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Bernard Amadon, 
CEA, DAM, DIF, F 91297 Arpajon, France 
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First-principles study (GW+PAW) on new oxynitride phosphors for white LED 
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Neuve, Belgium 2. CERDECAM, Institut Suprieur Industriel ECAM, Bruxelles, Belgium 3. Mitsubishi 
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Influence of biaxial strain on spinodal decomposition in magnetic semiconductor alloys 
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1. Universidade Federal da Fronteira Sul, Realeza, PR, Brazil 2. Instituto Tecnológico de Aeronáutica, 
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Atomic and electronic structure of Co2CrAl/NaNbO3/Co2CrAl magnetic tunnel junctions 
Cai Yongqing1, Zhang Chun1,2, Feng Yuan Ping1  
1. Department of Physics, National University of Singapore, 2 Science Drive 3, Singapore 117542, 
Singapore, 2. Department of Chemistry, National University of Singapore, 2 Science Drive 3, Singapore 
117542,Singapore 
D1 A3 9 
 
Solvation and thermal effects on the optical properties of natural dyes:  a case study on the 
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Long-wavelength properties of metallic systems studied by ab initio methods 
Marco Cazzaniga1, Lucia Caramella1, Nicola Manini1 Giovanni Onida1 1. Dipartimento di Fisica 
dell’Universita’ degli Studi di Milano and European Theoretical Spectroscopy Facility (ETSF), Via 
Celoria 16, 20133 Milano, Italy 
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Dynamical response function in Sodium and Aluminum from Time-Dependent Density-Functional 
Theory 
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First principles EPR spectra of transition metal complexes 
Davide Ceresoli and Nicola Marzari 
Department of Materials, University of Oxford, Oxford, UK 
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The projector augmented–wave method: application to relativistic spin–density functional theory 
Andrea Dal Corso1,2 
1. International School for Advanced Studies (SISSA), Via Bonomea 265, 34136 Trieste (Italy). 2. 
DEMOCRITOS IOM-CNR Trieste 
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Analysis of thermodynamic, thermoelectric and magnetic properties of FeSb2 in the framework of 
density functional theory 
Momar S. Diakhate1 Matthieu J. Verstraete1, I. Sergeev2, A. Moechel2 and R. Hermann1,2 1Institut de 
Physique, Universite de Liege, Allee du 6 Aout, 17 B- 4000 Liege, Belgium 2 Institut fuer 
Festkoerperforschung - Forschungszentrum Julich GmbH, D-52425 Julich, Germany 
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Ab-initio investigation of lattice dynamics in substitutional disordered alloys 
Biswanath Dutta, Subhradip Ghosh 
Department of Physics, IIT Guwahati, Guwahati, India 
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Magnetism & magnetic anisotropies of small structures containing 5d atoms 
Diego Carrascal, Lucas Fernández-Seivane, and Jaime Ferrer  
Departamento de Fisica, Universidad de Oviedo, 33007 Oviedo, Spain and  
Centro de Investigación en Nanomateriales y Nanotecnología, CSIC and Universidad de Oviedo, 33011 
Oviedo, Spain 
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Electronic response in Koopmans corrected functionals: polarizabilities and hyperpolarizabilities 
of linear chains 
A. Ferretti1, I. Dabo2, Yanli Li2, M. Cococcioni,3 N. Marzari1 
1. Department of Materials, University of Oxford, Oxford OX1 3PH, UK 2. CERMICS, University of 
Paris-EST, France 3. CEMS, University of Minnesota, Minneapolis, MN, USA 
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First-principles study of the magnetic phase diagram of LaOx!1FxFeAs 
Harry Fisher and Feliciano Giustino 
Department Of Materials, University of Oxford, Parks Road, Oxford OX1 3PH, United Kingdom 
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Electronic circular dichroism for Guanine-Cytosine base pairs in Watson-Crick and Hoogsteen 
configuration 
Tahereh Ghane1,2, Daniele Varsano1,3, Giorgia Brancolini1 , Rosa Di felice1 
1. Centro S3, CNR Istituto di Nanoscienze , Modena, Italy 2. Department of Physics, University of 
Modena e Reggio Emilia, Modena, Italy 3. University of Rome “La Sapienza”, Department of Physics, 
Rome, Italy 
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Many Body Perturbation Theory simulations of the electronic properties of large DNA models. 
L. Giacomazzi,1 P. Umari,2 A.V. Vargiu,3 L. Martin-Samos,2 A. Magistrato,2 C. Cavazzoni,4 and S. 
Baroni,1,2 
1. SISSA, Trieste, Italy 2. CNR-IOM Democritos, Trieste, Italy 3. CNR-IOM SLACS, Cagliari, Italy 4. 
CINECA, Bologna, Italy 
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The interactions of nitrogen dioxide with graphene and with Rh clusters stabilized by graphene 
Sara Furlan1, Paolo Giannozzi2 1. Laboratoire de Chimie de Coordination, CNRS Toulouse, France 
2. Dipartimento di Chimica e Fisica, Universit`a di Udine, Italy 
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Role of the Pressure in the Elastic Properties of Ce 
Sanjeev K. Gupta1,2, Venu Mankad2, Igor Lukac!evic"3, P. K. Jha2 and D. Kirin4 
1Department of Physics, Bhavnagar University, Bhavnagar 364002, India 2Dipartimento di Fisica, 
Universita# di Modena e Reggio Emilia and S3 National Research Centre of CNR-INFM via Campi 
213/A-41125 Modena, Italy 3 Department of Physics, University J. J. Strossmayer, 31000 Osijek, 
Croatia 4Ru"er Bos!kovic" Institute, P. O. Box 180, 10002 Zagreb, Croatia 
D1 T1 23 
 
Local Field Effects in Silicon Nanocrystals 
Roberto Guerra1,2, Margherita Marsili3, Olivia Pulci3, Stefano Ossicini1,4 
1. Centro S3, CNR-Istituto di Nanoscienze, via Campi 213/A I-41100 Modena Italy. 2. Dipartimento di 
Fisica, Universita di Modena e Reggio Emilia, via Campi 213/A I-41100 Modena Italy. 
3. European Theoretical Spectroscopy Facility (ETSF) and CNR-INFM, Dept. of Physics, Universita di 
Roma ”Tor Vergata” Via della Ricerca Scientifica 1, I-00133 Roma, Italy. 4. Dipartimento di Scienze e 
Metodi dell’Ingegneria, Universita di Modena e Reggio Emilia, via Amendola 2 Pad. Morselli I-42100 
Reggio Emilia Italy. 
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Exchange an Correlation effects in photoemission spectroscopy: from semiconductors to 
transition metal oxides 
Matteo Guzzo1,2, Matteo Gatti2,3, Francesco Sottile1,2, Pina Romaniello1,2, Fausto Sirotti4, John 
Rehr1,5, Lucia Reining1,2 
1. European Theoretical Spectroscopy Facility (ETSF) 2. Laboratoire des Solides Irradies (LSI), Ecole 
Polytechnique, Palaiseau, France 3. ETSF, Universidad del Paıs Vasco, San Sebastian, Spain 4. 
Synchrotron Soleil, Gif-sur-Yvette, France 5. University of Washington, Seattle WA, USA 
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Elasticity and Conductance interplay in model molecules 
Prokop Hapala1, Jin He2,Pavel Jelínek1, Stuart Lindsay2  
1. Institute of Physics, Academy of Sciences of the Czech Republic, Cukrovarnická 10, 1862 53, 
Prague, Czech Republic  
2. Biodesign Institute, Arizona State University, Tempe, AZ 85287, USA  
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Discontinuities of the Exchange-Correlation Kernel and Charge-Transfer Excitations in TDDFT 
Maria Hellgren and E. K. U. Gross 
Max-Planck-Institute of Microstructure Physics, Weinberg 2, Halle, Germany 
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Formalism for GW calculations without empty states in a localized basis 
Hannes Hübener,1 Miguel Angel Perez Osorio,2 Pablo Ordejon2 and Feliciano Giustino1 
1. Department of Materials, University of Oxford, Oxford OX1 3PH, United Kingdom 2. Centre 
d’Investigacioen Nanociencia i Nanotecnologia-CIN2 (CSIC-ICN), Bellaterra, Spain 
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Ab initio investigation of topological insulators 
Kerstin Hummer, Yoon-Suk Kim, Georg Kresse 



Departement of Computational Materials Science, University of Vienna, Sensen- gasse 8/12, 1090 
Vienna, Austria 
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Linear Response TDDFT in CASTEP: An HPC Implementation 
Dominik B. Jochym1, Keith Refson1, Stewart J Clark2, Leonardo Bernasconi1 
1. STFC Rutherford Appleton Laboratory, Didcot, OX11 0QX, United Kingdom 2. Department of 
Physics, Durham University, South Road, Durham, DH1 3LE, United Kingdom  
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Total Energy Formalism for Charged Nanocapacitors: Orbital Partition Approach 
Shusuke Kasamatsu1, Seungwu Han2, Satoshi Watanabe3 
1. Department of Materials Engineering, the University of Tokyo 2. Department of Materials 
Engineering, Seoul National University 
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Electron-electron interactions in superconducting Lithium under pressure 
Amandeep Kaur,1 Erik R. Ylvisaker,1 Deyu Lu,2 Giulia Galli,1, 3 and Warren E. Pickett1 
1Department of Physics, University of California, Davis, California 95616, USA 2Center for Functional 
Nanomaterials, Brookhaven National Laboratory, Upton, New York 11973, USA 3Department of 
Chemistry, University of California, Davis, California 95616, USA 
D1 T3 32 
 
Resolving Controversies on the Multiple Conductance Peaks in Single- Molecule Junction 
Experiments by Multiscale Simulations 
Hu Sung Kim1 and Yong-Hoon Kim1 
1. Graduate School of EEWS, Korea Advanced Institute of Science and Technology, 335 Gwahak-ro, 
Yuseong-gu, Daejeon 305-701, Korea 
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Expanded radialenes carbon nanotubes: electronic and elastic properties  
Elena Konstantinova1 and Sócrates O. Dantas2 
1. IFSudeste MG,  CEP 36080-001, Juiz de Fora, MG, Brazil2. Departamento de Física, Universidade  
Federal de Juiz de Fora, 36036-330, Juiz de Fora, MG, Brazil  
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Determination of NMR chemical shifts for cholesterol crystals from first-principles 
Emine Kucukbenli 1, 2,  Stefano de Gironcoli 
1. SISSA, Trieste, Italy 
2. CNR-IOM DEMOCRITOS National Simulation Center, Trieste, Italy 
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Pressure induced unified study of strongly correlated ErSb  
D. C. Gupta and Subhra Kulshrestha 
Condensed Matter Theory Group, School of Studies in Physics, Jiwaji University, Gwalior – 474 011 
(M.P.) INDIA 
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Direct calculation of the one particle Green’s function: an alternative to the self-energy 
Giovanna Lani, Pina Romaniello, Lucia Reining Laboratoire des Solides Irradi!es, Ecole Polytechnique, 



91128 Palaiseau, France 
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Electronic correlations at the "-# structural phase transition in paramagnetic iron 
Ivan Leonov1, Alexander I. Poteryaev2, Vladimir I. Anisimov2, Dieter Vollhardt1 
1. Theoretical Physics III, Center for Electronic Correlations and Magnetism, University of Augsburg, 
Germany 2. Institute of Metal Physics, Yekaterinburg, Russia 
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High-pressure Raman spectra of TiO2 
Igor Lukacevíc1, Davor Kirin2, Sanjeev K. Gupta3 P. K. Jha3 
1. Department of Physics, University J. J. Strossmayer, 31000 Osijek, Croatia 2. Rudjer Boskovíc 
Institute, P. O. Box 180, 10002 Zagreb, Croatia 3. Department of Physics, Bhavnagar University, 
Bhavnagar 364002, India 
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Magnetism in FeMn Nanostructures 
B. R. Malonda-Boungou1 , N. Binggeli2, 3, B. M'Passi-Mabiala1  
1. Groupe de Simulations Numériques en Magnétisme et Catalyse, Département de Physique, Faculté 
des Sciences, Université Marien Ngouabi, PB 69 Brazzaville Congo  
2. The Abdus Salam International Centre for Theoretical Physics, strada costiera 11, 34014 Trieste Italy  
3. INFM-CNR Democritos National Simulation Center, Trieste, Italy  
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Study of the relaxation of the Aluminum cluster in the self-compressed inhomogeneous stabilized 
jellium model   
T. Mahmoodi1, M. Payami Shabestar2  
1. Department of Physics, Faculty of Sciences, Islamic Azad University, Mashhad Branch, Mashhad  2. 
Physics Group, Nuclear Science and Technology Research Institute, Atomic Energy Organization of 
Iran, Tehran 
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RVB states in graphene and other carbon compounds 
M. Marchi 1,2, S. Azadi 3, S. Sorella 2,4 
1. University of Trieste, Trieste, Italy 2. SISSA, Trieste, Italy 3. Johannes Gutenberg University, Mainz 
(Germany) 4. CNR-IOM-DEMOCRITOS, Trieste, Italy 
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Spin and valley susceptibility in wide AlAs quantum wells 
M.Marchi 1,2, S. De Palo 3,1, S. Moroni 3, S. Senatore 1,3 
1. University of Trieste, Trieste, Italy 2. SISSA, Trieste, Italy 3. CNR-IOM-DEMOCRITOS, Trieste, 
Italy 
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A self-consistent, first-principles method for complex disordered materials 
Alberto Marmodoro and Julie Staunton!, Arthur Ernst† 
!University of Warwick (Department of Physics) Coventry, United Kingdom †Max Planck Institut fur 
Mikrostrukturphysik, Weinberg 2, Halle, Germany 
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MICROMAGNETIC SIMULATIONS OF FIELD INDUCED DOMAIN WALL MOTION IN 
Fe20Ni80/Cu/Co SPIN VALVE 
J. M. B. Ndjaka1,2, A. Thiaville1, J. Miltat1 
1 CNRS-Université Paris-Sud, Laboratoire de Physique des Solides, Bât. 510, 91405 Orsay cedex, 
France. 2 Université de Yaoundé I, Faculté des Sciences, Département de Physique, B.P: 812, Yaoundé, 
Cameroun 
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First-principles Study of P3HT/ZnO Hybrid Organic-Inorganic Photovoltaic Interface 
Keian Noori and Feliciano Giustino 
Department of Materials, University of Oxford, Parks Road, Oxford, OX1 3PH, United Kingdom 
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p Magnetism in CaC: First principle study 
Nourbakhsh, Zahra; Hashemifar, S. Javad; Akbarzadeh, Hadi 
Department of Physics, Isfahan University of Technology, Isfahan, Iran 
D1 A3 47 
 
