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1 Editorial

In this summer issue of the Psi-k Newsletter w e ha v e sev eral rep orts on recen t Psi-k supp orted

w orkshops and one collab orativ e visit. These are follo w ed b y a n um b er of job announcmen ts and

abstracts of newly submitted or recen t pap ers.

The scien ti�c highligh t of this issue is b y Leonardo Guidoni (L'A quila), Carme Ro vira (Barcelona)

and Marialore Sulpizi (Cam bridge) on "Ab initio metho ds for biological systems: state of the art

and p ersp ectiv es".

F or further details on this newsletter, please c hec k the table of con ten t.

The Uniform R esour c e L o c ator (URL) for the Psi-k w ebpage is:

http://www.psi- k.org.uk/

Please submit all material for the next newsletters to the email address b elo w.

The email address for con tacting us and for submitting con tributions to the Psi-k newsletters is

function

psik-co ord@dl.ac.uk messages to the co ordinators, editor & newsletter

Dzidk a Szotek, Martin Lüders and W alter T emmerman

e-mail: psik-co ord@dl.ac.uk
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2 Psi-k Programme

�T o w ards A tomistic Materials Design�

2.1 Rep orts on the Psi-k Supp orted W orkshops

2.1.1 Rep ort on the 4

th

In ternational ABINIT Dev elop er W orkshop

Autrans (F rance)

24

th

� 27

th

Marc h 2009

Psi-k Net w ork, GdR-DFT and Scienomics

P . Blaise, D. Caliste

?
, T. Deutsc h, L. Geno v ese and V. Olev ano

http://wwwold.abinit.org/2 009- Abi nit

Initiated in 2002, the series of ABINIT dev elop er w orkshops, organized eac h other y ear, pla ys

an imp ortan t role in the life of the ABINIT comm unit y . It is the o ccasion for the most activ e

ABINIT dev elop ers, as w ell as a few exp ert users, and selected in vitees, to gather and exc hange

information, and presen t recen t dev elopmen ts. The future of ABINIT is also discussed, and

recommendations are issued.

This y ear, the n um b er of participan ts reac hed 56 p eople including four in vited sp eak ers from

di�eren t other comm unities. This op ening to dev elop ers outside ABINIT and their in teresting

con tributions sho w the maturit y of this soft w are. These in vited con tributions w ere done in the

�eld of p ost-ground state calculations with the talk ab out Y am b o, a soft w are for Man y-Bo dy

calculations in solid state and molecular ph ysics (A. Marini). The second talk in this �eld w as

ab out the capabilit y to compute the Maximaly Lo calized W annier F unctions for accelerated band

structure calculations with the help of the W annier90 library (A. Mosto�). In these b oth cases,

ABINIT is used as the fundamen tal to ol to compute the ground state of the system. The second

axis of the in vited talks w as ab out the impro v emen t of ABINIT with the help of outside con-

tributions. On one hand this w as done with the presen tation of a Lin ux distribution pac k ager

p oin t of view ab out the pac k age and its distribution (D. Berkholz) and on the other hand b y

the presen tation of the X C library initially dev elopp ed for Octopus soft w are but on the w a y for

inclusion inside ABINIT (M. Marques).

Beside these outside con tributions, di�eren t labs implied in the dev elopmen t of ABINIT presen ted

their con tributions. One should remem b er t w o main axis. The �rst w as ab out the ongoing e�ort
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to implemen t the missing functionnalities in the P A W formalism in comparison with the func-

tionnalities of norm-conserving pseudo-p oten tials. This includes the non-colinear magnetism,

the spin orbit coupling and the DFPT formalism (M. T orren t) ; but also the capabilit y to sim-

ulate Mössbauer sp ectra and to compute the resp onse to an electric or a magnetic �eld within

the P A W formalism (J. Zw anziger) ; or also the dev elopmen t of the lo cal exact exc hange (F.

Jollet). The second main axis w as in the �eld of the GW appro ximation and its impro v emen ts

(b etter paralllelism, metho d for few er empt y bands. . . ) as presen ted b y F. Brunev al and M.

Gian tomassi. Besides these t w o axis, sev eral other p oin ts w ere discussed. One can cite the ef-

fort to p ort ABINIT to sup er-computers, with massiv ely parallel net w ork (F. Bottin), h ybrid

arc hitectures (L. Geno v ese) or distributed computational p o w er (M. Oliv eira). Finally , sev eral

applications of the ABINIT program w ere presen ted, lik e the k ey exploration done b y M. Mik ami

for w arm-white led engineering, the ab initio explanation of the structure of GeMn nano-columns

(E. Arras) or temp erature dep endance of the band energy in semiconductors (P . Boulanger).

The w orkshop w as also the place for sev eral discussions ab out the dev elopmen t of the ABINIT

soft w are. Among these talks, the do cumen tation and user orien ted tutorials and information w ere

discussed around the a v ailabilit y and impro v emen t of the new w eb site. One other discussion

session w as dedicated to the required decisions to con tin ue the dev elopmen t of ABINIT with the

same lev el of qualit y with an alw a ys gro wing soft w are base and con tributors. Indeed, ABINIT

will need to enforce its co ding standards and curren t co de through a b eauti�cation phase to go

to v ersion 6 that will allo w to con tin ue to easily and safely add new functionnalities.

With all these div erse con tributions, external, ph ysics and soft w are engineering, the meeting w as

considered b y all the attendees as a v ery go o d w orking session resulting in sev eral ac hiev emen ts.

The full program is a v ailable on-line at

http://wwwold.abinit.org/2009- Abinit

as is also the list of the participan ts.

Programme

T uesda y 24th

12.30-14.00 Lunc h time

14.00 In tro duction+SW OT

Ch.: X. Gonze, T. Deutsc h & G.-M. Rignanese

14.30 P A W session:

M. T orren t(25')

J. Zw anziger(25')
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G. Jomard(A) (10')

A. Jacques (10' +10')

15:50-16.20 T ea/co�ee break

16.20 Correlated electrons:

B. Amadon(25')

F. Jollet(25')

D. A dams (A) (10')

17.20 Build system

17.30 Discussion (30')

Mo d.: J.-M. Beuk en

W eb

18.00-19.00 P oster session

W ednesda y 25th

9.00 Metho dological dev elopmen ts:

L. Geno v ese (25')

M. Mancini(25')

A. Lherbier(A) (10')

A. Romero (A) (10')

10.15-10.45 T ea/co�ee break

10.45 Links with comm unities:

D. Caliste (25')

M. Marques (25')

A. Mosto�(25')

12.00 Scienomics

X. Krokidis (30')

12.30-14.00 Lunc h time

14.00 Soft w are engineering:
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Ch.: M. Côté

X. Gonze (25')

J.-M. Beuk en(25')

14.50 Discussion (30')

Mo d.: M. Côté

An.: X. Gonze, J.-M. Beuk en & A. Jacques

Merge/testing

15.20-15.50 T ea/co�ee break

15.50 Soft w are engineering:

Ch.: M. Côté

Y. P ouillon(25')

T. Deutsc h(15')

16.30 Discussion (30')

Mo d.: M. Côté

An.: T. Deutsc h & Y. P ouillon

Build system

17.00 Soft w are engineering:

Ch.: M. Côté

D. Berkholz (25')

17.25 Discussion (25' +25')

An.: A. Jacques, D. Berkholz & G.-M. Rignanese

P ac k aging

SW OT

18.25 A dvisory b oard

19.00 P oster session

Th ursda y 26th

9.00 P erturbation:

Ch.: R. Caracas

P . Boulanger(25')

M. T orren t(25')

M. V erstaete (25')

F. Da Piev e (A) (10')
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10.25-10.55 T ea/co�ee break

J. Zw anziger(25')

P . Hermet(A) (10')

