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The workshop will focus on the most recent advances in electronic structure theory from first
principles, and its application to real materials properties. Methodological developments will cover a
broad range of techniques, including Quantum Monte Carlo, methods for strongly correlated
systems, approaches to describe electrons out of equilibrium and new Density Functional Theory
functionals, and methods to deal with very large systems. Applications will focus on technologically
relevant materials and processes, including photovoltaic cells, electrochemistry, spintronics, and
functional materials.

This workshop is organized within the series of "MINI"-Workshops associated to the "Total Energies
and Forces" Workshops held at the ICTP in Trieste every two years. While the Trieste workshops
take place on odd years, the MINI series are held on even years, each time in a different location.
Previous MINI workshops of this series took place in Tsukuba (1998), Madrid (2000), Tenerife
(2002), Paris (2004), Cambridge (2006), Bonn (2008) and Shanghai (2010).

The format of this series of workshops provides an ideal oportunity for exchange of ideas and
establishing contacts and collaborations. This, together with the social activities and the cultural and
turistic possibilities offered by the city of Barcelona, will hopefuly make this workshop a memorable
event.

We look forward for a successful meeting!

The Organizing Committee.
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The workshop will take place downtown Barcelona, at the Casa Convalescéncia
(http://www.fundaciouab.com/casa) within the premises of the Hospital de la Santa Creu i Sant Pau.
It is located in the crossing between streets 'Sant Antoni Maria Claret' and 'Sant Quinti'. You can
reach it by taxi, metro (stations 'Hospital de Sant Pau' and 'Guinardo'), and several bus lines (see
map below).
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Transport from the Airport to the Hotels and Conference Venue: There are two main options to
transfer from the airport to the Hotels or Conference Venue:

1. The 'Aerobus' (http://www.aerobusbcn.com) bus line will take you downtown in about 20 min (with
a frequency of 5-15 min, depending on the hour). The fare is around 6 Euro. Stops are conveniently
located at the T1 and T2 terminals of the airport. You should get off at the penult stop (Plaza
Universitat), where you can take the metro to Sagrada Familia or Hospital de Sant Pau (depending
on the location of your hotel).

2. Taxi: A taxiride should be around 30 Euro. See info on the Barcelona taxi system below.

Barcelona Metropolitan Transport - TMB: http://www.tmb.cat/en/home

The Barcelona Metropolitan Transport agency (TMB) issues one trip (T-1) and 10 trip (T-10) tickets,
which you can buy in the automatic machines located in all metro stations. Tickets are valid on all
the means of transport enclosed in the TMB network (bus, metro, railway, etc), but NOT for the
Aerobus line to the airport. The system is divided in Zones. To move around downtown, you need a
ticket valid for one Zone.
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METRO
Barcelona has seven metro lines which cover distance of 93.3 kilometres and serve 130 stations.
The city also has a funicular rail-way.

Times: Weekdays from Mon to Thus, Sun and public holidays......... 5am - midnight
Friday.............. 5am - 2am
Saturday.......... 5am - 5am

BUS

The TMB (Barcelona Metropolitan Transport) bus network operates a fleet of over 1000 buses. All of
them are adapted for people with reduced mobility. Running times vary from route to route. Some
services begin at 4.25am and end at 11pm. Information about the different bus routes and frequency
is posted at the bus stops. Barcelona. There are a number of night bus services that run throughout
the night.

TAXI
For information about taxis in the Barcelona area, fares, etc., please check:

Institut Metropolita del Taxi de Barcelona, Tel. 932 235 151 | www.taxibarcelona.cat

Special tours: http://www.barcelonaguidebureau.com/
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1. Hotel Confortel Bel Art **** (http://www.confortelhoteles.com/es/hotel-bel-art-barcelona)
Lepant 406, 08025 Barcelona
+34 934 33 54 40

2. Hotel Sagrada Familia *** (http://www.hotelsagradafamilia.com/engl/index.html)
Corsega 541, 08025 Barcelona
+34 93 4366115

3. Hotel Aristol *** (http://lwww.hotelaristol.com/)
Cartagena 369, 08025 Barcelona
+34 934335100 934 335101

4. Hotel Acta Ink 606*** (http://www.hotel-ink606.com/)
Mayorca 606, 08026 Barcelona
+34 932 314 258

5. Hotel Catalonia Albéniz*** (http://www.hoteles-
catalonia.com/en/our_hotels/europal/spain/catalunya/barcelona/hotel_catalonia_albeniz/index.jsp)
Arago 591-593, 08026 Barcelona

+34 932 652 626

6. Hotel Hotel Medicis ** (http://www.medicis-hotel.com/)
Castillejos 340, (08025) (Horta-Guinards) BARCELONA

7. Hotel Medium Abalon* (http://www.mediumhoteles.com)
Travessera de Gracia 380-384, 08025 - Barcelona
+34 93 450 04 60
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As in any other big city, you should take some basic personal safety measures during your stay in
Barcelona. While violent crime is extremely rare, pick pocketing and bag snatching are relatively
common, specially in tourist crowded areas, and you should be alert. Here are some basic tips you
should consider.

1) Pick pockets prefer to choose easy victims - if you are paying attention and don't have any
valuables on show, it is less likely that you will be pick pocketed.

2) Pick pockets and scam merchants often work in groups. The subway is a hotspot for group pick
pocketing.

3) Only carry around as much money as you need for that day, no more. Leave valuables that you
aren't going to use on the day in the hotel safe.

4) Do not carry around a haversack on your back - be especially aware of this on the metro. If you
have a haversack wear it the other way around with the bag in front of you. Do not put your wallet in
the bag - keep that separate.

5) In Cafes and Restaurants, pay attention to your bags/purses and wallets. Wrap the bag strap
around something so that it can't just be easily picked up.

6) Watch out for distraction/theft scams. Watch out for the famous bird poo and similar scams
(someone would come up to you claiming that you have had bird poo on your back; they would then
attempt to "help" you wipe it off, whilst pick pocketing you).

7) Pay particular attention at the airport and train and metro stations. Stations are hotspots for
pickpockets and thieves. Be specially alert while you buy your tickets at automatic ticket machines.

8) Tourist crowded areas (like Sagrada Familia) are common place for pickpockets. The most
frequented one is Las Ramblas, and in particular at night (there are pickpockets that are posing as
prostitutes).

9) As in any other trip, it is a good precaution to take out a travel insurance policy.

10) Keep your passport safe - Spanish law requires that you have photographic identification with
you at all times although a photocopy of your passport or another ID card is sufficient.

11) Do not be fooled by fake policemen or "undercover" police: This is nhow becoming an all too
common scam. Several people are involved with this scam.

12) Avoid walking in dark isolated back streets, especially if you are alone.

More info on personal safety in Barcelona can be found at:
http://www.barcelona-tourist-guide.com/en/general/barcelona-safety.html
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08:30 REGISTRATION
08:50 OPENING REMARKS
09:00-11:00 SESSION: Quantum Monte Carlo - Chair: Claudia Filippi (U. Twente)

09:00 Ali Alavi (University of Cambridge, UK)
Quantum Monte Carlo approach to the full Cl problem: recent progress
09:40 Sandro Sorella (SISSA, Italy)
Efficient Resonance Valence Bond approach for electronic structure
10:20 Shiwei Zhang (College of William and Mary, USA)
Recent progress in electronic structure calculations by auxiliary-field quantum Monte Carlo

11:00-11:30 COFFEE BREAK
11:30-12:50 SESSION: Materials | - Chair: Nicola Marzari (EPFL)

11:30 Marivi Fernandez-Serra (Stony Brook University, USA)
Anomalous Nuclear Quantum Effects in Ice
12:10 Javier Junquera (Universidad de Cantabria, Spain)
Highly-confined spin-polarized two-dimensional electron gas in SrTiOs/SrRuQO3

13:00-15:00 LUNCH BREAK

15:00-17:00 SESSION: Magnetism and Topological Phases - Chair: David Vanderbilt (Rutgers)

15:00 Stefan Bliigel (Julich Forschungszentrum, Germany)

Spin relaxation mechanisms in metallic systems: Resonance and anisotropy effects
15:40 Ivo Souza (Universidad del Pais Vasco, Spain)

Wannier-based description of orbital magnetic effects in ferromagnets
16:20 Oleg Yazyev (EPFL, Switzerland)

Bismuth chalcogenide topological insulators from first principles

17:00-19:00 COFFEE BREAK & POSTER SESSION
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09:00-11:00 SESSION: New DFT Functionals - Chair: Lucia Reining (Ecole Polytechnique)

09:00 Sangeeta Sharma (Max Planck Halle, Germany)
Treatment of strongly correlated systems within the framework of reduced density matrix functional
theory
09:40 Gustavo E. Scuseria (Rice University, USA)
Symmetry breaking and restoration in electronic structure theory
10:20 Andreas Savin (Université Pierre et Marie Curie, France)
Coupling wave function with density functional calculations

11:00-11:30 COFFEE BREAK
11:30-12:50 SESSION: Electrochem. & Photocatalysis - Chair: Shobhana Narasimhan (JNCASR)

11:30 Annabella Selloni (Princeton University, USA)

First principles simulations of materials and processes in photo- and electro-catalysis
12:10 Michiel Sprik (University of Cambridge, UK)

Reactivity of holes at the TiO2/water interface

13:00-15:00 LUNCH BREAK

15:00-17:00 SESSION: Electron Dynamics - Chair: Steven G. Louie (UC Berkeley)

15:00 Matteo Gatti (Universidad del Pais Vasco, Spain)
Design of effective kernels for spectroscopy: time-dependent current-density-functional theory
15:40 Fernando Martin (Universidad Autonoma de Madrid, Spain)
XUV/X-ray femto- and attosecond laser pulses for ultrafast electronic control in simple molecules:
towards attochemistry?
16:20 Marco Schird (Princeton University, USA)
Dynamics of Strongly Correlated Electrons out of Equilibrium

17:00-17:30 COFFEE BREAK
17:30-18:50 SESSION: Large Scale Simulations - Chair: Richard M. Martin (U. of lllinois)

17:30 Johannes Neugebauer (TU Braunschweig, Germany)

Subsystem-Based Time-Dependent Density-Functional Theory for Biomolecular Spectroscopy
18:10 Joost VandeVondele (University of Zirich, Switzerland)

Simulating large condensed phase systems with GGA and hybrid density functionals

20:30 CONFERENCE DINNER
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09:00-11:00 SESSION: Materials Il - Chair: Xingao Gong (Fudan U.)

09:00 Jo6rg Neugebauer (Max Planck Disseldorf, Germany)

Fully ab initio determination of free energies: Application to modern high-strength steels
09:40 Cheol-Hwan Park (Massachusetts Institute of Technology, USA)

Many-body effects on the carrier dynamics of graphene
10:20 Rubén Pérez (Universidad Autbnoma de Madrid, Spain)

Probing nanostructures with forces and currents

11:00-11:30 COFFEE BREAK
11:30-12:50 SESSION: Strong Correlations - Chair: Eric Koch (Julich)

11:30 Jan Kunes$ (Academy of Sciences, Czech Republic)
Thermal and doping effects in materials with competing multiplets
12:10 Tanusri Saha Dasgupta (SN Bose Centre for Basic Sciences, India)
A Realistic Theory of Correlated Oxides

12:50 CLOSING REMARKS

13:00-15:00 LUNCH
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I-1
Quantum Monte Carlo Approach to the Full Cl Problem: Recent Progress

A. Alavi
University of Cambridge, UK

The ground-state eigenvalue problem posed by the electronic Schrddinger equation can be cast as a
stochastic process involving an annihilating population of positive and negative walkers that inhabit
Slater determinant space [1]. The population of walkers evolve according to a simple set of rules,
which are derived from the underlying imaginary-time Schrédinger equation, such that the long-time
distribution of the walkers matches the exact ground-state eigenvector. We show that this algorithm
has a remarkable emergence characteristic, akin to symmetry-breaking phase transitions in classical
statistical mechanical systems.

