remember two main axis. The �rst was about the ongoing e�ort4
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to implement the missing funtionnalities in the PAW formalism in omparison with the fun-tionnalities of norm-onserving pseudo-potentials. This inludes the non-olinear magnetism,the spin orbit oupling and the DFPT formalism (M. Torrent) ; but also the apability to sim-ulate Mössbauer spetra and to ompute the response to an eletri or a magneti �eld withinthe PAW formalism (J. Zwanziger) ; or also the development of the loal exat exhange (F.Jollet). The seond main axis was in the �eld of the GW approximation and its improvements(better paralllelism, method for fewer empty bands. . . ) as presented by F. Bruneval and M.Giantomassi. Besides these two axis, several other points were disussed. One an ite the ef-fort to port ABINIT to super-omputers, with massively parallel network (F. Bottin), hybridarhitetures (L. Genovese) or distributed omputational power (M. Oliveira). Finally, severalappliations of the ABINIT program were presented, like the key exploration done by M. Mikamifor warm-white led engineering, the ab initio explanation of the struture of GeMn nano-olumns(E. Arras) or temperature dependane of the band energy in semiondutors (P. Boulanger).The workshop was also the plae for several disussions about the development of the ABINITsoftware. Among these talks, the doumentation and user oriented tutorials and information weredisussed around the availability and improvement of the new web site. One other disussionsession was dediated to the required deisions to ontinue the development of ABINIT with thesame level of quality with an always growing software base and ontributors. Indeed, ABINITwill need to enfore its oding standards and urrent ode through a beauti�ation phase to goto version 6 that will allow to ontinue to easily and safely add new funtionnalities.With all these diverse ontributions, external, physis and software engineering, the meeting wasonsidered by all the attendees as a very good working session resulting in several ahievements.The full program is available on-line athttp://wwwold.abinit.org/2009-Abinitas is also the list of the partiipants. ProgrammeTuesday 24th12.30-14.00 Lunh time14.00 Introdution+SWOTCh.: X. Gonze, T. Deutsh & G.-M. Rignanese14.30 PAW session:M. Torrent(25')J. Zwanziger(25') 5
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G. Jomard(A) (10')A. Jaques (10' +10')15:50-16.20 Tea/o�ee break16.20 Correlated eletrons:B. Amadon(25')F. Jollet(25')D. Adams (A) (10')17.20 Build system17.30 Disussion (30')Mod.: J.-M. BeukenWeb18.00-19.00 Poster sessionWednesday 25th9.00 Methodologial developments:L. Genovese (25')M. Manini(25')A. Lherbier(A) (10')A. Romero (A) (10')10.15-10.45 Tea/o�ee break10.45 Links with ommunities:D. Caliste (25')M. Marques (25')A. Mosto�(25')12.00 SienomisX. Krokidis (30')12.30-14.00 Lunh time14.00 Software engineering: 6



Ch.: M. C�téX. Gonze (25')J.-M. Beuken(25')14.50 Disussion (30')Mod.: M. C�téAn.: X. Gonze, J.-M. Beuken & A. JaquesMerge/testing15.20-15.50 Tea/o�ee break15.50 Software engineering:Ch.: M. C�téY. Pouillon(25')T. Deutsh(15')16.30 Disussion (30')Mod.: M. C�téAn.: T. Deutsh & Y. PouillonBuild system17.00 Software engineering:Ch.: M. C�téD. Berkholz (25')17.25 Disussion (25' +25')An.: A. Jaques, D. Berkholz & G.-M. RignanesePakagingSWOT18.25 Advisory board19.00 Poster sessionThursday 26th9.00 Perturbation:Ch.: R. CaraasP. Boulanger(25')M. Torrent(25')M. Verstaete (25')F. Da Pieve (A) (10') 7



10.25-10.55 Tea/o�ee breakJ. Zwanziger(25')P. Hermet(A) (10')11.30 Disussion (40')Mod.: R. CaraasAn.: X. Gonze, Y. Pouillon & M. GiantomassiBeauti�ation12.10-14.00 Lunh time14.00 GW+BS:Ch.: M. TorrentF. Bruneval(25')M. Giantomassi(40')T. Rangel (25')M. Cazzaniga (A) (10')15.40-16.10 Tea/o�ee break16.10 A. Marini(25')16.35 High performane:F. Bottin(25')M. Oliveira (25')J. La�amme (A) (10')17.35 Disussion (HPC) (55')Mod.: M. TorrentAn.: F. Bottin, L. Genovese, M. Oliveira & M. C�téGPUMulti-parallelismEvening: Soial dinerFriday 27th9.00 Appliations: 8



Ch.: J. ZwanzigerS. Blakburn(20')P. Blaise (20')E. Arras (20')10.00 Tea/o�ee breakR. Caraas (20')M. Mikami(20')11.10 Disussion (80')Mod.: J. ZwanzigerAn.: X. Gonze & Y. PouillonABINIT6Debrie�ng12.30 Lunh time
List of partiipants follows on the next page.
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2.1.2 Report on the" KKR Workshop IV: Methodology and Appliations"June 12-14, 2009Researh Institute For Solid State Physis and Optis, Hungarian Aademy of Sienes,Budapest, HungarySponsored by Psi-k, RISPO HAS, NEFIMOrganizers: B. Ujfalussy, L. Szunyogh, L. Udvardi, J. KollarWeb page: http://kkrws.phy.bme.huThe workshop was organized to ontinue the regular series of meetings of the Korringa-Kohn-Rostoker (KKR) researh ommunity organized under the support of Psi-K (Munih 2004, Bristol2006, Canterbury 2008). The very purpose of the proposed workshop to keep the KKR methodin the forefront of ab initio based omputational materials siene. by bringing together expertsand students of leading groups in Europe, in the United States and in Japan to disuss reentadvanes related to the methodologial developemnents in KKR, as well as urrent problems ofondensed matter siene.Highlighted topis of the workshop were as follows:(i) Methodologial developements, with emphasis to large sale and full potential alulations.A speial session fousing on these issues was devoted to the 60th birthday of Rudi Zeller!(ii) Funtional materials for spintronis: oxides, half-metals and multiferrois.(iii) Nanomagnetism and orrelation e�ets in magneti systems.(iv) Finite temperature metalli magnetism in heterogeneous systems and nanostrutured mate-rials. Program June 12, Friday14:00 Welome address (Laszlo Szunyogh, Balazs Ujfalussy)Spintronis14:05 Hisazumi Akai (Uni Osaka): New half−metalli antiferromagnets and their transportproperties14:30 Pawel Buzek (MPI Halle): Energies and life−times of magnons in half−metalli Heusleralloys14:55 Dzidka Szotek (Daresbury): Strutural phase transitions and fundamental band gapsMgxZn1−xO alloys from �rst priniples 15
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15:20 M. Carmen Muñoz (CSIC Madrid): Ferromagnetism at ZnO [0001℄ surfaes15:45 Ingrid Mertig (MLU Halle): Ferroi Materials and Novel Funtionalities16:10−16:30 Co�eeNanomagnetism, surfae physis16:30 Arthur Ernst (MPI Halle): Magnetism in nanostrutures: �rst priniples investigationswith a multiple−sattering approah16:55 Silvia Gallego (CSIC Madrid): Surfae e�ets in the anisotropy of Co �lms17:20 Juergen Henk (MPI Halle): Rashba−type spin splitting in surfae alloys17:45 Samir Lounis (FZ Juelih): Observation of subsurfae defets with the eletron fousinge�et18:10 Phivos Mavropoulos (FZ Juelih): Lifetime Redution of Surfae States Caused byImpurity SatteringJune 13, SaturdayCorrelated systems9:00 Martin Lüders (Daresbury): The di�erent �avors of SIC in DFT9:25 Walter Temmermann (Daresbury): Disordered Loal Moment Desription of Magnetism in3d−monoxides and heavy 4f 's9:50 S. Hossein Mirhosseini (MPI Halle): Self−interation orretion in Gadolinium: magnetiproperties and surfae states10:15 Diemo Ködderitzsh (LMU Munih): Relativisti OEP for solids10:40−11:00 Co�eeSpetrosopy11:00 Jan Minar (LMU Munih): Correlation versus temperature: angle−resolvedphotoemission in the range between 10 eV and 10 keV11:25 Ondrej Sipr (AS CR Prague): Role of valene−band orrelations in XAS and XMCDspetra investigated via LDA+DMFT alulations11:50 Masako Ogura (Uni Osaka): First−priniples alulation of optial ondutivity using theKKR−CPA method and Kubo−Greenwood formula12:15 − 14:00 Lunh and Poster SessionMethodology, Full−Potential KKR14:00 Rudi Zeller (FZ Juelih): Advanes in the iterative solution of the TBKKR Dysonequation for large systems14:25 Peter Weinberger (CNS Vienna): Desribing surfaes: semi−in�nite desriptions versusthin �m approahes14:50 Hubert Ebert (LMU Munih): Solving the Poisson−equation within full−potential KKRalulations by means of Saks's formula15:15 Aurelian Rusanu & G. Malolm Stoks (ORNL): Reent developments in Full−PotentialMST at ORNL 16



15:40 Dmitry Fedorov (MLU Halle): Mu�n−Tin Zero as a hidden parameter in the KKRmethod16:05 Robert Hammerling (CMS Vienna): Magnetostati energies in ab−initio magnetianisotropy alulations16:30 − 18:00 Co�ee and Round−table Disussion19:30 BanquetJune 14, SundayMagnetism9:30 Balazs Gyor�y (Uni Bristol): KKR, Superondutivity and Magnetism9:55 Sergeiy Mankovsky (LMU Munih): Exhange oupling tensor and its appliation to studymagneti properties of nanosystems using Monte Carlo simulation10:20 David Bauer (FZ Juelih): Classial Spin Dynamis of Nanolusters at FiniteTemperature10:45 Laszlo Udvardi (TU Budapest): Diret Monte−Carlo method for deposited magnetinanostrutures11:10−11:30 Co�ee11:30 Laszlo Szunyogh (TU Budapest): Spin−Hamiltonian Based on the RelativistiDisordered Loal Moment Sheme11:55 Julie B. Staunton (Uni Warwik): The Relativisti Disordered Loal Moment Theory ofMagnetism: Magneti Interations in Heterostrutures and Complex Latties12:20 Marus Eisenbah (ORNL): Thermodynamis of magneti systems from �rst priniples:Combining Multiple Sattering ab initio methods (LSMS) with lassial Monte−Carlo12:45 Closing & lunhPosters:Stephan Lowitzer (LMU Munih): Calulating transport properties using theKubo−Greenwood formalismCorina Etz (MPI Halle): Ab−initio determination of the magneto−optial properties of(ComIrm)n on Ir(111)Martin Gradhand (MLU Halle): Calulation of relativisti wavefuntions in the KKR methodSteven Walzak (MLU Halle): Non−equilibrium Green's funtion approah in the KKRformalismGuntram Fisher (MLU Halle): Calulation of Magneti Properties in Correlated SystemsAlberto Marmodoro (Uni Warwik): Eletrons in systems with several types and degrees ofdisorder: the Non−Loal Coherent Potential Approximation for multi−atom per unit ellmaterialsIvetta Slipukhina (CEA Grenoble): Magneti properties and Mn−Mn exhange interation insome intermetalli Mn−Ge ompoundsEszter Simon (RISPO Budapest): Anisotropi Rashba splitting and onsequenes on impurity17



interationsAlexander Thiess (FZ Juelih): Massively Parallel Implementation of Lloyd's FormulaManuel dos Santos Dias (Uni Warwik): Anisotropi Magneti Correlations at FiniteTemperature in RDLM List of partiipantsJuergen Henk Mpi-HalleGuntram Fisher Uni-HallePawel Buzek Mpi-HalleHossein Mirhosseini Mpi-HalleAlexander Thiess JuelihManuel dos Santos Dias WarwikAlberto Marmodoro WarwikHubert Ebert MunihDiemo Ködderitzsh MunihSteven Walzak Uni-HalleStephan Lowitzer MunihSergeiy Mankovsky MunihJan Minar MunihM. Carmen Muñoz MadridSilvia Gallego MadridJulie Staunton WarwikRudolf Zeller JuelihOndrej Sipr AS CRDzidka Szotek DaresburyWalter Temmerman DaresburyMartin Lueders DaresburyBalazs Gyor�y BristolPeter Weinberger Tu-wienHisazumi Akai Osaka