Stability of domain boundaries on the Ge-covered 5$5-reconstructed Si(111) surface 
P. Mutombo1, M. Ondracek1, Z. Chvoj1 A. Mark2, A. McLean2, P. Jelınek1, 
1. Institute of Physics of the Academy of Sciences of the Czech Republic, Prague, Czech Republic 2. 
Department of Physics, Engineering Physics and Astronomy, Queen’s Univer- sity, Kingston, Ontario, 
Canada, K7L 3N6 
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First-principles study of O1s core-level shifts at dye-sensitised solar cell interfaces 
Christopher Patrick, Feliciano Giustino 
Department of Materials, University of Oxford, Parks Road, Oxford, OX1 3PH, United Kingdom 
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Nonlinear Elasticity of Graphene and Other Hexagonal Carbon Allotropes 
Pasquale Pavone1,2, Rostam Golesorkhtabar1,2, Ju #rgen Spitaler1,2, 
Claudia Ambrosch-Draxl1 1. Atomistic Modelling and Design of Materials, University of Leoben, 
Austria 2. Materials Center Leoben, Forschung Gmbh, Leoben, Austria 
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Ab-initio calculations of absorption spectra of nanowires  by solving the Bethe-Salpeter Equation 
Yuan Ping1, Dario Rocca1, Deyu Lu2, Giulia Galli3 
1 Department of Chemistry, University of California, Davis 
2 Brookhaven National Laboratory 
3 Department of Chemistry,  Department of Physics, University of California, Davis 
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Dispersion interactions in room-temperature ionic liquids: Results from a non-empirical density 
functional  
C. Pinilla1, E. Artacho2, J. M. Soler3, T. G. A. Youngs4 and J. Kohanoff4  
1. Abdus Salam International Centre for Theoretical Physics, Strada Costiera 11,    34151, Trieste, Italy  
2. Department of Earth Sciences, University of Cambridge, Cambridge CB2 3EQ, UK  
3. Universidad Autonoma de Madrid, Cantoblanco, Spain 
4. Atomistic Simulation Centre, Queen’s University Belfast, Belfast, BT7 1NN, Northern Ireland, UK 
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Edge effects in graphene nanoislands on Co(0001) 
Deborah Prezzi1,2, Daejin Eom1, Mark S. Hybertsen3, Tony F. Heinz1, George W. Flynn1 
1. NSEC, Columbia University, New York (NY, USA) 2. S3 Center, CNR-NANO, Modena (Italy) 3. 
CFN, Brookhaven National Laboratory, Upton (NY, USA) 
D1 A1 53 
 
Surface-induced magnetism in C-doped SnO2: First-principles study 
Gul Rahman 
Department of Physics, Quaid-i-Azam University, Islamabad, Pakistan 
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Monte Carlo modeling of structural properties in compressed 2D Wigner crystals 
Olga Rancova1, Egidijus Anisimovas1 
1. Department of Theoretical Physics, Vilnius University, Saule $tekio al. 9, 10222 Vilnius, Lithuania 
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Surface-induced atomic and electronic properties of unpassivated GaAs Nanowires 
Marcello Rosini1, Rita Magri 
1. Dipartimento di Fisica, Università degli Studi di Modena e Reggio Emilia, via Campi 213/A, 41125 
Modena, Italy 
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Electronic properties of crystal and amorphous phases of SiO2: disorder effects within and 
beyond Density Functional Theory 
L.Martin-Samos1, G. Bussi1, A. Ruini2, E. Molinari2, M. J. Caldas3 - 1. CNR-IOM Democritos and 
SISSA, via Bonomea 265, 34136 Trieste, Italy 
2. CNR-NANO, S3 and Dipartimento di Fisica, Università di Modena e Reggio Emilia, via Campi 
213/A, 41100 Modena, Italy 
3. Instituto de Física, Universidade de São Paulo, 05508-900 São Paulo, SP, Brazil 
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DFT and Beyond - Climbing Jacob’s Ladder 
Laurids Schimka1, Judith Harl 1, and Georg Kresse1 1. Department of Computational Materials 
Physics, 
Universitat Wien, Sensengasse 8/12, A-1090 Wien, Austria 
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Polynitrogen confined to C60 Cage: A novel energetic Material 
Hitesh Sharma1, Isha Garg2, Keya Dharamvir2, and V.K. Jindal2 
1Department of Physics, Punjab Technical University, Jalandhar-146001, Punjab, India 
2Department of Physics, Panjab University, Chandigarh-160014, India 
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A unified pseudopotential approach to superconducting state parameters of Mg, B and MgB2  
K S Sharma1,*, Varsha Goyal2 and Ritu Sharma3  
1Department of Physics, The IIS University, Mansarovar, Jaipur, 302020, India 
2Department of Chemistry, The IIS University, Mansarovar, Jaipur, 302020, India 
3Department of Electronics, Malviya National Institute of Tecnology, Jaipur, 302017, India 
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Electronic structure of hydrogenated diamond surfaces: The role of temperature on surface 
reconstruction 
R. Ramos Silva, M. J. Caldas Instituto de Fısica, Universidade de Sao Paulo, Sao Paulo, Brazil 
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The nonempirical calculations of the lattice dynamics of the oxyfluoride Rb2KTiOF5 
Svetlana Sofronova1 
1. Kirensky Institute of Physics SB RAS, 660036 Krasnoyarsk, Russia 
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Pseudo-electromagnetism in graphene 
Young-Woo Son, Korea Institute for Advanced Study, Seoul, Korea 
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PAW method in localized-basis-set SIESTA code: first stage of development 
Tristana Sondon 1 and Chu Chun Fu 1 1. CEA, DEN, Service de Recherches de Metalurgie Physique, 
91191 Gif-sur-Yvette, France 
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A simulated reflectivity experiment: theoretical optical spectrum of strained-lattice bulk SrTiO3 
L.Sponza1,2, V.Véniard1,2, A.Verna3, L.Reining1,2, S.Nannarone3,4 
1. LSI – Ecole Polytechnique, 91128 Palaiseau, France 2. European Theoretical Spectroscopy Facility 
(ETSF) 3. IOM – CNR Lab TASC, Area Science Park, Basovizza, Italy 4. Dipartimento di Ingegneria 
dei materiali e dell’ambiente, Università di Modena e Reggio Emilia, Italy 
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I.Timrov, N.Vast, J.Faure and L.Perfetti  
Laboratoire des Solides Irradiés, Ecole Polytechnique, 91128 Palaiseau, France 
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Numerical simulation of four-probe resistance measurements of nanoscale materials 
Keiji Tobimatsu1, Asako Terasawa1, Takahiro Yamamoto1, Tomofumi Tada1, 
and Satoshi Watanabe1 1. Department of Materials Engineering, The University of Tokyo 
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study 
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Electron-phonon coupling in semiconducting nanostructures 
Jelena Sjakste, Nathalie Vast and Valeriy Tyuterev  
Ecole Polytechnique, Laboratoire des Solides Irradiés, CEA-DSM, CNRS UMR7642, 91120 Palaiseau, 
France 
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The absorption of diamondoids from time-dependent density functional calculations 
Marton Voros1, Tamas Demjen2, Adam Gali1,2 
1. Department of Atomic Physics, Budapest University of Technology and Economics, Budafoki u !t 8., 
H-1111, Budapest, Hungary 2. Research Institute for Solid State Physics and Optics, Hungarian 
Academy of Sciences, PO Box 49, H-1525, Budapest, Hungary 
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Ab initio prediction of giant magnetoelectric effects driven by structural softness 
Jacek C. Wojdel and Jorge Iniguez 
Institut de Ciencia de Materials de Barcelona (ICMAB-CSIC), Campus UAB, 08193 Bellaterra, Spain 
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A DFT/TDDFT study of di-zinc pyrazinoporphyrazine-phthalocyanine complexes with different 
peripheral substituents as potential sensitizers in a DSC 
Ximena Zárate, Eduardo Schott, Ramiro Arratia-Pérez 
Universidad Andres Bello, Departamento de Ciencias Químicas, Relativistic Molecular Physics Group, 
República 275, Santiago, Chile 
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A theoretical study of the effect of the bridge (=CH-, =N-, -O-, -S-) connecting di-Zinc 
pyrazinoporphyrazine-phthalocyanine complexes 
Ximena Zárate, Eduardo Schott, Ramiro Arratia-Pérez 
Universidad Andres Bello, Departamento de Ciencias Químicas, Relativistic Molecular Physics Group, 
República 275, Santiago, Chile 
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Optical properties and aromaticity of meso substituted porphyrins 
Eduardo Schott, Ximena Zárate, Ramiro Arratia-Pérez 
Universidad Andres Bello, Departamento de Ciencias Químicas, Relativistic Molecular Physics Group, 
República 275, Santiago, Chile 
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The role of van der Waals forces in semiconductor solids 
Guo-xu Zhang, Alexandre Tkatchenko, Joachim Paier, Heiko Appel, and 
Matthias Scheffler Fritz-Haber-Institut der MPG, Faradayweg 4-6, 14195 Berlin, Germany 
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Main Topic: T1 Density-Functional Theory beyond LDA

Beyond DFT: Taking into account charging energy and
semiclassic electron-phonon coupling.

Enrique Abad1, James P. Lewis2, José Ortega1 Fernando Flores1

1.Departmento de F́ısica Teórica de la Materia Condensada, Universidad Autónoma
de Madrid, 28049 Madrid, Spain (email: enrique.abad@uam.es)
2. Department of Physics, West Virginia University, Morgantown, WV, USA

Although DFT, in LDA and GGA approximation is an state-of-the-art technique
for a full variety of systems such as molecule adsorption, carbon nanotubes and
bulk structures [1], it presents well-known shortcomings on systems where cor-
relation or electron-phonon interaction are important; such as organic molecular
conductors , metal/organic semiconductors interfaces [2], or chlorophyl or chro-
mophore dynamics.
In this work we present on one hand, a way to estimate the charging energy
for the case of metal/organic interfaces using a simple model that allows us to
correct the DFT gap [2]. On the other hand, in order to deal semiclassically the
electron-phonon interaction, beyond DFT a molecular dynamics with electronic
transition method is presented [4]. All these corrections has been included in the
first principle code fireball [3].

[1] R. M. Martin, Electronic structure. Basic theory and practical methods (2005)
Cambridge University Press.

[2] E. Abad, J. Ortega, F. Flores, J. Phys.: Condens. Matter 22 (2010) 304007

[3] P. Jeĺınek, H. Wang, J. P. Lewis, O. F. Sankey, J. Ortega, Phys. Rev. B 71
(2005) 235101

[4] C. F. Craig, W. R. Duncan and O. V. Prezhdo, Phys. Rev. Lett. 95 (2005)
163001
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Ultrasoft pseudopotentials and projector augmented-wave
data-sets: application to diatomic molecules
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este

We test several ultra-soft pseudopotentials (US-PPs) and projector-augmented
wave (PAW) data-sets, calculating the bond lengths, the atomization energies
and the frequencies of the vibrational stretch modes of several diatomic molecules.
The same parameters are used to construct both the US-PPs and the PAW data-
sets using the local density approximation (LDA) or the Perdew, Burke and
Ernzerhof (PBE) generalized gradient approximation. The dimers H2, O2, F2,
Al2, Si2, P2, S2 and Cl2 and several combinations of B, C, N, O, F, Al, Si, P,
S, Cl, Fe, Ni, with H, C, N, and O are considered and the convergence of the
calculated quantities with the size of the plane waves basis set is studied in detail.
We found that US pseudopotentials and the PAW data sets constructed with the
same parameters, provide almost equivalent results for both the bond lengths and
the vibrational stretch frequencies. Instead, in some cases the PAW method gives
atomization energies which are closer to the all-electron values than the US-PPs
method. The calculated geometries and vibrational frequencies are compared
with the results obtained by localized basis sets present in the literature and it is
found that the agreement is quite good, expecially when extended localized basis
sets (such as the aug-cc-pVTZ) are used.
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Fully self-consistent LDA+DMFT Calculations: A plane

wave and projector augmented wave implementation and

application to the study of Cerium compounds.

Bernard Amadon,

CEA, DAM, DIF, F 91297 Arpajon, France

The combination of Density Functional Theory (DFT) in the Local Density Ap-
proximation (LDA) and Dynamical Mean Field Theory (DMFT) has been used
in the past years to understand properties of strongly correlated electron sys-
tems. We present here a implementation of LDA+DMFT, using projected local
orbitals, which includes full self-consistency on the electronic density, within the
Projector Augmented Wave (PAW) framework. This thus opens the way to ac-
curate calculations including relaxation with the simplicity of a plane wave code
and the all-electron precision. We compute spectral function and total energy for
this implementation and apply it to cerium compounds.



T3 Many-Body Techniques for Real Materials

First-principles study (GW+PAW) on new oxynitride
phosphors for white LED

B. Bertrand1,2, M. Mikami3, M. Stankovski1, X. Gonze1
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2. CERDECAM, Institut Suprieur Industriel ECAM, Bruxelles, Belgium
3. Mitsubishi Chemical Group Science and Technology Research Center, Inc.,
Yokohama, Japan

After the original incandescence lamp, after the invasion of compact fluorescent
lamps, white-LEDs will be one of the major actor involved in the future genera-
tions of eco-friendly light sources. However, with the exception of incandescence
lamp, all types of white light source require the use of phosphors. For novel types
of white LEDs, an optimal combination of two green- and red-emitting phosphors
absorbing partly the blue light from the InGaN LED is mandatory to obtain a
white light source by post recombination of the light.
We have theoretically studied two oxynitride phosphors, one of which is an
efficient green phosphor Ba3Si6O12N2:Eu developed at the Mitsubishi Chemi-
cal Group Science and Technology Research Center, and the other is a bluish-
green phosphor Ba3Si6O9N4:Eu that exhibits little luminescence at room tem-
perature. Our first-principles results rely on many body perturbation approach
(GW+PAW) applied to the two hosts for Europium dopants : Ba3Si6O12N2

and Ba3Si6O9N4. The calculation shows a slightly narrower energy gap for
Ba3Si6O9N4, that is 0.33 eV. Yet such a result provides precious keys to under-
stand the thermal quenching mechanism, by comparing materials with a similar
chemical composition, but different thermal behaviour. As a next step a deeper
analysis with Eu-doped models will shed new light onto the relationship between
emission/excitation colors from the Europium luminescent centers, and the prop-
erties of their complex ligands (dielectric properties, coordination).
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Regarding the Structural Phase Transitions and sp-d Hybridization in Cubic Calcium 
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Ultrasoft pseudopotential (U-PP) is used for core electrons to solve Kohn-Sham density functional within the 
generalized gradient approximation due to Perdew-Burke-Ernzerchhof (PBE) parameterization scheme. Total 
energies and thereby enthalpies are calculated for FCC, BCC and SC phases using the Quantum–Espresso (PWscf) 
package, which predict only correct pressure induced structural phase sequence, i.e., FCC!BCC in elemental 
calcium. However, BCC!SC transition is not observed upto the pressure of 60 GPa. Also, to examine FCC!BCC 
martensite structural phase transition (SPT) at finite temperatures, we have employed the concept of mean-field 
potential (MFP) approach in conjunction with the evanescent form of the local pseudopotential. The MFP approach 
is considered to be the good working proxy [e.g., see Philo. Mag. 90, 1599-1622 (2010)] to account for the 
anharmonicity in lattice dynamics and thereby in different thermodynamic properties, which is otherwise difficult to 
compute due to its many-body nature. Parameters of the local potential used are optimized for cohesive properties 
at ambient condition with the U-PP based PWscf results. This also gives only correct FCC!BCC transition at 20 
GPa in agreement with the experiment. However, high-T FCC!BCC and high-P BCC!SC phase changes can be 
identified only after including the effect of sp-d hybridization. In the present study, we have used 3d–hydrogenic 
wave function to obtain this overlap potential. Incorporation of so obtained parametric hybridization potential not 
only shows BCC!SC transition at 32.75 GPa, but also stabilize BCC phase at higher temperatures in accordance 
with the experiment. For example, the figure examplifies that the Gibbs free energy for BCC phase with 
hybridization lowers below the FCC phase at T = 738 K, while the same but without considering the overlap effect 
remains too high upto the melting temperature. In its simplest explanation, present study therefore confirms that the 
FCC!BCC transition at lower pressures is governed solely by the Madelung contribution, while BCC!SC 
transition at further compressions requires inclusion of hybridization effect. We also conclude that at finite 
temperatures hybridization effect only is suffice to mimic the phase transition, and d-band filling is certainly not 
required. Thus, calcium in high-T regime behaves like empty-d-band metal.  