The use of Slater determinants obviates the usual Fermion sign problem of diffusion Monte Carlo
(namely the collapse onto Bosonic wavefunctions), but instead introduces a different sign problem
associated the fact that the off-diagonal Hamiltonian matrix elements are both positive and negative.
This sign problem however can be solved through a combination of walker annihilation and a
"survival of the fittest" criterion [2] (the latter greatly reducing the dependence of the algorithm on
walker annihilation). The method provides a way to compute exact electronic energies within a
specified N-electron basis set. We will give examples of the algorithm at work in real systems in
sizeable basis sets, ranging from atomic electron affinities, and dissociation energies of diatomic
molecules. Recent progress on the application of the method to compute density matrices will also
be presented.

[1] G.H. Booth, A.J.W. Thom and Ali Alavi, J. Chem. Phys., 131, 054106, (2009).

[2] Deidre Cleland, G.H. Booth, and Ali Alavi, J. Chem. Phys., 132, 041103, (2010).
[3] Deidre Cleland, George Booth, and Ali Alavi, J. Chem. Phys., 134, 024112, (2011)
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-2
Superconductivity from Strong Electron Correlation: from the Hubbard Model
to Graphene and High Tc Materials

S. Sorella
SISSA - Scuola Internazionale Superiore di Studi Avanzati, Trieste, Italy

We report novel ab initio simulations based on an highly correlated variational wave function, able to
describe High-Tc superconductivity without the conventional phonon mediated mechanism. By
means of a variational approach based on the quantum Monte Carlo method the pairing function and
its symmetry is determined fully ab-initio by total energy minimization. It is found that in graphene,
the pairing function has an extended s-wave symmetry and becomes very small for large number of
Carbon atoms. Preliminary results are presented also for parent compound cuprate superconductors
and pnictides.

12
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I-3
Recent Progress in Electronic Structure Calculations by Auxiliary-field
Quantum Monte Carlo

Shiwei Zhang
College of William and Mary, USA

Recent progress has advanced the auxiliary-field quantum Monte Carlo (AFQMC) method
considerably towards a general approach for ab initio many-body total energy calculations of
materials and realistic models. This method uses importance-sampled random walks in the space of
Slater determinants to project out the many-body ground state, or excited state. A constraint on the
overall phase of the Slater determinant is applied to remove the sign problem. The approximation
can be systematically improved at the cost of additional computing (releasing the constraint) or
better constraining trial wave functions. | will discuss applications in the accurate determination of
structural and magnetic properties, and calculations of excited states, in both quantum chemistry
and solid state.

13
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-4
Anomalous Nuclear Quantum Effects in Ice

Marivi Fernandez-Serra,’ P.B. Allen,' C. P. Herrero,?> B. Pamuk," R. Ramirez,®? J. M. Soler,® P.
Stephens'

'Department of Physics and Astronomy, Stony Brook University, Stony Brook, New York 11794-
3800, USA.

%Instituto de Ciencia de Materiales, Consejo Superior de Investigaciones Cientificas (CSIC),
Campus de Cantoblanco, 28049 Madrid, Spain.

3Dep. de Fisica de la Materia Condensada, Universidad Autonoma de Madrid, 28049 Madrid, Spain.

The experimental volume of H,O ice is smaller than that of D,O, and this isotope shift, with
anomalous sign, is not reproduced by state of art empirical potentials.

We show that ab initio density functional theory does reproduce it, accounting correctly for a subtle
interplay between intermolecular libration modes, with a normal isotope effect, and intramolecular
stretching modes. The latter have an anomalous negative quantum effect on the volume, because of
the well known anticorrelation between the lengths of the covalent and hydrogen OH--O bonds.

We also show, both experimentally and theoretically that the volume's isotope shift of H,'®0 ice has
positive sign. Relative to the the classical result, the net effect of quantum nuclei (H and O) on
volume has the conventional (positive) sign at T=0 but it becomes negative above 70 K, indicating
that it may be also relevant for liquid water.

Overall, nuclear quantum effects on the volume of ice are of the order of 1%, indicating that
comparisons between classical calculations and experimental lattice constants are misleading.
These qualitative conclusions are independent of the exchange and correlation density functional
used. However, the quantitative agreement with experiments is a good test for the ability of current
exchange and correlation functionals to describe ice and, by extension, liquid water. An analysis of
the performance of different density functionals, with and without van der Waals correlations, will be
presented.

14
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I-5
Highly-Confined  Spin-Polarized Two-Dimensional Electron Gas in
SrTiO3/SrRuO; Superlattices

J. Junquera,’ P. Garcia-Fernandez,’ Marcos Verissimo-Alves,' Daniel I. Bilc,? and Philippe Ghosez?
'Departamento de Ciencias de la Tierra y Fisica de la Materia Condensada, Universidad de
Cantabria, Cantabria Campus Internacional, Avenida de los Castros s/n, 39005, Santander, Spain
°Physique Théorique des Matériaux, Université de Liege, Allée du 6 aodt 17 (B5), B-4000, Sart
Tilman, Belgium

We report first principles characterization of the structural and electronic properties of
(SrTiO3)s/(SrRuQ3); superlattices. We show that the system exhibits a spin-polarized two-
dimensional electron gas extremely confined to the 4d orbitals of Ru in the SrRuO; layer. Every
interface in the superlattice behaves as minority-spin half-metal ferromagnet, with a magnetic
moment of u = 2.0 pg/SrRuO;3 unit. The shape of the electronic density of states, half metallicity and
magnetism are explained in terms of a simplified tight-binding model, considering only the 4 orbitals
plus (i) the bi-dimensionality of the system, and (ii) strong electron correlations.

15
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1-6
Spin Relaxation Mechanisms in Metallic Systems: Resonance and Anisotropy
Effects

Stefan Bliigel, Swantje Heers, Nguyen H. Long, Bernd Zimmermann, Yuriy Mokrousov, Rudolf
Zeller, Phivos Mavropoulos

Peter Griinberg Institut and Institute for Advanced Simulation, Forschungszentrum Jiilich and JARA,
D-52425 Jiilich, Germany

Spin relaxation in non-magnetic materials, i.e. the effect of decay of an out-of-equilibrium spin
population of electrons that have been injected into a solid, is of great importance for the
functionality and design of spin-electronic devices. In metals with space-inversion symmetry, the
main cause for spin relaxation is the Elliott-Yafet mechanism [1, 2], which originates from the
combination of electron-scattering processes of any type together with the spin-orbit coupling and
the subsequent spin-mixing of the electronic states.

In this contribution we focus on two important aspects of this mechanism. First, we observe that
resonant impurity scattering can maximize the spin-flip amplitude, if the Wigner delay time is long
enough. The intuitive reason behind this, is, that if an electron stays for a long time at the impurity
site before hopping away, then it has enough time to experience the spinorbit interaction due to the
nucleus of the impurity and to precess its spin axis accordingly. This means that sharper resonances
lead to increased spin-flip amplitudes, which in principle can even reach the unitarity limit.

Second, we analyze anisotropy effects due to the band structure of the host metal. Specifically, in
ultra-thin films, but also in non-cubic crystals, we find that the relaxation rate can strongly depend on
the spin direction of the injected electrons with respect to the crystallographic axes. The effect
originates from the anisotropy of the spin-mixing part of the wave functions on the Fermi surface.

Our calculations are based on density-functional theory for the electronic structure and Fermi-
surface properties and on the solution of the multiple-scattering equations for the spin-flip scattering
amplitude within the Korringa-Kohn-Rostoker Green function method [3] in which the spin-orbit
interaction has been implemented.

This work was supported in part by the Young Investigators Group Programme of the Helmholtz
Association (HGF), contract Topological Nanoelectronics VH-NG-513 and from the German Science
Foundation (DFG) under grant number MO 1731/3-1.

[1] R.J. Elliott, Phys. Rev. 96, 266 (1954)

[2] Y. Yafet, in Solid State Physics, Vol. 14, edited by F. Seitz and D. Turnbull (Academic, New York,
1963), p.2.

[3] N. Papanikolaou, R. Zeller, P. H. Dederichs, J. Phys.: Condens. Matter 14, 2799 (2002).
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I-7
Wannier-based Description of Orbital Magnetic Effects in Ferromagnets

Ivo Souza
Universidad del Pais Vasco, San Sebastian, Spain

I will discuss the use of Wannier functions (WFs) to calculate two basic quantities in spin-orbit-
coupled ferromagnets: the anomalous Hall conductivity (AHC) and the spontaneous orbital
magnetization. Both can be expressed as integrals over the Fermi sea: of the Berry curvature for the
former, and of a related, but more complex object, for latter. These quantities display strong and
rapid variations in k-space, demanding very dense integration meshes.

By working in the representation of WFs spanning the valence and low-lying conduction bands, it
becomes possible to evaluate quickly and accurately the required quantities across the BZ, in the
spirit of Slater-Koster interpolation. This "Wannier interpolation" scheme circumvents the need to
treat the integration mesh directly from first-principles, with considerable savings in computer time
(the WFs themselves can be generated from an ab initio calculation on a relatively coarse k-point
mesh). Results will be presented for the transition metals Fe, Co, and Ni, and for the ordered
ferromagnetic alloys FePt and FePd.
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1-8
Bismuth Chalcogenide Topological Insulators from First Principles

Oleg Yazyev
Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

Topological insulators are the recently discovered electronic materials that have a bulk electronic
band gap, but also exhibit metallic surface states as a consequence of the non-trivial topology of the
bulk electronic wavefunctions induced by strong spin-orbit interactions [1,2]. These metallic surface
states are characterized by the helical spin textures and the absence of spin degeneracy which
makes them immune to scattering and promises novel technological applications. In my talk, | will
cover our recent work aiming towards the understanding of basic electronic properties of bismuth
chalcogenides Bi,Se; and Bi,Tes, the reference topological insulators discovered in 2009 [3,4], by
means of first-principles calculations. In particular, | will focus on band dispersion and spin textures
of the topologically protected surface states in these materials [5]. Exceptionally strong spin-orbit
interaction in these materials entangles the electronic states across broad energy ranges thus
reducing the spin-polarization of the topologically protected surface states to ~50%. The helical
character of the surface-state charge carriers can be used for controlling the magnitude of spin
polarization associated with a charge current in thin films of topological insulators by means of an
external electric field. Then, | will cover our recent investigation of Bi.Ses and Bi,Te; using the highly
accurate first-principles many-body perturbation theory based on the GW approximation [6]. The
quasiparticle self-energy corrections introduce significant changes to the bulk band structures,
surprisingly leading to a decrease in the direct band gaps in the band-inversion regime as opposed
to the usual situation without band inversion. The introduction of selfenergy corrections in slab-model
calculations results in significant shifts of the surface-state Dirac point energies relative to the bulk
bands and in enlarged gap openings from the interactions between the surface states across the
thin slab, both in agreement with experimental data.

[1] M. Z. Hasan and C. L. Kane, Rev. Mod. Phys. 82, 3045 (2010).

[2] X.-L. Qi and S.-C. Zhang, Rev. Mod. Phys. 83, 1057 (2011).

[3]Y. Xia et al., Nature Phys. 5, 398 (2009).

[4] H. Zhang et al., Nature Phys. 5, 438 (2009).

[56] O. V. Yazyev, J. E. Moore, and S. G. Louie, Phys. Rev. Lett. 105, 266806 (2010).
[6] O. V. Yazyev, E. Kioupakis, J. E. Moore, and S. G. Louie, arXiv:1108.2088.
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1-9
Treatment of Strongly Correlated Systems within the Framework of Reduced
Density Matrix Functional Theory

Sangeeta Sharma, J. K. Dewhurst and E. K. U. Gross
Max-Planck-Institut fur Mikrostrukturphysik, Weinberg 2, D-06120 Halle, Germany

One of the most dramatic failures of the usual local density approximation or generalized gradient
type approximations to the exchange-correlation functional of density functional theory is the
incorrect prediction of a metallic ground state for the strongly correlated Mott insulators, of which
transition metal oxides (TMOs) may be considered as prototypical. In the present work we extend
reduced density matrix functional theory (RDMFT) to the case of solid-state systems and introduce a
new functional for their accurate treatment [1]. Furthermore, a method for calculating the spectrum of
extended solids within RDMFT is presented. An application of this method to the strongly correlated
TMOs demonstrates that (i) an insulating state is found in the absence of magnetic order and, in
addition, (ii) the interplay between the charge transfer and Mott-Hubbard correlation is correctly
described. In this respect we find that while NiO has a strong charge transfer character to the
electronic gap, with substantial hybridization between t,; and oxygen-p states in the lower Hubbard
band, for MnO this is almost entirely absent. As a validation of our method we also calculate the
spectra for a variety of weakly correlated materials, finding good agreement with experiment and
other techniques [2].