11.30 Discussion (40')

Mo d.: R. Caracas

An.: X. Gonze, Y. P ouillon & M. Gian tomassi

Beauti�cation

12.10-14.00 Lunc h time

14.00 GW+BS:

Ch.: M. T orren t

F. Brunev al(25')

M. Gian tomassi(40')

T. Rangel (25')

M. Cazzaniga (A) (

10')

15.40-16.10 T ea/co�ee break

16.10 A. Marini(25')

16.35 High p erformance:

F. Bottin(25')

M. Oliv eira (25')

J. La�amme (A) (10')

17.35 Discussion (HPC) (55')

Mo d.: M. T orren t

An.: F. Bottin, L. Geno v ese, M. Oliv eira & M. Côté

GPU

Multi-parallelism

Ev ening: So cial diner

F rida y 27th

9.00 Applications:
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Ch.: J. Zw anziger

S. Blac kburn(20')

P . Blaise (20')

E. Arras (20')

10.00 T ea/co�ee break

R. Caracas (20')

M. Mik ami(20')

11.10 Discussion (80')

Mo d.: J. Zw anziger

An.: X. Gonze & Y. P ouillon

ABINIT6

Debrie�ng

12.30 Lunc h time

List of participan ts follo ws on the next page.
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2.1.2 Rep ort on the" KKR W orkshop IV: Metho dology and Applications"

June 12-14, 2009

Researc h Institute F or Solid State Ph ysics and Optics, Hungarian A cadem y of Sciences,

Budap est, Hungary

Sp onsored b y Psi-k, RISPO HAS, NEFIM

Organizers: B. Ujfalussy , L. Szun y ogh, L. Udv ardi, J. K ollar

W eb page: http://kkrws.phy.bme.hu

The w orkshop w as organized to con tin ue the regular series of meetings of the K orringa-K ohn-

Rostok er (KKR) researc h comm unit y organized under the supp ort of Psi-K (Munic h 2004, Bristol

2006, Can terbury 2008). The v ery purp ose of the prop osed w orkshop to k eep the KKR metho d

in the forefron t of ab initio based computational materials science. b y bringing together exp erts

and studen ts of leading groups in Europ e, in the United States and in Japan to discuss recen t

adv ances related to the metho dological dev elop emnen ts in KKR, as w ell as curren t problems of

condensed matter science.

Highligh ted topics of the w orkshop w ere as follo ws:

(i) Metho dological dev elop emen ts, with emphasis to large scale and full p oten tial calculations.

A sp ecial session fo cusing on these issues w as dev oted to the 60

th
birthda y of Rudi Zeller!

(ii) F unctional materials for spin tronics: o xides, half-metals and m ultiferroics.

(iii) Nanomagnetism and correlation e�ects in magnetic systems.

(iv) Finite temp erature metallic magnetism in heterogeneous systems and nanostructured mate-

rials.

Program June 12, F rida y

14:00 W elcome address (Laszlo Szun y ogh, Balazs Ujfalussy)

Spin tronics

14:05 Hisazumi Ak ai (Uni Osak a): New half � metallic an tiferromagnets and their transp ort

prop erties

14:30 P a w el Buczek (MPI Halle): Energies and life � times of magnons in half � metallic Heusler

allo ys

14:55 Dzidk a Szotek (Daresbury): Structural phase transitions and fundamen tal band gaps

Mg x Zn 1� x O allo ys from �rst principles
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15:20 M. Carmen Muñoz (CSIC Madrid): F erromagnetism at ZnO [0001] surfaces

15:45 Ingrid Mertig (MLU Halle): F erroic Materials and No v el F unctionalities

16:10 � 16:30 Co�ee

Nanomagnetism, surface ph ysics

16:30 Arth ur Ernst (MPI Halle): Magnetism in nanostructures: �rst principles in v estigations

with a m ultiple � scattering approac h

16:55 Silvia Gallego (CSIC Madrid): Surface e�ects in the anisotrop y of Co �lms

17:20 Juergen Henk (MPI Halle): Rash ba � t yp e spin splitting in surface allo ys

17:45 Samir Lounis (FZ Juelic h): Observ ation of subsurface defects with the electron fo cusing

e�ect

18:10 Phiv os Ma vrop oulos (FZ Juelic h): Lifetime Reduction of Surface States Caused b y

Impurit y Scattering

June 13, Saturda y

Correlated systems

9:00 Martin Lüders (Daresbury): The di�eren t �a v ors of SIC in DFT

9:25 W alter T emmermann (Daresbury): Disordered Lo cal Momen t Description of Magnetism in

3d � mono xides and hea vy 4f 's

9:50 S. Hossein Mirhosseini (MPI Halle): Self � in teraction correction in Gadolinium: magnetic

prop erties and surface states

10:15 Diemo K ö dderitzsc h (LMU Munic h): Relativistic OEP for solids

10:40 � 11:00 Co�ee

Sp ectroscop y

11:00 Jan Minar (LMU Munic h): Correlation v ersus temp erature: angle � resolv ed

photo emission in the range b et w een 10 e V and 10 k e V

11:25 Ondrej Sipr (AS CR Prague): Role of v alence � band correlations in XAS and XMCD

sp ectra in v estigated via LD A+DMFT calculations

11:50 Masak o Ogura (Uni Osak a): First � principles calculation of optical conductivit y using the

KKR � CP A metho d and Kub o � Green w o o d form ula

12:15 � 14:00 Lunc h and P oster Session

Metho dology , F ull � P oten tial KKR

14:00 Rudi Zeller (FZ Juelic h): A dv ances in the iterativ e solution of the TBKKR Dyson

equation for large systems

14:25 P eter W ein b erger (CNS Vienna): Describing surfaces: semi � in�nite descriptions v ersus

thin �m approac hes

14:50 Hub ert Eb ert (LMU Munic h): Solving the P oisson � equation within full � p oten tial KKR

calculations b y means of Sac ks's form ula

15:15 Aurelian Rusan u & G. Malcolm Sto c ks (ORNL): Recen t dev elopmen ts in F ull � P oten tial

MST at ORNL
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15:40 Dmitry F edoro v (MLU Halle): Mu�n � Tin Zero as a hidden parameter in the KKR

metho d

16:05 Rob ert Hammerling (CMS Vienna): Magnetostatic energies in ab � initio magnetic

anisotrop y calculations

16:30 � 18:00 Co�ee and Round � table Discussion

19:30 Banquet

June 14, Sunda y

Magnetism

9:30 Balazs Gy or�y (Uni Bristol): KKR, Sup erconductivit y and Magnetism

9:55 Sergeiy Mank o vsky (LMU Munic h): Exc hange coupling tensor and its application to study

magnetic prop erties of nanosystems using Mon te Carlo sim ulation

10:20 Da vid Bauer (FZ Juelic h): Classical Spin Dynamics of Nano clusters at Finite

T emp erature

10:45 Laszlo Udv ardi (TU Budap est): Direct Mon te � Carlo metho d for dep osited magnetic

nanostructures

11:10 � 11:30 Co�ee

11:30 Laszlo Szun y ogh (TU Budap est): Spin � Hamiltonian Based on the Relativistic

Disordered Lo cal Momen t Sc heme

11:55 Julie B. Staun ton (Uni W arwic k): The Relativistic Disordered Lo cal Momen t Theory of

Magnetism: Magnetic In teractions in Heterostructures and Complex Lattices

12:20 Marcus Eisen bac h (ORNL): Thermo dynamics of magnetic systems from �rst principles:

Com bining Multiple Scattering ab initio metho ds (LSMS) with classical Mon te � Carlo

12:45 Closing & lunc h

P osters :

Stephan Lo witzer (LMU Munic h): Calculating transp ort prop erties using the

Kub o � Green w o o d formalism

Corina Etz (MPI Halle): Ab � initio determination of the magneto � optical prop erties of

(Co m Ir m )n on Ir(111)

Martin Gradhand (MLU Halle): Calculation of relativistic w a v efunctions in the KKR metho d

Stev en W alczak (MLU Halle): Non � equilibrium Green's function approac h in the KKR

formalism

Gun tram Fisc her (MLU Halle): Calculation of Magnetic Prop erties in Correlated Systems