 

 
Fig.: Gibbs free energy as a function of temperature for cubic phases: FCC phase (solid line), BCC phase with (dotted line) and 
without (long-dashed line) hybridization effect.  



Local Density Approximation plus Gutzwiller Method, a Siesta implementation

Giovanni Borghi1, ∗

1International School for advanced studies (SISSA), via Beirut 2-4, 34151 Trieste, Italy.

Gutzwiller variational method, as used in Monte Carlo simulations on lattice models, provides a way to optimize

an electronic wavefunction by changing the double occupation probability of single sites. While acting only on a local
Hilbert space, the Gutzwiller projector has the effect of renormalizing the mass of quasiparticles, and therefore the
effective hopping between sites. In our work we try to apply the Gutzwiller variational approach to realistic systems.

This goal is achieved thanks to Density Functional Theory, where the Local Density Approximation is improved by
applying the Gutzwiller projector to a selected set of atomic orbitals. As a result, the Kohn Sham quasiparticle

is substituted by a Gutzwiller quasiparticle with a renormalized mass and a variationally improved Hartree and
Exchange-Correlation functional. Our approach is theoretically consistent with the Levy-Lieb formulation of DFT.

We decided to adapt the Siesta package for our aims, since it is a flexible simulation code using an atomic basis set
which allows for a natural parametrization of the Gutzwiller projector.

∗

Electronic address: borghi@sissa.it
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 Energetics and metastability of the silicon vacancy in 

cubic SiC Fabien Bruneval and Guido Roma CEA, DEN, Service 

de Recherches de M\'etallurgie Physique, F-91191 Gif-sur-

Yvette, France  The silicon vacancy is a prominent intrinsic 

defect of cubic SiC (3C-SiC) to which much effort has been 

devoted so far, experimentally and theoretically. We 

calculate its properties using the state-of-art GW 

approximation that does not suffer from the band gap 

problem. The obtained formation and transition energies 

deviate significantly from the usual density functional 

theory evaluations and now compare favorably with 

experiment. A new assignment for the main line of 

photoluminescence is then proposed. We further perform GW 

calculations for the saddle point of reaction paths. The 

resulting barrier energies explain the thermal annealing 

experiments thanks to an original mechanism mediated by a 

minority charge configuration.  
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Influence of biaxial strain on spinodal decomposition in magnetic 

semiconductor alloys 
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 In the past few years, magnetic semiconductors (MS) - materials that combine 

magnetism with semiconductor behavior - have received particular interest in 

materials science due to their potential applications in spintronics. One well-known 

difficulty in the development of functional MS alloys is the limited solubility of 

transition metal atoms (TM) in semiconductors, which rarely exceeds a few percent, 

leading to second phases and TM rich regions [1]. Increasing the TM composition in 

these alloys is essential for developing materials with higher Curie temperatures. To 

overcome the formation of these embedded nanoclusters, several methods have been 

proposed, such as the digital delta-doping perpendicular to the growth direction [2] 

and the codoping of MS with shallow acceptors or donors [3]. 

 In this work, we used spin density functional theory calculations, as 

implemented in the VASP code, to study the effect of biaxial strain on GaMnAs and 

GaCrAs [4]. The first-principles calculations have been combined with a 

thermodynamic analysis based on generalized quasichemical approximation (GQCA) 

[5]. We calculated the Helmholtz free energy, which allowed us to build the phase 

diagrams and obtain the critical temperatures and the miscibility gap. We show that 

external biaxial strain can diminish spinodal phase separation in thin GaMnAs and 

GaCrAs epitaxial layers pseudomorphically grown on thick unstrained zincblende 

(001) substrates. We studied the influence of the biaxial strain considering several 

fictitious substrates. 

 

[1] T. Jungwirth, J. Sinova, J. Mašek, J. Kučera, and A. H. MacDonald, Rev. Mod. 

Phys. 78, 809 (2006). 

[2] M. Marques, L. G. Ferreira, L. K. Teles, L. M. R. Scolfaro, J. Furthmüller, and F. 

Bechstedt, Phys. Rev. B 73, 224409 (2006). 

[3] K. Sato and H. Katayama-Yoshida, Jpn. J. Appl. Phys. 46, L1120 (2007). 

[4] C. Caetano, L. K. Teles, M. Marques, and L. G. Ferreira, J. Appl. Phys. 107, 

123904 (2010). 

[5] C. Caetano, L. K. Teles, M. Marques, A. Dal Pino Jr., and L. G. Ferreira, Phys. 

Rev. B 74, 045215 (2006). 
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Atomic and electronic structure of Co2CrAl/NaNbO3/Co2CrAl 
magnetic tunnel junctions 

 

Cai Yongqing1, Zhang Chun1,2, Feng Yuan Ping1  
 

1. Department of Physics, National University of Singapore, 2 Science Drive 3, Singapore 117542, 
Singapore 

2. Department of Chemistry, National University of Singapore, 2 Science Drive 3, Singapore 
117542,Singapore 

 

Density functional theory by means of projector-augmented-wave pseudopotential 

and generalized gradient approximation (PAW-GGA) method was employed to carry-

out calculations of Co2CrAl/NaNbO3 interfaces. The most stable interface was found 

to be Co/NbO bonding geometry through comparing the formation energies of various 

interfaces. The half metallicity of Co2CrAl is preserved at the interface where no 

interface states appear in both sides of the junction. The calculated electronic structure 

of Co/NbO interface shows an exchange coupling between the interface Co and Nb 

atoms mediated by oxygen. This interaction induces a magnetic moment of 0.053 µB 

on the interface Nb atom, which is aligned antiparallel to the magnetic moment of the 

Co layer. The magnetic moment of Co atom is 0.392 µB which is nearly a half of the 

bulk Co (0.730 µB).
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Solvation and thermal effects on the optical properties of natural 

dyes:  a case study on the flavylium cyanin 
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Flavonoids and anthocyanins in particular are very attracting compounds for their 

roles as natural dyes (from yellow to dark blue) in plants and flowers [1], as food 
pigments, as antioxidant agents in drug preparations and recently as photoactive 
elements in dye-sensitized solar cells [2] 

Here, we present a first-principles study of the effects of both hydration and 
thermal dynamics on the optical properties of a specific anthocyanin  dye, namely, 
cyanin (Cya),  in aqueous solution. We combine Car-Parrinello molecular dynamics 
and time-dependent density functional theory (TDDFT) [4] approaches to simulate 
the time evolution of UV-vis spectrum of the hydrated Cya molecule at room 
temperature. By the comparison of different configurations along the dynamics with 
and without solvent, we are able to discriminate the different effects due to the 
hydration and the dynamics, respectively. 

The spectrum of the dye calculated in the gas phase [5,6] is characterized by two 
peaks in the red and in the blue, which would bring about a greenish hue incompatible 
with the dark purple coloration observed in nature. Describing the effect of the water 
solvent through a polarizable continuum model does not modify qualitatively the 
resulting picture. An explicit simulation of both solvent and thermal effects using ab-
initio molecular dynamics [6] results instead in a spectrum that is compatible with the 
observed coloration. This result is analyzed in terms of the spectroscopic effects of 
molecular distortions, induced by thermal fluctuations. 
 
References: 
[1] R. Brouillard and O. Dangles, in “The Flavonoids: Advanced research since 
1986”, J.B. Harborne (ed), Chapman and Hall London, pp. 565-587. 
[2] N.J. Cherepy, et al. J. Phys. Chem. B 101, 9342 (1997). 
[3] A. Calzolari, et al, J. Phys. Chem. A 113 8801 (2009). 
[4] turbo-TDDFT,  B. Walker, A. Saitta, R. Gebauer, S. Baroni, Phys. Rev. Lett. 2006, 
96, 113001. 
[5] A. Calzolari, et. al , J. Chem. Phys. 132, 114304 (2010). 
[6] O.B. Malcioglu, A. Calzolari, R. Ghebauer, D. Varsano, and S. Baroni, preprint 
(2010). 
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Long-wavelength properties of metallic systems studied
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In this work we present a method, based on the linearization of the band disper-
sion, to compute the intraband contributions to the optical spectra of metals. To
investigate the performance of this method we test it on cubic iron and hexago-
nal magnesium. We compute the dielectric function and optical conductivity of
these metals based on ab initio DFTLDA band structure, in the RPA with a full
inclusion of local field effects. In particular we show that our method is capa-
ble to describe the anisotropic response of noncubic metals, without the need to
resort to phenomenological parameterizations of the plasmonpole type. We also
introduce a method to recover the correct asymptotic trend in the ω → 0 limit,
and hence to address the static conductivity.
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Dynamical response function in Sodium and Aluminum

from Time-Dependent Density-Functional Theory
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We present a detailed study of the dynamic response in bulk sodium and alu-
minum within linear-response time-dependent density-functional theory. The re-
sults of the random-phase approximation (RPA) and the time-dependent local-
density approximation (TDLDA) are poor in sodium. The approximate inclusion
of the finite lifetimes of electrons and holes via a modified independent-particle
polarizability greatly improves the spectra and results in very good agreement
with experiment. For aluminum, the changes are less visible, but at some values
of momentum transfer they are necessary to obtain qualitatively correct spectra.
The double peak structure in Al is due to band structure effects but partially
washed out by the lifetime effects. The latter do not, however, create a double
peak by themselves as in the case of the homogeneous electron gas. Studying
the performance of different time-dependent and non-local kernels we conclude
that the Gross-Kohn kernel as well as the Corradini and the Hubbard local-field
factors improve the spectra compared to the RPA results. However, they do
not obtain an agreement close to that achieved with TDLDA and added lifetime
effects. These results apply to both the spectra and the plasmon dispersion.
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First principles EPR spectra of transition metal complexes
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One of the most crucial processes for life on earth is photosynthesis, which converts 
solar  energy  into  chemical  energy.  Light  initiates  a  series  of  electron-transfer 
reactions that result in the water-splitting reaction, carried out in the oxygen-evolving 
center (OEC) of the Photosystem II (PS-II).  It is generally believed that the active site 
of the OEC contains a Mn4O4Ca cluster which can exist in five oxidation states (S-
states). 

Although the  OEC has  been extensively  studied by X-Ray diffraction  techniques, 
many aspects of the molecular structure and of the oxidation reaction mechanism are 
still not clear, due to the limited resolution. Likewise, the interpretation of the EPR 
spectra of paramagnetic S-states, is hindered by the complex nature of the electronic 
states in transition metal complexes. 

We are focusing on the development of novel theoretical methods particularly suited 
to study transition metal complexes, and on its application to the structure, electronic 
structure, and reactivity of the OEC in PS-II.  Whereas plain density functional theory 
(DFT) fails to accurately describe transition-metal centers due to the spurious self-
interaction,  the  DFT +  Hubbard  U  approach  has  had  great  success  in  predicting 
difficult systems, such as the ground and excited spin states of the iron dimer. 

In this work, we have studied the effect of the Hubbard U correction on the EPR 
spectra  of  simple  MnOn (n=1..4)  molecules.  We  found  that  the  DFT+U  method 
improves  the  agreement  with  respect  to  experiment,  of  the  EPR  g-tensor  and 
hyperfine  couplings  parameters.  We  also  discuss  the  relation  between  the  EPR 
parameters and the fine details of the electronic structure. 

Finally,  our  results  indicate  the  importance  of  benchmarking  improved  DFT 
functional (such as hybrid functionals) against the EPR spectra of transition metals 
complexes. 
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Applying the projector augmented–wave (PAW) method to relativistic spin-density
functional theory (RSDFT) we derive PAW Dirac–type equations for four–component
spinor pseudo wavefunctions. The PAW freedom to add a vanishing operator in-
side the PAW spheres allows us to transform these PAW Dirac–type equations
into PAW Pauli–type equations for two–component spinor pseudo wavefunctions.
With these wavefunctions, we get the frozen–core energy as well as the charge
and magnetization densities of RSDFT, with errors comparable to the largest be-
tween 1/c2 and the transferability error of the PAW data sets. The possibilities
of the theory are illustrated with some applications.
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Analysis of thermodynamic, thermoelectric and magnetic properties of FeSb2 in the

framework of density functional theory.
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We analyze the thermodynamic, magnetic and transport properties of narrow band gap semi-
conductor FeSb2 using the first-principles calculations based on density functional theory within
the generalized gradient approximation. The vibrational properties (phonon spectrum, density of
states, heat capacity) are computed through the method based on response functions calculation.
The obtained results are in good agreements with inelastic nuclear scattering measurements. We
therefore investigate the electron phonon coupling effects. We provide the estimations of linewidth
broadening due to electron phonon coupling, along the high symmetry directions in the first Brillouin
zone. The linewidth broadening seems to be much larger in the vicinity of X(1, 0, 0) and M(1, 1, 0)
points. The values when compared to those obtained at the other symmetry points differ up to two
orders of magnitude. From the Boltzmann theory applied to our GGA electronic band structure we
also investigate the electrical transport properties (resistivity ρ, Seebeck coefficient S). We find that
an electronic structure description is incompatible with the colossal negative value S ≈ −45000µV

experimentally observed at T ≈ 10K [1]. We discuss here the possibility of phonons drag effects
playing a significant role. The diamagnetic to paramagnetic crossover at temperature around 100K

is also described from the calculation of the Pauli magnetic susceptibility and results are compared
with experiment.

PACS numbers:
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To resolve the longstanding problem of calculating the phonon spectra in substi-
tuioal disordered alloys where strong force-constant disorder plays a significant
role, we have devised two new first-principles based formalisms. The first one is
a combination of first-principles electronic structure tools, the transferable force-
constant model (TFC) of Van de Walle and co-workers (A. Van De Walle et. al.,
Rev. Mod. Phys. 74, 11 (2002)) and the Itinerant Coherent Potential Approxi-
mation (ICPA) by Ghosh and co-workers (S. Ghosh et al., Physical Review B 66,
214206 (2002)) while the second formalism is based on the combination of Spe-
cial Quasi-random Structures (SQS) by Zunger et al. (Phys. Rev. Lett. 65, 353
(1990)) and the ICPA. We here present the salient features of these formalisms
with Ni

x
Pt1 − x chosen as an example system. Results on complete phonon

spectra and related properties are presented for this alloy specimen which has
significant force-constant disorder due to the large size-mismatch between the
constituents.
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The ability to enhance and tailor the magnetism of small atomic cluster and 
moleculeswill determine whether nanospintronics can be used as a storage 
technology. We present here our ab initio studies on the magnetism of small organic 
molecules containing transition metal atoms. We focus specially on 5d atoms like 
gold, platinum and iridium. These have a large spin-orbit interaction, which generates 
large magnetic anisotropies in small atomic clusters[1] 

We present a theoretical study of the magnetic properties of the spin-1/2 
dicyclopentadienyl metallocene (MCp2) and phthalocyanine molecules that contain 
the transition-metal atoms M=Co, Cu, and Au. We find that the spin-density pattern of 
gold molecules shows a fully delocalized and oscillating behavior. This spin pattern is 
to be contrasted with the well-known cases of cobalt or iron molecules, where the 
magnetic moment is strongly localized at the transition-metal ion. [2] 

[1] L. Fernandez Seivane and J. Ferrer, Phys. Rev. Lett. 99, 183401 (2007). 