[1] S. Sharma, J. K. Dewhurst, N. N. Lathiotakis and E. K. U. Gross Phys. Rev. B 78, 201103 Rapid

Comm. (2008)
[2] S. Sharma, S. Shallcross, J. K. Dewhurst and E. K. U. Gross cond-mat/0912.1118

19



Mini2012 - Workshop on "Computational Condensed Matter Physics, Materials Science and Nanoscience from First Principles
Barcelona - 12-14 Jan 2012

I-10
Symmetry Breaking and Restoration

Gustavo E. Scuseria
Department of Chemistry and Department of Physics and Astronomy, Rice University, Houston,
Texas, USA

We have derived and implemented symmetry-projected Hartree-Fock-Bogoliubov (HFB) equations
and apply them to the molecular electronic structure problem. All symmetries (particle number, spin,
spatial, and complex conjugation) are deliberately broken and restored in a self-consistent variation-
after-projection approach. We show that the resulting method yields a comprehensive black-box
treatment of static correlation with effective one-electron (mean-field) computational cost. The
ensuing wave function is of multireference character and permeates the entire Hilbert space of the
problem. The energy expression is an independent quasiparticle density matrix functional. All
reduced density matrices are expressible as an integration of transition one-particle density matrices
over a gauge grid. | will present several proof-of-principle examples demonstrating the compelling
power of this new method for electronic structure theory [1].

[1] Projected Quasiparticle Theory for Molecular Electronic Structure, G. E. Scuseria, C. A. Jimenez-
Hoyos, T. M. Henderson, J. K. Ellis, and K. Samanta, J. Chem. Phys. 135, 124108 (2011).
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I-11
Coupling wave function with density functional calculations

A. Savin
Université Pierre et Marie Curie, France

Already the Kohn-Sham method can be seen as a coupling of a wave function with density
functional method: the Kohn-Sham determinant is obtained for a model system, and a density
functional is used to correct the energy of the model system to obtain that of the physical system.

In the same way, other Hamiltonians can be defined as model systems. A guide through the

possible choices of such Hamiltonians is presented. Among the presently available ones, range
separation has merged out as a viable route.
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The Interactions of Water and Oxygen with Anatase TiO,

Annabella Selloni
Department of Chemistry, Princeton University, Princeton, NJ 08544
E-mail: aselloni@princeton.edu

The interactions of TiO, with water and molecular oxygen play a key role in the photocatalytic
reactions occurring on the surfaces of this material. This talk will cover results of recent density
functional theory calculations on the adsorption of water and O, on reduced anatase (101). Anatase
is the form of TiO, that is present in most technical nanomaterial. At variance with rutile, its intrinsic
reducing defects, i.e., O vacancies and Ti interstitials, reside exclusively in subsurface sites. We
shall discuss the influence of subsurface defects on water adsorption and dissociation as well as the
mechanisms by which these defects can be healed by O, adsorption. Comparison with available
experimental results will be also presented.
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1-13
Reactivity of Holes at the Titania Water Interface

Jun Cheng," Marialore Sulpizi,? Joost VandeVondele® and_Michiel Sprik'
'Department of Chemistry, University of Cambridge, United Kingdom
2Department of Physics, Mainz University, Germany

’Department of Materials, ETH, Zurich, Switzerland

Holes created by photoexcitation in solid TiO, quickly localize on a small number of oxygen atoms.
In this talk we look in detail at the energetics of the reaction of such self trapped holes with surface
hydroxide anions left by acid dissociation of adsorbed water molecules. This is the key process in
the formation of reactive surface radicals when aqueous TiO; is exposed to light. Electronic energy
levels

at the interface are aligned using a recently developed molecular dynamics normal hydrogen
electrode [1,2]. Application to holes in metal oxides has become possible only recently thanks to the
development of schemes for efficient implementation of hybrid exact exchange functionals for
periodic models of extended systems [3].

[1] J. Cheng and M. Sprik, Phys. Rev. B 82 (2010), 081406(R).

[2] F. Costanzo, M. Sulpizi, R. G. della Valle and M. Sprik, J. Chem. Phys. 134 (2011), 244508.
[3] M. Guidon, J. Hutter and J. VandeVondele, J. Chem. Theory Comput. 6 (2010), 2348.
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I-14
Design of Effective Potentials and Kernels for Spectroscopy: Time-Dependent
Current-Density-Functional Theory

Matteo Gatti'?
"Universidad del Pais Vasco (UPV), 20018 Donostia-San Sebastian, Spain.
°European Theoretical Spectroscopy Facility (ETSF)

Density-functional theory is an in principle exact theory for the calculation of ground-state properties.
However, Kohn-Sham eigenvalues cannot be used to interpret spectra that involve electronic
excitations. Today, a successful approach for the calculation of spectral and optical properties in
solids is based on many-body Green's-function theory. The bottleneck is that measurable spectra
are obtained as contractions of Green's functions. One thus calculates more information than
needed. | will show how a generalisation of the Sham-Schlueter equation provides a powerful tool in
the design of new efficient computational schemes [1]. As application of this general approach, | will
discuss the example of the time-dependent current-density-functional theory [2] and the introduction
of a real, local and frequency-dependent effective potential for the calculation of photoemission
spectra.

[1] M. Gatti, V. Olevano, L. Reining, and I.V. Tokatly, Phys. Rev. Lett. 99, 057401 (2007).
[2] M. Gatti, J. Chem. Phys. 134, 084102 (2011).
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I-15
XUV/X-ray Femto- and Attosecond Laser Pulses for Ultrafast Electronic
Control in Simple Molecules: Towards Attochemistry?

Fernando Martin'?

"Departamento de Quimica, Médulo 13, Universidad Auténoma de Madrid, 28049-Madrid, Spain
%Instituto Madrilefio de Estudios Avanzados en Nanociencia (IMDEA-Nanociencia), Cantoblanco,
28049-Madrid, Spain

The development of attosecond laser pulses allows one to probe the inner working of atoms and
molecules on the timescale of the electronic response. In molecules, attosecond pump-probe
spectroscopy enables investigations of the prompt charge redistribution and localization that
accompany photo-excitation processes, where a molecule is lifted from the ground Born-
Oppenheimer potential energy surface to one or more excited surfaces, and where subsequent
photochemistry evolves on femtosecond timescales. In this talk | will present a few theoretical
examples of realistic molecularattosecond pump-probe experiments in which H2 is ionized with a
single attosecondpulse (or a train of attosecond pulses) and is subsequently probed by one or
severalinfrared few-cycle pulses. The localization of the electronic charge distribution within the
remaining molecular ion is calculated with attosecond time-resolution and isvisualized by varying the
delay between the pump and probe pulses. The results of these calculations [1,2] are compared with
recent experimental measurements and provide the different mechanisms that are responsible for
the observations. Recent advances for more complicated molecules, such as N2, CO [3], CH4 and
C2H2 are also reported.

[1] G. Sansone, F. Kelkensberg, J. F. Pérez-Torres, F. Morales, M. F. Kling, W. Siu, O. Ghafur, P.
Johnsson, M. Swoboda, E. Benedetti, F. Ferrari, F. Lépine, J. L. Sanz-Vicario, S. Zherebtsov, I.
Znakovskaya, A. L’Huillier, M. Yu. Ivanov, M. Nisoli, F. Martin, and M. J. J. Vrakking “Electron
localization following attosecond molecular photoionization” Nature 465 763 (2010).

[2] F. Kelkensberg, W. Siu, J. F. Pérez-Torres, F. Morales, G. Gademann, A. Rouzée, P. Johnsson,
M. Lucchini, F. Calegari, J.L. Sanz-Vicario, F. Martin, and M. J. J. Vrakking “Attosecond time-
resolved electron dynamics in the hydrogen molecule” Phys. Rev. Lett. 107 043002 (2011).

[3] S. E. Canton, E. Plésiat, J. D. Bozek, B. S. Rude, P. Decleva, and F. Martin “Direct observation
of Cohen-Fano interferences in vibrationally resolved valence-shell photoionization spectra of H2,
N2 and CQO”. Proceedings of the National Academy of Sciences 108 7302 (2011)
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1-16
Dynamics of Strongly Correlated Electrons out of Equilibrium

Marco Schiré' and Michele Fabrizio®®

'Princeton Center for Theoretical Science and Department of Physics, Joseph Henry Laboratories,
Princeton University, Princeton, NJ 08544

%International School for Advanced Studies (SISSA), and CRS Democritos, CNR-INFM, Via
Bonomea 295, 1-34014 Trieste, ltaly

3The Abdus Salam International Centre for Theoretical Physics (ICTP), P.O.Box 586, 1-34014
Trieste, ltaly

The non equilibrium dynamics of strongly correlated electronic systems represents a frontier of
modern condensed matter physics with applications ranging from pump probe experiments in
correlated materials, to non linear transport in correlated nanostructures up to dynamics in ultracold
atomic gases. The theoretical description of this physics poses novel conceptual challenges and
requires the development of new methods to treat non equilibrium effects and strong correlations on
the same footing. Here we present results on the out of equilibrium real time dynamics of a
paradigmatic strongly correlated model system, the single band Hubbard model, obtained using
novel methods to describe electrons out of equilibrium which include the time depedent Gutzwiller
variational approach as well as a non equilibrium extension of Dynamical Mean Field Theory.
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1-17
Subsystem-Based Time-Dependent Density-Functional Theory  for
Biomolecular Spectroscopy

Johannes Neugebauer
Institute for Physical and Theoretical Chemistry, Technical University Braunschweig, Hans-Sommer-
Str. 10, 38106 Braunschweig, Germany

Theoretical spectroscopy of chromophores in biological systems is often complicated by the
necessity to accurately represent environmental effects [1]. In particular polarization effects due to
the surrounding medium (e.g., protein matrix, solvent) and exciton couplings in protein-pigment
complexes are a challenge for electronic-structure methods, which often require the use of
parametrized hybrid and/or effective Hamiltonian models.

Here, new developments and applications within the subsystem-based time-dependent density
functional theory (subsystem TDDFT) [2] for the inclusion of environmental response effects will be
discussed, and a comparison to QM/MM methods employing polarizable classical force fields will be
made. It will be outlined how different types of polarization effects can be distinguished in the
formalism. Applications of subsystem TDDFT to the excited states and electronic spectra of protein-
pigment complexes like the photosynthetic light-harvesting complex LHC-II [3] will be presented.

[1] J. Neugebauer, ChemPhysChem 10 (2009), 3148.

[2] J. Neugebauer, J. Chem. Phys. 126 (2007), 134116.
[3] C. Kédnig, J. Neugebauer, Phys. Chem. Chem. Phys. 13 (2011), 10475.
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1-18
Simulating Large Condensed Phase Systems with GGA and Hybrid Density
Functionals

Joost VandeVondele
Department of Materials, ETH Zurich, Switzerland
http://www.nanosim.mat.ethz.ch/

Traditionally, ab initio molecular dynamics (AIMD) of condensed phase systems is performed using
local density functionals (GGASs). The use of GGAs allows for MD simulations containing a thousand
atoms, and static calculations on systems containing millions of atoms. Hybrid functionals, which
include a non-local component such as Hartree-Fock exchange, remained prohibitively expensive
until recently. Here, we present a linear scaling approach to hybrid DFT that is suitable for
condensed phase MD simulations. The approach is based on the use of a truncated Coulomb
operator. A massively parallel implementation allows AIMD simulations to be performed with good
time to solution. Furthermore, a new approximation to Hartree-Fock exchange will be presented that
allows for a significant reduction in computational cost using an approximate density matrix method
(ADMM). ADMM exploits the fact that Hartree-Fock exchange can be evaluated rapidly for systems
with small basis sets or sparse density matrices, and uses an exchange functional to correct for the
difference between the approximate and exact density matrix. This approach captures the most
important features of hybrid functionals, such as an improved band gap and reduced self interaction
error, while it is similar to a GGA calculation in cost.