Alb erto Marmo doro (Uni W arwic k): Electrons in systems with sev eral t yp es and degrees of

disorder: the Non � Lo cal Coheren t P oten tial Appro ximation for m ulti � atom p er unit cell

materials

Iv etta Slipukhina (CEA Grenoble): Magnetic prop erties and Mn � Mn exc hange in teraction in

some in termetallic Mn � Ge comp ounds

Eszter Simon (RISPO Budap est): Anisotropic Rash ba splitting and consequences on impurit y
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in teractions

Alexander Thiess (FZ Juelic h): Massiv ely P arallel Implemen tation of Llo yd's F orm ula

Man uel dos San tos Dias (Uni W arwic k): Anisotropic Magnetic Correlations at Finite

T emp erature in RDLM

List of participan ts

Juergen Henk Mpi-Halle

Gun tram Fisc her Uni-Halle

P a w el Buczek Mpi-Halle

Hossein Mirhosseini Mpi-Halle

Alexander Thiess Juelic h

Man uel dos San tos Dias W arwic k

Alb erto Marmo doro W arwic k

Hub ert Eb ert Munic h

Diemo K ö dderitzsc h Munic h

Stev en W alczak Uni-Halle

Stephan Lo witzer Munic h

Sergeiy Mank o vsky Munic h

Jan Minar Munic h

M. Carmen Muñoz Madrid

Silvia Gallego Madrid

Julie Staun ton W arwic k

Rudolf Zeller Juelic h

Ondrej Sipr AS CR

Dzidk a Szotek Daresbury

W alter T emmerman Daresbury

Martin Lueders Daresbury

Balazs Gy or�y Bristol

P eter W ein b erger T u-wien

Hisazumi Ak ai Osak a

Malcolm Sto c ks Oak Ridge

Dmitry F edoro v Uni-Halle

Martin Gradhand Uni-Halle

Rob ert Hammerling T u-wien

Masak o Ogura Osak a

Da vid Bauer Juelic h

Samir Lounis Juelic h

P eter Dederic hs Juelic h

Phiv os Ma vrop oulos Juelic h

Corina Etz Mpi-Halle

Iv etta Slipukhina Grenoble

Ingrid Mertig Uni-Halle

Arth ur Ernst Mpi-Halle

Marcus Eisen bac h ORNL

Marcus Dane ORNL

Aurelian Rusan u ORNL

Eszter Simon RISPO

Janos K ollar RISPO

Balazs Ujfalussy RISPO

Laszlo Szun y og BME

A ttila Szilv a BME

Laszlo Udv ardi BME

Laszlo Balog BME

Krisztian P alotas BME
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2.1.3 Rep ort on W orkshop on Nanoscale Carb on Materials

"Computational Studies of Defects in Nanoscale Carb on Materials"

CECAM-HQ-EPFL, Lausanne, Switzerland

Ma y 11-13, 2009

CECAM, Psi-K, and Springer

Ark ady Krasheninnik o v, Univ ersit y of Helsinki and Helsinki Univ ersit y of

T ec hnology Sa v as Berb er, Gebze Institute of T ec hnology , T urk ey Da vid

T omanek, Mic higan State Univ ersit y , USA

CECAM Home P age:

http://www.cecam.org/worksho p- 0 - 313 .htm l

MSU Home P age: http://nanotube.msu.edu/dnc 09/

Summary

The w orkshop "Computational Studies of Defects in Nanoscale Carb on Materials"(DNC09) to ok

place in CECAM-HQ-EPFL, Lausanne, Switzerland, in Ma y 2009. The w orkshop w as follo w ed

b y another w orkshop on a v ery close sub ject "Carb on and Inorganic Nanotub es", (CINN09). In

fact one da y w as common, so that the presen tations on the common da y dealt with the scien ti�c

matters relev an t to b oth w orkshops. The DNC09 w orkshop w as attended b y 39 participan ts

(including the organizers) from all o v er the w orld. The �nancial supp ort from CECAM (Euro

7,500), Psi-K (Euro 4,000) and Springer (Euro 500) made it p ossible to in vite a considerable

n um b er of w orld-reno wn exp erts w orking on defects in nanoscale carb on materials. As the main

idea b ehind this w orkshop w as to bring together represen tativ es of solid-state ph ysics and mate-

rials science comm unities who use computational to ols to discuss the state of our understanding

of defects in carb on nanostructures, most sp eak ers had theoretical bac kground and concen trated

on the theoretical progress. In addition to the theoretical adv ances, recen t progress in the exp er-

imen t w as co v ered b y sev eral sp eak ers. As detailed b elo w, the latest and most imp ortan t results

in the �eld w ere presen ted b y the sp eak ers and b y other participan ts during the p oster session.

In addition to the already published results, a considerable amoun t of new unpublished data w as

presen ted. The cen tral p oin t w as the detrimen tal and b ene�cial roles of defects in the b eha vior

of carb on nanosystems and related issues suc h as the pro duction of defects under electron and

ion irradiation, the c haracterization of defects b y v arious tec hniques, and the engineering of the

prop erties of carb on nanosystems b y con trollable in tro duction of defects through irradiation and

b y c hemical metho ds. Suc h a com bination of complemen tary topics (theory/exp erimen t, theo-

retical metho d dev elopmen t/applications etc.) resulted in in teresting and pro ductiv e scien ti�c

discussion whic h should ha v e a strong impact on the dev elopmen t of the �eld and could ev en tu-
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ally giv e rise to new collab orations. Based on the en th usiastic feedbac k w e ha v e receiv ed from

the participan ts of the w orkshop, w e b eliev e the ev en t w as a success. It should also b e p oin ted

out that the w orkshop attracted a considerable n um b er of studen ts and y oung p ostdo cs, so that

the ev en t w as also imp ortan t in the con text of y oung researc her training.

Scien ti�c con ten t of the w orkshop

As men tioned in the w orkshop prop osal, defects in nanoscale carb on materials, suc h as nanotub es

and graphene, ma y fully go v ern their mec hanical and electronic prop erties. Moreo v er, defects

ma y cause in triguing b eha vior including magnetism. Presence of defects in solids is in general

b eliev ed to b e mostly detrimen tal. This is also true for carb on nanomaterials: indeed, defects

reduce the mec hanical toughness and electronic conductance. Ho w ev er, there are b ene�cial

e�ects of defects, including sti�ening of lo osely-connected nanotub e net w orks or n ucleation sites

for structural transformations, whic h ha v e b een mostly o v erlo ok ed. Be vice or virtue, defects

in carb on nanomaterials require complete understanding at the microscopic lev el. The aim of

the w orkshop w as to bring together represen tativ es of solid-state ph ysics and materials science

comm unities who use atomistic computer sim ulations to understand the role of defects in carb on

nanostructures at the microscopic lev el, and discuss recen t progress in our understanding of

the role of defects. Besides this, sev eral exp erts ga v e an o v erview of the state-of-the-art in the

exp erimen ts.

The follo wing main topics w ere addressed:

1. The t yp es and abundance of p oin t defects in nanostructured carb on materials, suc h as

graphene, nanotub es, fullerenes, etc, iden ti�cation of defects

2. E�ect of defects on the electronic and mec hanical prop erties of nano-structured carb on

materials.

3. Pro duction of defects in carb on nanotub es and graphene under irradiation.

4. Defect-mediated magnetism in nanostructured carb on materials.

5. Exp erimen tal studies of nativ e and irradiation-induced defects in carb on nanosystems.

Although the main stress of the w orkshop w as on sim ulations, the last topic w as v ery imp ortan t

for establishing links b et w een the sim ulation and exp erimen tal results and for �nding out new

sim ulations c hallenges.