Malolm Stoks Oak RidgeDmitry Fedorov Uni-HalleMartin Gradhand Uni-HalleRobert Hammerling Tu-wienMasako Ogura OsakaDavid Bauer JuelihSamir Lounis JuelihPeter Dederihs JuelihPhivos Mavropoulos JuelihCorina Etz Mpi-HalleIvetta Slipukhina GrenobleIngrid Mertig Uni-HalleArthur Ernst Mpi-HalleMarus Eisenbah ORNLMarus Dane ORNLAurelian Rusanu ORNLEszter Simon RISPOJanos Kollar RISPOBalazs Ujfalussy RISPOLaszlo Szunyog BMEAttila Szilva BMELaszlo Udvardi BMELaszlo Balog BMEKrisztian Palotas BME
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2.1.3 Report on Workshop on Nanosale Carbon Materials"Computational Studies of Defets in Nanosale Carbon Materials"CECAM-HQ-EPFL, Lausanne, SwitzerlandMay 11-13, 2009CECAM, Psi-K, and SpringerArkady Krasheninnikov, University of Helsinki and Helsinki University ofTehnology Savas Berber, Gebze Institute of Tehnology, Turkey DavidTomanek, Mihigan State University, USACECAM Home Page:http://www.eam.org/workshop-0-313.htmlMSU Home Page: http://nanotube.msu.edu/dn09/SummaryThe workshop "Computational Studies of Defets in Nanosale Carbon Materials"(DNC09) tookplae in CECAM-HQ-EPFL, Lausanne, Switzerland, in May 2009. The workshop was followedby another workshop on a very lose subjet "Carbon and Inorgani Nanotubes", (CINN09). Infat one day was ommon, so that the presentations on the ommon day dealt with the sienti�matters relevant to both workshops. The DNC09 workshop was attended by 39 partiipants(inluding the organizers) from all over the world. The �nanial support from CECAM (Euro7,500), Psi-K (Euro 4,000) and Springer (Euro 500) made it possible to invite a onsiderablenumber of world-renown experts working on defets in nanosale arbon materials. As the mainidea behind this workshop was to bring together representatives of solid-state physis and mate-rials siene ommunities who use omputational tools to disuss the state of our understandingof defets in arbon nanostrutures, most speakers had theoretial bakground and onentratedon the theoretial progress. In addition to the theoretial advanes, reent progress in the exper-iment was overed by several speakers. As detailed below, the latest and most important resultsin the �eld were presented by the speakers and by other partiipants during the poster session.In addition to the already published results, a onsiderable amount of new unpublished data waspresented. The entral point was the detrimental and bene�ial roles of defets in the behaviorof arbon nanosystems and related issues suh as the prodution of defets under eletron andion irradiation, the haraterization of defets by various tehniques, and the engineering of theproperties of arbon nanosystems by ontrollable introdution of defets through irradiation andby hemial methods. Suh a ombination of omplementary topis (theory/experiment, theo-retial method development/appliations et.) resulted in interesting and produtive sienti�disussion whih should have a strong impat on the development of the �eld and ould eventu-19
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ally give rise to new ollaborations. Based on the enthusiasti feedbak we have reeived fromthe partiipants of the workshop, we believe the event was a suess. It should also be pointedout that the workshop attrated a onsiderable number of students and young postdos, so thatthe event was also important in the ontext of young researher training.Sienti� ontent of the workshopAs mentioned in the workshop proposal, defets in nanosale arbon materials, suh as nanotubesand graphene, may fully govern their mehanial and eletroni properties. Moreover, defetsmay ause intriguing behavior inluding magnetism. Presene of defets in solids is in generalbelieved to be mostly detrimental. This is also true for arbon nanomaterials: indeed, defetsredue the mehanial toughness and eletroni ondutane. However, there are bene�iale�ets of defets, inluding sti�ening of loosely-onneted nanotube networks or nuleation sitesfor strutural transformations, whih have been mostly overlooked. Be vie or virtue, defetsin arbon nanomaterials require omplete understanding at the mirosopi level. The aim ofthe workshop was to bring together representatives of solid-state physis and materials sieneommunities who use atomisti omputer simulations to understand the role of defets in arbonnanostrutures at the mirosopi level, and disuss reent progress in our understanding ofthe role of defets. Besides this, several experts gave an overview of the state-of-the-art in theexperiments.The following main topis were addressed:1. The types and abundane of point defets in nanostrutured arbon materials, suh asgraphene, nanotubes, fullerenes, et, identi�ation of defets2. E�et of defets on the eletroni and mehanial properties of nano-strutured arbonmaterials.3. Prodution of defets in arbon nanotubes and graphene under irradiation.4. Defet-mediated magnetism in nanostrutured arbon materials.5. Experimental studies of native and irradiation-indued defets in arbon nanosystems.Although the main stress of the workshop was on simulations, the last topi was very importantfor establishing links between the simulation and experimental results and for �nding out newsimulations hallenges.Topi 1: The types and abundane of point defets in nanostrutured arbon mate-rialsThis issue was addressed in the presentation by Florian Banhart, University of Strasbourg,Frane, who gave an overview of new experimental developments with a partiular stress ongraphene. He presented new results of experimental studies on point defets in arbon nanoma-terials arried out in an aberration-orreted transmission eletron mirosope (TEM). Additionalexperimental information on the signatures of native and irradiation-indued defets in sanning20



tunneling mirosopy (STM) images of arbon nanotubes was given by Oliver Groening, SwissFederal Laboratories for Materials Testing and Researh, Switzerland. They spoke about pointdefets suh as vaanies and interstitials and their signatures in TEM and STM images. It waspointed out that due to high energeti barriers separating di�erent atomi on�gurations in ar-bon nanomaterials the onentration of defets may be nonequilibrium under ertain onditions.From the viewpoint of theory, the disussion was ontinued by Steven Louie who spoke ondensity funtional theory (DFT) simulations of defets in graphene nanoribbons and nanotubesand on how defets in�uene eletroni transport in these materials. Oleg Yazyev, Swiss FederalInstitute of Tehnology, Lausanne, Switzerland, gave further details of �rst-priniples simulationsof defets in nanoarbons, inluding defets in double-layer graphene and graphite. The overviewof point defets was also given in the presentations of the workshop organizers, S. Berber, D.Tomanek and A. Krasheninnikov. Formally their presentations were in the CINN09 workshop,but as the talks were given on the "ommon" day, these presentations an be disussed in theontext of the topis addressed at the DNC09 workshop. It was pointed out that sp2-bondedarbon nanomaterials have a unique ability to heal defets suh as vaany lusters by formingnew bonds and mending the "holes" trough non-hexagonal rings.Extended defets were disussed in the presentation by Irene Suarez-Martinez, Institut desMatériaux Jean Rouxel, Frane, and in part by Laszlo Forro, Eole Polytehnique Fédéralede Lausanne, Switzerland. Carbon nanotube intramoleular juntions were addressed by AndresAyuela, University of San-Sebastian, Spain. Suh juntions, whih normally give rise to interfaestates, are typially made of topologial defets arising from the onnetion between tubes ofdi�erent hiralities. As pointed out in the presentation, although interfae states are ommonlyregarded as a drawbak in devie performane, they may atually provide a means of ahievingdiode behavior at the nanosale.Topi 2: E�et of defets on the eletroni and mehanial properties of nano-strutured arbon materialsThis topi was addressed in the presentations by Susumu Saito, Tokyo Institute of Tehnology,Japan. He pointed out that doping of semionduting nanotubes by boron and nitrogen atoms isan important proess to make p-type and n-type semiondutor nanotubes. Experimentally, how-ever, the atomially ontrolled substitutional doping into nanosale materials inluding arbonnanotubes remains to be realized in the future. S. Saito also reported a study of the energetisand geometries of B and N-doped arbon nanotubes in the framework of the density funtionaltheory. The eletroni properties of impurity-indued states ("impurity levels") in B and N dopedsemionduting arbon nanotubes were also studied in detail. Their spatial distribution is foundto orrelate well with the depth of the state from the top (bottom) of the valene (ondution)band. Deep states show rather narrow spatial distribution, while shallow states show wider dis-tribution. This topi was also addressed in the presentations by S. Louie who pointed out thatdoping of naontubes with B and N atoms may give rise to the new loalized states whih do notdiretly ontribute to the ondutane. S. Louie and D. Tomanek also disussed the e�ets ofdefets at the edges of graphene ribbons on the spin-polarized transport in these systems. It wasonluded that defets may be bene�ial, as edge defets (in pratie unavoidable, but di�erent21