[2] D. Carrascal, L. Fernández-Seivane and J. Ferrer, Phys. Rev. B, 80, 18, 184415 
(2009).  
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We have recently introduced a Koopmans correction to local and semilocal exchange-
correlation functionals, aimed at linearizing the total energy wrt fractional num-
ber of electrons and able to identify orbital energies with opposite removal en-
ergies. This approach directly improves on some of the key failures of com-
mon exchange-correlation functionals, often related to self-interaction (e.g. over-
delocalization of electronic states or wrong polarizability of linear chains), and
provides a link between Hartree-Fock, many-body, and density-functional theory
approaches to the electronic-structure problem.
We evaluate here the performance of this Koopmans correction on the electronic
response, focusing on linear- and hyper-polarizabilities of linear molecules and
chains. Our results indicate that the method is effective in correcting for the
description of local and semi-local functionals as well as in providing eigenvalues
which are in much better agreement with photoemission energies.
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First-principles study of the magnetic phase diagram

of LaOx−1FxFeAs

Harry Fisher and Feliciano Giustino

Department Of Materials, University of Oxford, Parks Road, Oxford OX1 3PH,
United Kingdom

The discovery of superconductivity in LaO1−xFxFeAs with a critical transition
temperature of 26 K generated considerable interest in the iron pnictides1. While
the undoped parent compound LaOFeAs is an antiferromagnetic metal, upon
doping with F the magnetic order is suppressed at x = 0.04, and a supercon-
ducting state arises at x = 0.052. In this work we use density-functional theory
calculations in order to investigate how the magnetic ground state evolves as a
function of F content in LaO1−xFxFeAs. Simple models of the doping such as
the rigid band approximation fail to accurately describe the relationship between
fluorine content and magnetic order. We here show that by using a large su-
percell where fluorine atoms are explicitly included it is possible to reproduce
a magnetic-nonmagnetic transition in qualitative agreement with experimental
observations. We also examine the effect of the fluorine doping on the lattice pa-
rameters and we find that the dopants distort the lattice in such a way to bring
the Fe and As planes closer together. We discuss the implications of our findings
on the superconducting properties of LaO1−xFxFeAs.

1. Y. Kamihara, T. Watanabe, M. Hirano, and H. Hosono, J. Am. Chem.
Soc. 130, 3296 (2008).

2. H. Luetkens et al., Nature Mater. 8, 305 (2009).
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Electronic circular dichroism for Guanine-Cytosine base pairs in 
Watson-Crick and Hoogsteen configuration  

 

Tahereh Ghane1,2, Daniele Varsano1,3, Giorgia Brancolini1 , Rosa Di felice1  

 

1. Centro S3, CNR Istituto di Nanoscienze , Modena, Italy  
2. Department of Physics, University of Modena e Reggio Emilia, Modena, Italy  
3. University of Rome “La Sapienza”, Department of Physics, Rome, Italy  

 

The investigation of the electronic structure and optical properties of DNA and DNA 
derivatives is of paramount importance in several scientific fields, from 
nanotechnology to molecular biology and drug design. In particular, circular 
dichroism spectra are routinely measured to characterize new structures and determine 
the fingerprints of specific structural motifs. Theoretical work in support of such 
experiments is desidered.  

In this work we studied the optical signals of Watson-Crick and Hoogsteen H-bonds 
that are involved in the triplex formation between protonated Cytosine, Guanine and 
neutral cytosine. Because optical properties and transfer integrals have a strong 
dependence on the structure that is selected for the calculations, to bypass this 
limitation, we performed a Molecular Dynamics simulation to extract significant 
structure. We applied a clustering to generate meaningful structures from the 
dynamical trajectories at 300 K, thus taking into account in a simple fashion the 
conformational variability in the optical spectra. CDspectra have been computed for 
the selected structures using the octopus package in the framework of TDDFT in 
the real-time real-space implementation. We compare our results to synchroton 
radiation CD data measured by our collaborator Steen Nielsen and his coworkers. 

 

Theory and Methods: 
T2  Time Dependent DFT 

 
Applications: 
A1  Nanoscience 
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Many Body Perturbation Theory simulations of the

electronic properties of large DNA models.

L. Giacomazzi,1 P. Umari,2 A.V. Vargiu,3 L. Martin-Samos,2 A. Magistrato,2

C. Cavazzoni,4 and S. Baroni,1,2

1. SISSA, Trieste, Italy
2. CNR-IOM Democritos, Trieste, Italy
3. CNR-IOM SLACS, Cagliari, Italy
4. CINECA, Bologna, Italy

An accurate description of the electronic properties of DNA is of paramount im-
portance for all life science fields, for instance, for the study of DNA damage and
repair mechanisms. One of the most common forms of oxidative damage is the
replacement of guanine with 8-Oxo-7,8-dihydroguanosine (8-oxoG). In this work
we investigate the electronic properties of large oligomers of single strand DNA
containing either 8-oxoG or guanine bases inserted in sequences of thymines.
We take advantage of recent algorithmic developments that nowadays allow to
apply many body perturbation theory to very large systems up to hundreds of
inequivalent atoms. The crucial idea of these developments is to exploit Lanc-
zos techniques to avoid the calculation and the use of unoccupied states of the
one electron Hamiltonian. This allows to perform GW calculations, as imple-
mented in the QuantumEspresso package, to systems of unprecedented size. Our
calculations indicate that 8-oxoG is more easily oxidized than guanine as also
experimentally suggested.



Main Topic: A1 nanoscience

The interactions of nitrogen dioxide with graphene and
with Rh clusters stabilized by graphene

Sara Furlan1, Paolo Giannozzi2

1. Laboratoire de Chimie de Coordination, CNRS Toulouse, France

2. Dipartimento di Chimica e Fisica, Università di Udine, Italy

Metal nanoparticles supported on carbon nanostructures have emerged as a new

class of catalysers with interesting and potentially important applications. We

present the results of first-principles Car-Parrinello molecular dynamics simula-

tions of various model systems containing graphene, NO2 molecules and/or Rh

atoms. The goal of our study is to understand the gas-nanoparticle interactiosn

and the role of the carbon surface in the chemical processes leading to catalysis.

We have examined the behavior of the single rhodium atom and of clusters of 3,

10 and 20 atoms, in order to estimate the most favourable arrangements of Rh

on the graphene surface. Finally, we have studied the interactions of NO2 with

the graphene-stabilized Rh clusters.
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Local Field Effects in Silicon Nanocrystals

Roberto Guerra1,2, Margherita Marsili3, Olivia Pulci3, Stefano Ossicini1,4

1. Centro S3, CNR-Istituto di Nanoscienze, via Campi 213/A I-41100 Mod-
ena Italy.
2. Dipartimento di Fisica, Università di Modena e Reggio Emilia, via Campi
213/A I-41100 Modena Italy.
3. European Theoretical Spectroscopy Facility (ETSF) and CNR-INFM,
Dept. of Physics, Universitá di Roma ”Tor Vergata” Via della Ricerca Sci-
entifica 1, I-00133 Roma, Italy.
4. Dipartimento di Scienze e Metodi dell’Ingegneria, Università di Modena
e Reggio Emilia, via Amendola 2 Pad. Morselli I-42100 Reggio Emilia Italy.

The effect of the local fields on the absorpion spectra of silicon nanocrystals
(NCs), free-standing or embedded in SiO2, is investigated in the framework of
DFT-RPA for different size and amorphization of the samples. We show that
local field effects have a great influence on the optical absorption of the NCs.
Their effect can be described by two separate contributions, both arising
from polarization effects at the NC interface. First, local fields produce a
reduction of the absorption that is stronger in the low energy limit. This
contribution is a direct consequence of the screening induced by polarization
effects on the incoming field. Secondly, local fields introduce a blue-shift on
the main absorption peak that has been explained in terms of perturbation
of the absorption resonance conditions. Both contributions do not depend
neither on the NC diameter nor on its amorphization degree, while showing
a high sensitivity to the environment enclosing the NCs.
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Exchange an Correlation effects in photoemission
spectroscopy: from semiconductors to transition metal

oxides

Matteo Guzzo1,2, Matteo Gatti2,3, Francesco Sottile1,2, Pina Romaniello1,2,
Fausto Sirotti4, John Rehr1,5, Lucia Reining1,2

1. European Theoretical Spectroscopy Facility (ETSF)
2. Laboratoire des Solides Irradiés (LSI), Ecole Polytechnique, Palaiseau, France
3. ETSF, Universidad del Páıs Vasco, San Sebastian, Spain
4. Synchrotron Soleil, Gif-sur-Yvette, France
5. University of Washington, Seattle WA, USA

As a prototype of strongly-correlated materials, NiO has been extensively stud-
ied, both by experiment and theory [1, 2, 3, 4], however, the origin of its gap
is still under debate. Many-Body Perturbation Theory (MBPT) — where the
key quantity is the one-particle Green’s function, aka the propagator of an elec-
tron/hole — is the appropriate tool to study ab-initio photoemission gap and
spectrum. The GW approximation [5] from MBPT includes dynamical corre-
lation effects beyond H-F. The standard GW approach is not reliable on NiO
since the Kohn-Sham band structure is too poor to be used as a starting point.
COHSEX [5, 6] — a static approximation of GW — allows one to achieve full
self-consistency, so as to obtain a better starting point for the GW step. The
COHSEX+GW photoemission spectrum gives about 5 eV energy-gap, in good
agreement with experiment and consistent with another more time-consuming
approach beyond perturbative GW [4]. An improvement to GW would consider
the screening between quantum interacting particles, adding the so-called vertex
corrections. An attempt with the GW Γ approximation [7] has shown no improve-
ment in the spectrum. Possible refinements in this direction include non-locality
and asymptotic constraints for the vertex Γ. Here we focus on the effects of
vertex corrections on quasiparticle energies and satellites and compare the cases
of Si and NiO. The Cumulant Expansion approach is discussed as an alternative
method.

References

[1] Mott, N.F., Metal–Insulator transitions, Taylor & Francis, London (1990).

[2] Sawatzky, G. A. and Allen, J. W., Phys. Rev. Lett. 53 (1984) 2339.

[3] Aryasetiawan, F. and Gunnarsson, O., Phys. Rev. Lett. 74 (1995) 3221.

[4] Faleev, S. V., van Schilfgaarde, M., and Kotani, T., Phys. Rev. Lett. 93 (2004)
126406.

[5] Hedin, L., Phys. Rev. 139 (1965) A796.

[6] Bruneval, F., Vast, N., and Reining, L., Phys. Rev. B 74 (2006) 045102.

[7] Del Sole, R., Reining, L., and Godby, R. W., Phys. Rev. B 49 (1994) 8024.
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Elasticity and Conductance interplay in  

model molecules 

Prokop Hapala1, Jin He2,Pavel Jelínek1, Stuart Lindsay2  

1. Institute of Physics, Academy of Sciences of the Czech Republic, Cukrovarnická 
10, 1862 53, Prague, Czech Republic  
2. Biodesign Institute, Arizona State University, Tempe, AZ 85287, USA  

Recently the interest of mechanical properties of molecules is increasing especially 
for it's possible biomolecular sequencing applications. Direct measurement of 
molecular mechanical properties (e.g. using dynamic AFM) is, however, problematic. 
Hence indirect methods using tunneling current obtained by STM are studied. In this 
work selected molecules ( thio- and amino- functionalised biphenyl and octane ) on 
gold surface are studied using DFT and Greens Function approach in order to discuss 
experiments and empirical model connecting molecular conductance and force 
response.  
The effect on mechanical response (stiffness and jump to contact events) is 
decomposed to contributions of system parts (electrodes, linker and molecular 
backbone). Using this analysis explanation of several surprising experimentally 
observed phenomena is provided. 



Main Topic: T2 Time Dependent DFT

Discontinuities of the Exchange-Correlation Kernel and

Charge-Transfer Excitations in TDDFT

Maria Hellgren and E. K. U. Gross

Max-Planck-Institute of Microstructure Physics, Weinberg 2, Halle, Germany

An intriguing consequence for density functional theory (DFT) arises when con-
sidering ensembles with densities integrating to fractional particle number. The
total ground-state energy as a function of particle number consists of straight-line
segments and, consequently, the corresponding exchange-correlation (XC) poten-
tial jumps discontinuously. This feature of the exact theory turns out to be a
key property to incorporate in approximate functionals in order to obtain, e.g,
accurate band-gaps of solids and correct molecular dissociation limits.
It has been demonstrated that the discontinuous nature of the static XC potential
naturally carries over to the XC potential of time-dependent density functional
theory (TDDFT) appearing in, e.g., time-resolved ionization processes. How the
same property is reflected in the XC kernel, defined as the functional derivative
of the XC potential with respect to the density, has, so far, not received any
attention. The XC kernel is of fundamental importance in TDDFT as it gives
access to the particle conserving excitation spectrum. In this work we have
investigated the discontinuities of the XC kernel and found them to be crucial
for the description of long-range charge-transfer excitations.
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Formalism for GW calculations without empty states
in a localized basis

Hannes Hübener,1 Miguel Angel Perez Osorio,2 Pablo Ordejon2 and Feliciano
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1. Department of Materials, University of Oxford, Oxford OX1 3PH, United
Kingdom
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laterra, Spain

We present a formalism to perform GW quasi-particle calculations without per-
forming expansions over unoccupied states and using a local orbital basis. This
formalism is expected to open the way to GW calculations showing a more
favourable scaling with system size as compared to the traditional N4 scaling.
In order to avoid the expansion of the screened Coulomb interaction and the
non-interacting Green’s function over empty states we solve self-consistently a
linear-response Sternheimer equation.1 While the original proposal was based on
a plane waves basis representation, we here explore the possibility of further
improving the scaling properties of this scheme by using localized pseudo atomic-
orbitals as a basis.2 In our proposed scheme the screened Coulomb interaction,
the non-interacting Green’s function, and the GW self-energy are represented in
such local basis and inherit the sparsity of the Kohn-Sham one-particle Hamilto-
nian. We here examine the advantages and pitfalls of excited state calculations
within a local orbital representation and we discuss solutions to achieve accuracy
comparable to plane-wave GW calculations.

1F. Giustino, M. L. Cohen and S. G. Louie, Phys. Rev. B 81, 115105 (2010)
2 J. M. Soler, E. Artacho, J. D. Gale, A. Garćıa, J. Junquera, P. Ordejon and D.
Sánchez-Portal, J. Phys.: Condens. Matter 14, 2745 (2002)
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Ab initio investigation of topological insulators

Kerstin Hummer, Yoon-Suk Kim, Georg Kresse

Departement of Computational Materials Science, University of Vienna, Sensen-
gasse 8/12, 1090 Vienna, Austria

Since the successful mechanical exfoliation of graphene in 2004, a new field of
materials science and condensed matter physics emerged. Graphene is a strictly
2D material that exhibits unique electronic, thermal, and optical properties mak-
ing it a ”wonder material” with potential applications. Its electrons behave like
massless Dirac fermions with linear electronic dispersion at the Dirac point. This
new exciting physics caused a ”graphene hype” in the material scientists com-
munity and most of the experimental and theoretical efforts have focussed on
graphene.
Very recently, atomically-thin crystalline films and ribbons of bismuth telluride
have been obtained by exfoliation of crystalline Bi2Te3 [1]. Bulk Bi2Te3 is a
material with extraordinary thermoelectric properties and its doping with Sb
or Se resulted in very high thermoelectric figure of merit (ZT) values. It has
also been indicated that the ZT value can be enhanced by the low-dimensional
structuring of BiSbTe alloys. Moreover, stacked 2D layers of Bi2Te3 as well as
Bi2Se3 and Sb2Te3 were recently identified as promising topological insulators [2].
This experimental findings highly motivated the present ab initio investigation
of 2D crystals. In particular the electronic properties of bulk Bi2Te3, Bi2Se3,
and Sb2Te3 as well as their 2D analogues are calculated within density functional
theory using hybrid functionals and taking into account relativistic effects of the
valence electrons. In a slab geometry, the dependence of the electronic gap on
the slab thickness is studied and compared to experimental findings.