T opic 1: The t yp es and abundance of p oin t defects in nanostructured carb on mate-

rials

This issue w as addressed in the presen tation b y Florian Banhart, Univ ersit y of Strasb ourg,

F rance, who ga v e an o v erview of new exp erimen tal dev elopmen ts with a particular stress on

graphene. He presen ted new results of exp erimen tal studies on p oin t defects in carb on nanoma-

terials carried out in an ab erration-corrected transmission electron microscop e (TEM). A dditional

exp erimen tal information on the signatures of nativ e and irradiation-induced defects in scanning
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tunneling microscop y (STM) images of carb on nanotub es w as giv en b y Oliv er Gro ening, Swiss

F ederal Lab oratories for Materials T esting and Researc h, Switzerland. They sp ok e ab out p oin t

defects suc h as v acancies and in terstitials and their signatures in TEM and STM images. It w as

p oin ted out that due to high energetic barriers separating di�eren t atomic con�gurations in car-

b on nanomaterials the concen tration of defects ma y b e nonequilibrium under certain conditions.

F rom the viewp oin t of theory , the discussion w as con tin ued b y Stev en Louie who sp ok e on

densit y functional theory (DFT) sim ulations of defects in graphene nanoribb ons and nanotub es

and on ho w defects in�uence electronic transp ort in these materials. Oleg Y azy ev, Swiss F ederal

Institute of T ec hnology , Lausanne, Switzerland, ga v e further details of �rst-principles sim ulations

of defects in nano carb ons, including defects in double-la y er graphene and graphite. The o v erview

of p oin t defects w as also giv en in the presen tations of the w orkshop organizers, S. Berb er, D.

T omanek and A. Krasheninnik o v. F ormally their presen tations w ere in the CINN09 w orkshop,

but as the talks w ere giv en on the "common" da y , these presen tations can b e discussed in the

con text of the topics addressed at the DNC09 w orkshop. It w as p oin ted out that sp2-b onded

carb on nanomaterials ha v e a unique abilit y to heal defects suc h as v acancy clusters b y forming

new b onds and mending the "holes" trough non-hexagonal rings.

Extended defects w ere discussed in the presen tation b y Irene Suarez-Martinez, Institut des

Matériaux Jean Rouxel, F rance, and in part b y Laszlo F orro, Ecole P olytec hnique Fédérale

de Lausanne, Switzerland. Carb on nanotub e in tramolecular junctions w ere addressed b y Andres

A yuela, Univ ersit y of San-Sebastian, Spain. Suc h junctions, whic h normally giv e rise to in terface

states, are t ypically made of top ological defects arising from the connection b et w een tub es of

di�eren t c hiralities. As p oin ted out in the presen tation, although in terface states are commonly

regarded as a dra wbac k in device p erformance, they ma y actually pro vide a means of ac hieving

dio de b eha vior at the nanoscale.

T opic 2: E�ect of defects on the electronic and mec hanical prop erties of nano-

structured carb on materials

This topic w as addressed in the presen tations b y Susum u Saito, T oky o Institute of T ec hnology ,

Japan. He p oin ted out that doping of semiconducting nanotub es b y b oron and nitrogen atoms is

an imp ortan t pro cess to mak e p-t yp e and n-t yp e semiconductor nanotub es. Exp erimen tally , ho w-

ev er, the atomically con trolled substitutional doping in to nanoscale materials including carb on

nanotub es remains to b e realized in the future. S. Saito also rep orted a study of the energetics

and geometries of B and N-dop ed carb on nanotub es in the framew ork of the densit y functional

theory . The electronic prop erties of impurit y-induced states ("impurit y lev els") in B and N dop ed

semiconducting carb on nanotub es w ere also studied in detail. Their spatial distribution is found

to correlate w ell with the depth of the state from the top (b ottom) of the v alence (conduction)

band. Deep states sho w rather narro w spatial distribution, while shallo w states sho w wider dis-

tribution. This topic w as also addressed in the presen tations b y S. Louie who p oin ted out that

doping of naon tub es with B and N atoms ma y giv e rise to the new lo calized states whic h do not

directly con tribute to the conductance. S. Louie and D. T omanek also discussed the e�ects of

defects at the edges of graphene ribb ons on the spin-p olarized transp ort in these systems. It w as

concluded that defects ma y b e b ene�cial, as edge defects (in practice una v oidable, but di�eren t
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at di�eren t edges), ma y blo c k spin-p olarized curren t with a particular spin v alue, whic h ma y b e

useful for spin tronics.

As for mec hanical prop erties, Laszlo F orro presen ted exp erimen tal results on impro v emen ts of the

b ending mo dulus of carb on nanotub e bundle due to electron irradiation. This happ ens through

irradiation-induced co v alen t b onds b et w een the nanotub es whic h prev en t sliding, and giv e rise

to an impro v emen t of mec hanical prop erties of nanotub e samples: despite a small drop in the

Y oung mo dulus and tensile strength due to v acancies, irradiation ma y ha v e an o v erall p ositiv e

e�ect. The theory of irradiation-mediated enhancemen t of mec hanical prop erties of m ulti-w alled

nanotub es, nanotub e bundles and nanotub e buc ky pap er w ere presen ted b y A. Krasheninnik o v.

The electronic transp ort in pristine and defected nanotub es w as discussed at length b yJ.-C.

Charlier, Univ ersité Catholique de Louv ain, Belgium. He sp ok e on the mo di�cations induced

b y v arious defects in the electronic prop erties of the carb on nanotub es, as rev eled from �rst-

principles calculations. As the defects also pla y a k ey role in the c hemical reactivit y of carb on

nanotub es, the study of the mo dulation of the conductance due to sp eci�c molecules adsorb ed

at the defected nanotub e surface w as presen ted.

The e�ects of defects on the electronic prop erties of carb on nanomaterials w ere also discussed b y

F rancesco Mercuri, Univ ersit y of P erugia, Italy , within the framew ork of a c hemical approac h.

Finally , the in�uence of defects on the mec hanical and electronic prop erties of carb on nanotub es

w as discussed b y Gotthard Seifert, Dresden Univ ersit y of T ec hnology , German y , and a comparison

to similar phenomena in non-carb on nanotub es w as made, corrob orated b y a presen tation fo cused

on exp erimen tal studies of inorganic nanotub es b y Dmitri Golb erg, Japan.

T opic 3: Pro duction of defects in carb on nanotub es and graphene under irradiation

Numerous exp erimen ts p oin ted out that con trollable in tro duction of defects in to the carb on

net w ork ma y giv e rise to new functional devices, e.g., carb on nanotub e-based quan tum dots.

Irradiation is a suitable to ol for creation of defects either in the whole sample or in certain parts

using fo cused ion or electron b eams. As for the latter, creation of defects b y electron b eam is

particularly hot sub ject no w ada ys, as mo dern electron microscop es with ab erration-corrected

illumination systems allo w the fo cusing of an electron b eam on to a sp ecimen area of 0.1 nm

in diameter. Hence, it is not only p ossible to obtain images b y scanning the b eam o v er the

sp ecimen but also to irradiate the material in pre-determined areas with atomic-scale precision.

As discussed b y F. Banhart, atoms in graphitic structures can b e displaced b y electron b eam

with electron energies ab o v e 80 k e V. Th us the transmission electron microscop e can b e used to

create p oin t defects or extended defect structures in graphitic nanomaterials in a con trollable

manner, so that this tec hnique can b e used for engineering the atomic and electronic structure of

carb on system. The theoretical asp ects of defect pro duction under electron and ion irradiation

as w ell as defect ev olution w ere discussed b y O. Y azy ev, D. T omanek, A. Krasheninnik o v.