at di�erent edges), may blok spin-polarized urrent with a partiular spin value, whih may beuseful for spintronis.As for mehanial properties, Laszlo Forro presented experimental results on improvements of thebending modulus of arbon nanotube bundle due to eletron irradiation. This happens throughirradiation-indued ovalent bonds between the nanotubes whih prevent sliding, and give riseto an improvement of mehanial properties of nanotube samples: despite a small drop in theYoung modulus and tensile strength due to vaanies, irradiation may have an overall positivee�et. The theory of irradiation-mediated enhanement of mehanial properties of multi-wallednanotubes, nanotube bundles and nanotube buky paper were presented by A. Krasheninnikov.The eletroni transport in pristine and defeted nanotubes was disussed at length byJ.-C.Charlier, Université Catholique de Louvain, Belgium. He spoke on the modi�ations induedby various defets in the eletroni properties of the arbon nanotubes, as reveled from �rst-priniples alulations. As the defets also play a key role in the hemial reativity of arbonnanotubes, the study of the modulation of the ondutane due to spei� moleules adsorbedat the defeted nanotube surfae was presented.The e�ets of defets on the eletroni properties of arbon nanomaterials were also disussed byFraneso Meruri, University of Perugia, Italy, within the framework of a hemial approah.Finally, the in�uene of defets on the mehanial and eletroni properties of arbon nanotubeswas disussed by Gotthard Seifert, Dresden University of Tehnology, Germany, and a omparisonto similar phenomena in non-arbon nanotubes was made, orroborated by a presentation fousedon experimental studies of inorgani nanotubes by Dmitri Golberg, Japan.Topi 3: Prodution of defets in arbon nanotubes and graphene under irradiationNumerous experiments pointed out that ontrollable introdution of defets into the arbonnetwork may give rise to new funtional devies, e.g., arbon nanotube-based quantum dots.Irradiation is a suitable tool for reation of defets either in the whole sample or in ertain partsusing foused ion or eletron beams. As for the latter, reation of defets by eletron beam ispartiularly hot subjet nowadays, as modern eletron mirosopes with aberration-orretedillumination systems allow the fousing of an eletron beam onto a speimen area of 0.1 nmin diameter. Hene, it is not only possible to obtain images by sanning the beam over thespeimen but also to irradiate the material in pre-determined areas with atomi-sale preision.As disussed by F. Banhart, atoms in graphiti strutures an be displaed by eletron beamwith eletron energies above 80 keV. Thus the transmission eletron mirosope an be used toreate point defets or extended defet strutures in graphiti nanomaterials in a ontrollablemanner, so that this tehnique an be used for engineering the atomi and eletroni struture ofarbon system. The theoretial aspets of defet prodution under eletron and ion irradiationas well as defet evolution were disussed by O. Yazyev, D. Tomanek, A. Krasheninnikov.Topi 4: Defet-mediated magnetism in nanostrutured arbon materialsObservations of magnetism in various metal-free arbon systems suh as polymerized fullerenesand graphite have stimulated muh experimental and theoretial researh work on the magnetiproperties of all-arbon systems. The driving fore behind these studies was not only to re-22



ate tehnologially-important, light, non-metalli magnets with a Curie point well above roomtemperature, but also to understand a fundamental problem: the origin of magnetism in a sys-tem whih traditionally has been thought to show diamagneti behavior only. The observedmagnetism may originate from defets. Indeed, irradiation of graphite with protons resultedin a signi�ant magneti signal, whih was explained in terms of vaany-hydrogen interstitialatom omplexes. The overview of this problem, along with DFT simulations of magneti arbonsystems with defets, was given by O. Yazyev.A theoretial study of substitutional Ni, Co and Fe impurities in graphene was presented byDaniel Sanhez Portal, Centro de Fisia de Materiales, San Sebastian, Spain. It was shown thatonly Co atoms are magneti with a magneti moment of ∼ 1µ B for the isolated impurity, andthat the magneti moment depends on the number of Co substitutions in A and B graphenesublatties. In ontrast to Co impurities, Ni substitutional defets show a zero magneti mo-ment in �at graphene. However, Ni impurities develop a non-zero magneti moment in metalliarbon nanotubes. This surprising behavior stems from the peuliar urvature dependene of theeletroni struture of Ni impurities. It was onluded that magneti/nonmagneti transitionsin systems with Ni impurities an be expeted by applying anisotropi strain to a �at graphenelayer.Topi 5: Experimental studies of native and irradiation-indued defets in arbonnanosystemsThe new developments in experiments were presented by F. Banhart, D. Golberg, O. Groen-ing and non-invited partiipants of the workshop, as disussed above. The dialog between thetheorists and experimentalist at the workshop was partiularly important: the new unpublishedexperimental results posed new questions to the theorists, and the workshop was a very goodopportunity to disuss new simulations hallenges.Unfortunately, due to three anellations (Y. Miyamoto, M. Endo from Japan had to aneltheir trips due restritions introdued by their organizations in the light of swine �u; A. Rubioould not ome due to personal matters), several important aspet of defets in nanostruutredarbon materials (annihilation of defets during the growth of arbon nanotubes, spetrosopiharaterization of defets) were not fully addressed. Nevertheless, based on presentations anddisussion during the workshop, one an draw the following onlusions:Main sienti� onlusions:
• The level of theoretial understanding of defets in single-layer arbon nanomaterials suhas graphene and single-walled arbon nanotubes is quite high, as evident from a goodagreement between theoretial and experimental results. Less is known about defets inmulti-walled arbon nanotubes or multi-layer graphene. The problem here is the rigorousaount for van der Waals interation between the graphiti sheets.
• sp2-bonded arbon nanomaterials have a unique ability to heal defets suh as vaanylusters by forming new bonds and mending the "holes" trough non-hexagonal rings.
• Due to high energeti barriers separating di�erent atomi on�gurations in arbon nano-23



materials the onentration of defets may be nonequilibrium under ertain onditions.
• Defets in arbon nanomaterials an have an overall positive e�et on the mehanial andeletroni properties in arbon nanomaterials.
• Defet may give rise to magnetism in graphene and graphite, and the experimental resultson the appearane of magneti signal in arbon systems after irradiation an naturally beexplained in terms of irradiation-indued defets.
• Controllable introdution of defets by eletron and ion irradiation is a promising tool fortailoring the properties of nanostrutured arbon materials.P r o g r a m m eDay 1 - May 11th, 200908:30 to 09:00 - Registration and Opening Remarks09:00 to 09:45 A01-invited: Florian BanhartThe formation and observation of individual vaanies in arbon nanotubes by a foused eletronbeam09:45 to 10:30 A02 - invited: Steven G LouieGraphene nanostrutures: Edges, ribbons, superlatties, and defetive tubes10:30 to 11:00 - Co�ee Break11:00 to 11:45 B - Summary Contributed Presentations11:45 to 12:30 - Contributed Session B12:30 to 14:00 - Lunh Break14:00 to 14:45 C01- invited: Dmitri GolbergEngineering of �lled arbon nanotubes in a transmission eletron mirosope14:45 to 15:30 C02 - invited: Susumu SaitoEnergetis and Eletroni Properties of Doped Carbon Nanotubes15:30 to 16:00 - Co�ee Break16:00 to 16:30 D01- ontributed: Irene Suarez-MartinezChemistry of di�erent arbon nanoforms16:30 to 17:00 D02 - ontributed: Gueorgui GueorguievDefets as struture-de�ning features in Fullerene-like Carbon Nitride and Phosphorus-Carbide17:00 to 17:30 D03 - ontributed: Sami MalolaEdge reonstrutions and gold in-plane of grapheneDay 2 - May 12th, 200909:00 to 09:45 E01- invited: Laszlo ForroExtended defets in arbon nanotubes and graphene09:45 to 10:30 E02 - invited: Chris EwelsMetals on Carbon Nanotubes10:30 to 11:00 - Co�ee Break11:00 to 11:45 F-Summary Contributed Presentations11:45 to 12:30 - Contributed Session F 24



12:30 to 14:00 - Lunh Break14:00 to 14:45 - G01 - invited: Oleg YazyevDefets in graphene and graphite: formation and magnetism14:45 to 15:30 G02 - invited: Daniel Sanhez PortalSubstitutional Transition-Metal Impurities in Grapheni Nanostrutures15:30 to 16:00 - Co�ee Break16:00 to 16:45 - H01 - invited: Oliver GröningEletron sattering observed by STM/STS at arti�ially reated defets on single-walled arbonnanotubes16:45 to 17:15 - H02 - ontributed: Giulio BiddauAtomi Pathways Towards the Synthesis of Fullerenes and Triazafullerenes from Polyyli Aro-mati Hydroarbons17:15 to 17:30 H03 - ontributed: Andres AyuelaInterfae States in Carbon Nanotube Juntions: Rolling up graphene 18:30 to 23:00 - ConfereneDinnerDay 3 - May 13th, 200909:00 to 09:45 J01 - invited: Jean-Christophe CharlierQuantum Transport in Carbon Nanostrutures inluding Defets09:45 to 10:30 J02 - invited: Franeso MeruriModeling of low-dimensional arbon nanostrutures: an e�ient approah based on hemialriteria10:30 to 11:00 - Co�ee Break11:00 to 11:45 L01 - invited: Gotthard SeifertThe in�uene of Defets in Inorgani Nanotubes on Eletroni and Mehanial Properties11:45 to 12:30 - Closing remarks12:45 to 14:00 - Lunh Break14:00 to 18:00 - CINN09 Workshop
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2.1.4 Report on Workshop on Transport in Nanostrutures"Theoretial Modeling of Transport in Nanostrutures"CECAM-HQ-EPFL, Lausanne, SwitzerlandJun 02, 2009 - Jun 05, 2009CECAM, Psi-k and Quantum WiseMagnus Paulsson and Vítor Manuel Garía-Suárezhttp://www.eam.org/workshop-272.htmlThe aim of the workshop �Theoretial Modeling of Transport in Nanostrutures� was to bringtogether various groups related to the topi of ab-initio quantum transport that are urrentlydeveloping and using di�erent odes, mainly in Europe but also in the rest of the world. Wefoused on both the results and the odes themselves, in an e�ort to inrease the appliabilityand e�ieny of the odes and look for solutions to some of the problems faed by the ommunity.Current �rst-priniples odes based on density funtional theory (DFT) allow the alulation ofthe transport properties of systems with hundreds of atoms. These systems inlude moleulesbetween metalli or semionduting leads, atomi onstritions and hains, nanowires and nan-otubes. The agreement between theory and experiments is getting better as the odes and theoryimprove and in most ases the di�erenes between theory and experiment are within one orderof magnitude. Several attempts have been made to inrease the appliability of DFT meth-ods, to inlude inelasti e�ets, spin degrees of freedom, non-ollinear magnetism, the spin-orbitinteration, and beyond-DFT approahes like self-interation e�ets, GW approahes, and time-dependent DFT (TDDFT). The aim at present is to develop feasible approahes to determinemore aurately the transport properties of a wide range of moleules. Suh approahes werereviewed and disussed extensively in the workshop.The workshop was divided in four days and inluded 34 talks and more than 10 posters. Thenumber of partiipants was 49 and inluded people from Europe, Ameria, Asia and Australia.The most ommon topi in all talks and posters was ab-initio quantum transport based on aombination of Density Funtional Theory and non-equilibrium Green's funtions. There werealso other topis related to quantum transport and the eletroni struture of matter, whihinluded ondensed matter physis, strongly orrelated systems and omputational physis.List of partiipants: 26
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Carl-Olof Almbladh, Andrés Arnau, Marius Bürkle, Ioan Baldea, Harold Baranger, Peter Bokes,Giovanni Borghi, Supriyo Datta, Anna Delin, Mads Engelund, Ferdinand Evers, Mike Ford,Thomas Frederiksen, Mihael Galperin, Amador Garía Fuente, Aran Garía-Lekue, VitorGeskin, Björn Hardrat, Eva Marie Kalivoda, Olov Karlström, George Kirzenow, Andor Ko-rmanyos, Tomasz Kostyrko, Colin Lambert, Alejandro López-Bezanilla, Jing-Tao Lu, LeonhardMayrhofer, Eunan MEniry, Frederio Novaes, Pablo Ordejón, Juan José Palaios, KyungwhaPark, Fabian Pauly, Alessandro Pehia, Alexandre Reily Roha, Stephan Rohe, Ivan Rungger,Daniel Sánhez Portal, Gabriele Slauzero, Alexander Smogunov, Robert Stadler, Kurt Stokbro,Kristian Thygesen, Thavdar Todorov, Alessandro Troisi, Yu Wang, Zeila ZanolliProgramDay 1 - June, 2nd 2009
• 14:30 to 15:00 - Welome
• 15:00 to 15:30 - Colin LambertControlled Eletron Transport Through Single Moleules
• 15:30 to 16:00 - Harold BarangerStrong Correlations in Quantum Dots and Wires: Quantum Monte Carlo Studies
• 16:00 to 16:30 - Vitor GeskinPartial vs. integer eletron transfer in moleular assemblies: on the importane of multi-determinant theoretial desription and the neessity to �nd a solution within DFT
• 16:30 to 17:00 - Co�ee Break
• 17:00 to 17:30 - Mike FordDensity Funtional based alulations for nanostrutures ontaining large numbers of atoms
• 17:30 to 18:00 - Supriyo DattaNanodevies and Maxwell's DemonDay 2 - June, 3rd 2009
• 09:00 to 09:30 - Kurt StokbroNew developments for ab initio and semi-empirial modeling of quantum transport ineletroni devies
• 09:30 to 10:00 - Mihael GalperinOptial response of urrent-arrying moleular juntions
• 10:00 to 10:30 - Tomasz KostyrkoA quest for a moleular diode based on the mehanism of elasti sattering in asymmetrijuntions
• 10:30 to 11:00 - Co�ee Break 27