[1] D. Teweldebrhan et al., Appl. Phys. Lett. 96, 53107 (2010); Nano Lett. 10,
1209 (2010)
[2] X.-L. Qi and S. C. Xhang, Phys. Today 63, 35 (2010); M. Z. Hasan and C. L.
Kane, arXiv:1002.3895v1 [cond-mat.mes-hall] (2010)
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Linear Response TDDFT in CASTEP: An HPC
Implementation
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1. STFC Rutherford Appleton Laboratory, Didcot, OX11 0QX, United Kingdom
2. Department of Physics, Durham University, South Road, Durham, DH1 3LE,
United Kingdom

We present an efficient and parallel implementation of linear response time-
dependent density functional theory (TDDFT) in the plane wave pseudopoten-
tial code, CASTEP. Our work is based on Hutter’s [J. Chem. Phys. 118, 3928,
(2003)] implementation within the Tamm-Dancoff approximation. Many adia-
batic exchange-correlation functionals are available, including popular hybrids
PBE0 and B3LYP and also, by extension, CIS. A customised block-Davidson al-
gorithm was used, which is particularly suitable for the solution of large eigenvalue
problems in high performance computing (HPC) environments. Using two paral-
lel distribution schemes, efficient scaling can be achieved beyond 1000 processing
elements. Excitation energies and partial optical spectra of small to medium-sized
molecules are shown.
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Total Energy Formalism for Charged Nanocapacitors:  
Orbital Partition Approach 
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2. Department of Materials Engineering, Seoul National University 
 

The understanding and control of the capacitance of nanostructures is one of the key 
issues for further scaling of nanodevices. The calculation of capacitance requires the 
charging of a metal/insulator/metal (MIM) structure under applied bias voltage, but 
this is incompatible with the conventional Kohn-Sham (KS) formalism of density 
functional theory (DFT) which seeks the global ground state. Several methods have 
been proposed to extend KS-DFT for the consideration of applied bias, but these 
methods have not seen widespread use due to limitations in accuracy and/or 
efficiency, geometric constraints, and difficulty in implementation. 

In order to rectify this situation, we propose a novel but simple alternative that is 
based on the partitioning of the KS orbitals around the Fermi level into metal and 
insulator parts. The partitioned orbitals are occupied according to different Fermi 
levels, allowing for the consideration of bias voltage in a straightforward manner. The 
self-consistent loop procedure is carried out in the same manner as in conventional 
KS-DFT calculations. Thus, we can define and calculate unambiguously the total 
energy of a nanocapacitor that is charged through the application of a specified bias 
voltage. 

We implemented this method within VASP code [1], and performed calculations on 
Au(100)/MgO(100)/Au(100) nanocapacitors of various dielectric thicknesses (ranging 
from about 1.5 nm to 4 nm). The capacitance was evaluated by C = 1/V dE/dV at V = 
0.6 V (dE/dV was calculated from total energies at 0.5, 0.6, and 0.7 V using finite 
differences). The inverse capacitance of this system is found to be linear with respect 
to thickness d (1/C = d/A( 0 b) + const.). The bulk dielectric constant evaluated from 
the slope is 9.33, which is identical within numerical accuracy to the value 9.59 
calculated from density functional perturbation theory in a bulk model. Thus we can 
be fairly sure that the energy and forces are calculated accurately using this method. 
Furthermore, the intercept was slightly negative, indicating that the capacitance is 
slightly larger than that calculated from the bulk dielectric constant. This is in 
agreement with a previous work which calculated the capacitance from the 
polarization induced by a constant external field [2]. 

[1] G. Kresse and J. Furthmüller, Comp. Mater. Sci. 6, 15 (1996). 
[2] B. Lee et al., J. Appl. Phys. 103, 24106 (2008)
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Electron-electron interactions in superconducting Lithium under pressure

Amandeep Kaur,1 Erik R. Ylvisaker,1 Deyu Lu,2 Giulia Galli,1, 3 and Warren E. Pickett1
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Lithium is known to exist in different phases under pressure and known to superconduct under
pressure. We look at the screened electron-electron interactions in Lithium by diagnolizing the
dielectric matrix ε−1

GG′(q,ω) and obtaining the dielectric band structure at different q points. We
analyze the eigenmodes of ε−1

GG′(q,ω) for different q. We look at the differences in the eigenmodes
of the dielectric matrix by subjecting lithium to pressure. We also do the analysis for different
crystallographic phases of lithium under pressure. Even though the superconductivity in lithium
is electron-phonon mediated, lithium is a good test system to study the screened e-e interactions
as this might be a primary mechanism for superconductivity in high Tc nitrides of the form MNCl
(M=Ti,Zr,Hf).

PACS numbers:
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Resolving Controversies on the Multiple Conductance Peaks in Single-
Molecule Junction Experiments by Multiscale Simulations  

 

Hu Sung Kim1 and Yong-Hoon Kim1 

 

1. Graduate School of EEWS, Korea Advanced Institute of Science and Technology, 
335 Gwahak-ro, Yuseong-gu, Daejeon 305-701, Korea  

 

The key difficulty in interpreting single-molecule junction experiments arises from 
the uncertainties in molecule-metal contact configurations. They are hardly revealed 
in experiments, and in this regard theoretical approaches are required to resolve the 
problem. In our previous study, applying a multiscale computational approach that 
combines force fields, density functional theory, and matrix Green’s function 
calculations [1], we observed a single conductance peak for a haxanedithiol (C6DT) 
molecule thermally fluctuating between flat Au(111) electrodes [2]. In this report, we 
extend our previous work and consider the thermally fluctuating C6DT molecule on a 
series of Au surfaces with different number of adatoms. By studying more realistic 
molecular-metal contact geometries, we find that the mobility and coordination 
number of S-Au complexes is the key in explaining the current experimental 
controversies on the multiple conductance peaks. 

References: 

[1] Y.-H. Kim, S. S. Jang, Y. H. Jang, and W. A. Goddard III, "First-principles study 
of the switching mechanism of [2]catenane molecular electronic devices", Phys. Rev. 
Lett. 94, 156801 (2005); Y.-H. Kim, J. Tahir-Kheli, P. A. Schultz, and W. A. Goddard 
III, "First-principles approach for the charge transport characteristics of monolayer 
molecular electronic devices: Application to hexanedithiolate devices", Phys. Rev. B 
73, 235419 (2006) 

[2] H. S. Kim, Y.-H. Kim, "Conformational and conductance fluctuations in a single-
molecule junction: Multiscale computational study", Phys. Rev. B 82, 075412 (2010). 
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Expanded radialenes carbon nanotubes: electronic and elastic properties  
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Abstract. The series of expanded radialenes of molecular formulae C2nHn and C3nHn 

are obtained by inserting acetylene or diacetylene groups between each pair of 

methylene units of radialenes CnHn. This paper reports on the new theoretical 

investigation of electronic and elastic properties of some carbon nanotubes based on 

expanded radialenes with different diameters and with the armchair and zigzag edges. 

Using the ABINIT software package, which is based on the Density Functional 

Theory (DFT), we found that all studied carbon nanotubes based on expanded 

radialenes possess metallic behavior. Also, the calculations show that the elastic 

properties of the nanotubes strongly depend on the form of the rolling up (armchair 

(m,m) or zigzag (m,0)). The Young’s modulus is slightly smaller for the (m,0) 

nanotubes and a bit larger for (m,m) nanotubes. The zigzag carbon nanotubes based 

on expanded radialenes are energetically more stable than C60 while armchair ones are 

less stable than C60. 

Note: Please choose one of the following as “Main Topic” above: 

Theory and Methods: 
T1  Density-Functional Theory beyond LDA 
 
Applications: 
A1  Nanoscience 
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Abstract 

The magnetic, electronic, structural and mechanical properties of ErSb in the stable Fm 3 m and 
high-pressure Pm 3 m phases have been analyzed by using the full potential linear augmented 
plane wave method (FP-LAPW) employing the LSDA +U scheme (local spin-density 
approximation with Hubbard-U corrections) within the framework of density functional theory. 
The spin–orbit coupling (SOC) has been taken into consideration. The magnetic phase stability 
has been determined from the total energy calculations for both the non-magnetic and magnetic 
phases which show that ErSb is ferromagnetically stable at ambient and high pressures.  Under 
compression ErSb undergoes first-order structural transition from B1 to B2 phase at 24.56 GPa 
which shows good agreement with the experimental value of 25 GPa, respectively.  The elastic 
properties of ErSb have also been computed at normal and high pressures.  The structural 
properties viz, equilibrium lattice constant, bulk modulus and its pressure derivative, transition 
pressure, volume collapse and elastic moduli agree well with the experimental data.  The 
electronic structure at different volumes is investigated with on-site Coulomb potential (U) for 
the Er-derived 4f orbitals to obtain the correct ground state of ErSb.  These calculations showed 
that all the three compounds are half metallic in their ground state.  The LSDA+U strategy shows 
significant impact on the energy levels of the occupied and unoccupied 4f states of ErSb.  A 
detailed analysis shows that the LSDA+U method provides the better description of our systems. 
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Direct calculation of the one particle Green’s function: an
alternative to the self-energy
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Laboratoire des Solidés Irradiés, Ecole Polytechnique, 91128 Palaiseau, France

Calculations of quasi-particle band structures and photo-emission spectra of ma-
terials rely more and more on perturbative many-body techniques like the GW
approximation. In this approach the one-body Green’s function (G) is determined
from a Dyson equation containing a self-energy kernel Σ which is approximated as
a product of G and the screened Coulomb interaction W . To go beyond the first
order in W , iterative schemes of Hedin’s equations 1 have been proposed. While
generally successful, GW is known to fail for strongly correlated systems, and it
is far from obvious that one could improve on this through further iterations of
Hedins equations and vertex corrections to Σ. In the present work we explore an
alternative route: in place of approximatingΣ , we reformulate the problem in
terms of a set of coupled rst order differential equations (ODEs) for the unknown
G. We first employ a 1-point workframe, in which we solve exactly the -now
algebraic- ODE for G. This allows us to i) understand some of the main issues
of the approach, particularly how to solve the ODE’s initial valuse problem; ii)
benchmark, within the 1-point frame, different many-body perturbative schemes
such as the iteration for the differential equation itself, G0W0 , G0W0 towards
self-consistency and vertex correction such as GW0Γ, GW0Γ0; iii) obtain insights
concerning the N-points solution.

1
Hedin, L., Phys. Rev. 139, (1965) A796
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Electronic correlations at the α-γ structural phase

transition in paramagnetic iron
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2. Institute of Metal Physics, Yekaterinburg, Russia

We present an application of a novel ab initio approach to calculate the total
energy of materials with correlated electrons [1]. It combines band structure
and dynamical mean-field theory, and is implemented in terms of plane-wave
pseudopotentials. Here we employ this computational scheme to study structural
and magnetic properties of elemental Fe at finite temperatures [2]. For this
purpose we analyzed the energetics of the bcc-fcc lattice transformation in Fe using
the Bain transformation path. We find that at ambient pressure the temperature
of the bcc-fcc structural phase transition occurs at ∼200 K above the calculated
Curie temperature. The structural optimization performed for paramagnetic Fe
yields the correct lattice constants and predicts a 2 % shrinking of the volume
at the bcc-fcc phase transition. The phonon dispersion of paramagnetic fcc iron
shows good agreement with experimental data.
[1] I. Leonov, Dm. Korotin, N. Binggeli, V. I. Anisimov, and D. Vollhardt, Phys.
Rev. B 81, 075109 (2010).
[2] I. Leonov, A. I. Poteryaev, V. I. Anisimov, and D. Vollhardt, arXiv:1008.4342
(2010).
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High-pressure Raman spectra of TiO2
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Intensities of Raman lines are important part of the information contained in the
vibrational spectra of crystals. Due to the changes in the crystal structure as a
response to external perturbation (like pressure or temperature), the frequencies,
as well as the intensities of Raman active modes change under external influence.
The intensity of Raman lines are important information about the properties of
studied system, but are usually not used very much.
A Raman study of a oriented single crystal gives information about the compo-
nents of Raman tensor for various Raman active modes. We calculated intensities
of Raman modes of tetragonal rutile structure with space group P42/mnm of TiO2

crystal at various pressures. The ABINIT density functional program package
is used for the calculation of vibrational frequencies and Raman tensor compo-
nents. The values given by calculations are in a fair agreement with the observed
positions of phonons as a function of pressure. The possibility to use Raman
intensities as additional tool in the study of phase transitions is discussed.
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Magnetism in FeMn Nanostructures 
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The magnetic structure of ultrathin films FeMn ordered alloy on Cu(001) substrate is 
investigated by a first principle self-consistent pseudopotential plane waves method. It 
incorporates intra-atomic noncollinear magnetism in order to understand the magnetic 
complexity involved in the spin-flop coupling. The occurrence of a noncollinear 
magnetic structure is predicted. For  1-ML Mn/1-ML Fe on Cu(001), we found that 
the ground state corresponds to a ferromagnetic order between Fe moments and the 
Mn moments on the neighboring sites making an angle of  185°. For 
Fe[110]/Mn[110] ordered rows, an antiferrimagnetic coupling between Mn atoms and  
canted Fe moments making an angle of 11.6° have been obtained. Whereas, a 
ferromagnetic (an antiferromagnetic) coupling between Fe (Mn) atoms is predicted 
for Fe[010]/Mn[010] ordered rows. A tentative explanation of these results is 
proposed.  
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Study of the relaxation of the Aluminum cluster in the self-compressed 
inhomogeneous stabilized jellium model   
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The bond lengths of atoms in a cluster composed of a few atoms may vary, in general, 
with the number of atoms. If the number of atoms is sufficiently high that some of 
them constitute the bulk region, then the average bond length in the bulk may differ 
from that in the surface region. 
Treating the ions in the jellium model, the average bond length of atoms would have 
an intimate relation with the jellium density, and thereby, the jellium densities in the 
two regions may differ. To describe the inhomogeneity in the jellium density, we have 
used the self-compressed inhomogeneous stabilized jellium model.  
In this work, we have applied the self-compressed inhomogeneous stabilized jellium 
model to a 30-atom aluminum cluster. Using the bulk density parameter of 

 for Al, we have calculated the inner region density parameter equal 
to and for the surface region equal to . This means that 
the jellium density in the inner region has been decreased  while that in the surface 
region has been increased relative to that of infinite bulk. This result is consistent with 
those obtained for aluminum thin films. 
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RVB states in graphene and other carbon compounds
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We study the relevance of the resonating valence bond (RVB) wave function for
describing the ground state and the low energy properties of carbon compounds.
We consider three different systems of increasing interest: the simplest carbon
dimer, the benzene, i.e. the prototype molecule of the resonance valence bond,
and the ideal two dimensional graphene layer. The RVB wave function consid-
ered here is the product of a Jastrow factor and an antisymmetrized geminal
power (JAGP), with an appropriate constraint on the number of partially occu-
pied molecular orbitals. For C2 and benzene we consider the binding energy and
compare the RVB results with the ones obtained with a standard Jastrow corre-
lated Hartree Fock wave function. We show that the ”resonance energy” captured
by the JAGP allows to achieve a much better agreement with the experimental
data in the C2 case. For benzene, the binding energy is overestimated, however
we are able to recognise the resonating Kekulé and Dewar structures. Finally,
for graphene we perform the first ab initio QMC investigation of the possible
stability of an RVB state characterized by an s-wave or d-wave pairing function.
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Spin and valley susceptibility in wide AlAs quantum wells.
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1. University of Trieste, Trieste, Italy
2. SISSA, Trieste, Italy
3. CNR-IOM-DEMOCRITOS, Trieste, Italy

We have performed extensive diffusion Monte Carlo simulations for a two-dimensional
electron gas with a mass anisotropy appropriate to AlAs quantum wells. We
consider both the strictly two-dimensional limit and thicknesses encountered in
actual devices, as well as one and two-valley systems. We demonstrate that in the
one-valley case anisotropy suppresses the enhancement of the spin susceptibility
substantially at all densities and in particular at those relevant to experiments,
the effect being larger at lower density. This suppression adds onto the one due to
thickness. In the two-valley case we find an interesting interplay of the anisotropy
and the valley degree of freedom in determining the electron gas properties and in
particular the spin susceptibility. We find a good agreement between our predic-
tions and the available experimental evidence, pointing to a minor residual role of
disorder on the spin susceptibility enhancement at low density in the one-valley
devices. Finally, we discuss the role of the mass anisotropy, the thickness, and the
spin and the valley polarisation in the determination of the valley susceptibility.
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A self-consistent, first-principles method for complex disordered materials

Alberto Marmodoro and Julie Staunton∗, Arthur Ernst†

The coherent potential approximation1 (CPA) provides a powerful method for ab initio investigations of materials
with disorder, such as metallic alloys, doped semiconductors, and magnetic systems in paramagnetic phases above
their Curie temperatures. Fully self-consistent results can be pursued over the whole range of constituents’ concen-
trations, without the typical limitations of supercell approaches. Proper accounting of short range ordering effects
(SRO) and other local environment features can also be achieved through the theory’s recently proven non-local ex-
tension2 (NLCPA), in which simple systems with one atom per unit cell lattice structures are described by means of a
self-consistent effective medium with correlations over appropriate length scales built in. For complex multi atom per
unit cell materials, selective disorder scenarios can be studied through the independently developed multisublattice
reformulation3 of the CPA (MSCPA), which retains however the original limitations of a single site treatment.