Guidon M; Hutter J; VandeVondele J; 2010
Auxiliary density matrix methods for Hartree-Fock exchange calculations.
JOURNAL OF CHEMICAL THEORY AND COMPUTATION 6(8): 2348-2364

Guidon M; Hutter J; VandeVondele J. 2009
Robust Periodic Hartree-Fock Exchange for Large-Scale Simulations Using Gaussian Basis Sets.
JOURNAL OF CHEMICAL THEORY AND COMPUTATION 5(11): 3010-3021

Guidon, M; Schiffmann, F; Hutter, J; VandeVondele, J. 2008

Ab initio molecular dynamics using hybrid density functionals.
JOURNAL OF CHEMICAL PHYSICS 128 (21): 214104
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1-19
Ab initio Guided Steel Design: Concepts, Prospects and Challenges

Jorg Neugebauer
Max-Planck-Institut fiir Eisenforschung, Disseldorf, Germany

The combination of accurate first principles calculations with thermodynamic and kinetic concepts
has quickly advanced in the past few years and allows now to tackle even complex advanced
engineering materials. Key to these studies is the accurate determination of thermodynamic
properties, with the free energy being the central quantity. In the talk recently developed concepts
connecting high convergence densityfunctional theory calculations, new approaches to describe
finite temperature magnetism and efficient sampling strategies will be shown to allow an unbiased
and accurate determination of all relevant contributions of the free energy. The flexibility and the
predictive power of this approach will be discussed for examples relevant to the design and
understanding of modern high strength steels and light-weight alloys.
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1-20
Many-body effects on the carrier dynamics of graphene

Cheol-Hwan Park,'?® Feliciano Giustino,'? Catalin D. Spataru,* Marvin L. Cohen," and Steven G.
Louie'

'Department of Physics, University of California at Berkeley, Berkeley, USA and Materials Science
Division, Lawrence Berkeley National Laboratory, Berkeley, USA.

’Department of Materials Science and Engineering, Massachusetts Institute of Technology,
Cambridge, USA.

3Department of Materials, Oxford University, Oxford, UK.

“Sandia National Laboratories, Livermore, USA.

In this presentation, | will explain that the measured carrier scattering rate versus energy behavior in
graphene can be quantitatively described from first-principles calculations considering electron-
electron interactions within the GW approximation and electron-phonon interactions within the
Migdal approximation [1]. Then, | will show that such calculations can also explain (i) the mismatch
between the extrapolations of the upper and lower Dirac cones in heavily doped graphene [2] and (ii)
the significant deviation from linear energy dispersion in extremely low-doped graphene [3].
Electron-electron interactions play a key role in both of these phenomena.

[1] C.-H. Park, F. Giustino, M. L. Cohen, and S. G. Louie, Phys. Rev. Lett. 99, 086804 (2007).

[1] C.-H. Park, F. Giustino, C. D. Spataru, M. L. Cohen, and S. G. Louie, Nano Lett. 9, 4234 (2009).
[2] D. A. Siegel, C.-H. Park, C. Hwang, J. Deslippe, A. V. Fedorov, S. G. Louie, and A. Lanzara,
Proc. Nat. Acad. Sci. 108, 11365 (2011).
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I-21
Probing Carbon Nanostructures and Oxides with Forces and Currents

R. Pérez
Departamento de Fisica Teorica de la Materia Condensada, Universidad Autonoma de Madrid,
28049 Madrid, Spain - http://www.uam.es/spmth/

In this talk, we focus on the application of Scanning Tunneling (STM) and Atomic Force Micoscopy
with atomic resolution (AFM) [1] to carbon nanostructures (graphene, carbon nanotubes and
fullerenes) and oxides. The simple honeycomb structure shared by the carbon materials represents
both a perfect testing ground and a fundamental challenge for scanning microscopy imaging. STM
can achieve atomic resolution in graphite even in ambient conditions but, after 25 years of research,
still there is no consensus whether the maxima in the atomic scale images correspond to atoms or to
the hollow sites. To tackle this long-standing problem, we have performed complex first-principles
calculations of forces and currents between a tip and carbon nanostructures. Our results explain the
rich variety of image patterns observed in both AFM and STM experiments in terms of two factors: (i)
the tip-sample distance and (ii) the chemical reactivity of the tip [2]. Based on this work, we have
explored the electronic properties of epitaxial graphene on metals, both in the case of the pristine
layer and in the presence of carbon vacancies, where the calculations help to correlate the structure
of the defect with the experimental STM images [3]. These calculations also shed light on the
possible magnetic state associated with these defects, predicted but not experimentally confirmed,
in graphite [4].

In the case of the oxide surfaces, the investigation of these novel catalysts requires a
comprehensive experimental method for the identification and rapid characterization of prospective
catalytically active sites. We show ho progress in this direction can be achieved by the combination
of three-dimensional atomic force microscopy (3D-AFM) [5] with simultaneous STM measurements
and our theoretical simulations to study rutile TiO»(110) [6] and the oxygen-terminated copper (100)
surfaces [7]. The wealth of site-specific information obtained is promising for future applications, but
the interpretation of the wide range of contrast modes requires a thorough characterization of the
sources of contrast in AFM and STM imaging. Our force and current calculations provide insight
into (1) the tip structures responsible for the different imaging modes and (2) into the correlation
between tip-sample forces and local chemical reactivity.

[1] S. Morita et al, Noncontact Atomic Force Microscopy, 2nd vol. (Springer-Verlag, Berlin, 2010).
[2] M. Ondracek et al., Phys. Rev. Lett. 106 (2011) 171101 (Editors’ Suggestion)

[3] M. M. Ugeda et al., Phys. Rev. Lett. 107 (2011) 116803

[4] D. Martinez et al., Phys. Rev. Lett. 105 (2010) 257203

[5] B. J. Albers et al., Nature Nanotechnology, 4, (307), (2009)

[6] A. Yurtsever et al., submitted to Phys. Rev. Lett. (2011)

[7] M. Z. Baykara et al., submitted to Science (2011)
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1-22
Thermal and doping effects in materials with competing multiplets

J . Kune$d and V. Kfapek
Institute of Physics, AS CR, 162 53 Prague, Czech Republic

The spectra of an isolated atom consists of multiplets of states, in which a given atom stays forever.
The behavior of a weakly correlated metal or covalently bonded insulator is, on the other hand,
characterized by fast fluctuations which sample large number of the atomic multiplets. In strongly
correlated metals or Mott insulators these fluctuations are strongly suppressed and typically a single
multiplet dominates. In some materials, however, several multiplets may happen to be competing. A
well known example is LaCoOs in which the lowest non-magnetic singlet is just slightly below a
multiplet with a finite total spin. This gives rise to very strong temperature dependencies of many
physical quantities, such as magnetic susceptibility, conductivity or bond-lengths. We use the
dynamical mean-field theory to investigate these effects. We will present results obtained on a
minimal 2-band Hubbard model. We will show that ordered state which breaks the translational
symmetry exists in the parameter range of interest and interpret this state using an approximate
mapping to the classical Blume-Emery-Griffiths model. We will further present results for the actual
LaCoOg; obtained within the LDA+DMFT framework. Finally, we will discuss the effect carrier doping
which may lead to an unusual behavior such as formation of nanoscopic inhomogeneities.

Jan Kune$ and Vlastimil Kfapek, Phys. Rev. Lett. 106, 256401 (2011).
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1-23
A Realistic Theory of Correlated Oxides

Tanusri Saha-Dasgupta
Department of Material Sciences, S.N. Bose National Centre for Basic Sciences, Kolkata 700 098,
West Bengal, India

Materials like transition metal oxides are characterized with strong electron-electron correlation
effects. However, the anomalous properties of these materials are sensitive to small changes in
doping, temperature and pressure. This indicates that these properties are the result of a delicate
interplay between correlation effects and the chemistry. Understanding of these materials, therefore,
demands development of theories that can handle the correlation effect and the material related
aspects on the same footing. A significant development made in this context is the application of
density functional theory (DFT) based method to capture material dependence in conjunction with
Dynamical Mean Field Theory (DMFT) to capture the strong electron-electron correlation. In this talk
we will discuss a Wannier function based formulation [1] of such approach. We will focus on
application of the developed method to classic problem of V,03 [2], ruthenates [3] and manganites at
nanoscale [4].

[1] O. K. Andersen and T. Saha-Dasgupta, Phys. Rev. B 62 (Rapid Commun), R16219 (2000).

[2] T. Saha-Dasgupta et al., arXiv:0907:2841; A. Poteryaev, J. Tomczak, S. Biermann, A. Georges,
A. |. Lichtenstein, A. Rubtsov, T. Saha-Dasgupta, and O. K. Andersen, Phys. Rev. B 76, 085127
(2007); F. Rodolakis et al. Phys. Rev. Lett. 104, 047401 (2010); S. Lupi et al., Nature
Communications, 1, 105 (2010).

[3] E. Jakobi, S. Kanungo, S. Sarkar, S. Schmitt, and T. Saha-Dasgupta, Phys. Rev. B (Rapid
Commun.) 83, 041103 (2011).

[4] Hena Das, G. Sangiovanni, A. Valli, K. Held, and T. Saha-Dasgupta, Phys. Rev. Lett. 107,
197202 (2011).
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P-1
Electronic Structure of Aluminum Superatom Complexes

P. Andre Clayborne,"” O. Lopez-Acevedo,' R. L. Whetten,"? H. Gronbeck,® and H. Hakkinen'*
"Department of Chemistry, Nanoscience Center University of Jyvédskyld, FI-40014 Jyvéskyl4,
Finland

2School of Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, GA 30332, USA
®Competence Center for Catalysis and Department of Applied Physics, Chalmers University of
Technology, SE-41296 Géteborg, Sweden

‘Department of Physics, Nanoscience Center University of Jyvéskyla, FI-40014 Jyvéskyla, Finland
"Email: penee.a.clayborne @jyu.fi

Metal clusters stabilized by a surface ligand shell represent an interesting intermediate state of
matter between molecular metal-ligand complexes and bulk metal. Such clusters are dominated by
metal-metal bonds in comparison to the metal-ligand bonds on the exterior of the cluster. The
electronic stability of thiolate-protected gold clusters, clusters with a metallic gold core and metallo-
organic ligand shell, can be explained as superatom complexes analogous to giant atoms based
on the electronic shell structure.[1] Using ab-initio computational techniques, we illustrate the
superatom complex model, with angular momentum shells up to L = 6 symmetry, can be used to
explain the electronic stability of ligand-stabilized aluminium clusters.[2-3]

[1] Walter, M.; Akola, J.; Lopez-Acevedo, O.; Jadzinsky, P.D.; Calero, G.; Ackerson, C.J.; Whetten,
R.L.; Gronbeck, H.; Hakkinen, H. PNAS 105, 9157-9162 (2008)

[2] Clayborne, P.A.; Lopez-Acevedo, O.; Whetten, R.L.; Grénbeck, H.; Hakkinen, H. Eur. J. Inorg.
Chem. 17, 2649-26521 (2011)

[3] Lopez-Acevedo, O; Clayborne, P.A.; Hakkinen, H. Phys. Rev. B. 84, 035434 (2011)

[4] Clayborne, P.A.; Lopez-Acevedo, O.; Whetten, R.L.; Grdonbeck, H.; Hakkinen, H. J. Chem.
Phys. 135, 094701 (2011)
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P-2
Effective Atomic Pseudopotentials for Large Scale Electronic Structure
Calculations

Jairo Ricardo Cardenas, Roby Cherian and Gabriel Bester
Max-Planck-Institut flir Festkérperforschung, Heisenbergstrasse 1, 70569 Stuttgart, Germany.