• 11:00 to 11:30 - George KirzenowTheoretial Modeling of Transport in Moleular Nanostrutures: A Pragmati Approah
• 11:30 to 12:00 - Frederio NovaesTunneling aross a ferroeletri barrier: a �rst-priniples study
• 12:00 to 12:30 - Fabian PaulyControlling transport properties by moleular struture and light
• 12:30 to 15:00 - Lunh Break
• 15:00 to 15:30 - Ferdinand EversInterplay of harging, onformation and magnetisation in metal (II) organi omplexes: aDFT study
• 15:30 to 16:00 - Juan José PalaiosSpintronis with graphene nanoribbons
• 16:00 to 16:30 - Ivan RunggerBound and weakly oupled states in eletron transport alulations
• 16:30 to 17:00 - Co�ee Break
• 17:00 to 17:30 - Anna DelinNanomagneti phenomena in transition metal nanowires
• 17:30 to 18:00 - Thavdar TodorovCan urrent drive an atomi-sale motor?
• 18:00 to 19:30 - Poster SessionDay 3 - June, 4th 2009
• 09:00 to 09:30 - Daniel Sánhez PortalTilt angle dependene of eletroni transport in moleular juntions of self-assembled alka-nethiols
• 09:30 to 10:00 - Alessandro PehiaNON-EQUILIBRIUM GREENS FUNCTIONS AND DENSITY FUNCTIONAL TIGHT-BINDING: A CRITICAL REVIEW AND PERSPECTIVES OF FUTURE DEVELOP-MENT
• 10:00 to 10:30 - Kristian ThygesenInorporating Exhange-Correlation E�ets in Quantum Transport through Nano-saleJuntions
• 10:30 to 11:00 - Co�ee Break 28



• 11:00 to 11:30 - Robert StadlerInterferene e�ets and Fermi level alignment in eletron transport through nitro-benzenenano-juntions
• 11:30 to 12:00 - Alessandro TroisiMirosopi Modelling of harge transport in moleular rystals, polymers and liquid rys-tals
• 12:00 to 12:30 - Thomas FrederiksenEletron-vibration ouplings in single-moleule juntions
• 12:30 to 12:45 - Kurt StokbroSoftware demonstration from QuantumWise A/S
• 12:45 to 15:00 - Lunh Break
• 15:00 to 15:30 - Peter BokesStrobosopi wavepaket basis for time-dependent quantum transport simulations
• 15:30 to 16:00 - Alexandre Reily RohaEletroni transport in disordered systems: from gas sensors to spintronis
• 16:00 to 16:40 - Pablo OrdejónTransport in graphene layers onneted by arbon nanotubes
• 16:30 to 17:00 - Co�ee Break
• 17:00 to 17:30 - Kyungwha ParkFirst-priniples study of eletron transport through the single-moleule magnet Mn12
• 17:30 to 18:00 - Carl-Olof AlmbladhKadano�-Baym dynamis in strongly orrelated nanostrutures
• 20:00 to 23:00 - DinnerDay 4 - June, 5th 2009
• 09:00 to 09:30 - Andrés ArnauGeneralization of Bardeen's transfer Hamiltonian method to inlude inelasti urrents dueto eletron vibration oupling
• 09:30 to 10:00 - Jing-Tao LuAtomi dynamis in the presene of eletroni urrent: Semi-lassial Langevin equationapproah
• 10:00 to 10:30 - Stephan RoheComputational Strategies to Takle Mesosopi Transport & Devie Simulation in ComplexLow-Dimensional Strutures 29



• 10:30 to 11:00 - Co�ee Break
• 11:00 to 11:30 - Alexander SmogunovEletron transport aross loally magneti nanoontats
• 11:30 to 12:00 - Zeila ZanolliDefetive arbon nanotubes: magnetism, spin transport and gas sensing appliations
• 12:00 to 12:30 - Mads EngelundHeat Transport and Loalized Vibrational Modes in Mono-Atomi Gold Chains
• 12:30 to 12:40 - Closing word
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2.2 Reports on Psi-k Supported Collaborative Visits2.2.1 Report on a Collaborative Visit of Manuel dos Santos DiasCollaborative Visit of Manuel dos Santos Dias (University of Warwik) tothe Department of Theoretial Physis of the Budapest University ofTehnology and EonomisI visited the group of Prof. László Szunyogh1 in the Department of Physis of the BudapestUniversity of Tehnology and Eonomis from May 11th to 22nd, 2009. The purpose of this visitwas to establish a ollaboration between his group and our group at the University of Warwik,headed by Prof. Julie Staunton 2. We aim to develop and implement the formalism for the mag-neti suseptibility obtained from linear response on the Relativisti Disordered Loal Moment(RDLM) state. The visit was intended to last for a week, but fortunate irumstanes allowedme to extended it for another week without additional osts.Our proposed methodology is based on the Korringa-Kohn-Rostoker (KKR) method for ele-troni struture alulations, as developed in Multiple Sattering Theory language. This Green'sfuntion method is very suitable to treat systems in whih one has to perform ensemble averagesover on�gurations, either due to hemial disorder � using the Coherent Potential Approx-imation, or magneti disorder � the Disordered Loal Moment sheme. The non-relativistidesription of the stati magneti suseptibility is well developed 3, while its relativisti ounter-part was only partially treated, as of today 4,5. The full relativisti extension of the theory willallow the exploration of e�ets related to the magneti anisotropy of the systems under study,and this is the task that we intended to undertake, using a RDLM desription. This is veryrelevant to my PhD work, as I fous on trying to understand whih properties of exhange biassystems 6 an be derived from �rst-priniples eletroni struture alulations.During my stay I was able to beome pro�ient in the usage of the SKKR software pakage7, whih performs KKR alulations using the sreened struture onstants method on layeredsystems. Tests systems onsisted of the Cu(100) surfae, then with some Fe layers depositedon it. A bulk alulation for IrMn was also performed, by joining two semi-in�nite systems ofthis material. Both ordered and DLM alulations were onsidered. After I was familiar withthe SKKR pakage we ould start implementing the new ode, whih will allow us to obtainanisotropi magneti orrelations in layered systems, at �nite temperature. I had many fruitfuldisussions during my stay, on theoretial and pratial aspets of the problem, and on alterna-tive/omplementary approahes to it.1http://www.phy.bme.hu/�szunyogh/2http://www2.warwik.a.uk/fa/si/physis/theory/researh/eletrstr3I.D. Hughes et al. Nature 446, 650-653 (2007)4J.B. Staunton et al., Phys. Rev. Lett. 93, 257204 (2004)5J.B. Staunton et al., Phys. Rev. B 74, 144411 (2006)6U. Nowak, in Handbook of Magnetism and Advaned Magneti Materials, Vol.2, edited by H. Kronmüller andS. Parkin, Wiley, Chihester (2007), pp. 858�8767L. Szunyogh et al., Phys. Rev. B 49, 2721-2729 (1994)31



I am very grateful to the Psi-k network for making this visit possible. A speial thank you goesto Prof. Alfréd Zawadowski, whih made my extended visit possible, and to the warm hospitalityI reeived from him and all the members of the Department of Theoretial Physis in Budapest.
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3 General Job AnnounementsPh.D and Postdotoral positions inComputational Materials PhysisUniversity of Twente, Enshede, The Netherlands4 PhD/3 Postdo positions in Theoretial Condensed Matter Physis/Computational MaterialsSiene are available for graduates/PhDs with a top grade in theoretial physis or hemistry toarry out researh on
• First-priniples Quantum Transport (Spin and Moleular Eletronis)
• Novel Nano-Eletroni Materials (Graphene; Oxide interfaes)
• Lightweight Hydrogen Storage MaterialsThe researh is funded by the Duth FOM (Fundamental Physis of Matter; 4 positions) andACTS (Advaned Chemial Tehnologies for Sustainability; 1 position) researh foundations andby the EU (2 positions). Common to all the projets is the use of ab-initio eletroni struturealulations to study the physial properties (magneti, optial and eletrial) of ondensedmatter and to relate them to their hemial omposition and atomi struture. Candidates willbe expeted
• to aquire/have a broad knowledge of theoretial ondensed matter physis,
• to study in detail modern methods of eletroni struture theory,
• to develop new theoretial methods in a form suitable for numerial implementation and
• to apply them in the relevant problem areas.Experiene with modern methods of eletroni struture alulation is desirable/neessary.Suessful andidates will get a ontrat for 4/1+ years. The gross salary for a PhD student inthe �rst year is 2,042.- per month whih will inrease to 2,612.- in the fourth year. For postdos,salaries are in the range 2,861. - 3,755.- per month depending upon experiene.Candidates (PhD andidates should be no older than 26 years of age) are invited to submitappliations inluding a CV, list of university ourses followed and grades obtained, a list ofpubliations as well as the names and full ontat details of 2 referees to:Prof. P.J. Kelly,Faulty of Siene and Tehnology,University of Twente,P.O. Box 217,7500 AE Enshede,The Netherlands 33