Here we propose a generalisation of the NLCPA idea to crystalline materials with multiple atoms per unit cell
lattices. The method is illustrated using a simple tight-binding model, and then given in a Korringa-Kohn-Rostoker
(KKR) multiple scattering implementation for a general ab initio density functional investigation of disorder. Results
are first discussed with reference to the topical example of changes in the electronic structure of a CuZn alloy as the
SRO of its homogeneously disordered phase transforms towards clusters segregation or long range ordering. This paves
the way to treating more complicated systems of immediate technological interest, such as doped semiconductors and
oxides beyond a cubic structure.

∗University of Warwick (Department of Physics) Coventry, United Kingdom
†Max Planck Institut für Mikrostrukturphysik, Weinberg 2, Halle, Germany
1”CoherentPotential Model of Substitutional Disordered Alloys”, P.Soven, Phys. Rev. 156, 809813, 1967
2”Density functional theory for disordered alloys with shortrange order: Systematic inclusion of charge correlation effects”, D. Rowlands

et al., Phys. Rev. B 73(16):165122, 2006.
3”KKR CPA for two atoms per unit cell: application to Pd and PdAg hydrides”, A. Pindor et al., Journal of Physics F: Metal Physics,

13(8):16271644, 1983.
1
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ABSTRACT 
Using numerical micromagnetics simulations, we have investigated domain wall motion in 
Fe20Ni80/Cu/Co spin valve. In that system, a layer of Fe20Ni80 containing a transverse head-to-
head domain wall is coupled to a uniformly magnetized Co layer, via a non magnetic Cu 
layer. We computed the static equilibrium magnetization distribution and showed that the wall 
in Fe20Ni80 widens, compare to that of a single  Fe20Ni80 nanostrip, while a quasi-wall is 
created in the Co layer. Thereafter, we investigated the domain wall dynamics in detail, under 
an applied magnetic field. 
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Hybrid organic-inorganic photovoltaics have been the focus of intense scientific
interest in recent years1,2. By using a combination of a conducting organic poly-
mer and an inorganic semiconductor, hybrid photovoltaics enable the possibil-
ity of large-area, low-cost solar energy conversion – something that conventional
photovoltaics, despite their high efficiencies, have been unable to achieve. Hybrid
photovoltaics comprised of P3HT and ZnO have attracted considerable interest
due to the possibility of solution processing and the favourable interfacial en-
ergy level alignment. Despite the tremendous progress that has been made in
enhancing device efficiencies, much improvement remains if P3HT/ZnO hybrid
photovoltaics are to become commercially competitive. We present here a first-
principles investigation of the photovoltaic interface of P3HT and ZnO. Using
a density-functional approach, we study the structure and energetics of model
interfaces between ZnO and P3HT3, and we identify possible binding configura-
tions of the polymer on the ZnO surface. This work provides a solid basis for
investigating the impact of the binding mode on the interfacial charge transfer,
which is critical in determining the performance of a hybrid device. In order
to address the shortcomings of standard DFT in calculating band offsets, we
present preliminary corrections to the electronic structures of P3HT and ZnO
using hybrid functionals4.

1. D. Olson, J. Piris, R. Collins, S. Shaheen, D. Ginley, Thin Solid Films 496, 26 (2006).

2. Y.J. Lee, M. Lloyd, D. Olson, R. Grubbs, P. Lu, R. Davis, J. Voigt, J. Hsu, J. Phys.

Chem. C 113, 15778 (2009).

3. S. Dag, L.W. Wang, Nano Lett. 8, 4185 (2008).

4. A. Alkauskas, P. Broqvist, F. Devynck, A. Pasquarello, Phys. Rev. Lett. 101, 106802

(2008).
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On the basis of density functional theory (DFT) calculations, we study electronic, 
magnetic and structural properties of the high ionic CaC compound in 6 different 
phases: Zinc Blend, Rock Solt and B2 with cubic structure and Wortzite, NiAs, and r-
NiAs with hexagonal structure. A ferromagnetic equilibrium state was found in the 
RS, NiAs, WZ, and ZB structures of this non-transition metal compound. Analyzing 
of electronic structure indicates that ferromagnetism in this ionic compound originate 
from the flat p orbital of anion atom (Carbon) around the Fermi level, as describe by 
Hund's rule. Moreover, we observed that this compound shows half metalic behavior 
in the equilibrium ZB and expanded WZ structures indicating potential applications of 
these systems in spintronics devices. The topological analysis of electronic charge 
density is employed to study the magnetic phase transitions of CaC in the selected 
structures. It was found that the paramagnetic-ferromagnetic phase transition in B2 
structure is accompanied by a topological transformation of electron density while the 
ferromagnetic-half metallic transtions in RS and ZB structures are associated with 
geometrical transformation of electron density. 
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Stability of domain boundaries on the Ge-covered
5×5-reconstructed Si(111) surface
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Extended one-dimensional defects, such as steps or domain boundaries, can be

used to template nanostructures. In particular, with solid phase epitaxy, the

Ge/Si(111) system can be prepared with a high density of 5×5 domains. The

domains are in-registry with the substrate but translationally shifted with respect

to each other, meeting at atomically ordered, linear boundaries. These bound-

aries can be used to template linear arrays of Ge or In “magic” clusters (clusters

of uniform size and structure) [1]. We will present a theoretical study based on

first-principles total-energy DFT calculations and simulations of scanning tun-

neling microscopy, which corroborates the previous experimental findings. We

aim to explain the intriguing distribution of domain-boundary types found in the

experimental study. We optimize the structures of the domain boundaries that

have been proposed on the basis of the experiments. Different models of the

boundaries are compared in terms of line tension (essentially an excess energy

of the boundary per unit length) obtained from large-scale DFT calculations.

In order to carry out the calculation, which requires up to several hundreds of

atoms in a unit cell, we make use of the FIREBALL computer code [2]. Addi-

tionally, a simple analytical model has been established to describe the effective

interaction between domain boundaries. The results of our study—and, from a

larger perspective, the general methods that we have developed for this particular

case—will produce a deeper understanding of nanostructure growth at domain

boundaries.

[1] A. G. Mark and A. B. McLean, Physica Status Solidi C 7, 185–188 (2010).

[2] http://www.fireball-dft.org/web
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Dye-sensitised solar cells (DSCs) employing mesoporous TiO2 films sensitised
with ruthenium-based dyes have shown consistently good performance over the
last two decades. Understanding the process of charge injection in these devices
requires detailed atomic-scale models of the interface between the light-absorbing
dye molecule and the semiconducting substrate. Despite considerable efforts de-
voted to the experimental1,2 and theoretical3,4 investigation of such interfaces,
different viewpoints still exist regarding their atomistic nature. We have per-
formed density-functional theory calculations of the O1s core-level shifts5 in order
to interpret photoemission data reported for a ruthenium sensitiser/anatase(101)
interface2. We show that the core-level shifts provide a useful probe into the
nature of bonding at the interface and can be used to successfully interpret the
measured spectral features.

1. Md. K. Nazeeruddin et al., J. Phys. Chem. B 107 34 (2003)

2. E. M. J. Johansson et. al., J. Phys. Chem. B 109 47 (2005)

3. F. De Angelis et al., J. Phys. Chem. C 114 13 (2010)

4. F. Schiffmann et al., J. Phys. Chem. C 114 18 (2010)

5. E. Pehlke and M. Scheffler, Phys. Rev. Lett. 71 14 (1993)
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Carbon allotropes characterized by sp2 hybridization have recently attracted
much attention due to the experimental availability of single-layer graphene
sheets [1]. In particular, the elastic properties of graphene have been found
to be extraordinary, establishing graphene as the strongest material ever mea-
sured [2]. Additionally, graphene shows a remarkable nonlinear elastic behaviour
[2,3]. In this work, we present a first-principles study of the linear and non-
linear elastic properties of diamond, graphene monolayers, as well as simple-
hexagonal, hexagonal, and rhombohedral graphite. Calculations are performed
using the pseudo-potential density-functional-theory code Quantum ESPRESSO
(QE) [4] and both the local-density and generalized-gradient approximations for
the exchange-correlation energy. For each system, the Lagrangian stress tensor
is calculated for distorted structures defined by given values of the Lagrangian
strain. The investigation of the stress dependence on the strain allows the de-
termination of second and higher-order elastic constants. The results we have
obtained for elastic constants at different orders are discussed in comparison
with experiment [2] and previous calculations [3] and with second- order results
achieved using the full-potential LAPW code WIEN2k [5]. In particular, we con-
sider the issue of numerical accuracy in the ab-initio calculation of higher-order
elastic constants. Furthermore, we investigate the role of van-der-Waals interlayer
interactions by using the vdW-DF extension [6] to the QE software package.

[1] K.S. Novoselov et al., Science 306, 666 (2004).

[2] C. Lee, X. Wei, J.W. Kysar, and J. Hone, Science 321, 385 (2008).

[3] X. Wei et al., Phys. Rev. B 80, 205407 (2009); F. Liu et al., Phys. Rev. B 76,

064120 (2007); E. Cadelano et al., Phys. Rev. Lett. 102, 235502 (2009).

[4] P. Giannozzi et al., J. Phys. Condens. Matter 21, 395502 (2009).

[5] K. Schwarz and P. Blaha, Comput. Mater. Sci. 28, 259 (2003).

[6] T. Thonhauser et al., Phys. Rev. B 76, 125112 (2007).
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A first principle approach to the solution of the Bethe Salpeter equation without empty electronic 
states has been recently developed [1], which makes possible the calculations of absorption spectra 
of relatively large systems (with several hundreds of electrons). We present applications of this 
approach to quasi-one dimensional systems, including chains of hydrogen molecules and Si 
nanowires. We discuss techniques to further improve the performance of absorption spectra 
calculations, and present a general scheme to accurately integrate the divergence in the screened 
exchange integrals. Finally, in the case of Si nanowires, we discuss the effect of surface 
reconstruction in shaping optical absorption spectra. 

 
 
[1]D. Rocca, D. Lu and G. Galli,  J. Chem. Phys. 133, 164109 (2010) 
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The role of dispersion or van de Waals interactions in imidazolium-based room-
temperature ionic liquids is studied within the framework of density functional theory, 
using a recently developed non-empirical functional [1], as efficiently implemented in 
the SIESTA code [2]. We present results for the equilibrium structure and lattice 
parameters of several crystalline phases, finding a general improvement with respect 
to both, the local density (LDA) and the generalized gradient approximations (GGA).  
In particular, equilibrium volumes reproduce experimental values to unprecedented 
accuracy. Intra-molecular geometries are retained, while intermolecular distances and 
orientations are notoriously improved relative to LDA and GGA. The quality is 
superior to that achieved with tailor-made empirical ad hoc VDW corrections [3]. We 
provide some insight into the issue of polymorphism of [bmim][Cl] crystals, and we 
present results for the geometry and energetics of [bmim][Tf] and [mmim][Cl] neutral 
and charged clusters, which validate the use of empirical force fields. By comparing 
to quantum chemical MP2 calculations on clusters, we validate VDW geometries and 
more importantly binding energies. We also analyze the performance of an optimized 
version of this non-empirical functional, where the screening properties of the 
exchange have been tuned to reproduce high-level quantum chemical calculations [4]. 

[1] M. Dion, H. Rydberg, E. Schröder, D. C. Langreth, and B. I. Lundqvist, Phys. 
Rev. Lett. 92, 246401 (2004); ibid. 95, 109902 (2005).  
[2] G. Román-Pérez and J. M. Soler, Phys. Rev. Lett. 103, 096102 (2009). 
[3] M. G. Del Pópolo, C. Pinilla and P. Ballone, J. Chem. Phys. 126, 144705 (2007). 
[4] J. Klimes, D. Bowler and A. Michaelides, J. Phys. : Condensed Matter 22,   
022201 (2010). 
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Edge effects in graphene nanoislands on Co(0001)
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We recently demonstrated the growth of regularly shaped, nanoscale graphene
islands of graphene on Co(0001) surfaces [1]. Here we combine low-temperature
scanning tunneling microscopy (STM) measurements and DFT based calculations
to study their edge properties. These graphene nanoislands reveal a well-ordered
structure at the edges, with predominant zigzag termination. STS tunneling
spectra show prominent peaks at low bias, where the edges dominate the images.
DFT calculations provide insights into the relative stability of different edge con-
figurations and passivation conditions, as driven by interactions with Co. The
coupling with the substrate results also in a dramatic modification of both elec-
tronic and magnetic properties at the edges. In order to study hybridization and
size effets, we transform to localized Wannier states and develop a minimal model
for the effective π states of these graphene nanostructures.
[1] D. Eom et al., Nano Lett. 9, 2844 (2009).
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Surface-induced magnetism in C-doped SnO2:

First-principles study
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The magnetism of C-doped SnO2 (001) surfaces is studied using first-principles
calculations. It is found that carbon does not induce magnetism in bulk SnO2

when located at the oxygen site, but shows a large magnetic moment at the
SnO2 (001) surface. The magnetic moment is mainly contributed by the car-
bon atoms due to empty minority spins of p orbitals and is localized at the
surface and subsurface atoms. No magnetism is observed when the carbon
atom is located at the subsurface oxygen sites. The origin of magnetism is
discussed in the context of surface bonding.
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Monte Carlo modeling of structural properties in
compressed 2D Wigner crystals

Olga Rancova1, Egidijus Anisimovas1

1. Department of Theoretical Physics, Vilnius University, Saulėtekio al. 9, 10222
Vilnius, Lithuania. E-mail address: Olga.Rancova@tfai.vu.lt