T opic 4: Defect-mediated magnetism in nanostructured carb on materials

Observ ations of magnetism in v arious metal-free carb on systems suc h as p olymerized fullerenes

and graphite ha v e stim ulated m uc h exp erimen tal and theoretical researc h w ork on the magnetic

prop erties of all-carb on systems. The driving force b ehind these studies w as not only to cre-
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ate tec hnologically-imp ortan t, ligh t, non-metallic magnets with a Curie p oin t w ell ab o v e ro om

temp erature, but also to understand a fundamen tal problem: the origin of magnetism in a sys-

tem whic h traditionally has b een though t to sho w diamagnetic b eha vior only . The observ ed

magnetism ma y originate from defects. Indeed, irradiation of graphite with protons resulted

in a signi�can t magnetic signal, whic h w as explained in terms of v acancy-h ydrogen in terstitial

atom complexes. The o v erview of this problem, along with DFT sim ulations of magnetic carb on

systems with defects, w as giv en b y O. Y azy ev.

A theoretical study of substitutional Ni, Co and F e impurities in graphene w as presen ted b y

Daniel Sanc hez P ortal, Cen tro de Fisica de Materiales, San Sebastian, Spain. It w as sho wn that

only Co atoms are magnetic with a magnetic momen t of � 1 � B for the isolated impurit y , and

that the magnetic momen t dep ends on the n um b er of Co substitutions in A and B graphene

sublattices. In con trast to Co impurities, Ni substitutional defects sho w a zero magnetic mo-

men t in �at graphene. Ho w ev er, Ni impurities dev elop a non-zero magnetic momen t in metallic

carb on nanotub es. This surprising b eha vior stems from the p eculiar curv ature dep endence of the

electronic structure of Ni impurities. It w as concluded that magnetic/nonmagnetic transitions

in systems with Ni impurities can b e exp ected b y applying anisotropic strain to a �at graphene

la y er.

T opic 5: Exp erimen tal studies of nativ e and irradiation-induced defects in carb on

nanosystems

The new dev elopmen ts in exp erimen ts w ere presen ted b y F. Banhart, D. Golb erg, O. Gro en-

ing and non-in vited participan ts of the w orkshop, as discussed ab o v e. The dialog b et w een the

theorists and exp erimen talist at the w orkshop w as particularly imp ortan t: the new unpublished

exp erimen tal results p osed new questions to the theorists, and the w orkshop w as a v ery go o d

opp ortunit y to discuss new sim ulations c hallenges.

Unfortunately , due to three cancellations (Y. Miy amoto, M. Endo from Japan had to cancel

their trips due restrictions in tro duced b y their organizations in the ligh t of swine �u; A. Rubio

could not come due to p ersonal matters), sev eral imp ortan t asp ect of defects in nanostrucutred

carb on materials (annihilation of defects during the gro wth of carb on nanotub es, sp ectroscopic

c haracterization of defects) w ere not fully addressed. Nev ertheless, based on presen tations and

discussion during the w orkshop, one can dra w the follo wing conclusions:

Main scien ti�c conclusions:

� The lev el of theoretical understanding of defects in single-la y er carb on nanomaterials suc h

as graphene and single-w alled carb on nanotub es is quite high, as eviden t from a go o d

agreemen t b et w een theoretical and exp erimen tal results. Less is kno wn ab out defects in

m ulti-w alled carb on nanotub es or m ulti-la y er graphene. The problem here is the rigorous

accoun t for v an der W aals in teraction b et w een the graphitic sheets.

� sp2-b onded carb on nanomaterials ha v e a unique abilit y to heal defects suc h as v acancy

clusters b y forming new b onds and mending the "holes" trough non-hexagonal rings.

� Due to high energetic barriers separating di�eren t atomic con�gurations in carb on nano-
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materials the concen tration of defects ma y b e nonequilibrium under certain conditions.

� Defects in carb on nanomaterials can ha v e an o v erall p ositiv e e�ect on the mec hanical and

electronic prop erties in carb on nanomaterials.

� Defect ma y giv e rise to magnetism in graphene and graphite, and the exp erimen tal results

on the app earance of magnetic signal in carb on systems after irradiation can naturally b e

explained in terms of irradiation-induced defects.

� Con trollable in tro duction of defects b y electron and ion irradiation is a promising to ol for

tailoring the prop erties of nanostructured carb on materials.

P r o g r a m m e

Da y 1 - Ma y 11th, 2009

08:30 to 09:00 - Registration and Op ening Remarks

09:00 to 09:45 A01-in vited: Florian Banhart

The formation and observ ation of individual v acancies in carb on nanotub es b y a fo cused electron

b eam

09:45 to 10:30 A02 - in vited: Stev en G Louie

Graphene nanostructures: Edges, ribb ons, sup erlattices, and defectiv e tub es

10:30 to 11:00 - Co�ee Break

11:00 to 11:45 B - Summary Con tributed Presen tations

11:45 to 12:30 - Con tributed Session B

12:30 to 14:00 - Lunc h Break

14:00 to 14:45 C01- in vited: Dmitri Golb erg

Engineering of �lled carb on nanotub es in a transmission electron microscop e

14:45 to 15:30 C02 - in vited: Susum u Saito

Energetics and Electronic Prop erties of Dop ed Carb on Nanotub es

15:30 to 16:00 - Co�ee Break

16:00 to 16:30 D01- con tributed: Irene Suarez-Martinez

Chemistry of di�eren t carb on nanoforms

16:30 to 17:00 D02 - con tributed: Gueorgui Gueorguiev

Defects as structure-de�ning features in F ullerene-lik e Carb on Nitride and Phosphorus-Carbide

17:00 to 17:30 D03 - con tributed: Sami Malola

Edge reconstructions and gold in-plane of graphene

Da y 2 - Ma y 12th, 2009

09:00 to 09:45 E01- in vited: Laszlo F orro

Extended defects in carb on nanotub es and graphene

09:45 to 10:30 E02 - in vited: Chris Ew els

Metals on Carb on Nanotub es

10:30 to 11:00 - Co�ee Break

11:00 to 11:45 F-Summary Con tributed Presen tations

11:45 to 12:30 - Con tributed Session F
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12:30 to 14:00 - Lunc h Break

14:00 to 14:45 - G01 - in vited: Oleg Y azy ev

Defects in graphene and graphite: formation and magnetism

14:45 to 15:30 G02 - in vited: Daniel Sanc hez P ortal

Substitutional T ransition-Metal Impurities in Graphenic Nanostructures

15:30 to 16:00 - Co�ee Break

16:00 to 16:45 - H01 - in vited: Oliv er Gröning

Electron scattering observ ed b y STM/STS at arti�cially created defects on single-w alled carb on

nanotub es

16:45 to 17:15 - H02 - con tributed: Giulio Biddau

A tomic P ath w a ys T o w ards the Syn thesis of F ullerenes and T riazafullerenes from P olycyclic Aro-

matic Hydro carb ons

17:15 to 17:30 H03 - con tributed: Andres A yuela

In terface States in Carb on Nanotub e Junctions: Rolling up graphene 18:30 to 23:00 - Conference

Dinner

Da y 3 - Ma y 13th, 2009

09:00 to 09:45 J01 - in vited: Jean-Christophe Charlier

Quan tum T ransp ort in Carb on Nanostructures including Defects

09:45 to 10:30 J02 - in vited: F rancesco Mercuri

Mo deling of lo w-dimensional carb on nanostructures: an e�cien t approac h based on c hemical

criteria

10:30 to 11:00 - Co�ee Break

11:00 to 11:45 L01 - in vited: Gotthard Seifert

The in�uence of Defects in Inorganic Nanotub es on Electronic and Mec hanical Prop erties

11:45 to 12:30 - Closing remarks

12:45 to 14:00 - Lunc h Break

14:00 to 18:00 - CINN09 W orkshop
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2.1.4 Rep ort on W orkshop on T ransp ort in Nanostructures

"Theoretical Mo deling of T ransp ort in Nanostructures"

CECAM-HQ-EPFL, Lausanne, Switzerland

Jun 02, 2009 - Jun 05, 2009

CECAM, Psi-k and Quan tum Wise

Magn us P aulsson and Víctor Man uel García-Suárez

http://www.cecam.org/workshop- 272.html

The aim of the w orkshop �Theoretical Mo deling of T ransp ort in Nanostructures� w as to bring

together v arious groups related to the topic of ab-initio quan tum transp ort that are curren tly

dev eloping and using di�eren t co des, mainly in Europ e but also in the rest of the w orld. W e

fo cused on b oth the results and the co des themselv es, in an e�ort to increase the applicabilit y

and e�ciency of the co des and lo ok for solutions to some of the problems faced b y the comm unit y .