E-mail: P.J.Kelly�utwente.nlTel.: +31-53-4893166Homepage: http://ms.tnw.utwente.nl/from whom partiulars about eah of the positions an be obtained.
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Post-dotoral Researh Positionin Moleular Dynamis and Nano-MetallurgyICB, Université de Bourgogne, Dijon, FRANCE"Mirosopi study of Nanometri Metalli Multilayer"A Postdo position is available for one year starting Mid September-Otober 2009.Desription:A nanometri metalli multiplayer (N2M) A/B is onstituted by alternated very thin slies ofmetals A-B-A- . This spei� morphology indues a high reativity whih is used for tehno-logial purposes like welding of amorphous materials or sensitive omponents. N2M obtainedby nano-deposition of metals are out of equilibrium systems. Their stability will depend on theompetition between the exess of free, interfaial and elasti energies. Moreover the nanometrisale indues very strong omposition gradients. It is espeially interesting to study the reativemehanisms assoiated with phase transformation at nanosales under suh non-equilibrium on-ditions when an exothermi front propagates in N2M. A mirosopi approah is highly promisingto understand these omplex phenomena and moleular dynamis is espeially suited for simu-lating the behavior of metals. During his(her) stay in our researh team, the andidate will fouson the study by moleular dynamis of a N2M with a liquid/solid interfae to understand howthe mirosopi properties in�uene the dynamial and strutural formation of intermetallis.Appliation:The post-dotoral andidate should be familiar with omputer sienes (lassial moleular dy-namis, omputer programming) and/or physial metallurgy.The position is open to non-Frenh young PhD (less than 5 years) who have never reeived asalary in Frane for researh ativities.The duration is one year. The net annual salary is 24,000 Euro.The appliation deadline is 15th of July 2009.The appliations should inlude :- Appliation letter highlighting relevant experiene- CV (mail, plae and date of birth, nationality, marital status, personal address in the ountryof origin)- List of publiationsFor further information and appliation submission, please ontat:�orene.baras�u-bourgogne.frolivier.politano�u-bourgogne.fr 35



POST-DOC PositionIEMN-CNRS LILLE, FraneWe have an opening for a 1-year postdo, to be arried out in the Theory Group at the IEMN (In-stitute of Eletronis, Miroeletronis and Nanotehnology) in Lille, Frane (http://theory.o.nr)starting Otober 2009. The projet will be entered around the theory of ontat mehanis andstrething of biomoleules (oligosaharides, glyoproteins), and moleular adhesion on surfaes,studied by Moleular Dynamis and other atomi-sale simulation methods.The suessful appliant will have a PhD in physis, hemistry, materials siene or related dis-iplines, with an adequate bakground knowledge of moleular physis, physial hemistry, on-densed matter physis, statistial mehanis; experiene in Fortran/C programming on Unix/Linuxlusters; moleular visualization.Send appliations with detailed CV and referenes to Prof. Fabrizio CLERI:fabrizio.leri�univ-lille1.frHome of famous sientists of the past, suh as Louis Pasteur, Albert Calmette, Jean Perrin,Lille is a lively ity ideally loated at the heart of Europe (1hr from Paris, 1h20 from London,30' from Bruxelles, 2h from Amsterdam, by fast train). The Lille area (pop. about 1,2M) hostsoutstanding R&D failities in nanotehnology, spetrosopy, laser physis, teleom, IT, hemistry,and is renowned for a world-lass luster of researh institutes foused on biomedial researh.
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4 AbstratsMagneti ground state and multiferroiity in BiMnO3I. V. SolovyevComputational Materials Siene Center,National Institute for Materials Siene,1-2-1 Sengen, Tsukuba, Ibaraki 305-0047, JapanZ. V. PhelkinaInstitute of Metal Physis, Russian Aademy of Sienes-Ural Division,620041 Yekaterinburg GSP-170, RussiaAbstratWe argue that the entrosymmetri C2/c symmetry in BiMnO3 is spontaneously brokenby antiferromagneti (AFM) interations existing in the system. The true symmetry isexpeted to be Cc, whih is ompatible with the nonollinear magneti ground state, wherethe ferromagneti order along one rystallographi axis oexists with the the hidden AFMorder and related to it ferroeletri polarization along two other axes. The C2/c symmetryan be restored by the magneti �eld B ∼ 35 Tesla, whih swithes o� the ferroeletripolarization. Our analysis is based on the solution of the low-energy model onstruted forthe 3d-bands of BiMnO3, where all the parameters have been derived from the �rst-priniplesalulations. Test alulations for isostrutural BiCrO3 reveal an exellent agreement withexperimental data.Referene: JETP Letters 89 (2009) 701Contat information: SOLOVYEV.Igor�nims.go.jp
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Eletroni struture and ioniity of atinide oxides from�rst-priniples alulationsL. Petit, A. SvaneDepartment of Physis and Astronomy, University of Aarhus,DK-8000 Aarhus C, DenmarkZ. Szotek, W. M. TemmermanDaresbury Laboratory, Daresbury, Warrington WA4 4AD, UKG. M. StoksMaterials Siene and Tehnology Division, Oak Ridge National Laboratory,Oak Ridge, Tennessee 37831, USAAbstratThe ground state eletroni strutures of the atinide oxides AO, A2O3 and AO2 (A=U,Np, Pu, Am, Cm, Bk, Cf) are determined from �rst-priniples alulations, using the self-interation orreted loal spin-density (SIC-LSD) approximation. Emphasis is put on thedegree of f-eletron loalization, whih for AO2 and A2O3 is found to follow the stoihiometry,namely orresponding to A4+ ions in the dioxide and A3+ ions in the sesquioxides. Inontrast, the A2+ ioni on�guration is not favorable in the monoxides, whih thereforebeome metalli. The energetis of the oxidation and redution of the atinide dioxides isdisussed, and it is found that the dioxide is the most stable oxide for the atinides from Nponwards. Our study reveals a strong link between preferred oxidation number and degreeof loalization whih is on�rmed by omparing to the ground state on�gurations of theorresponding lanthanide oxides. The ioni nature of the atinide oxides emerges from thefat that only those ompounds will form where the alulated ground state valeny agreeswith the nominal valeny expeted from a simple harge ounting.(Submitted to Phys. Rev. B)Contat person: Leon.Petit�stf.a.uk
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Strain e�ets in group-III nitrides: deformation potentials forAlN, GaN, and InNQimin Yan1, Patrik Rinke1, Matthias She�er1,2, Chris G. Van de Walle1
1Materials Department, University of California, Santa Barbara, CA 93106-5050, USA

2Fritz-Haber-Institut der Max-Plank-Gesellshaft,Faradayweg 4�6, 14195 Berlin, GermanyAbstratA systemati density funtional theory (DFT) study of strain e�ets on the eletroniband struture of the group-III nitrides (AlN, GaN and InN) is presented. To overome thede�ienies of the loal-density and generalized gradient approximations (LDA and GGA) theHeyd-Suseria-Ernzerhof hybrid funtional (HSE) is used. Cross-heks for GaN demonstrategood agreement between HSE and exat-exhange based G0W0 alulations. We observe apronouned nonlinear dependene of band-energy di�erenes on strain. For realisti strainonditions in the linear regime around the experimental equilibrium volume a onsistent andomplete set of deformation potentials is derived.(submitted to: Appl. Phys. Lett.)Contat person: Qimin Yan (qimin�engineering.usb.edu)
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Loal investigation of femtoseond laser indued dynamis ofwater nanolusters on Cu(111)Mihael Mehlhorn1, Javier Carraso2,3, Angelos Mihaelides 3,and Karina Morgenstern1

1Institut für Festkörperphysik, Leibniz Universität Hannover,Appelstraβe 2, 30167 Hannover, Germany
2Fritz-Haber-Institut der Max-Plank-Gesellshaft,Faradayweg 4�6, 14195 Berlin, Germany

3London Centre for Nanotehnology and Department of Chemistry,University College London, London WC1E 6BT, UKAbstratWe explore the dynamis of low temperature interfaial water nanolusters on Cu(111) byfemtoseond-laser exitation, sanning tunneling mirosopy and density funtional theory.Laser illumination is used to indue single moleules to di�use within water lusters andaross the surfae, breaking and reforming hydrogen bonds. A linear di�usion probabilitywith laser ÿuene is observed up to 0.6 J/m2 and we suggest that di�usion is initiated byhot eletron attahment and detahment proesses. The density funtional alulations shedlight on the detailed moleular mehanism for water di�usion that is determined by the loalstruture of the water lusters.appeared in: Phys. Rev. Lett. 103, 02610, (2009)Contat person: Angelos Mihaelides (angelos.mihaelides�ul.a.uk)
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Coupled luster benhmarks of water monomers and dimersextrated from DFT liquid water: the importane of monomerdeformationsBiswajit Santra1, Angelos Mihaelides1,2, and Matthias She�er1
1Fritz-Haber-Institut der Max-Plank-Gesellshaft,Faradayweg 4�6, 14195 Berlin, Germany

2London Centre for Nanotehnology and Department of Chemistry,University College London, London WC1E 6BT, UKAbstratTo understand the performane of popular density-funtional theory (DFT) exhange-orrelation (x) funtionals in simulations of liquid water, water monomers and dimers wereextrated from a PBE simulation of liquid water and examined with oupled luster withsingle and double exitations plus a perturbative orretion for onneted triples [CCSD(T)℄.CCSD(T) reveals that most of the dimers are unbound ompared to two gas phase equilib-rium water monomers, largely beause monomers within the liquid have distorted geometries.Of the three x funtionals tested, PBE and BLYP systematially underestimate the ostof the monomer deformations and onsequently predit too large dissoiation energies be-tween monomers within the dimers. This is in marked ontrast to how these funtionalsperform for an equilibrium water dimer and other small water lusters in the gas phase,whih only have moderately deformed monomers. PBE0 reprodues the CCSD(T) monomerdeformation energies very well and onsequently the dimer dissoiation energies muh moreaurately than PBE and BLYP. Although this study is limited to water monomers anddimers, the results reported here may provide an explanation for the overstrutured radialdistribution funtions routinely observed in BLYP and PBE simulations of liquid water andare of relevane to water in other phases and to other assoiated moleular liquids.(submitted to: Journal of Chemial Physis)Contat person: Angelos Mihaelides (angelos.mihaelides�ul.a.uk)
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Theory of shape evolution of InAs quantum dots onIn0.5Ga0.5As/InP(001) substrateP. Kratzer1, A. Chakrabarti2, Q.K.K. Liu3, and M. She�er4
1Fakultät für Physik, Universität Duisburg-Essen,D-47048 Duisburg, Germany

2 Raja Ramanna Centre for Advaned Tehnology, Indore 452013, India
3Theoretishe Physik, Hahn-Meitner-Institut, D-14109 Berlin, Germany