We present a numerical modeling of the formation of ordered structures and the
structural transitions within 2D few-particle systems. Strong interaction forces
lead to the formation of ordered structures (Wigner crystallization). It is observed
in numerous systems as quantum dots, electrons on liquid He, ions in traps,
dusty plasmas, macroscopic model systems [1]. Under different conditions such
systems undergo the erosion or reorganization of the structure. The macroscopic
definitions of phase transitions are ambiguous for the few-particle systems [2].
In this work the structural transitions within 2D systems up to 10 particles
caused by squeezing of the confinement potential are modelled using the sta-
tistical Monte Carlo technique with optimizing algorithms. The particles inter-
act through Coulomb repulsion forces and are confined by a parabolic potential
Vc = x2 + α2y2. Departure of the parameter α from unity squeezes the poten-
tial inducing structural transitions. The dependence of the specific heat Cv of
the system, estimated from statistical energy fluctuations, upon the confinement
potential is explored. Sudden changes of Cv signal the structural and symmetry
changes, that play the role of phase transitions in a finite system.
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Surface-induced atomic and electronic properties of unpassivated GaAs 
Nanowires

 

Marcello Rosini1, Rita Magri

1. Dipartimento di Fisica, Università degli Studi di Modena e Reggio Emilia, via 
Campi 213/A, 41125 Modena, Italy

Semiconductor  nanowires  (NWs)  are  particularly  interesting  for  applications  to 
nanoelectronics and nanophotonics, owing to their one-dimensional structure, and to 
the  large  surface  to  volume  ration  [1].  A  number  of  key  renewable  energy 
applications, such as photoelectrochemical water splitting, and solar cells, have also 
been  devised  for  nanowires,  together  with  applications  to  nanosensoring  for 
environmental pollution detection and antibody molecule recognition [2,3].
Based  on  accurate  ab-initio  calculations,  we  propose  a  model  for  predicting  the 
stability  of  III-V  Nanowires  (NW)  having  different  sidewalls  and  ridge 
configurations. The model allows us to obtain the NW formation energies performing 
calculations only on relatively “small” systems: small diameter NWs and flat surfaces, 
to extract the contributions to stability of each structural motif. The method can be 
applied generally also to other differently shaped and oriented III-V NWs.  The model 
shows that NW surfaces mainly determine the NW stability, so as the changes to the 
surface structure would modify the final NW structure in a remarkable way. We find 
that wurtzite and zincblende nanowires have similar energies over a wide diameter 
range, thus explaining the observed polytypism. Furthermore, new more stable ridge 
reconstructions are proposed for zincblende nanowires. The surface related structural 
motifs have also clear fingerprints on the NW electronic structure: the more stable 
nanowires are all semiconducting; the bandgaps are ruled by surface states and do not 
follow  the  trend  mandated  by  the  quantum  confinement  effect;  small  diameter 
wurtzite nanowires have an indirect band gap, but for some of them an indirect to 
direct transition can be foreseen to occur at larger diameters. Surface states have a 
larger impact on the zincblende NW bandgaps than on the wurtzite NW ones.

[1] C. Thelander et al., Materials Today 9, 28 (2006)
[2] F. Patolsky et al., Materials Today 8, 20 (2005)
[3] A. Schnirman et al., Nano Lett. 6, 1870 (2006)
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Electronic properties of crystal and amorphous phases of SiO2:  
disorder effects within and beyond Density Functional Theory 
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We present a first-principles systematic study of the electronic structure of SiO2 
including the crystalline polymorphs (quartz and cristobalite), and different types of 
disorder leading to the amorphous phase. We start from calculations within density 
functional theory and we then proceed to more sophisticated many-body perturbation 
theory calculations within the GW scheme. We show that the mobility gap of 
amorphous silica coincides with the band gap of quartz, contrary to the traditional 
picture and to the density-functional theory results. Our results [1] show that different 
kinds of disorder have also different impact on atomic and electronic-density 
fluctuations, which affect the electronic structure and, in particular, the size of the 
mobility gap. The inclusion of the local field effects in the exchange-correlation 
potential turns out to be crucial to quantitatively describe amorphous systems and 
defect states. 

 

                     

 

[1] L. Martin-Samos et al, Phys. Rev. B 81, 081202(R) (2010) 
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DFT and Beyond - Climbing Jacob’s Ladder

Laurids Schimka1, Judith Harl 1, and Georg Kresse1
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Universität Wien, Sensengasse 8/12, A-1090 Wien, Austria

Density functional theory (DFT) has shown to be an efficient method to calcu-
late a wide range of materials properties. Nevertheless, no DFT-functional yields
satisfactory and accurate answers for all physical problems. We investigate the
performance of various DFT- and beyond DFT methods for lattice constants,
heats of formation and atomization energies. Specifically, we will show results for
LDA, PBEsol, HSEsol (a hybrid based on PBEsol) and the random phase approx-
imation (RPA) within the adiabatic connection fluctuation dissipation framework
(ACFD), each of which represents a rung in Perdew’s Jacob’s Ladder[1].
Furthermore, we present ab-initio calculations of the zero-point anharmonic ex-
pansion (ZPAE) effect on the lattice constants. The increase of the theoretical
lattice constants caused by ZPAE can be as large as 2%. In the view of very ac-
curate methods like the RPA (average lattice constant error smaller than 0.5%)
this effect must not be neglected. We show that it is sensible to correct the ex-
perimental lattice constants using corrrections calculated at the PBE level.

[1] J. P. Perdew and K. Schmidt, in Density Functional Theory and its Application
to Materials, edited by V. Van Doren, C. Van Alsenoy, and P. Geerlings AIP,
Melville, New York, 2001.
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Polynitrogen confined to C60 Cage: A novel energetic Material 
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In recent years, interest in polynitrogen or polymeric nitrogen has drawn considerable 
attention not only because of its theoretical significance but also because of its possible 
application as a high energy density material (HEDM)[1,2]. Polynitrogen molecules are 
formed by a combination of lower-order bonds, and while decaying into dinitrogen (N2) 
molecules, they release enormous amount of energy and are environmentally safe. Over the 
last few decades, there have been consistent efforts to predict new exotic forms of all-
nitrogen molecules using various experimental and theoretical techniques [3,4].   
 
Therefore, in this problem using density functional theory, we have explored the possibility 
of trapping polynitrogen clusters inside C60 fullerene cages. Our results indicate that C60 can 
act as an ideal candidate to trap nitrogen in polymeric form. We found that a maximum of 13 
nitrogen atoms can be encapsulated in a C60 cage without distorting the C60 cage 
significantly. The nitrogen clusters in confinement exhibit unique stable structures in 
polymeric form, mostly in single and double-bonded formations. The Nn@C60 molecules 
retain their structure, even at 300 K, for n ! 12. The Mulliken charge analysis shows a very 
small charge transfer in N@C60, consistent with the quartet spin state of N. However, for 2 < 
n < 10, charge transfer takes place from the cage surface to the Nn compounds, and inverse 
polarization thereafter. 
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A unified pseudopotential approach to superconducting state parameters of 
Mg, B and MgB2 
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___________________________________________________________________________________________ 
Abstract : Pseudopotential theory has been applied in BCS-Eliashberg-McMillan framework by 
employing Tc-equation due to Allen and Dynes for estimation of superconducting state parameters, 
viz., electron-phonon coupling strength (!), Coulomb pseudopotential ("*), transition temperature (Tc 
), isotope effect exponent (#) and interaction strength (NoV) of Mg, B and MgB2 in a unified approach 
for the first time. The empty core model pseudopotential  due to Ashcroft and RPA form of  dielectric 
screening function due to Linhard are used, which provide superconducting state parameters of Mg 
and B in excellent agreement with the relevant experimental data and other theoretical results. Form 
factors of MgB2 , computed from the form factors of component metals (Model-I), are used for 
theoretical estimation of superconducting state  parameters of MgB2. The Tc value of MgB2 (39.126 
K) obtained from the this approach shows an excellent agreement with the other theoretically 
computed values of Tc and the relevant experimental data. The explicit dependence of ! and Tc  on 
the isotopic mass of Mg and B, as revealed from the present work, confirms the role of lattice 
vibrations in the superconducting behaviour of MgB2 and the high value of Tc in it may be attributed 
to the phonon-mediated e-e interaction coupled with higher values of phonon frequencies due to light 
mass of B atoms. It has also been observed that the pseudo-atom model (Model-II) with appropriate 
choice of the potential parameter rc  can successfully explain high value of Tc and isotope effect in 
MgB2, confirming the prominent role played by electron-phonon interaction in the high Tc 
superconductivity observed in MgB2. The isotope effect exponent #-values obtained from the two 
models are in excellent agreement with each other and the present value #= 0.462 is also much 
closer to the BCS value of 0.5. Interaction strength NoV-values obtained from the two models are 
also in excellent agreement with each other and the present value NoV=0.407 suggests that MgB2 is 
a strong coupling superconductor. The present unified approach thus successfully explains 
superconductivity in Mg, B and MgB2. 

 
 

Key Words :    Pseudopotential, superconductivity, transition temperature, electron-phonon coupling strength, 
isotope effect, interaction strength. 
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Electronic structure of hydrogenated diamond surfaces:

The role of temperature on surface reconstruction.

R. Ramos, M. J. Caldas
Instituto de F́ısica, Universidade de São Paulo, São Paulo, Brazil.

Nanocrystalline diamonds are currently widely proposed as promising [1] in the
development of new devices for biosensing and bioelectrochemistry, due to its
uncommon surface electronic properties such as negative electroaffinity [2], sen-
sibility to the surface termination, and expressive reduction of resistivity [3].
Usually obtained by chemical vapor deposition in a controlled way, the surface of
the samples imaged from scanning tunneling measurements [4] and atomic force
microscopy [5] shows a number of complex structures due to local reconstruc-
tions, which are demonstrated to be dependent on the exposition to hydrogen,
and on the temperature of the sample [4]. In this work we present a study of
the electronic structure for different surface reconstructions, with local defects
such as interruptions of dimer rows and dangling bonds at the surface, in order
to identify the role of hydrogen atoms in the electronic properties. Due to the
above mentioned role of temperature and hydrogen exposition on the surface ter-
mination, in order to describe theoretically these specificities it is necessary to
take into account, in the theoretical modeling, the dynamics under finite tem-
peratures, with larger unit cells than those currently accessible to the treatment
under first principles theory. Hence, to this end we use semi-empirical tight bind-
ing molecular dynamics to generate models [6], which are then studied in depth
through density functional theory [7,8].

[1] S. Q. Lud et al., Appl. Phys. Lett. 96, 092109 (2010); [2] J. Ristein, Surf.
Sci. 600, 3677 (2006); [3] M. Landstrass and K. Ravi, Appl. Phys. Lett. 55,
975 (1989); V. Chakrapani et al., Science 318, 1424 (2007); [4] R. Stallcup and
J. Perez, Phys. Rev. Lett. 86, 3368 (2001); [5] M. Nimmrich et al., Phys. Rev.
B 81, 201403 (2010); [6] C. Xu et al., Phys.-Condens. Mat. 4, 6047 (1992); B.
Davidson and W. Pickett, Phys. Rev. B 49, 11253 (1994); M. Volpe and F. Cleri,
Surf. Sci. 544, 24 (2003); L. Colombo, Riv. Nuo. Cim. 28, 1 (2005); [7] X.
Gonze, et al., Computer Phys. Commun. 180, 2582 (2009); [8] J. P. Perdew and
A. Zunger, Phys. Rev. B 23, 5048 (1981);
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The nonempirical calculations of the lattice dynamics of the oxyfluoride 
Rb2KTiOF5 

 

Svetlana Sofronova1  
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The elpasolit Rb2KTiOF5 undergoes at 215 K a structural transition Fm3m (Z=4) <-
>I4/m (Z=10). The structural distortion is due to rotation of all octahedral around the 
four-order axis through an angle of about 3°, a distortion of some octahedra, and the 
significant displacements of some Rb atoms. When refining the structure, it was 
impossible to recognize oxygen and fluorine atoms. The studies of the structure and 
Raman spectra of the cubic phase of Rb2KTiOF5 showed that disordering take place at 
least in the octahedral subsystem.   
   In this study we calculate phonon dispersions, Born effective charge, high-
frequency permittivity of the Rb2KTiOF5 of several ordered configurations. The 
dynamic properties are calculated using a nonparametric generalized Gordon-Kim 
model in which the deformability, dipole and quadrupole polarizabilities of ions are 
taken into account.  
   The TiOF5 anion exhibits tetragonal symmetry C4v. However, symmetry of the 
crystal lattice oxyfluorides remains cubic with space group Fm3m due to statistical 
disorder of F and O atoms. We calculated the vibration frequencies of atoms in the 
compounds of several ordered configuration. In the first configuration there is only 
one orientation of the octahedra in the Fm3m unit sell (F-Ti-O along +z), in the 
second ordered configuration there are two nonequivalent octahedra in the Fm3m unit 
sell (F-Ti-O along +z and –z ) and in the third configuration there are four 
nonequivalent octahedra in the Fm3m unit sell (F-Ti-O along +z and –z). Frequency 
spectrums of these ordered configurations are consisting “soft” lattice modes; it 
means, that studying ordered configurations undergoes a phase transitions. 
   The eigenvectors of both “soft” lattice modes of first configuration correspond to 
the equivalent displacement of all Rb atoms and the rotation of all the octahedra. 
There are “soft” lattice modes in the second and third configurations which the 
eigenvectors correspond to the nonequivalent displacement of Rb atoms, the rotation 
of the some octahedra and the distortion of the some octahedra. Also, there are some 
lattice modes of relatives on frequency to the highest in the second and third 
configurations. Raman spectra of the cubic phase of Rb2KTiOF5 showed that 
disordering take place. The phase transitions can be attributed to instability one of a 
“soft” lattice mode in the second or third configurations. 
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Pseudo-electromagnetism in graphene  
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We present roles of pseudo vector and scalar potential in changing physical properties 
of graphene systems. First, graphene under small uniaxial strain is shown to be 
described by the generalized Weyl's Hamiltonian with inclusion of pseudo vector and 
scalar potential simultaneously [1]. Thus, strained graphene is predicted to exhibit 
velocity anisotropy as well as work function enhancement without any gap. Second, if 
homogeneous strains with different strengths are applied to each layer of bilayer 
graphene, transverse electric fields across the two layers can be generated without any 
external electronic sources, thereby opening an energy gap [2]. This phenomenon is 
made possible by generation of inequivalent pseudo scalar potentials in the two 
graphene layers. Third, when very tiny lateral interlayer shift occurs in bilayer 
graphene, the Fermi surfaces of the system are shown to undergo Lifshitz transition 
[3]. We will show that this unexpected hypersensitive electronic topological transition 
is caused by a unique interplay between the effective non-Abelian vector potential 
generated by sliding motions and Berry’s phases associated with massless Dirac 
electrons. 
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PAW method in localized-basis-set SIESTA code: first
stage of development

Tristana Sondón 1 and Chu Chun Fu 1
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The Projector Augmented Wave Method (PAW) has been demonstrated to be
a particularly efficient and accurate tool to perform electronic structure calcula-
tions. The main advantage of this method is that it has a computational cost
similar to that of a pseudo-potential calculation while retaining the key physics
of all electron methods, including the correct nodal behavior of the valence elec-
tron wave functions and an easier inclusion of the upper core electrons in the
self-consistent cycle.
The SIESTA code uses a linear combination of pseudo-atomic orbitals as a basis
set, and in the present form of the code, the calculations are made within the
formalism of Norm-Conserving Pseudo-Potentials of the Troullier-Martins type
in their fully non-local form.
In some magnetic systems, for example Fe-based alloys, there is an expected
improve of accuracy on the calculations of their properties with the PAW method
as has been reported in the literature. Several publications show that values
calculated with the PAW method compare very well with more accurate full-
potential calculations. The motivation for the implementation of this method on
SIESTA is to combine the higher accuracy of the PAW method and the more
efficient basis set.
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Reflectivity and absorption measurements are powerful techniques to investigate 

microscopic properties of matter. Among these properties, modifications in the lattice 

structure of a system can be detected via di!erences between measured signals. 