Curren t �rst-principles co des based on densit y functional theory (DFT) allo w the calculation of

the transp ort prop erties of systems with h undreds of atoms. These systems include molecules

b et w een metallic or semiconducting leads, atomic constrictions and c hains, nano wires and nan-

otub es. The agreemen t b et w een theory and exp erimen ts is getting b etter as the co des and theory

impro v e and in most cases the di�erences b et w een theory and exp erimen t are within one order

of magnitude. Sev eral attempts ha v e b een made to increase the applicabilit y of DFT meth-

o ds, to include inelastic e�ects, spin degrees of freedom, non-collinear magnetism, the spin-orbit

in teraction, and b ey ond-DFT approac hes lik e self-in teraction e�ects, GW approac hes, and time-

dep enden t DFT (TDDFT). The aim at presen t is to dev elop feasible approac hes to determine

more accurately the transp ort prop erties of a wide range of molecules. Suc h approac hes w ere

review ed and discussed extensiv ely in the w orkshop.

The w orkshop w as divided in four da ys and included 34 talks and more than 10 p osters. The

n um b er of participan ts w as 49 and included p eople from Europ e, America, Asia and Australia.

The most common topic in all talks and p osters w as ab-initio quan tum transp ort based on a

com bination of Densit y F unctional Theory and non-equilibrium Green's functions. There w ere

also other topics related to quan tum transp ort and the electronic structure of matter, whic h

included condensed matter ph ysics, strongly correlated systems and computational ph ysics.

List of participan ts:
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Carl-Olof Alm bladh, Andrés Arnau, Marius Bürkle, Ioan Baldea, Harold Baranger, P eter Bok es,

Gio v anni Borghi, Supriy o Datta, Anna Delin, Mads Engelund, F erdinand Ev ers, Mik e F ord,

Thomas F rederiksen, Mic hael Galp erin, Amador Garíca F uen te, Aran García-Lekue, Victor

Geskin, Björn Hardrat, Ev a Marie Kaliv o da, Olo v Karlström, George Kirczeno w, Andor K o-

rman y os, T omasz K ost yrk o, Colin Lam b ert, Alejandro Lóp ez-Bezanilla, Jing-T ao Lu, Leonhard

Ma yrhofer, Eunan McEniry , F rederico No v aes, P ablo Ordejón, Juan José P alacios, Kyungwha

P ark, F abian P auly , Alessandro P ecc hia, Alexandre Reily Ro c ha, Stephan Ro c he, Iv an Rungger,

Daniel Sánc hez P ortal, Gabriele Sclauzero, Alexander Smoguno v, Rob ert Stadler, Kurt Stokbro,

Kristian Th ygesen, T c ha vdar T o doro v, Alessandro T roisi, Y u W ang, Zeila Zanolli

Program

Da y 1 - June, 2nd 2009

� 14:30 to 15:00 - W elcome

� 15:00 to 15:30 - Colin Lam b ert

Con trolled Electron T ransp ort Through Single Molecules

� 15:30 to 16:00 - Harold Baranger

Strong Correlations in Quan tum Dots and Wires: Quan tum Mon te Carlo Studies

� 16:00 to 16:30 - Victor Geskin

P artial vs. in teger electron transfer in molecular assem blies: on the imp ortance of m ulti-

determinan t theoretical description and the necessit y to �nd a solution within DFT

� 16:30 to 17:00 - Co�ee Break

� 17:00 to 17:30 - Mik e F ord

Densit y F unctional based calculations for nanostructures con taining large n um b ers of atoms

� 17:30 to 18:00 - Supriy o Datta

Nano devices and Maxw ell's Demon

Da y 2 - June, 3rd 2009

� 09:00 to 09:30 - Kurt Stokbro

New dev elopmen ts for ab initio and semi-empirical mo deling of quan tum transp ort in

electronic devices

� 09:30 to 10:00 - Mic hael Galp erin

Optical resp onse of curren t-carrying molecular junctions

� 10:00 to 10:30 - T omasz K ost yrk o

A quest for a molecular dio de based on the mec hanism of elastic scattering in asymmetric

junctions

� 10:30 to 11:00 - Co�ee Break

27



� 11:00 to 11:30 - George Kirczeno w

Theoretical Mo deling of T ransp ort in Molecular Nanostructures: A Pragmatic Approac h

� 11:30 to 12:00 - F rederico No v aes

T unneling across a ferro electric barrier: a �rst-principles study

� 12:00 to 12:30 - F abian P auly

Con trolling transp ort prop erties b y molecular structure and ligh t

� 12:30 to 15:00 - Lunc h Break

� 15:00 to 15:30 - F erdinand Ev ers

In terpla y of c harging, conformation and magnetisation in metal (I I) organic complexes: a

DFT study

� 15:30 to 16:00 - Juan José P alacios

Spin tronics with graphene nanoribb ons

� 16:00 to 16:30 - Iv an Rungger

Bound and w eakly coupled states in electron transp ort calculations

� 16:30 to 17:00 - Co�ee Break

� 17:00 to 17:30 - Anna Delin

Nanomagnetic phenomena in transition metal nano wires

� 17:30 to 18:00 - T c ha vdar T o doro v

Can curren t driv e an atomic-scale motor?

� 18:00 to 19:30 - P oster Session

Da y 3 - June, 4th 2009

� 09:00 to 09:30 - Daniel Sánc hez P ortal

Tilt angle dep endence of electronic transp ort in molecular junctions of self-assem bled alk a-

nethiols

� 09:30 to 10:00 - Alessandro P ecc hia

NON-EQUILIBRIUM GREENS FUNCTIONS AND DENSITY FUNCTIONAL TIGHT-

BINDING: A CRITICAL REVIEW AND PERSPECTIVES OF FUTURE DEVELOP-

MENT

� 10:00 to 10:30 - Kristian Th ygesen

Incorp orating Exc hange-Correlation E�ects in Quan tum T ransp ort through Nano-scale

Junctions

� 10:30 to 11:00 - Co�ee Break
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� 11:00 to 11:30 - Rob ert Stadler

In terference e�ects and F ermi lev el alignmen t in electron transp ort through nitro-b enzene

nano-junctions

� 11:30 to 12:00 - Alessandro T roisi

Microscopic Mo delling of c harge transp ort in molecular crystals, p olymers and liquid crys-

tals

� 12:00 to 12:30 - Thomas F rederiksen

Electron-vibration couplings in single-molecule junctions

� 12:30 to 12:45 - Kurt Stokbro

Soft w are demonstration from Quan tum Wise A/S

� 12:45 to 15:00 - Lunc h Break

� 15:00 to 15:30 - P eter Bok es

Strob oscopic w a v epac k et basis for time-dep enden t quan tum transp ort sim ulations

� 15:30 to 16:00 - Alexandre Reily Ro c ha

Electronic transp ort in disordered systems: from gas sensors to spin tronics

� 16:00 to 16:40 - P ablo Ordejón

T ransp ort in graphene la y ers connected b y carb on nanotub es

� 16:30 to 17:00 - Co�ee Break

� 17:00 to 17:30 - Kyungwha P ark

First-principles study of electron transp ort through the single-molecule magnet Mn12

� 17:30 to 18:00 - Carl-Olof Alm bladh

Kadano�-Ba ym dynamics in strongly correlated nanostructures

� 20:00 to 23:00 - Dinner

Da y 4 - June, 5th 2009

� 09:00 to 09:30 - Andrés Arnau

Generalization of Bardeen's transfer Hamiltonian metho d to include inelastic curren ts due

to electron vibration coupling

� 09:30 to 10:00 - Jing-T ao Lu

A tomic dynamics in the presence of electronic curren t: Semi-classical Langevin equation

approac h

� 10:00 to 10:30 - Stephan Ro c he

Computational Strategies to T ac kle Mesoscopic T ransp ort & Device Sim ulation in Complex