4Fritz-Haber-Institut der Max-Plank-Gesellshaft,Faradayweg 4�6, 14195 Berlin, GermanyAbstratIn this work, the quantum dot (QD) formation of InAs on In0.5Ga0.5As/ InP(001) hasbeen studied theoretially using a hybrid approah. The surfae energies were alulated us-ing density funtional theory. For the elasti relaxation energies ontinuum elastiity theorywas applied. This hybrid method, as already shown in the literature, takes into aount theatomi struture of the various faets of the QDs as well as the wetting layer. Our study dealswith the aspet of shape evolution of InAs QDs on a ternary substrate : It shows how the is-land shape lose to equilibrium evolves with varying volume in InAs/In0.5Ga0.5As/InP(001)epitaxy. Overall, our study indiates that for this system, there may exist two paths forisland growth: one path involves an early energeti stabilization of �at, hut-shaped islandswith high-index faets (that may persist due to kineti limitations), while the other pathinvol ves islands with larger height-to-base ratio that develop low-index faets. At largevolumes, the steeper, but more ompat islands tend to be energetially mo re favorableompared to the elongated shapes.appeared in: New. J. Phys. 11, 073018 (2009)Contat person: Peter Kratzer (Peter.Kratzer�uni-duisburg-essen.de)
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Strutural stability and magneti and eletroni properties ofCo2MnSi(001)/MgO heterostrutures: A density funtionaltheory studyB. Hülsen1, M. She�er1, and P. Kratzer2
1Fritz-Haber-Institut der Max-Plank-Gesellshaft,Faradayweg 4�6, 14195 Berlin, Germany
2Fakultät für Physik, Universität Duisburg-Essen,D-47048 Duisburg, GermanyAbstratA omputational study of the epitaxial Co2MnSi(001)/MgO(001) interfae relevant totunneling magnetoresistive (TMR) devies is presented. Employing ab initio atomisti ther-modynamis, we show that the Co- or MnSi-planes of bulk-terminated Co2MnSi form stableinterfaes, while pure Si or pure Mn termination requires non-equilibrium onditions. Exeptfor the pure Mn interfae, the half-metalli property of bulk Co2MnSi is disrupted by inter-fae bands. Even so, at homogeneous Mn or Co interfaes these bands ontribute little tothe minority-spin ondutane through an MgO barrier, and hene suh terminations ouldperform strongly in TMR devies.appeared in: Phys. Rev. Lett. 103, 046802 (2009)Contat person: Peter Kratzer (Peter.Kratzer�uni-duisburg-essen.de)
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Two-dimensional eletron gases: Theory of ultrafast dynamis ofeletron-phonon interations in graphene, surfaes, and quantumwellsM. Rihter1, A. Carmele1, S. Butsher1, N. Büking1, F. Milde1,P. Kratzer2, M. She�er3, and A. Knorr1
1Institut für Theoretishe Physik, Tehnishe Universität Berlin,D-10623 Berlin, Germany

2Fakultät für Physik, Universität Duisburg-Essen,D-47048 Duisburg, Germany
3Fritz-Haber-Institut der Max-Plank-Gesellshaft,Faradayweg 4�6, 14195 Berlin, GermanyAbstratMany-partile eletron-phonon interation e�ets in two-dimensional eletron gases areinvestigated within a Born�Markov approah. We alulate the eletron-phonon interationon a mirosopi level to desribe relaxation proesses of quantum on�ned eletrons onultrafast time sales. Typial examples, where two-dimensional eletron gases play a role,are surfaes and two-dimensional nanostrutures suh as graphene and quantum wells. Ingraphene, we �nd nonequilibrium phonon generation and ultrafast ooling proesses afteroptial exitation. Eletron relaxation dynamis at the silion(001)2×1 surfae exhibits twotime sales, orresponding to intrasurfae and inside bulk-sattering proesses. For GaAsquantum wells, we present broad emission spetra in the terahertz range assisted by LO-phonons of the barrier material.appeared in: J. Appl. Phys. 105, 122409 (2009)Contat person: Peter Kratzer (Peter.Kratzer�uni-duisburg-essen.de)
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Hubbard-U Band-Struture MethodsR. C. Albers1, N. E. Christensen2, A. Svane2
1Theoretial Division, Los Alamos National Laboratory,Los Alamos, NM 87545, USA,

2Department of Physis and Astronomy,Aarhus University, DK-8000 Aarhus C, DenmarkAbstratThe last deade has seen a large inrease in the number of eletroni-struture alula-tions that involve adding a Hubbard term to the loal density approximation band-strutureHamiltonian. The Hubbard term is then solved either at the mean-�eld level or with sophis-tiated many-body tehniques suh as dynamial mean �eld theory. We review the physisunderlying these approahes and disuss their strengths and weaknesses in terms of the largerissues of eletroni struture that they involve. In partiular, we argue that the ommonassumptions made to justify suh alulations are inonsistent with what the alulations a-tually do. Although many of these alulations are often treated as essentially �rst-priniplesalulations, in fat, we argue that they should be viewed from an entirely di�erent pointof view, viz., as phenomenologial many-body orretions to band-struture theory. Alter-natively, they may also be onsidered to be just a more omplex Hubbard model than thesimple one- or few-band models traditionally used in many-body theories of solids.(J. Phys.: Cond. Matter, aepted)Manusript available from: ond-mat: arXiv:0907.1028 or email: svane�phys.au.dk
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Absorption Charateristis of a Quantum Dot Array InduedIntermediate Band: Impliations for Solar Cell DesignStanko Tomi¢a), Tim S. Jonesb), and Niholas M. Harrisona,c)

a)Computational Siene and Engineering Department,STFC Daresbury Laboratory, Cheshire WA4 4AD, United Kingdom
b)Department of Chemistry, University of Warwik,Coventry CV4 7AL, United Kingdom

c)Department of Chemistry, Imperial College,London SW7 2AZ, United KingdomAbstratWe present a theoretial study of the eletroni and absorption properties of the inter-mediate band (IB) formed by a three dimensional struture of InAs/GaAs quantum dots(QD's) arranged in a periodi array. Analysis of the eletroni and absorption struturesuggest that the most promising design for an IB solar ell material, that will exhibit its ownquasi-Fermi level, is to employ small QDs (∼ 6-12 nm QD lateral size). Use of larger QDsleads to extension of the absorption spetra into a longer wavelength region but does notprovide a separate IB in the forbidden energy gap.(Applied Physis Letters 93, 263105 (2008)Contat person: Stanko Tomi¢ (stanko.tomi�stf.a.uk)
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Exitoni and biexitoni properties of single GaN quantum dotsmodelled by 8-band k · p theoryStanko Tomi¢(a) and Nenad Vukmirovi¢(b)
(a)Computational Siene and Engineering Department,STFC Daresbury Laboratory, Cheshire WA4 4AD, United Kingdom

(b)Computational Researh Division, Lawrene Berkeley National Laboratory,Berkeley, California 94720, USAAbstratExitons and biexitons in GaN/AlN quantum dots (QD) were investigated with speialemphasis on the use of these QDs for single photon soure appliations. The theoreti-al methodology for the alulation of single-partile states was based on 8-band strain-dependent envelope funtion Hamiltonian, with the e�ets of spin-orbit interation, rystal-�eld splitting, piezoeletri and spontaneous polarization taken into aount. Exiton andbiexiton states were found using the on�guration interation method. Optimal QD heightsfor their use in single-photon emitters were determined for various diameter to height ratios.The ompetition between strong on�nement in GaN QDs and internal eletri �eld, gen-erally reported in wurtzite GaN, was also disussed, as well as its e�et on appearane ofbound(Aepted for publiations in Physial Review B )Contat person: Stanko Tomi¢ (stanko.tomi�stf.a.uk)
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5 SCIENTIFIC HIGHLIGHT OF THE MONTH
Ab initio methods for biologial systems: state of the art and perspetivesLeonardo Guidoni1, Carme Rovira2, Marialore Sulpizi3

1 Dipartimento di Chimia, Ingegneria Chimia e Materiali, Università degli Studi de L'Aquila,Italy
2Computer Simulation and Modelling Laboratory, Par Cientifì de Barelona, Barelona,Spain

3 Cambridge University Centre for Computational Chemistry, Cambridge, United KingdomAbstratAb initio quantum mehanial simulations of biologial systems are expanding their apa-bilities to approah a variety of fundamental problems in biology. We review the progress onmethod development in the �eld ahieved in the last years, fousing on emerging tehniquesthat might beome more relevant in the near future. A brief survey on reent appliationsin the �eld of enzyme atalysis and alulations of protein redox properties is also reported.1 IntrodutionIn the last years biology entered the post-genomi era, expanding the researh e�orts from thesingle moleule studies to the extensive study of interplay between di�erent biomoleules. Alarge e�ort is urrently ongoing on protein networks and protein-protein interations researhwith the main target to bridge the strutural and biohemial properties of individual biologialmoleules with their olletive behavior in ell yles and signalling [1℄. Bridging these sales isan fundamental step in the knowledge of biology and it will bring more quantitative desription ofbiologial phenomena, opening new perspetives in drug design, tehnology and medial researh.At the same time, and from the side of Biophysis and Strutural Biology, a mehanisti approahto many biomoleules is made possible thanks to the growing availability of experimentallydetermined 3D moleular strutures re�ned with atomi resolution. Using strutural information,single moleule manipulation, and spetrosopy, is nowadays possible by experiments to unravelmovements and eletroni properties of living matter with aurate and time resolved details [2℄.In this ontext, moleular modelling is also expanding its role. The understanding of the detailsat the atomi level of the interations between proteins, nulei aids, substrates, ofators anddrugs has aquired a renovated key role in the ontext of quantitative biology and post-genomis.48



A variety of simulation tehniques, ranging from eletroni struture alulations to lassialmoleular dynamis (MD) and oarse grain models, has to be used to bridge the gap betweenspetrosopi data, strutural information, and biologial signi�ane. The quantitative anddetailed understanding of properties and moleular mehanisms of biomoleules has been reentlythe subjet of di�erent ab initio studies in the �eld of photoreeptors [3�6℄, eletron transferand redox proteins [7, 8℄, transition metal enzymes [9, 10℄, and omputational (bio)spetrosopy(inluding optial, infrared, Raman, EPR, and NMR spetrosopy) [11�13℄.From the point of view of the atomisti omputer modelling, two levels of omplexity will hal-lenge our ommunity for the next years: the intrinsi hemial omplexity of the biomoleulesand the neessity to over the gap, in term of size and time, between what has to be simulatedat the quantum level and all the rest of the (neessary) biologial environment. The auray ofab initio moleular dynamis based on Density Funtional Theory (DFT) is su�ient to providea orret desription of the eletroni struture for large lasses of biomoleules, but not alwaysfor spei� sets of problems in the �eld of multi-enter transition metal enzymes, photoreeptorsand eletron transfer proteins. The oupling between DFT-based ab initio MD and lassialmoleular dynamis, in the framework of Quantum Mehanis / Moleular dynamis simula-tions [14,15℄, has suessfully ontributed to link the quantum properties of an ative site to thewhole biomoleular environment for a variety of systems [16�19℄.Here we will shortly overview the omputational methods used in the �eld of biomoleules men-tioning also a seletion of emerging methods that may have an inreasing relevane in the futurefor the study of the eletroni struture of biologial systems. We also report a very limitednumber of appliations, being onsious that it will not be able to over important ontributionsto several ative groups. Complementary and more omplete surveys on ab initio modellingon biologial systems an be found in a previous newsletter [20℄ and in several reviews on thesubjet [21�25℄.2 Methods2.1 Classial, Quantum and hybrid Quantum/Classial simulationsDealing with eletroni struture alulations of biomoleules annot abstrat from a desriptionof the biomoleules at the level of lassial moleular dynamis. The use of fore-�eld based MD isindeed neessary, either to enhane the sampling of the onformational spae or to inlude, usinghybrid methods, the environment that annot be desribed at the full quantum level beause ofomputational osts. Classial, i.e. fore-�eld based, setups of biologial systems have typially
104 − 105 atoms and a sampling of the phase spae is ruial to overome onformational andbond breaking/forming barriers. Enhaned sampling tehniques an signi�antly improve theexploration of the phase spae of biologial maromoleules and reative systems. Among theothers, the reently developed metadynamis [26, 27℄ has been suessfully used in biomoleularsimulations oupled with lassial [28, 29℄ and ab initio moleular dynamis [30, 31℄.Ab initio moleular dynamis at �nite temperature is ommonly used to study biologial systemsin the framework of Density Funtional Theory [32℄ beause of the good ompromise between49