Nevertheless a simple interpretation of measured data is di"cult to give since the 

absorption of incoming photons gives rise to a vast variety of phenomena that are 

collectively described by the macroscopic dielectric tensor of the sample.  
Near the optical gap of many semiconductors and insulators, the principal 

contribution to the dielectric tensor is given by the electrons of the solid absorbing the 

light and by their collective response. In this scheme, a theoretical dielectric response 

obtained in the framework of independent particles is not accurate enough to 

reproduce experimental data. Because of this, more advanced techniques are 

mandatory, especially because of the inclusion of collective reactions as screening 

and electron-hole interactions.  
Here we present a theoretical study carried on the optical properties of bulk S rT iO3 
(STO) with two di!erent lattice structures : one is the cubic structure (a = 3.905 

Angstrom
1
) and one is a strained configuration. We present the computation of the 

macroscopic dielectric tensor of STO performed in the framework of Time Dependent 

Density Functional Theory (TDDFT), where the exchange-correlation kernel has been 

approximated using either the Random Phase approximation (RPA) or the Long 

Range Contribution kernel (LRC)2. To improve the calcu- lation of the band structure, 

Many Body Perturbation Theory (MBPT) has been applied in the LDA+G0 W0 
approach, suggesting the use of a scissor operator to account for the scree- ning. 

Bethe-Salpeter Equations has been finally solved for the cubic structure to improve 

the description of the excitonic e!ect. Comparison with experimental data34 has been 

also carried out.  
Using a C++ code

5
 written ad hoc to compute the reflectivity of anisotropic materials, 

we will display the di!erence in signal due to the structural strain and we will link it 

to the di!erence between the two theoretical dielectric tensors. 
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Ab initio study of electronic properties of bismuth 
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Bismuth, a group-V element which crystallizes in the rhombohedral A7 structure, is a 
well-known semimetal, and the archetype of thermoelectric materials. Our purpose is 
to interpret a behavior of the plasma frequency with respect to the pumb/probe delay 
in photoexcited bismuth. The from-first-principles calculations are performed in the 
framework of the density functional theory with the generalized gradient 
approximation, using a plane wave basis set and pseudopotential scheme. Satisfactory 
agreement with reported experimental results have been  obtained. In particular, we 
show that the role of spin-orbit coupling effect has been found to be crucial to 
satisfactory obtain both the electron and hole pockets at the Fermi level. 

 
 
 
 
 

 
Applications: A5  Functional Materials 
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Numerical simulation of four-probe resistance
measurements of nanoscale materials
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and Satoshi Watanabe1

1. Department of Materials Engineering, The University of Tokyo

Four probe measurements are widely used to measure the intrinsic resistance of
a sample without the contact resistance at interfaces between the sample and
source/drain electrodes. However, the four-probe measurements of nanoscale
materials often fail to capture the intrinsic resistance of the samples when the
distance between probes is shorter than the phase relaxation length of the sample.
To clarify the relation between the intrinsic resistance of sample and data of
four-probe measurements at nanoscale, we have developed a four-probe electron
transport simulator using the nonequlibrium Green’s function method combined
with the self-consistent-charge density-functional tight-binding method. In the
present work, we have carried out the four-probe resistance calculation of indi-
vidual single-walled carbon nanotubes (SWNTs).
The two simulation models we adopted are depicted in Fig. 1(a). We used (5,
5)-SWNTs as both a sample and probes. For both the models, we observed the
appearance of sharp peaks and dips in four-probe resistance (R4pt) spectra as
depicted in Fig. 1(b), which is not expected in measurements on macroscale
pristine sample without defects. In order to clarify the origins of the sharp peaks
and dips, we have calculated DOS of the sample and LDOS at the apex of a
current probe in model A, which are also shown in Fig. 1(b). We can see that
the peaks and dips in the four-probe resistance spectra correspond to peaks in
either the LDOS or DOS. The results suggest that in this regime the effects of
current probes in four-probe measurements are not completely removed and the
features of the sample appear in a way different from macroscopic measurements.
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Figure 1: (a) Schematics of the simulation models. Both model A and model
B consist of a sample, two potential probes, and two current probes, all of
which are (5, 5)-SWNTs. The apices of current probes contact the sample in
model A, while the current probes and the sample cross in model B. (b) Four
probe resistances of the models, LDOS at the apex of a current probe in model
A, and DOS of SWNTs.
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Characterization of point defects in UO2 by positron annihilation 
spectroscopy: a first-principles study 
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Positron Annihilation Spectroscopy (PAS) is one of the most powerful experimental 
tools for probing defects in crystalline materials. Its great sensitivity to vacancy-type 
defects is due to the fact they act as efficient positron traps because of the reduced 
repulsion of positive ions. However, the correct identification of defects with PAS 
requires the knowledge of accurate positron lifetimes for the various kinds of defects. 
That can be provided by numerical calculations. 

The interpretation of PAS experiments calls for theoretical methods with quantitative 
predicting power. Such a method must accurately treat on the same footing, the 
electrons and positron densities as well as the atomic structure. The TC-DFT1,2 (Two-
Component Density-Functional Theory)  has proven its capability to answer this 
problem. We have implemented this formalism within the “Projector Augmented-
Wave” (PAW) 3 method in the ABINIT code4. In our implementation, the electrons 
and positron densities are optimized self-consistently and positron-induced forces are 
accurately calculated. That allows to properly determining the relaxed geometries of 
defects that trapped positron.  

In this work, we have applied the TC-DFT to various point defects in UO2. The use of 
the PAW method allows considering large super cells to simulate point defects, we 
have typically used cells that contain 32 UO2 unit formulas (t96 atoms). Uranium 
dioxide is well known to be poorly described by standard DFT because of strong 
electronic correlations. We chose to use the LDA+U framework in order to overcome 
this shortcoming. 

Various kinds of defects have then been investigated: the oxygen vacancy, the oxygen 
interstitial, the uranium vacancy, and three Schottky defects. This work is a first 
attempt to help for the interpretation of PAS experiments on UO2 but it seems really 
promising. In particular, we have demonstrated that the TC-DFT could be 
successively applied for treating strongly-correlated materials like UO2 if the Hubbard 
correction is included. 

[1]  E. Boroski and R.M. Nieminen, Phys. Rev. B 34, 3820 (1986). 
[2]  M.J. Puska and R.M. Nieminen, Rev. Mod. Phys. 66, 841 (1994). 
[3]  P.E. Blöchl, Phys. Rev. B 50, 17953 (1994). 
[4]  X. Gonze et al., Computer Physics Communications 180, 2582 (2009) 
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Electron-phonon coupling in semiconducting nanostructures 
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Ecole Polytechnique, Laboratoire des Solides Irradiés, CEA-DSM, CNRS UMR7642, 91120 
Palaiseau, France 

 
 
 

Interaction of excited electrons with phonons plays a central role for electronic and transport 
properties on the nanoscale. It is the main process limiting the excitation lifetime at values of  energy 
around 0.5 eV above the bottom of the conduction band.  
 
 Recently, we have developed a theoretical approach, fully ab initio, which allows us to 
calculate the electron-phonon coupling constants and scattering times for collisions of charge carriers 
in the conduction band with short-wavelength phonons [1,2]. This approach is based on the density 
functional theory [3,4], and has enabled us to describe the relaxation of hot electrons in GaAs, and to 
calculate the lifetime of the direct exciton in GaP, all in complete agreement with experiments. We 
have also described the evolution of the lifetime of the direct exciton in GaAs under pressure[5], 
which is governed by the electron-phonon scattering rate.  
 
 We will also present our new results about the intrinsic lifetime limit of the 2p0 shallow 
impurity state in silicon doped with group V donors, especially phosphorous [6]. Lastly, the effect of 
the nanostructuring on the electron-phonon coupling constant will be illustrated through the example 
of GaAs/AlAs superlattices.  Our results show that the electron-phonon coupling constants in those 
layered materials are widely different from the bulk ones.  
 
 We would also like to point out that such an approach to compute the electron-phonon 
coupling is crucial to tackle the coupling of the charge and heat  transports in nanostructures. We will 
present results of the electronic mobility in silicon computed with ab initio deformation potentials for 
the intervalley scattering and the Boltzman equation[7].   
 
 
 
 

 
[1] J. Sjakste, N. Vast and V. Tyuterev, Phys. Rev. Lett. 99, 236405 (2007). 
[2] J. Sjakste, V. Tyuterev and N. Vast, Appl. Phys. A 86 301 (2007).  
[3] http://nobelprize.org/nobel_prizes/chemistry/laureates/1998/kohn-lecture.html 
[4] S. Baroni, S. de Gironcoli, A.D. Corso, and P. Giannozzi, Rev. Mod. Phys. 73, 515 (2001). 
[5] J. Sjakste, V. Tyuterev and N. Vast, Phys. Rev. B 74, 235216 (2006). 
[6] V. Tyuterev, J. Sjakste and N. Vast, Phys. Rev. B 103, 245212 (2010). 
[7] Thermoelectric transport properties of silicon: towards an ab initio approach,  
Zhao Wang, Shidong Wang, Sergey Obukhov, and N. Vast, J. Sjakste, V. Tyuterev, and N. Mingo,  
submitted.  
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The absorption of diamondoids from time-dependent
density functional calculations

Márton Vörös1, Tamás Demjén2, Adam Gali1,2

1. Department of Atomic Physics, Budapest University of Technology and Eco-
nomics, Budafoki út 8., H-1111, Budapest, Hungary
2. Research Institute for Solid State Physics and Optics, Hungarian Academy of
Sciences, PO Box 49, H-1525, Budapest, Hungary

Recent technological developments allow the size and shape selected preparation
of small diamond nanocrystals, i.e. diamondoids [1], that are the smallest build-
ing blocks of diamond. Since the characteristic size of these diamondoids is in the
range of nanometer, they possess several interesting properties that do not show
up in the case of bulk diamond. Recently, Lasse et al. measured the absorption
spectrum of several pieces of the diamondoid series [2]. We show that all-electron
time-dependent DFT (TD-DFT) calculations including hybrid functional in the
TD-DFT kernel are able to provide quantitatively accurate results [3]. Our calcu-
lations demonstrate that Rydberg transitions are characteristic even for relatively
large nanodiamonds resulting in low optical gaps. Continuing our work on pris-
tine diamondoids [3], we also investigate how impurities may affect the optical
properties of small diamondoids.

[1] J. E. Dahl, S. G. Liu, and R. M. K. Carlson, Science 299, 96 (2003),
[2] L. Landt et al., Phys. Rev. Lett. 103, 047402 (2009),
[3] Márton Vörös and Adam Gali, Physical Review B 80, 161411(R) (2009).
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Ab initio prediction of giant magnetoelectric effects driven
by structural softness

Jacek C. Wojdel and Jorge Íñiguez

Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Campus UAB,
08193 Bellaterra, Spain

Magnetoelectric (ME) multiferroics are materials in which electric and magnetic
orders are coupled together,1 allowing for potential development of a variety of
magnetic devices (e.g. memories, spin filters) whose behavior can in principle be
controlled by application of an external voltage. Harvesting this property in the
real-world applications is complicated by the scarcity of ferroelectrics which are
magnetically ordered at room temperature2 and the fact that they need to be
good insulators and present sizable ME coupling at the same time. Because of
the difficulties in experimental work on the materials, many key issues relating
to their the physical properties remain to be addressed, which further hampers
progress in this field.
We present a first-principles scheme for computing the lattice-mediated part of
ME response of multiferroics 3 and show that it is possible to strongly enhance
such a response by modifying elastic properties of these compounds. 4 Specif-
ically, our calculations indicate that by inducing structural softness the studied
materials can be tuned toward giant ME effects. This observation does not de-
pend on the material at hand; further, the structural softening can be achieved
by a range of methods, from epitaxial growth to chemical substitution, which
allows for a variety of experimental approaches depending on the specifics of the
investigated compound.
We demonstrate this notion with calculations for thin films of room-temperature
multiferroic BiFeO3. We show that under certain epitaxial conditions these films
display a linear ME response comparable to the largest ones ever measured.

1
M. Fiebig, J. Phys. D: Appl. Phys. 38, R123 (2005).

2
A. Filippetti and N.A. Hill, Phys. Rev. B 65, 195120 (2002).

3
J.C. Wojde�l and J. Íñiguez, Phys. Rev. Lett. 103, 267205 (2009).

4
J.C. Wojde�l and J. Íñiguez, Phys. Rev. Lett. 105, 037208 (2010).
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A DFT/TDDFT study of di-zinc pyrazinoporphyrazine-phthalocyanine 

complexes with different peripheral substituents as potential sensitizers 

in a DSC 
 

Ximena Zárate, Eduardo Schott, Ramiro Arratia-Pérez  

Universidad Andres Bello, Departamento de Ciencias Químicas, Relativistic 

Molecular Physics Group, República 275, Santiago, Chile. 

We performed a theoretical study of the electronic structure and the characterization 

of the electronic transitions in the UV-vis absorption spectra of a family of dimers 

constituted by Zn(II)-Pyrazinoporphyrazine and Zn(II)-Phthalocyanine linked by 

pyrrolic rings through =CH- group, with peripheral electron-donors and electron-

withdrawing substituents R (Fig. 1) (1. OH, 2. C(CH3)3
1, 3. CH3, 4. Phenyl, 5. H, 6. 

CO2H, 7. CN, 8. NO2 and 9. PO3H2) via relativistic two components ZORA 

Hamiltonian using Density Functional Theory (DFT) and its extention Time 

Dependent-Density Functional Theory (TDDFT). The geometries were optimized 

using the Generalized Gradient Approximation, BP86 functional, and Slater Type 

Orbitals (STO-TZP) basis set, using the ADF computational package
2
.   

These complexes are excellent chromophores and they show interesting molecular 

properties like being useful for redox catalysis, photocatalysis and for building optical 

devices. That is why these results prompted us to do a proposal to study which 

substituent R will increase the light-harvesting capability of the different systems in a 

dye-sensitized solar cells (DSC) device with possible injection to the semiconductor 

(Figure 1).   

      
Figure 1. DSC mechanism and general molecular structure of the studied systems. 

References 
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1785. 
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Main Topic: T2 Time Dependent DFT

The role of van der Waals forces in semiconductor solids

Guo-xu Zhang, Alexandre Tkatchenko, Joachim Paier, Heiko Appel, and

Matthias Scheffler Fritz-Haber-Institut der MPG, Faradayweg 4-6, 14195

Berlin, Germany

While the importance of van der Waals forces (vdW) for binding be-

tween molecules is well established, their influence on the cohesive properties

of solids remains to be quantified from first-principles. In particular, most

state-of-the-art (semi-)local density functionals yield systematic deviations

for the lattice constants, cohesive energies, bulk moduli and their pressure

derivatives for a range of solid-state systems. The traditional way to calcu-

late vdW dispersion coefficients in solids is to obtain the polarizability from

the dielectric function by means of the Clausius-Mossotti equation. Here,

we assess the validity of the Clausius-Mossotti equation for semiconductor

solids. We evaluate the long-range C6 dispersion coefficients for diamond, Si,

and Ge from the TDDFT dielectric function as well as by using the cluster

extrapolation model. We find good agreement between these two different

approaches, enabling us to assess the effect of the long-range vdW forces on

the abovementioned cohesive properties. In particular, for Si and Ge, we ob-

tain improved results by coupling the long-range dispersion energy with the

Perdew-Burke-Ernzerhof (PBE) functional for the short range. We compare

our results for the cohesive properties with recently developed functionals for

solids.
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