Lo w-Dimensional Structures
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� 10:30 to 11:00 - Co�ee Break

� 11:00 to 11:30 - Alexander Smoguno v

Electron transp ort across lo cally magnetic nano con tacts

� 11:30 to 12:00 - Zeila Zanolli

Defectiv e carb on nanotub es: magnetism, spin transp ort and gas sensing applications

� 12:00 to 12:30 - Mads Engelund

Heat T ransp ort and Lo calized Vibrational Mo des in Mono-A tomic Gold Chains

� 12:30 to 12:40 - Closing w ord
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2.2 Rep orts on Psi-k Supp orted Collab orativ e Visits

2.2.1 Rep ort on a Collab orativ e Visit of Man uel dos San tos Dias

Collab orativ e Visit of Man uel dos San tos Dias (Univ ersit y of W arwic k) to

the Departmen t of Theoretical Ph ysics of the Budap est Univ ersit y of

T ec hnology and Economics

I visited the group of Prof. László Szun y ogh

1

in the Departmen t of Ph ysics of the Budap est

Univ ersit y of T ec hnology and Economics from Ma y 11th to 22nd, 2009. The purp ose of this visit

w as to establish a collab oration b et w een his group and our group at the Univ ersit y of W arwic k,

headed b y Prof. Julie Staun ton

2

. W e aim to dev elop and implemen t the formalism for the mag-

netic susceptibilit y obtained from linear resp onse on the Relativistic Disordered Lo cal Momen t

(RDLM) state. The visit w as in tended to last for a w eek, but fortunate circumstances allo w ed

me to extended it for another w eek without additional costs.

Our prop osed metho dology is based on the K orringa-K ohn-Rostok er (KKR) metho d for elec-

tronic structure calculations, as dev elop ed in Multiple Scattering Theory language. This Green's

function metho d is v ery suitable to treat systems in whic h one has to p erform ensem ble a v erages

o v er con�gurations, either due to c hemical disorder � using the Coheren t P oten tial Appro x-

imation, or magnetic disorder � the Disordered Lo cal Momen t sc heme. The non-relativistic

description of the static magnetic susceptibilit y is w ell dev elop ed

3

, while its relativistic coun ter-

part w as only partially treated, as of to da y

4 ; 5

. The full relativistic extension of the theory will

allo w the exploration of e�ects related to the magnetic anisotrop y of the systems under study ,

and this is the task that w e in tended to undertak e, using a RDLM description. This is v ery

relev an t to m y PhD w ork, as I fo cus on trying to understand whic h prop erties of exc hange bias

systems

6

can b e deriv ed from �rst-principles electronic structure calculations.

During m y sta y I w as able to b ecome pro�cien t in the usage of the SKKR soft w are pac k age

7

, whic h p erforms KKR calculations using the screened structure constan ts metho d on la y ered

systems. T ests systems consisted of the Cu(100) surface, then with some F e la y ers dep osited

on it. A bulk calculation for IrMn w as also p erformed, b y joining t w o semi-in�nite systems of

this material. Both ordered and DLM calculations w ere considered. After I w as familiar with

the SKKR pac k age w e could start implemen ting the new co de, whic h will allo w us to obtain

anisotropic magnetic correlations in la y ered systems, at �nite temp erature. I had man y fruitful

discussions during m y sta y , on theoretical and practical asp ects of the problem, and on alterna-

tiv e/complemen tary approac hes to it.

1

h ttp://www.ph y .bme.h u/�szun y ogh/

2

h ttp://www2.w arwic k.ac.uk/fac/sci/ph ysics/ theory/resea rc h/electrs tr

3

I.D. Hughes et al. Nature 446 , 650-653 (2007)

4

J.B. Staun ton et al. , Ph ys. Rev. Lett. 93 , 257204 (2004)

5

J.B. Staun ton et al. , Ph ys. Rev. B 74 , 144411 (2006)

6

U. No w ak, in Handb o ok of Magnetism and A dvanc e d Magnetic Materials , V ol.2, edited b y H. Kronm üller and

S. P arkin, Wiley , Chic hester (2007), pp. 858�876

7

L. Szun y ogh et al. , Ph ys. Rev. B 49 , 2721-2729 (1994)
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I am v ery grateful to the Psi-k net w ork for making this visit p ossible. A sp ecial thank y ou go es

to Prof. Alfréd Za w ado wski, whic h made m y extended visit p ossible, and to the w arm hospitalit y

I receiv ed from him and all the mem b ers of the Departmen t of Theoretical Ph ysics in Budap est.
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3 General Job Announcemen ts

Ph.D and P ostdo ctoral p ositions in

Computational Materials Ph ysics

Univ ersit y of T w en te, Ensc hede, The Netherlands

4 PhD / 3 P ostdo c p ositions in Theoretical Condensed Matter Ph ysics/Computational Materials

Science are a v ailable for gr aduates /PhDs with a top grade in theoretical ph ysics or c hemistry to

carry out researc h on

� First-principles Quan tum T ransp ort (Spin and Molecular Electronics)

� No v el Nano-Electronic Materials (Graphene; Oxide in terfaces)

� Ligh t w eigh t Hydrogen Storage Materials

The researc h is funded b y the Dutc h F OM (F undamen tal Ph ysics of Matter; 4 p ositions) and

A CTS (A dv anced Chemical T ec hnologies for Sustainabilit y; 1 p osition) researc h foundations and

b y the EU (2 p ositions). Common to all the pro jects is the use of ab-initio electronic structure

calculations to study the ph ysical prop erties (magnetic, optical and electrical) of condensed

matter and to relate them to their c hemical comp osition and atomic structure. Candidates will

b e exp ected

� to ac quir e / ha v e a broad kno wledge of theoretical condensed matter ph ysics,

� to study in detail mo dern metho ds of electronic structure theory ,

� to dev elop new theoretical metho ds in a form suitable for n umerical implemen tation and

� to apply them in the relev an t problem areas.

Exp erience with mo dern metho ds of electronic structure calculation is desir able / necessary .

Successful candidates will get a con tract for 4 / 1+ y ears. The gross salary for a PhD student in

the �rst y ear is 2,042.- p er mon th whic h will increase to 2,612.- in the fourth y ear. F or p ostdo cs ,

salaries are in the range 2,861. - 3,755.- p er mon th dep ending up on exp erience.

Candidates (PhD c andidates should b e no older than 26 ye ars of age) are in vited to submit

applications including a CV, list of univ ersit y courses follo w ed and grades obtained, a list of

publications as w ell as the names and full con tact details of 2 referees to:

Prof. P .J. Kelly ,

F acult y of Science and T ec hnology ,

Univ ersit y of T w en te,

P .O. Bo x 217,

7500 AE Ensc hede,

The Netherlands
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E-mail: P .J.Kelly@ut w en te.nl

T el.: +31-53-4893166

Homepage: h ttp://cms.tn w.ut w en te.nl/

from whom particulars ab out eac h of the p ositions can b e obtained.
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P ost-do ctoral Researc h P osition

in Molecular Dynamics and Nano-Metallurgy

ICB, Univ ersité de Bourgogne, Dijon, FRANCE

"Microscopic study of Nanometric Metallic Multila y er"

A P ostdo c p osition is a v ailable for one y ear starting Mid Septem b er-Octob er 2009.