hemial auray and omputational osts. The hoie of the exhange-orrelation funtionalis ruial for many biomoleules. Gradient orretions are usually neessaries and di�erent ap-proahes may be preferred aording to the kind of system and alulation performed. Thepopularity of BLYP funtional [33, 34℄ omes from its apabilities to give a good desription forhydrogen bonding systems [35,36℄. The B3LYP hybrid funtional [37℄ an provide a better esti-mate of reation barriers [38℄ but it has not been extensively used so far in ab initio MD beauseof the high omputational ost of its implementation within a pure plane-wave sheme. Bekeand Perdew [33, 39℄ funtionals are preferred for transition metal omplexes whereas Perdew,Burke and Ernzerhof funtional [39℄ is more used in exited states alulations. Two alternativesare urrently used in ab initio moleular dynamis: a pure plane wave (PW) approah and aGaussian and plane wave (GPW) method [40�42℄. In the PW method ore eletrons an bereplaed using norm-onserving (Trouillier-Martins [43℄, Goedeker, Teter and Hutter [44℄) andnon-norm-onserving ultrasoft (Vanderbilt [45℄) pseudopotentials. The Gaussian and plane wavemethod o�ers a onvenient alternative, speially suited for the use of hybrid exhange-orrelationfuntionals. Reent simulations of several tens of pioseonds on liquid water reently demon-strated the possibility to perform ab initio MD using B3LYP funtional [46℄. To irumventthe inability of urrent exhange-orrelation funtionals to inorporate dispersion fores, a pseu-dopotential sheme has been developed by the group of Rothlisberger [47, 48℄. Higher angularmomentum dependent terms of the pseudopotentials are optimized using orrelated alulationsreferenes, obtaining very good results for weakly bound systems [49, 50℄ and liquid water [51℄.Using hybrid Quantum Mehanis / Moleular Mehanis (QM/MM) approahes it is possibleto limit the size of the part of the system that is desribed at the quantum level to the atomsbelonging to the reative part of the system (for instane the ative site of the enzyme or thehromophore of a photoreeptor), whereas the rest of the atoms (protein and solvent) are treatedat the lassial fore-�eld level. Quantum Mehanis and Moleular Mehanis system an beoupled in a fully Hamiltonian way using the sheme from Rothlisberger and oworkers [14, 15℄.A reent extension of QM/MM tehniques in the PWG approah is reported by Laino et al.[52, 53℄. A more extensive method overview of QM/MM appliations to biomoleules has beenalso reported in several reviews [20�25, 54℄.It is interesting to note in the literature an expansion of ab initio MD tehniques to the studyof systems that were previously onsidered well desribed by lassial mehanis. One exampleis represented by potassium hannel proteins, usually treated at the level of lassial mehanissine no bond breaking or forming proesses is ourring during ion permeation through thehannel pore. On the ontrary, ab initio alulations demonstrated that the interation betweenthe permeating ations and the protein arbonyl ligands annot be straightforwardly desribed bystandard nonpolarizable fore-�elds [16,55,56℄. In addition, the permeation mehanism is oupledwith a proton transfer between surrounding ionizable residues [57℄ that annot be modelledlassially.2.2 Calulations of redox propertiesRedox properties an be alulated aording to a MD method based on Marus theory [58℄ asoriginally proposed by Warshel [59℄. This sheme has been developed and implemented for use50



in DFT based ab initio moleular dynamis simulations [8, 60�64℄. For a large lass of proteinsthe ET ativity falls within the Marus regime, and the oxidation free energy (∆A) and thereorganization free energy (λ) for the half reation an be omputed from ensemble averages ofthe vertial ionization energy (∆E), aording to the following equations:
∆A =

1

2
(〈∆E〉red + 〈∆E〉ox) (1)

λ =
1

2
(〈∆E〉red − 〈∆E〉ox) (2)Subsripted angular brakets denote averages over equilibrium trajetories of the system in re-dued (red) and oxidized (ox) state. In the hybrid sheme used for the study of redox propertiesin rubredoxin and whih we review as an example here ∆E is still omputed using DFT butthe atomi on�gurations are extrated from lassial simulations. The aim of the method isto ombine the long time sale aessibility of the lassial model with the quantum-mehanialmethods to alulate ionization energies. When the size of the system does not permit a full DFTalulation a QM/MM approah an be used to alulate the energy of single on�guration [7,65℄.For alulations of redox reations in proteins an important issue is to have reliable startingstruture for the initial on�gurations of the oxidized and redued forms. Indeed proteins anundergo some major rearrangement upon oxidation/redution whih an be quite di�ult tomodel.Another issue regards the quality of our DFT desription for the metal enters. In partiularGGA funtionals have been widely employed for alulations on biologial systems, but theyare not aurate enough for the desription of metal enters where eletroni orrelation playsan essential role. In the ase of rubredoxin, whih we will disuss in a following setion, thefuntional auray has been tested omparing eletron detahment energies of small lusters(Fe(SCH3)4) with previous alulations and experimental data.2.3 Emerging tehniquesFor many hemial and biohemial systems, DFT turned out to be a good ompromise betweenmethod reliability and omputational ost. Albeit this suess in stati alulations and ab initiomoleular dynamis, the urrent approximations to the exhange-orrelation funtional are soureof well-reognized and serious failures [66℄. Systems where these limitations are evident are forexamples, free radials and transition metals with semi-�lled d−shell (suh as Cr, Mo, Fe, Ni,Mn) [67℄. The drawbaks also a�et the time dependent version of Density Funtional Theory(TD-DFT) [68℄, ausing unsatisfying estimates in the alulation of eletroni exitations of avariety of moleular systems, one among the simplest being liquid water [69, 70℄. The use oforrelated quantum hemistry tehniques, suh as perturbative methods (MP2,MP4), oupledluster (CC), and on�guration interation (CI) are limited to rather small biomoleules beausethe required omputational resoures grow very rapidly with the system size (see for instaneref. [71℄). The searhing for highly-aurate and size-salable quantum algorithms will be in thenext years a ruial hallenge for the ommunity working on ab-initio methods for biomoleules.An inomplete survey on emerging tehniques is reported hereafter.DFT extended shemes were proposed to study transition metal omplexes beause of the di�-51



ulties enountered by urrent funtionals to orretly estimate the eletroni orrelation e�ets,espeially in multi-enter transition metal omplexes. In the so alled broken symmetry approahthe spin oupling onstant J between antiferromagnetially oupled metal enters is estimated byarrying out independent alulations for several spin on�gurations. The energy of all di�erentspin states an be subsequently estimated using a Heisenberg Hamiltonian with oupling J . Thistehnique has been suessfully used to study iron-sulfur atalyti enters [72℄ and it has beenreently extended and applied in an ab-initio moleular dynamis ontext [73℄. The dynamialmagnetostrutural properties of the 2Fe − 2S iron-sulfur luster of ferredoxin were studied us-ing QM/MM [74℄, revealing the time-dependent interplay between the magneti properties ofthe di-iron enter and the protein environment. Another extension of DFT methods relevantfor transition-metal ative site hemistry is the DFT+U method, where a generalized-gradientapproximation is augmented by a Hubbard U term [75℄. A self-onsistent DFT+U approah hasbeen reently shown to suessfully reprodue the eletroni properties of the iron dimer and thespin and energetis of gas-phase iron-based reations [76,77℄. Although not easily generalized toall transition-metal systems, both the above ited methods have the advantage that they requirea omputational e�ort omparable with that of plain DFT.Green's funtion based methods, suh as GW approximation and Bethe-Salpeter equation aretraditionally used to alulate eletroni exitations in ondensed matter systems [78℄. In a om-bined approah with lassial moleular dynamis, these methods have been reently suessfullyextended to alulations of absorption spetra of liquid water [70,79℄. The exited state proper-ties of the indole moleule, the aromati omponent of the tryptophan amino-aid, has been alsostudied in solution by alulating eletroni exitations using many body perturbation theory onsnapshots extrated from a QM/MM simulation based on DFT [80℄. These enouraging resultssuggests that Green's funtion methods an be suitable and a�ordable tehniques to study theeletroni exitations of other biomoleules that annot be properly approahed using TDDFT.Another emerging tehnique in the �eld of biomoleule is Quantum Monte Carlo. It has beensuessfully employed in the past to ompute ground-state properties of systems where eletronorrelations play a ruial role (see for instane the review [81℄). An extended formulation hasexpanded its apabilities to investigate eletronially exited states [82℄. The QMC method,traditionally largely applied in many body physis and in Bose ondensates, has been also usedto orretly takle di�ult ases in quantum hemistry suh as: radials [83℄, transition metals[84,85℄, eletroni exited states [82,86℄, anion-π and π-π interations in aromati moleules [87℄,van der Waals fores [88℄, and hydrogen bonding interations [89, 90℄. For hydrogen bondingsystems, the water dimer dispersion urve was investigated both at the Variational Monte Carloand at the Di�usion Monte Carlo level [90℄. The experimental binding energy and the MP2 energyurve as a funtion of the distane between the two water moleules for the dimer were fairlyreprodued. The physial interpretation of the resonating valene bond variational wave funtiono�ered also the possibility to disset the ovalent and dispersion van der Waals ontributions tothe H-bonding energy, estimated to be about 1.5 and 1.1 kal/mol, respetively. The energetisof larger water lusters were also investigated by QMC and ompared with MP2 and DFT [91℄.From the side of eletroni exitations, QMC alulations have shown to provide the orretexited state energy surfae in one of the most representative example of TDDFT failure, theprotonated Shi�-base model [82℄, whih is a small analogue of the retinal protonated Shi� base,52
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Figure 1: Minimum energy strutures obtained from QM/MM simulations of the enzyme-substrate omplex of Baillus 1,3-1,4-β-gluanase, a family 16 glyoside hydrolase (Referene:Biarnes et al. J. Biol. Chem. 2006). The substrate (a 4-methylumbelliferyl tetrasaharide) isshown in liorie representation.the hromophore of rhodopsin.3 Appliations3.1 Enzyme atalysisThe way enzymes perform its atalyti funtion has long fasinated not only biologists but alsohemists and physiists [92�94℄, beause subtle hanges in the speies involved (e.g. ligand,substrate, enzyme) may lead to serious diseases [95℄. Therefore, eluidating how enzymes workat the atomi level is extremely relevant to �nd better drugs. Sientists have long sought theorigin of the lowering of the ativation energy barrier by enzymes, i.e. whether they stabilize theTS or raise the relative energy of the substrate (substrate preorganization [96℄). Nevertheless,the moleular details of many enzymati mehanisms still remain a mystery. Very often atal-ysis depends on the interplay between struture/eletroni reorganization and dynamis. Forinstane, a distortion of one single sugar unit from a hair onformation to a boat-like is ruialfor glyoside hydrolases to break the glyosidi bonds in arbohydrates. At the same time, thedistortion raises the harge at the anomeri arbon and elongates the glyosidi bond distane,thus favoring atalysis [97℄ (Figure 1).Another example is the binding of oxygen to myoglobin (Mb) and hemoglobin (Hb). The heme53



ative enter hanges its eletroni on�guration upon binding, from a high spin (i.e. maximumnumber of unpaired eletrons) to low-spin state, at the same time that the bond between the ironatom and the oxygen ligand develops [98℄. The deomposition of the superoxide radial (O−