We derive a new type of pseudopotentials from conventional norm-conserving pseudopotentials for
the treatment of a large number of atoms. These effective pseudopotentials are a one to one
mapping of the effective potential obtained from a self-consistent density functional theory (DFT)
calculation and are parameter free. The pseudopotentials are not aimed at the calculation of the
total energy, but of band edge states relevant for optical processes. The restriction to only band
edge states and the lack of self-consistency allows us to reduce the size of the eigenvalue problem
significantly, compared to a traditional DFT calculation. We describe the pseudopotential
generation and benchmark its quality and transferability by comparison to standard DFT
calculations of bulk and quantum wells. In general we obtain agreement within a few tens of meV
for quantum well structures. This demonstrates the transferability of the pseudopotentials and a
surprising universality of their long-range behavior. We find that our effective pseudopotentials are
material dependent (in contrast to ab-initio pseudopotentials that depend on the type of atom only)
but are transferable within different structures made from this material. We discuss the generation
of accurate pseudopotentials for open surfaces and discuss how self-consistent charge
rearrangements must be included.
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P-3
Electronic Structure of Strongly Correlated Materials with Ab Initio Quantum
Chemical Methods

N. A. Bogdanov, L. Hozoi, and J. van den Brink
Institute for Theoretical Solid State Physics, IFW Dresden, Germany

Fully ab initio wave-function-based methods from modern quantum chemistry are employed for the
study of the electronic structure of Ti d’, V of and Cu d® correlated systems, in particular, the TiOCI,
VOCI, YVO; and Ca«Y2xCusO49 compounds. We investigate N-particle excitations as those
probed in optical absorption and RIXS (resonant inelastic x-ray scattering) measurements. The
strong correlations are treated within the CASSCF (complete-active-space selfconsistent-field)
approximation while remaining correlation effects are handled by MRCI (multi-reference
configuration-interaction) techniques. Since such correlation calculations can be carried out only for
a finite region of the crystal, the remaining part of the solid should be judiciously constructed. We
use in these studies an ab initio embedding scheme in which the effective embedding potential is
constructed on the basis of prior periodic Hartree-Fock calculations for the extended crystal.
Results for the d-orbital electronic structure of the mentioned compounds are compared with recent
experiments.

For TiOCI, the computed d-level electronic structure and the symmetries of the wave functions are
in very good agreement with RIXS results and optical absorption data. For VOCI, future resonant
inelastic x-ray scattering experiments will constitute a direct test of the symmetry and energy of
about a dozen of different d-d excitations that we predict here. The ab initio results we report for
CanxY2xCusO1o should be helpful for the correct interpretation of RIXS experiments on this highly
anisotropic compound.
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Electronic transport in organic semiconductors is dominated by several factors, with interaction of
electrons and phonons being of great importance. The strong electron-phonon interaction taking
place in these materials has a much stronger impact on organic semiconductors compared to
inorganic ones, as the band widths are much smaller. As a consequence, this interaction implies
specific transport characteristics which cannot be described by conventional approaches such as
the perturbative calculation of the relaxation time in the Boltzmann equation. In contrast to these
conventional approaches, a recently developed charge-transport theory [1,2] that explicitly deals
with the influence of the electron-phonon coupling on transport properties in these materials non-
perturbatively can describe phonon-induced hopping and band transport on equal footing.

Here, we will present the first ingredients to apply such theory to rubrene, one of the most widely
studied organic semiconductors. In particular, we performed Density Functional Theory
calculations of the phonon modes and the electron-phonon coupling in rubrene. The calculations
are done using the efficient SIESTA code [3], which allows the determination of these properties in
crystals with a large number of atoms (as the case of rubrene, which contains 280 atoms in the unit
cell). I will describe the results of our calculations, and focus on the phonon modes that have a
stronger impact on the highest valence band, which are the relevant states for hole conduction. |
will also describe work aimed at extracting a simplified model which contains the essential aspects
of the electronic states of the hole band and the influence of the phonons, which will be later used
to determine the transport properties using the methodology proposed in Ref. [1].

[1] F. Ortmann, F. Bechstedt, and K. Hannewald. Phys. Rev. B 79 (2009) 235206.

[2] F. Ortmann, F. Bechstedt, and K. Hannewald, New J. Phys. 12 (2010) 023011.

[38] J. M. Soler, E. Artacho, J. Gale, A. Garcia, J. Junquera, P. Ordejon, D. Sanchez-Portal, J.
Phys.: Cond. Matt. 14 (2002) 2745.
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Exact Kohn-Sham Eigenstates versus Quasi-Particles in Simple Models of
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We present analytic expressions for the exact density functional and Kohn-Sham Hamiltonian of
simple tightbinding models of correlated electrons. These are the single- and double-site versions
of the Anderson, Hubbard and spinless fermion models. The exact exchange and correlation
potentials are fully non-local. The analytic expressions allow to compare the Kohn-Sham
eigenstates of exact density functional theory with the many-body quasi-particle states of these
correlated-electron systems. The exact Kohn-Sham spectrum describes correctly many of the non-
trivial features of the many-body quasi-particle spectrum, as for example the precursors of the
Kondo peak. However, we find that some pieces of the quasi-particle spectrum are missing
because the many-body phase-space for electron and hole excitations is richer.
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First-Principles Modeling of Pt/LaAlOs/SrTiO; Nanocapacitors under an
External Bias Potential
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We study the electronic, structural and electrical properties of Pt/LaAlO3/SrTiO; nanocapacitors
under the action of an external applied bias, using first-principles calculations performed at fixed
electric displacement D [1]. In particular, we deduce a complete set of ab initio band diagrams and
a simple analytical expression for the electric field within LaAlIO3 (LAO) as a function of film
thickness and theapplied bias potential. In addition, we investigate the capacitance of the metal-
oxide heterostructure in a field-effect transistor setup. We find that the electric field within LAO is a
non-intrinsic quantity that monotonically decreases with increasing the LAO thickness. The
occurrence of spontaneous Zener tunneling in this system, therefore, is ruled out. We also find
that, while the Pt electrode behaves almost ideally (i.e. provides perfect charge screening), the
LAO/STO interface is associated with a capacitance, predominantly due to band bending effects,
that is constant within a wide range of carrier densities We discuss the implications of our results in
the light of recent experimental observations on biased LAO/STO junctions with metallic top
electrodes [2,3].

[1] M. Stengel, N. A. Spaldin and D. Vanderbilt, Nature Physics 5, 304 (2009).

[2] L. Liu et al., Science 332, 825 (2011).
[3] G. Singh-Bhalla et al., Nature Physics 7, 80 (2011).
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Electronic Structures of Antiferromagnetic BaFe,As,

Jae Kyung Chang and Joo Yull Rhee
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In quasi one- and two-dimensional metals the electrons can be organized into regular patterns, and
this phenomenon is known to be the charge-density wave (CDW) or spin-density wave(SDW). The
parent compound of iron-based superconductors, BaFe,As,, undergoes both structural and
magnetic phase transitions. The crystal structure changes from tetragonal to orthorhombic and the
magnetic ground state changes from paramagnetic to antiferromagnetic at about 140 K. SDW
anomaly at 140 K, which is believed to be an important prerequisite for high-T, superconductivity in
iron-based superconductors, was also observed.

We performed the first-principles calculation for the BaFe,As, compound in various
antiferromagnetic states, and the electronic structures and Fermi surface are carefully investigated.
While there have been considerable debates as to whether the antiferromagnetism is due to the
Fermi surface nesting or to second neighbor superexchange, through our results, we can deduce
the correlation between the SDW (&CDW) and the Fermi-surface nesting.
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First-Principles Investigation of Phase-Change Effects in Multiferroics
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Using first-principles calculations we have characterized new phases of bulk multiferroic materials
that are close in energy to the ground state, but that display very different properties. This suggests
that the application of electric fields could induce phase changes that would involve large effects of
different kinds. In particular, (i) we have found stable supertetragonal bulk phases for the prototype
multiferroic bismuth ferrite [Diéguez et al., Phys. Rev. B 83, 094105 (2011)], and (ii) we propose to
use a solid solution of bismuth ferrite and bismuth cobaltite to create a material where it is possible
to switch between two very different phases in a way that involves strong piezoelectric, electric,
and magnetoelectric effects [Diéguez and ifiguez, Phys. Rev. Lett. 107, 057601 (2011)].
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Modification of NiO(111) surfaces by hydroxylation and carbonate formation
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NiO is used as main or co-catalyst in heterogeneous catalysis. H,O, CO and CO, are commonly
present at catalytic reactions and strongly interact with NiO surfaces. It is observed that they block
surface sites or alter the surface structure by hydroxylation and carbonate formation and thereby
poison the catalyst. In our study of the response of NiO to these gas phases we focused on the
polar NiO(111) surface. The bulk-truncated structures are intrinsically unstable and especially
susceptible to reactions with adsorbates. We performed spin-polarized GGA+U calculations for
possible reconstructions of NiO(111) in contact with water, hydroxyl groups and protons or CO and
CO.. A thermodynamic formalism was applied to deduce phase diagrams of the energetically most
stable surface structures depending on temperature and pressure conditions.

The O-H phase diagram is dominated by a fully hydroxylated (1x1)-OH surface at ambient and low
temperature UHV conditions and an adsorbate free (2x2)-O-octopolar structure after high
temperature annealing. A transformation between these two stable phases includes not only the
adsorption or desorption of water molecules but also the diffusion of Ni and O surface atoms. NEB
calculations for reaction barriers of subprocesses of this phase transformation explain the
experimentally observed high thermal stability of surface hydroxylation.

The interaction of CO and CO. with NiO(111) leads to the formation of tridentate carbonate
complexes including O surface atoms which are interconnected by Ni surface atoms. Again, the
molecules strongly alter the surface configuration. A transition path between adorbate covered and
adsorbate free surface structures has to involve a mass transport of Ni and O surface atoms. As
expected from our theoretical results, a high thermal stability of carbonates is observed in
experiment. We showed that the adsorption of small molecules on NiO(111) alters the surface
considerably. These modifications have to be considered when modeling catalytic reactions.
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Calculation of the Distribution of Current in MMX Polymers: the Case of
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Cantoblanco, 28049, Madrid, Spain

We present an ab initio study of the electronic band structure and probability currents of the quasi-
one-dimensional (1D) MMX polymer [Pt2(CHa)4l],, in the framework of density functional theory.
Probability currents are calculated per atom by following the same concept used in Mulliken
population analysis. We confirm the metallic band structure of the polymer reported in previous
studies. Results of the current density calculations suggest the importance of both the Pt-Pt-I chain
and the S atoms in the conductivity of the polymer.
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Wurtzite-like Structures of Transition Metal Monoxides

I. Bernal and S. Gallego
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Transition metal monoxides (MnO, FeO, CoO, NiO) are well-known antiferromagnets that
crystallize in the rock-salt lattice. They are used in a wide range of applications, from magnetic
devices to catalysis, where often interface or surface properties perform a fundamental role. Their
bulk structure has been largely studied as a model system to understand the description of
exchange and correlation effects within a density-functional-theory (DFT) framework. Yet, there is
controversy about their classification as Mott or charge-transfer insulators, the interplay between
structure and magnetism, or even the phase diagram under different conditions.

Several bulk phases of CoO or FeO can be obtained preserving the hexagonal symmetry along the
[111] direction [1]. Furthermore, particularly for CoO, recent evidence has been reported of the
possibility to stabilize wurtzite nanostructures and surface terminations [2]. Under reduced
dimensionality, the bulk phase diagram can be significantly altered, opening an intriguing field to
manipulate the ionicity, magnetism and conductivity of these oxides.

Here we present our results about the stability of wurtzite-like terminations at the (111) surfaces of
FeO and CoO, analyzing the implications in the electronic and magnetic properties. We employ
first-principles calculations based on DFT, introducing corrections to the exchange-correlation term
in order to reproduce the electronic gap at the bulk. We demonstrate that the results obtained for
surfaces can be extended to low-dimensional structures, both unsupported slabs and ultrathin films
grown on metal substrates. We will also discuss the effect of the exchange-correlation term in the
phase diagram obtained.

[1] H. Ozawa et al., Phys. Rev. B 84, 134417 (2011); T. Archer et al., Phys.Rev. B 78, 014431
(2008).