2 )into hydrogen peroxide and oxygen by superoxide dismutases, for instane, involves hanges inthe oordination state of the ative speies as well as in their oxidation states [95℄. Deipheringthese proesses from an eletroni point of view is neessary for understanding the mehanismsbehind the enzymati atalysis, as well as designing small moleules able to a�et the biologialfuntion of the protein.In the past few years, ab initio methods have ontributed important insights into the atalytimehanisms and strutural features of a variety of enzymes (for reent reviews see e.g. [54℄; [99℄).This progress has been possible also beause of the inreased omputer power, and the ontinuousdevelopment of tehniques suh as QM/MM and methods to aelerate sampling of free energysurfaes (metadynamis [26℄, transition path sampling [100℄ or steered moleular dynamis [101℄).Beause of the large number of ab initio appliations to enzymes that appeared in the literaturein the last few years, it is learly impossible to review all of the work appeared so far. Herewe will review only few representative examples, hoping to give a �avor of whih problemsan be addressed nowadays with ab initio methods. Metal-ontaining proteins represent almosthalf of the proteome of living organisms. Very often, the metal is present in the ative siteand plays a role in atalysis. Zin metallo β-latamases (MβLs) hydrolyze the β-latam N-Cbond of β-latam antibiotis aided by one or two Zn2+ ions. Ab initio QM/MM simulationshave shown that the �exibility of the Zn2+ oordination sphere plays a key role in the enzymereation [54, 102℄. Mg2+ ions are present in several enzymes that hydrolyze hemial bondssuh as epoxide hydrolase and ATPases [103℄. In both ases, ab initio and QM/MM simulationsinluding solvent water moleules in the QM region found that the water moleules assist thehemial reation. These alulations were done in moderately large systems (about 50 QMatoms) but required large simulation times (100-200 ps). Similarly, two Mg2+ metals supportthe formation of a metastable intermediate along the reation in ribonulease H, but the role ofsolvent waters in mediating proton transfer events is ruial ( [104℄). All these works suggest thegeneral importane of expliitly inluding solvation e�ets at the atalyti site for the orretdesription of an enzymati mehanism at the atomi level.Hemeproteins (metalloprotein ontaining a heme prostheti group) are an important group ofproteins and enzymes that arry out a variety of relevant biologial funtions, inluding oxygentransport and storage (hemoglobin and myoglobin), eletron transfer (ytohromes), dispropor-tionation of toxi hydrogen peroxide (atalases) and oxidation of substrates (peroxidases). Thisdiversity of funtions originates from the versatility of the heme group and the variety of in-terations with protein sa�olds that generate di�erent heme environments [105℄. Beause ofthe large size of the iron-porphyrin (38 atoms), ab initio alulations in hemeproteins are par-tiularly demanding [106℄ (e.g. the iron-porphyrin, without the substituent groups forming theheme, plus several protein residues in its viinity easily makes about 150 atoms) [107℄. For thehybrid atalase-peroxidase, whih ontains a Met-Tyr-Trp addut above the heme (essential foratalysis), the number of QM atoms to be inluded is about 250 [10℄. During the last few years,a large e�ort has been devoted not only to haraterize reation intermediates with a omplexeletroni struture (e.g. the main reation intermediate of the reation yle of peroxidases,54



atalases, ytohrome P450 and nitri oxide synthase is an oxyferryl-porphyrin ation radialnamed "ompound I", Cpd I [107, 108℄) but also in eluidating the mehanism of their forma-tion/disappearane [108, 109℄. For peroxidases, in whih the ative site is solvent-exposed, themehanism of Cpd I formation was found to rely on the entrane of water moleules to the ativesite [109℄. Again, this reinfores the ative role that water moleules play in enzyme atalysis.In ontrast to peroxidases, the ative site of atalases is buried in the protein. Catalase Cpd Ireats with hydrogen peroxide (H2O2) and deomposes it to H2O and O2 (Figure 2).QM/MM metadynamis simulations have shown that there are two ompeting mehanisms todeompose hydrogen peroxide [9℄. One of them is onsistent with previous proposals based onstrutural information, whereas the other one explains the results of kineti investigations onenzyme mutants.Another problem in this �eld that has been investigated onerns the long-standing questionof how myoglobin disriminates between poisonous CO and O2. During the past deade, itwas demonstrated that CO distortion is not responsible for CO disrimination [110�112℄. DeAngelis et al. reently quanti�ed the relevane of other fators, mainly hydrogen bonding of thebound oxygen [113℄. A large e�ort has been also devoted to investigate how hemoglobins fromdi�erent speies bind oxygen [114℄. Ab initio alulations have also ontributed to understandthe sometimes ambiguous iron-oxygen distanes found in X-ray strutures of heme proteins [107,115, 116℄.It should be taken into aount that ab initio modeling of enzymes needs aurate strutures asinput. As the number of high resolution strutures of omplex systems inreases, more aurateanalysis an be performed. This is the ase, for instane, of reent studies on membrane proteins[117�119℄, photoative proteins [17, 120�122℄ or DNA-protein omplexes. The reently solvedX-ray struture of a omplex between photolyase and a double-stranded DNA oligomer provideda suitable starting struture for performing omputational studies to eluidate the mehanistinature of the photohemial repair. QM/MM moleular dynamis simulations [123℄ eluidatedthe role of the various amino aids in the ative site of the damaged DNA-enzyme omplex.3.2 Redox properties in proteinsBio-inorgani oxidation/redution enzymes and metalloproteins represent more than 40% ofIUBMB lassi�ed proteins and are not only vital to biologial energy onversion in photosynthe-sis and respiration, but are also ritial to a growing number of signalling proesses governinggene regulation and expression [124℄. Understanding the mehanism of eletron transfer (ET)between two metal sites or metal site and organi substrate is therefore of both theoretial andpratial importane. The key question is how metalloproteins ontrol whih proesses are ther-modynamially feasible (i.e., redution potentials) and how fast they our (i.e., rate onstants).Some of the issues that have been raised in this ontext onern the ompetition between shortrange e�ets, in essene the oordination hemistry of the metal ion, and long range e�ets, forexample the reorganization of the protein, the plaement of harged and polar residues, the aessto the solvent. Related to this is the question of the relative importane of eletroni relaxatione�ets, suh as the di�erene between hard and soft ligands and eletroni polarization of the55
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Figure 2: (a) The moleular mehanism of the atalase reation (optimized strutures of thereatants and produts). (b) The orresponding reation free energy surfae obtained fromQM/MM metadynamis simulations using two olletive variables. Referene: Alfonso-Prietoet. al. J. Am. Chem. So. 2009.
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protein, versus the reorganization due to atomi motion.In this highlight we disuss as an example the alulations of redox properties of Rubredoxin(Rd)[8℄, a small and omparatively simple iron-sulfur protein. This is a partiularly interesting ase,sine it is possible to ombine a full ab initio desription of the eletroni struture of the proteinin expliit solvent with sampling of the relevant time sale of the protein dynamis using ahybrid method based on a fore �eld moleular dynamis / density funtional theory sheme.Applying this sheme within the framework of Marus theory [58℄ we are able to reprodue theexperimental redox potential di�erene of 60 mV [125℄ between a mesophili and thermophilirubredoxin within an auray of 20 mV. The redox potential is modulated by the hydrogenbond interations of the ligand ysteines with the NH groups of nearby residues with a strongernetwork of hydrogen bonds leading to more positive redution potentials. We also ompute thereorganization free energy for oxidation of the protein obtaining 720 meV for the mesophili and590 meV for thermophili variant. Deomposition of the reorganization energy using the lassialfore �eld shows that this is largely determined by the solvent, with both short range (an oxidationindued hange of oordination number) and long range (dieletri) ontributions. The 130 meVhigher value for the mesophili form an be attributed to the di�erent dieletri response ofthe solvent in the surrounding of the ative site. These results underline the importane of amoleular desription of the solvent and of a orret inlusion of polarization e�ets.A major advantage of a DFT sheme here is that it aounts for eletroni relaxation e�etsin response to oxidation/redution. Suh e�ets inlude ligand-metal harge transfer and theadjustment of hydrogen bond strength of oordinated protein residues and solvent. Withina DFT desription of the vertial ionization energy for the entire solvated system, as appliedhere, also the instantaneous equilibration of eletroni polarization to the new solute hargedistribution is inluded. This an lead to a signi�antly lower estimate of the reorganizationenergy ompared to a lassial model with �xed harges.We have shown that with modern omputational methods alulations on a full small size proteinare within reah and an o�er a powerful preditive instrument to quantify properties, suh asthe reorganization energies, whih are not easily measured by experiments.4 ConlusionsIn the last years eletroni struture tehniques and ab initio moleular dynamis have furtherexpanded their apabilities to understand struture/funtion relationships of biomoleules to aninreasing lass of systems. In this brief review on the state-of-the art of methods and appliationswe have tried to make a survey on the last progresses in the �eld that might be representativebut far from being omplete. Two main problems are urrently preventing ab initio alulationsto takle with suess a wider lass of hallenging problems in biology: the size of the systemsand the quality of the eletroni struture methods. QM/MM methods are a �rst step to tryto �ll this gap and further development of multisale methods is desirable in the future. Wehave also seen how di�erent emerging quantum tehniques seem promising starting points togo beyond standard DFT alulations. Thanks to this double e�ort, we may hope to takle inthe next years open questions in eletron transfer, eletroni exitations of photoreeptors, and57



Figure 3: Representative MD on�guration of rubredoxin generated from a 1IRO rystal struture[126℄ as employed in the DFT alulations. The periodially repeated simulation ell, with edges31.136, 28.095, 30.502 Å ontains the protein, 678 water moleules and 9 Na+ ounterions. Theorange isosurfae represents the spin density for the oxidized state (harge 0, spin 5/2) at 0.005a.u.. Hydrogen bonds between sulfur atoms in the ative enter and nearby bakbone NH groupsare also highlighted.
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