[2] W. Meyer et al., Phys. Rev. Lett. 101, 016103 (2008); A.S. Risbud et al., Chem. Mater. 17, 834
(2005); H.L. Meyerheim et al., Phys. Rev. Lett. 102, 156102 (2009)
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Beyond the Hubbard Model: a Realistic Description of Phase Transitions
within the GW Approximation

Matteo Gatti"? and Angel Rubio'??

"Universidad del Pais Vasco (UPV), Donostia-San Sebastian, Spain.
°European Theoretical Spectroscopy Facility (ETSF)
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The central concept of the single-band Hubbard model is the competition for the electrons between
the tendency to localize for the on-site effective Coulomb repulsion U and the opposite tendency to
hybridize and spread over other lattice sites, which gives rise to a finite bandwidth W. By varying
the U/W ratio it is possible to obtain a transition from localized to itinerant electronic states.

The realisation of this concept can be found in correlated electron materials, where by applying
pressure it is possible to induce a transition between high-spin insulating and low-spin metallic
phases.

Here we will discuss metal-insulator transitions in prototypical real systems (e.g. MnO or NiSy)
using the parameter-free GW approximation of many-body perturbation theory [1]. We will show
that the GW approximation is a very useful tool to understand the effects of electronic correlations
across the phase transition.

[1] L. Hedin, Phys. Rev. 139, A796 (1965)
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First-principles Investigation of the Structural Phases and Enhanced
Response Properties of the BiFeO;—LaFeO; Multiferroic Solid Solution

0. E. Gonzéalez-Vazquez, Jacek C. Wojdel, Oswaldo Diéguez, and Jorge ifiiguez
Institut de Ciéncia de Materials de Barcelona (ICMAB-CSIC), Campus UAB, 08193 Bellaterra,
Spain

We present a first-principles study of the BLFO solid solution formed by multiferroic BiFeO5; (BFO)
and the paraelectric antiferromagnet LaFeO; (LFO). We discuss the structural transformations that
BLFO undergoes as a function of the La content x, and the connection of our results with the
existing crystallographic studies. We find that, in a wide range of intermediate compositions, BLFO
presents strongly competitive phases that are essentially degenerate in energy. Futher, our results
suggest that, within this unusual morphotropic region, an electric field might be used to induce a
paraelectric-to-ferroelectric transition in the compound. We also discuss BLFO’s response
properties and show that they can be significantly enhanced by partial substitution of Bi/La atoms
in the pure BFO and LFO materials. We analyze the atomistic mechanisms responsible for such
improved properties, and show that the effects can be captured by simple phenomenological
models that treat explicitly the composition x as a variable of a Landau-like potential.
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Extended solids are frequently simulated as finite systems with periodic boundary conditions,
which due to the long-range nature of the Coulomb interaction may lead to slowly decaying finite-
size errors. In the case of Quantum-Monte-Carlo simulations, which are based on real space, both
real-space and momentum-space solutions to this problem exist. Here, we describe a hybrid
method which using real-space data models the spherically averaged structure factor in
momentum space. We show that (i) by integration our hybrid method exactly maps onto the real-
space model periodic Coulomb interaction (MPC) method and (ii) therefore our method combines
the best of both worlds (real-space and momentum-space). One can use known momentum-
resolved behavior to improve convergence where MPC fails (e.g., at surface-like systems). In
contrast to pure momentum-space methods, our method only deals with a simple single-valued
function and, hence, better lends itself to interpolation with exact small-momentum data as no
directional information is needed. By virtue of integration, the resulting finite-size corrections can be
written as an addition to MPC.
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In the past, bulk bismuth telluride (Bi.Tes) has been intensively investigated by both, experiment
and theory, because of its outstanding thermoelectric properties. In particular doping with Sb or Se
resulted in the highest thermoelectric figure of merit (ZT) values achieved so far. Several density
functional theory (DFT) studies focused on the correct description of the valence band extrema
(VBE) and conduction band extrema (CBE) [1]. This turned out to be a very challenging task for
band structure calculations due to the strong spin orbit interactions (SOI) that is responsible for the
small band gap of Bi.Te; (~150 meV) and the six-fold degeneracy of the VBE and CBE. It is
believed that the latter is an important feature of the band structure that supports the extraordinary
thermoelectric ZT value [2].

Recently Bi,Te; has again attracted much interest. Similar to graphene, atomically-thin crystalline
films of Bi.Te; and Bi,Se; have been obtained by exfoliation [3]. In rapid succession, Bi,Te; and
the related VA-VIA narrow gap semiconductors Bi,Se; and Sb.Te; have been identified as strong
three dimensional (3D) nontrivial topological insulators (Tls) that exhibit topological behavior up to
high temperatures and the simplest surface state possible: a single Dirac cone [4]. In these so-
called next generation Tls, the strong SOI causes band inversion, i.e., the usual ordering of the
valence band (mainly VIA-atom p-states) and conduction band (mainly VA-atom p-states) is
inverted at the zone center (I" point).

Motivated by the possible application of these materials in electronic and spintronic devices, many
experimental and DFT investigations [5] have been reported within the last few years. Concerning
the latter, recent studies again focus on the band structure of the materials, in particular on the SOI
and the degeneracy of the VBE and CBE. However, the results of several DFT [1] as well as GW
calculations [6] are still controversial regarding to (i) the energy difference of the two 6-fold VBEs,
(i) their positions in k-space, and (iii) the degeneracy of the two CBEs. In the present work, we
report on DFT calculations using hybrid functionals as implemented in the Vienna Ab initio
Simulation Package (VASP). We show that a thorough crystal structure optimization and the
inclusion of SOI for the tellurium atoms is important for an accurate description of the band
structure of Bi>Tes. Furthermore, the exact exchange included by hybrid functionals counteracts the
SOl and thus significantly changes the band gap as well as the CBE's position in k-space and
consequently its degeneracy.

[1] S. K. Mishra et al., J. Phys. Condens. Matter 9, 461 (1997); P. Larson et al., Phys. Rev. B 61,
8162 (2000); S. J. Youn and A. J. Freeman, Phys. Rev. B 63, 085112 (2001); T. Scheidemantel et
al., Phys. Rev. B 68, 125210 (2003).

[2] M. Kim et al., Phys. Rev. B 72, 03205 (2005).

[3] D. Teweldebrhan et al., Appl. Phys. Lett. 96, 53107 (2010); Nano Lett. 10, 1209 (2010).

[4] Y. Xia et al., Nat. Phys. 5, 398 (2009); H. Zhang et al., Nat. Phys. 5, 438 (2009); Y. J. Chen et
al., Science 325, 178 (2009).

[5] M.Z. Hazan and C.L. Kane, Rev. Mod. Phys. 82, 3045 (2010); O. V. Yazyev et al., Phys. Rev.
Lett. 105, 266806 (2010).

[6] E. Kioupakis et al., Phys. Rev. B 82, 245203 (2010).
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Heavy element surfaces have become an ideal testing ground for investigating the nature and
effects of the relativistic spin-orbit interaction in low dimensional systems. In this work, we perform
fully relativistic first principle calculations on optically induced spin-flip transitions between the
metallic surface states of the Pb/Ge(111) surface. We calculate the spin-flip matrix elements
following an approach based on the interpolation of maximally localized Wannier functions. The
obtained results show a very high localization of the spin-flip transition probability in several hot
spots in momentum space. We find that the origin of the hotspot structure is closely connected to
the rapid variations of the momentum dependent surface spin-polarization. Furthermore, it is found
that the location of the hot spots depends on the polarization of the applied electric field, allowing

the manipulation of the spin-flip properties.
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Role of Non-local Exchange in the Electronic Structure of Correlated Oxides
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Transition-metal oxides (TMO) with partially filled d or f shells are a prototype of correlated
materials. They exhibit very interesting properties, like metal-insulator phase transitions (MIT) [1].
In this work we consider several TMO insulators in which Kohn-Sham LDA band structures are
metallic: VO,, V.03, Ti,O3, LaTiO3 and YTiOs. In the past, this failure of LDA has been explained in
terms of its inadequacy to capture the strong interactions taking place between correlated
electrons. In the spirit of the Hubbard model, possible corrections to improve onsite correlation are
the LDA+U [2] and LDA+DMFT [3] approaches. Here we make use of the HSE06 hybrid functional
[4]. We show that, without invoking strong-correlation effects, the contribution of the non-local Fock
exchange is essential to correct the LDA results, by curing its delocalization error. In fact, HSEO06
provides insulating band structures and correctly describes the MIT in all the considered
compounds [5]. We further discuss the advantages and the limitations of the HSEO06 hybrid
functional in correlated TMO.

[1] M. Imada et al., Rev. Mod. Phys. 70, 1039 (1998)

[2] V.. Anisimov, et al.,Phys. Rev. B 44, 943 (1991).

[3] A. Georges et al., Rev. Mod. Phys. 68, 13 (1996).

[4] J. Heyd et al., J. Chem. Phys. 118, 8207 (2003); J. Heyd et al., J. Chem. Phys. 124, 219906(E)
(2006).

[5] F. lori, M. Gatti, and A. Rubio submitted.
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Hedin's GW approximation has been extensively applied in electronic structure calculations to
determine HOMO and LUMO levels, line widths and total energies. Furthermore, our
understanding of electronic transport benefits from the improved description of the one-electron
Green's functions that is provided by Hedin's GW approximation. The screened Coulomb
interaction that is a key ingredient of GW approximation is also necessary in the set up of the
Bethe Salpeter equation for electron hole pair propagation. Present state of the art realizations of
GW for non periodic systems are capable of treating relatively large molecules containing up to
hundred atoms. However, the computational cost of GW calculations still remains prohibitive for
many interesting applications in the emerging field of organic semiconductors. In this work, we
would like to present our approach to Hedin's GW approximation. Our approach scales as O(N°)
with the number of atoms N and it provides the full frequency-dependent self-energy of the
molecule. The key features of our approach are i) exploiting the locality of a certain basis in the set
of orbital products, and ii) treating the frequency dependence of relevant quantities by means of
their spectral functions. We will present the method along with several applications.
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Fully-atomistic First-principles Approach to the Temperature-dependent
Lattice-dynamical Properties of Perovskite Oxides

Mathias P. Ljungberg, Jacek C. Wojdel and Jorge ifiguez
ICMAB-CSIC, 08193 Bellaterra, Spain

We present a methodology for the parametrization of effective Hamiltonians for ferroelectric
perovskites that provides a fully atomistic description of the materials. The parameters in our
effective models are obtained from first-principles calculations; no experimental input is used. The
potential energy surface is represented by a truncated Taylor expansion around the ideal cubic
perovskite structure and is, up to second order, exactly equivalent to the first-principles computed
one. Higher order terms are determined by fitting to the first-principles energetics and phonon
dispersion relations of the relevant low-symmetry phases.

By treating all structural degrees of freedom explicitly our models allow us to investigate the
competition between the soft modes that drive the ferroelectric phase transitions in these materials
and other, secondary modes. Our method's ability to capture these interactions constitutes a
considerable improvement upon earlier approaches.

We will show our newly parametrized effective Hamiltonian for the prototypical ferroelectric
compound PbTiO3; and discuss its temperature dependent properties.
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Disorder Effects in Si/Ge, Diamond -structured Semiconductors

A.Marmodoro and A.Ernst
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We apply recent developments for the first-principles study of disordered systems to the particular
case of Si-Ge semiconductors in a diamond (A4) structure.

Making use of beyond single-site developments of the coherent potential approximation, we
consider the impact of short range ordering on properties of interest for practical device
applications. The extent of disorder-to-order effects is investigated in its implications on equilibrium
lattice parameter, electronic structure and band gap, together with different degrees of clustering,
and other forms of interstitial defects. Results are also compared with alternative supercell-based
approaches.
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The recent advances in graphene synthesis and growth control, has fostered research in other 2-
dimensional systems. In particular, hexagonal boron nitride (h-BN) has emerged as a promising
compound for patterning graphene and tune its electronic and mechanical properties at will. The
compatibility between graphene and BN in their lattice parameters makes it possible the fabrication
of hybrid systems with isolated regions of each compound [1]. DFT calculations have shown that
for hybrid monolayers made of graphene nanoribbons (GNR) embedded in BN layers, the
electronic behavior can be semiconductor, semimetal or half metal, depending on the ratio
between GNR and BNNR widths [2]. The potential energy difference at the interface, the
polarization of BN and the electronic screening in the GNR are the main factors that determine the
characteristics of the band structure. In this work, we obtain tight-binding (TB) parameters from
Siesta DFT calculations by means of maximally localized Wannier functions. Zigzag and armchair
interfaces are considered for the parametrization. For zigzag, the on-site energies are found to be
dependent on the distance from the edge, and on the nature of the edge (B- or N-terminated). With
these values of TB parameters, a general model is proposed and applied in the study of different
geometries of hybrid systems. The half-metallicity of zigzag interfaces is well represented as well
as the band gap for armchair systems. Other systems studied are hexagonal quantum dots and
layers composed of ribbons with variable width connected by zigzag interfaces.

[1] Ci et al., Nature Mat. 9, 430 (2010).
[2] J. M. Pruneda, Phys. Rev. B 81, 161409 (2010).
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We report ab-initio calculations on Silicon Nanowires (SiNWs) oriented along the [112], [110], [100]
and [111] directions based on density functional theory (DFT). The influences of the molecular
doping and quantum confinement on the electronic properties onto SiNWs are studied [1]. The
possibility that an adsorbed molecule could provide shallow electronic states that could be
thermally excited have received less attention than substitutional impurities and could potentially
have a high impact in the doping of SiNWs. With such an approach one would simultaneously get
rid of two problems that bedevils SINW doping: (i) the competition between catalyzed and
uncatalyzed incorporation of the impurities, often leading to sizeable disuniformities in the dopant
concentration [2]; however, this in-situ approach does not always give favorable results [3], (ii) the
need to carry out demanding annealing cycle to promote diffusion in ex-situ doping [4,5].

We present results for SiNWs with a diameter of 1.5 nm oriented along the [112], [110], [100] and
[111] and the effect of quantum confinement on electronic properties for three different diameters
of SiINWs in the [111] direction doped with NH3. The Fig. 1 (a) shows the band structure of SINW
doped with NHj; in the [111] direction. It can be seen SiNW that the adsorbed molecule contributes
with a localized state close to the conduction band edge, where it pins the Fermi level. Therefore
the adsorbed molecule is found to be an efficient donor, as carriers can be thermally excited into
the conduction band. More specifically we have found that NH; requires less energy to adhere to
{110} faces, regardless of the growth orientation of the SiNWs. The molecular nature of these
states are further supported by the projected electronic density of states, where projections are
made on N, H and Si [Fig. 1(b)]. There it can be seen that the localized state is almost exclusively
made up of N and H contribution, thus it is localized at the molecule adsorption site.

We acknowledge the financial support Funding under Contract Nos. TEC2009-06986, FIS2009-
12721-C04-03, and CSD2007-00041 and Postdoctoral Abroad - Consejo Nacional de Ciencia y
Tecnologia, México.
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Boron chemistry does not have the simplified detailed understanding of classical organic
chemistry. However, the peculiar electronic structures admitted for boron species yields a rich
variety of different interactions which emerge as a voyage between the worlds of organic,
inorganic, and metal chemistry. Here, we report on reaction mechanisms and properties of
monomeric, dimeric and other (hetero) borane clusters in their ground and excited electronic
states, as a base for predicting the properties of complex polyhedral boron-based molecular
architectures, especially based upon the icosahedral Bi;H;,”> moeity.
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We have used the order-N functional minimization methods implemented in the SIESTA code to
perform ab initio supercell computations of native point defects in bulk magnesium oxide. We
investigate the energetics, structural and electronic properties of a vacancy and interstitial atom
with different charge states, and of several atomic arrangements of neutral interstitial pairs and
Schottky defects.

For the isolated defects, we find minimum formation energies corresponding to the full formal
charge state, except for the O interstitial and vacancy cases showing charge transition levels (0/2-)
and (2+/0) for values of the chemical potential of the electrons of 4 and 2.5 eV above the valence
band maximum, respectively. The atomic structure of an extra O; atom strongly depends on its
charge state g: for the nominal formal charge (g=2-) the interstitial atom remains in the center of a
cube of ions, whereas for a =0 state the extra atom forms a dumb-bell interstitial along the <111>
direction.

Defect pair arrangements of 15, 2" and 3™-neighbor configurations for divacancies and up to 5™
neighbor geometries for di-interstitials were evaluated. We obtain an overall lowest formation
energy for the nearest neighbor configuration in both defect types. Interestingly, interstitial atoms in
the 2"- and 5™-neighbor configurations move towards lattice sites of same species during
relaxation, displacing lattice atoms to otherwise form a 13‘-neighbor di-interstitial defect in the
supercell. Computationally, the O(N) approach yields accurate results (~0.01 eV/atom) even at
relatively short localization radii (10 Bohr), which will make it the method of choice for studies of
larger defect aggregates.
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Ab initio molecular dynamics has been used to investigate photoemission O1s core level shifts
(CLS) of hydroxylated MgO(100). Rapid proton-exchange at elevated temperatures yields broad
features in the simulated photoemission signal, which is in good agreement with recent
experimental observations [1]. Moreover, the results provide further evidence that the stable
structure of hydroxylated MgO(100) consists of a partly dissociated water monolayer. Analysis of
the CLS for adsorbed hydroxyl groups at different coverage reveals a pronounced effect on
hydrogen bonding to neighboring H-O molecules. The inclusion of exact exchange by the use of
the hybrid PBEO functional leads to quantitatively similar results as the gradient corrected PBE
functional.

[1] Newberg, J.T., et al., Surf. Sci., 2011, 605, 89.
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Very recently, one dimensional ceria (1D), nanotubes (NT) and nanorods, have been reported as
catalyst for the water gas shift (WGS) reaction at low temperature [1]. Theoretically it is important
to stress that the electronic structure of reduced ceria materials constitutes a challenge in density
functional theory (DFT) calculations due to the strongly correlated nature of the 4f electrons [2]. To
the best of our knowledge there is no theoretical report on the electronic structure and properties of
low dimensional ceria materials.

In this work we present a theoretical study by means of DFT calculations based on the BIWC
functional of the geometry and electronic structure of single- and multi-layered ceria NT. Lattice
parameters, strain energies, and density of states (DOS) have been examined in order to
rationalize the structural and electronic properties of these low dimensional materials. Negative
strain energies found in some series of NT allows to explain the experimentally observed formation
of stable ceria NT [3]. The observed trends in strain energies and electronic structure (DOS) allows
to understand the origin of the catalytic properties of these systems.
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[1] Han, W.Q.; We, W.; Hanson, J.C.; Teng, X.; Marinkovic, N.; Rodriguez, J. A. J. Phys Chem.
C. 2009, 7113, 52

[2] Graciani, J.; Marquez, A. M.; Plata, J. J.; Ortega, Y.; Hernandez, N. C.; Meyer, A.; Zicovich-
Wilson, C. M.; Sanz, J. F. J. Chem. Theory Comput., 2011, 7, 56.

[3] Tang, C.; Bando, Y.; Liu, B.; Golberg, D.; Adv. Mater. 2005, 17, 3005
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We present ab initio results at the density functional theory level of methane and carbon dioxide
hydrates, which include van der Waals interactions in a full ab initio treatment of the non-local
correlation energy. It is found that van der Waals interactions dominate the energy, kinetics and
stability of these inclusion compounds. The maximum absorption capacity and the maximum
hydrocarbon size are calculated. A good description of the diffusion activation energies is also
shown.
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Nanowires, and in particular silicon nanowires (SiNWs), are among the most exciting and
promising building blocks for future nanoelectronics applications and have attracted the interest of
many researchers around the world. Significant progresses have been achieved, especially in the
latest decade, both from the experimental and the theoretical viewpoint.

Up to now, a significant overlap between the theoretical predictions and the experimental
realizations

was still lacking, because nanowires that can be routinely grown to date have typical diameters
ranging from 50 to 200 nm, while those that can be efficiently studied with electronic structure
methods, reach 2-3 nm at most.

Nonetheless, these theoretical results are far to be regarded as bare academic exercises. On the
contrary, the real interest of these studies is that they constitute an anticipation of most urgent
problems that will have to be dealt within the next generation nanowires, when their characteristic
sizes will really approach the quantum limit.

Here we review the recent progresses in the theoretical modeling of Si nanowires, the increasing
overlap with experimental results and we discuss the future perspectives for a nanowires-based
electronics, outlining the research agenda for nanowire-based devices to come [1].

We focus on nanowires with diameters below 10 nm, where quantum effects become important
and the properties diverge significantly from those of bulk silicon. These wires can be efficiently
treated within electronic structure simulation methods and will be among the most important
functional blocks of future nanoelectronic devices. Firstly, we review the structural properties of
silicon nanowires, emphasizing the close connection between the growth orientation, the cross-
section and the bounding facets. Secondly, we discuss the electronic structure of pristine and
doped nanowires, which hold the ultimate key for their applicability in novel electronic devices.
Finally, we revise transport properties where some of the most important limitations in the
performances of nanowire-based devices can lay. Many of the unique properties of these systems
are at the same time defying challenges and opportunities for great technological advances.

[1] R. Rurali, Rev. Mod. Phys. 82, 427 (2010).
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We have investigated different methodologies based on first-principles calculations in order to
obtain reliable values for the dipole moment of a functionalized carbon nanotube. Often, in the
literature, this is calculated by considering a finite nanotube in which the dangling bonds at the
edges are terminated by hydrogen atoms. Alternatively, a capped nanotube might be considered.
However, these artificial terminations can lead to strong, spurious changes in the electronic
structure of the nanotube. For instance, an inadequate termination may close the band gap of a
semiconducting nanotube, due to the appearance of edge states. Thus, the calculated dipole
moment of the resulting finite-size system ([rp(r)dr) does not lead to the right results, due to charge
sloshing between these edge states. In order to obtain reliable dipoles, we have considered
functionalized carbon nanotubes terminated also by hydrogen atoms, but taking into account the
Clar sextet rule. This rule states that the maximal generalized Clar structure contributes the most to
the resonance energy. Thus, the Clar structure with maximum number of aromatic rings is
expected to have an electronic structure close to an infinite nanotube. In addition, we have
analized the convergence of the obtained diopole as a function of the length of the carbon
nanotube and the distance between periodic copies for DFT programs working with periodic
boundary conditions such as SIESTA. Finally, we compare these results with those obtained by the
dipole moment using the Berry phase approach.
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The precipitates in steel play an important role to strengthen steel. One of the important factors of
controlling growth of the precipitate is interface energy between precipitate and iron. The NaCl type
precipitates are reported to have the Baker-Nutting orientation relationship with bcc iron, namely,
(100)precipitate//(100)iron and [010]precipitate//[011]iron. The interface between precipitate and
iron changes from coherent to semi-coherent due to growth of the precipitates. Interface structure
and energy were calculated for coherent interface and extended to semi-coherent interface within
the Peierls-Nabarro framework in the previous literature [1]. The study omitted atomic relaxations
except for the interphase separations, because it needs to treat more than one thousand atoms. In
this study atomic relaxations are performed for all 1463 atoms in the unit cell by the use of O(N)
method of large scale first-principles electronic structure calculation [2]. The interphase separation
between Fe and NbC layers of the semi-coherent interface is close to that of the coherent interface
where Fe atom is located next to Nb atom. The interface energy of the semi-coherent interface is
the value between the coherent interface energy where Fe atom is located next to Nb atom and
that where Fe atom is located next to C atom.

The numerical calculations were carried out _ >0 —a—Fo-Nb
on TSUBAME2.0 at Global Scientific E 40 k| —m=Fec
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CdIn,S, spinel formula unit is (Cdgs.4In,)[IN2xCd,]S4 having in the perfectly direct spinel, Cd and In
respectively in the tetrahedral and octahedral positions. The experimental value of inversion
degree is around x=0.20 then CdIn,S, is almost considered a direct spinel. Our work focuses on a
thermodynamical analysis of the tetrahedral/octahedral cation inversion study inside CdIn,S,
spinel. The Site Occupancy Disorder (SOD) program [1] had been a powerful tool to obtain the
different inequivalent configurations of the disordered sites.

We demonstrate using the thermodynamical parameters that CdIn,S, have almost all their Cd/In in
tetrahedral/octahedral cationic positions not exchanged and that the minimum of free energy
correspond to an inversion which is coherent with the experimental value reported. The present
findings are proposed as a novel theoretical methodology to obtain the exact degree of inversion in
different spinels. Using the appropriate inversion degree the band-gap can be adjusted, which can
be applied in the optimization of some photovoltaic processes.

Furthermore, phonon frequencies to determine vibrational total energy, and assignation of the
active modes was also determined. The atomic configurational interaction using the configurational
free energy contribution added to the vibrational free energy obtained gave us the complete
theoretical approach to obtain the exact inversion degree. The change in temperature lead a
change in the inversion degree which is related with the band-gap, then controlling temperature,
the inversion degree can be tuned and we can also have a desirable value of band-gap of this
promising photovoltaic material.

[1] R Grau-Crespo, et al, J. Phys.: Condens. Matter 19 (2007) 256201.
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SnS; layered semiconductor doped with V was suggested as an intermediate band solar cell [1].
The different crystalline systems in which this layered material exist lead to different polytypes and
this implies different characteristics. In this work we study the structural disposition of the most
important polytypes of this layered material, the named 2h and 4h using the interatomic Van der
Waals interactions that is present between the layers using two theories.

The Grimme [2] dispersion correction that is applied after each autoconsistent PBE electronic
calculation, have intrinsically a semiempirical implementation which take into account the Van der
Waals radius and the electrostatic interaction between the layers. The self-consistent Dion et al. [3]
functional optimized for solids by Michaelides et al [4] on the other hand uses a complete
theoretical approach.

In this work these two methods are applied to the layered SnS, polytypes and these two are
compared and the results we will presented at this Conference, demonstrates the enhancement of
the geometric parameters by the use of the Van der Waals interactions in agreement with the
experimental values when either Grimme or the new functionals are used.

[1] P. Wahnon et al, Phys. Chem. Chem. Phys., 2011, 13, 20401-20407

[2] S. Grimme, J. Comp. Chem. 27, 1787 (2006).

[3] M. Dion, H. Rydberg, E. Schréder, D. C. Langreth, and B. I. Lundqvist, Phys. Rev.
Lett. 92, 246401 (2004).

[4] J. Klime§, D. R. Bowler, and A. Michaelides, Phys. Rev. B 83, 195131 (2011).
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Recent studies have shown that highly conductive contacts are formed between platinum (Pt)
contacts and carbon nanotubes (CNT)[1]. These contacts could be due to the formation of a
graphene layer at the Pt-CNT interface[1].

We study electronic transport properties of CNTs with Pt contacts using first principles calculations.
We have considered two situations: one where a layer of graphene had formed (and to where the
CNT is covalently linked[2]) and the other where the CNT was in direct contact with the Pt surface.
The simulations are performed within the density functional theory (DFT) and the Non-Equilibrium
Green Function (NEGF) formalism. The calculations are performed with the SIESTA[3] code and its
extention, TranSIESTA[4], for the electronic transport calculations, using strictly localised orbitals
as basis sets.

After performing the relaxation in both systems, we found that the equilibrium distance between the
graphene sheet and the Pt surface is of the order of 3.14 A and the stable distance between the
CNT and the Pt surface being of 2 A. This fact brings us to the conclusion that the graphene sheet
is decreasing the interaction of the CNT with the Pt contacts due to the larger distance between the
Pt surface and the nanotube. As a consequence the overall transmission (when considering a wide
range of energy) is higher in the second case (CNT directly on the Pt surface). We also perform
transport calculations applying different voltages to the Pt contacts and we study the transmission
eigenstates, the potential drop and the charge density drop.

[1] A. A. Kane, T. Sheps, E. T. Branigan, V. A. Apkarian, M. H. Cheng, J. C. Hemminger, S. R.
Hunt and P. G. Collins. Graphitic electrical contacts to metallic Single-Walled carbon nanotubes
using Pt electrodes. Nano Letters 9, 3586—3591 (2009).

[2] F. D. Novaes, R. Rurali and P. Ordejon. Electronic transport between graphene layers
covalently connected by carbon nanotubes. ACS Nano 4, 7596-7602 (2010).

[3] J. M. Soler, E. Artacho, J. D. Gale, A. Garcia, J. Junquera, P. Ordején, D. Sanchez-Portal. The
SIESTA method for ab initio order-N materials simulations. Journal of Physics: Condensed Matter
18, 2745 (2002).

[4] M. Brandbyge, J.L. Mozos, P. Ordejon, J. Taylor and K. Stokbro. Density-functional method for
nonequilibrium electron transport. Physical Review B 65, 165401 (2002).
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Topological insulators (TIs) can be defined as non-trivial insulators possessing a gapped band
structure in the bulk and gapless metallic edge/surface states due to the effect of the spin-orbit
interaction (SOI) which are robust against disorder preserving time-reversal symmetry (TRS). In
two dimensions (2D), SOI leads to the quantum spin Hall (QSH) phase showing gapless
spinfiltered edge states. Recently, some works have addressed the effect of electron-electron
interactions on these QSH insulators by combining the Kane-Mele Hamiltonian and the mean-field
Hubbard model in a honeycomb lattice with zigzag edges giving rise to new and exotic electronic
phases [1,2,3].

Here, we study the electronic properties of disordered diamond slabs containing more than 200000
atoms by means of the Lanczos method [4]. This method allows us to handle real size systems by
tridiagonalizing a model Hamiltonian [5] which makes easier the computation of the density of
states (DOS). The projection of such DOS onto the surface states makes possible to study the
effect of different kind of bulk and surface disorder on the protected surface states of a topological
insulator [6].

[1] M. Hohenadler, T. C. Lang, and F. F. Assaad, Phys. Rev. Lett. 106, 100403 (2011)
[2] D. Zheng, C. Wu, and G.-M. Zhang, arXiv:1011.5858

[3] D. Soriano and J. Fernandez-Rossier, Phys. Rev. B 82, 161302 (2010)

[4] R. Haydock V. Heine and M. J. Kelly, J. Phys. C : Solid State Phys. 8, 2591 (1975)
[5] L. Fu, C. L. Kane, and E. J. Mele, Phys. Rev. Lett. 98, 106803 (2007)

[6] A. M. Black-Schaffer, and A. V. Balatsky, arXiv:1110.5149
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Germanium: Doped and Strained
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2MBE Laboratory, Institute of Materials Science, NCSR Demokritos, GR-15310 Athens, Greece
3PSE Division, KAUST, Thuwal 23955-6900, Saudi Arabia

Germanium (Ge) was used in fabricating the early electronic devices. Recent advents made in
high k-dielectrics reengaged the interest in Ge. This interest stems from the higher electron and
hole mobilites of Ge compared to Si in conjunction with the better thermal, and radiation hardness
properties. The understanding of the defect processes and interactions is a prerequisite to
optimize the properties Ge. Here density functional theory simulations are used to investigate
the formation energies of n-type dopants (phosphorus, arsenic and antimony) paired with a
vacancy in Ge for different charge states. Their activation energies of diffusion are also calculated
and compared with the most recent experimental results, which show that the activation energy
decreases as the size of the dopant atom increases. We also investigated the effect of strain on
Ge and how this induces a change in the electronic structure. Both biaxial and uniaxial strains were
applied along several important planes and directions were investigated. We found that Ge makes
a transition from an indirect to direct band gap under biaxial (001) uniaxial [001], [110] and [111],
with the latter providing the most efficient pathway for this transition.

H. Tahini, . Chroneos, R. W. Grimes, U. Schwingenschlégl, and H. Bracht, “Diffusion of E Centers
in Germanium Predicted Using the GGA+U Approach,” Appl. Phys. Lett. 99, 072112 (2011).

H. Tahini, . Chroneos, R. W. Grimes, U. Schwingenschlogl, “Diffusion of Tin in Germanium: A
GGA+U Approach”, Appl. Phys. Lett. 99, 162103 (2011).

H. Tahini, . Chroneos, R. W. Grimes, U. Schwingenschlégl, “Strain Induced Changes of the
Electronic Structure of Germanium”, Appl. Phys. Lett., under review.
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Molibdenum Atomic Wires Encapsulated in Carbon Nanotubes

A. Vega,' A. Garcia-Fuente,’ V.M. Garcia-Suérgzz and J. Ferrer?

'Departamento de Fisica Tebrica, Atémica y Optica, Universidad de Valladolid, 47005 Valladolid,
Spain

“Departamento de Fisica & CINN, Universidad de Oviedo, 33007 Oviedo, Spain

Monoatomic chains of molybdenum encapsulated in single walled carbon nanotubes of different
chiralities are investigated using density functional theory. We determine the optimal size of the
carbon nanotube for encapsulating a single atomic wire, as well as the most stable atomic
arrangement adopted by the wire. We also study the transport properties in the ballistic regime by
computing the transmission coefficients and tracing them back to electronic conduction channels of
the wire and the host. We predict that carbon nanotubes of appropriate radii encapsulating a Mo
wire have metallic behavior, even if both the nanotube and the wire are insulators. Therefore,
encapsulating Mo wires in CNT is a way to create conductive quasi one-dimensional hybrid
nanostructures.
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Nuclear Quantum Effects on Dielectric and NMR Properties of Squaric Acid
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Nuclear quantum effects, such as quantum delocalisation and tunneling, play an important role in
many systems, in particular when hydrogen atoms and hydrogen bonding are present. The large
isotope effect on the temperature of the ferroelectric phase transition in systems such as squaric
acid (H.C40,4) and KDP (KH.PO,) has been ascribed to quantum tunneling, but the nature of the
nuclear quantum effects is intricate and still under debate. In this contribution | will present results
from ab initio (DFT) path integral molecular dynamics (PIMD) simulations of squaric acid. In the
past, evidence for the coexistence of order-disorder and displacive behaviour in this system has
been obtained using high-resolution solid-state NMR experiments. We shed further light on these
observations using theoretical calculations of NMR shielding constants in the gauge-including
projector augmented wave (GIPAW) approach.
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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 temperature [2] 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]. Specifically, our calculations indicate that by inducing
structural softness, the studied materials can be tuned toward giant ME effects. This observation
does not depend 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 take the most promising ME multiferroic material to date: BiFeO5; (BFO) [5], and present first-
principles results for the calculated ME response tensor under a range of epitaxial strains which
are demonstrably within reach of experiments [6]. We find that, as expected, the BFO under
compressive epitaxial strain undergoes first order structural transition, which is accompanied by a
narrow window of strain values in which it exhibits very large ME response at T=0 K. This response
in turn is expected to grow even higher as the temperature approaches the material's T,. The
calculated responses are further analyzed in a wide range of compressive strains in order to
elucidate the underlying atomistic mechanism. it is found that the softness of AFD modes which
connect the two competing phases is the main driving force for the ME response enhancement (in
contrast to the Bi centered modes being the most active in the unstrained bulk BFO).

The presented results show a robust mechanism leading to large ME effects. Our simulations for
BFO films show that the induction of structural softness results in effects comparable with the
greatest ones ever measured for single-phase compounds. We hope our results will motivate the
experimental exploration of this strategy either in BFO-based systems or in other compounds.

[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. Wojdet and J. Ifiiguez, Phys. Rev. Lett. 103, 267205 (2009).
[4] J.C. Wojdet and J. Ifiguez, Phys. Rev. Lett. 105, 037208 (2010).
[5] G. Catalan and J.F. Scott, Adv. Mats. 21, 2463 (2009).
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Recently, high transition-temperature superconductivity was discovered in the iron-pnictide
RFeAsO (R=rare-earths) family of materials. Among them, LaFeAsO undergoes a tetragonal to
orthorhombic structural phase transition at ~160 K followed closely by an antiferromagnetic
ordering near 145 K. This material has also been reported to undergo a spin-density wave (SDW)
transition near 150 K, based on specific heat, resistivity, and reflectivity measurements.

Through first-principls calculations we tried to understand the electronic structures and magnetic
properties of LaFeAsO. We used full-potential linearized-augmented-plane-wave method in the
antiferromagnetic ground state with orthorhombic phase. The physical origin of the SDW formation
will be discussed.
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