Description:

A nanometric metallic m ultipla y er (N2M) A/B is constituted b y alternated v ery thin slices of

metals A-B-A- . This sp eci�c morphology induces a high reactivit y whic h is used for tec hno-

logical purp oses lik e w elding of amorphous materials or sensitiv e comp onen ts. N2M obtained

b y nano-dep osition of metals are out of equilibrium systems. Their stabilit y will dep end on the

comp etition b et w een the excess of free, in terfacial and elastic energies. Moreo v er the nanometric

scale induces v ery strong comp osition gradien ts. It is esp ecially in teresting to study the reactiv e

mec hanisms asso ciated with phase transformation at nanoscales under suc h non-equilibrium con-

ditions when an exothermic fron t propagates in N2M. A microscopic approac h is highly promising

to understand these complex phenomena and molecular dynamics is esp ecially suited for sim u-

lating the b eha vior of metals. During his(her) sta y in our researc h team, the candidate will fo cus

on the study b y molecular dynamics of a N2M with a liquid/solid in terface to understand ho w

the microscopic prop erties in�uence the dynamical and structural formation of in termetallics.

Application:

The p ost-do ctoral candidate should b e familiar with computer sciences (classical molecular dy-

namics, computer programming) and/or ph ysical metallurgy .

The p osition is op en to non-F renc h y oung PhD (less than 5 y ears) who ha v e nev er receiv ed a

salary in F rance for researc h activities.

The duration is one y ear. The net ann ual salary is 24,000 Euro.

The application deadline is 15th of July 2009.

The applications should include :

- Application letter highligh ting relev an t exp erience

- CV (mail, place and date of birth, nationalit y , marital status, p ersonal address in the coun try

of origin)

- List of publications

F or further information and application submission, please con tact:

�orence.baras@u-b ourgogne.fr

olivier.p olitano@u-b ourgogne.fr
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POST-DOC P osition

IEMN-CNRS LILLE, F rance

W e ha v e an op ening for a 1-y ear p ostdo c, to b e carried out in the Theory Group at the IEMN (In-

stitute of Electronics, Micro electronics and Nanotec hnology) in Lille, F rance (h ttp://theory .co.nr)

starting Octob er 2009. The pro ject will b e cen tered around the theory of con tact mec hanics and

stretc hing of biomolecules (oligosacc harides, glycoproteins), and molecular adhesion on surfaces,

studied b y Molecular Dynamics and other atomic-scale sim ulation metho ds.

The successful applican t will ha v e a PhD in ph ysics, c hemistry , materials science or related dis-

ciplines, with an adequate bac kground kno wledge of molecular ph ysics, ph ysical c hemistry , con-

densed matter ph ysics, statistical mec hanics; exp erience in F ortran/C programming on Unix/Lin ux

clusters; molecular visualization.

Send applications with detailed CV and references to Prof. F abrizio CLERI:

fabrizio.cleri@univ-lille1.fr

Home of famous scien tists of the past, suc h as Louis P asteur, Alb ert Calmette, Jean P errin,

Lille is a liv ely cit y ideally lo cated at the heart of Europ e (1hr from P aris, 1h20 from London,

30' from Bruxelles, 2h from Amsterdam, b y fast train). The Lille area (p op. ab out 1,2M) hosts

outstanding R&D facilities in nanotec hnology , sp ectroscop y , laser ph ysics, telecom, IT, c hemistry ,

and is reno wned for a w orld-class cluster of researc h institutes fo cused on biomedical researc h.
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4 Abstracts

Magnetic ground state and m ultiferroicit y in BiMnO 3

I. V. Solo vy ev

Computational Materials Scienc e Center,

National Institute for Materials Scienc e,

1-2-1 Sengen, Tsukub a, Ib ar aki 305-0047, Jap an

Z. V. Pc helkina

Institute of Metal Physics, R ussian A c ademy of Scienc es-Ur al Division,

620041 Y ekaterinbur g GSP-170, R ussia

Abstract

W e argue that the cen trosymmetric C2=c symmetry in BiMnO 3 is sp on taneously brok en

b y an tiferromagnetic (AFM) in teractions existing in the system. The true symmetry is

exp ected to b e Cc, whic h is compatible with the noncollinear magnetic ground state, where

the ferromagnetic order along one crystallographic axis co exists with the the hidden AFM

order and r elate d to it ferr o ele ctric p olarization along t w o other axes. The C2=c symmetry

can b e restored b y the magnetic �eld B � 35 T esla, whic h switc hes o� the ferro electric

p olarization. Our analysis is based on the solution of the lo w-energy mo del constructed for

the 3d-bands of BiMnO 3 , where all the parameters ha v e b een deriv ed from the �rst-principles

calculations. T est calculations for isostructural BiCrO 3 rev eal an excellen t agreemen t with

exp erimen tal data.

Reference: JETP Letters 89 (2009) 701

Con tact information: SOLO VYEV.Igor@nims.go.jp
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Electronic structure and ionicit y of actinide o xides from

�rst-principles calculations

L. P etit, A. Sv ane

Dep artment of Physics and Astr onomy, University of A arhus,

DK-8000 A arhus C, Denmark

Z. Szotek, W. M. T emmerman

Dar esbury L ab or atory, Dar esbury, W arrington W A4 4AD, UK

G. M. Sto c ks

Materials Scienc e and T e chnolo gy Division, Oak R idge National L ab or atory,

Oak R idge, T ennesse e 37831, USA

Abstract

The ground state electronic structures of the actinide o xides A O, A 2 O 3 and A O 2 (A=U,

Np, Pu, Am, Cm, Bk, Cf ) are determined from �rst-principles calculations, using the self-

in teraction corrected lo cal spin-densit y (SIC-LSD) appro ximation. Emphasis is put on the

degree of f-electron lo calization, whic h for A O 2 and A 2 O 3 is found to follo w the stoic hiometry ,

namely corresp onding to A

4+
ions in the dio xide and A

3+
ions in the sesquio xides. In

con trast, the A

2+
ionic con�guration is not fa v orable in the mono xides, whic h therefore

b ecome metallic. The energetics of the o xidation and reduction of the actinide dio xides is

discussed, and it is found that the dio xide is the most stable o xide for the actinides from Np

on w ards. Our study rev eals a strong link b et w een preferred o xidation n um b er and degree

of lo calization whic h is con�rmed b y comparing to the ground state con�gurations of the

corresp onding lan thanide o xides. The ionic nature of the actinide o xides emerges from the

fact that only those comp ounds will form where the calculated ground state v alency agrees

with the nominal v alency exp ected from a simple c harge coun ting.

(Submitted to Ph ys. Rev. B)

Con tact p erson: Leon.P etit@stfc.ac.uk

38



Strain e�ects in group-I I I nitrides: deformation p oten tials for

AlN, GaN, and InN

Qimin Y an

1
, P atric k Rink e

1
, Matthias Sc he�er

1;2
, Chris G. V an de W alle

1

1
Materials Dep artment, University of California, Santa Barb ar a, CA 93106-5050, USA

2
F ritz-Hab er-Institut der Max-Planck-Gesel lschaft,

F ar adaywe g 4�6, 14195 Berlin, Germany

Abstract

A systematic densit y functional theory (DFT) study of strain e�ects on the electronic

band structure of the group-I I I nitrides (AlN, GaN and InN) is presen ted. T o o v ercome the

de�ciencies of the lo cal-densit y and generalized gradien t appro ximations (LD A and GGA) the

Heyd-Scuseria-Ernzerhof h ybrid functional (HSE) is used. Cross-c hec ks for GaN demonstrate

go o d agreemen t b et w een HSE and exact-exc hange based G0W0 calculations. W e observ e a

pronounced nonlinear dep endence of band-energy di�erences on strain. F or realistic strain

conditions in the linear regime around the exp erimen tal equilibrium v olume a consisten t and

complete set of deformation p oten tials is deriv ed.

(submitted to: Appl. Ph ys. Lett.)
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Abstract

W e explore the dynamics of lo w temp erature in terfacial w ater nano clusters on Cu(111) b y

fem tosecond-laser excitation, scanning tunneling microscop y and densit y functional theory .

Laser illumination is used to induce single molecules to di�use within w ater clusters and

across the surface, breaking and reforming h ydrogen b onds. A linear di�usion probabilit y

with laser ÿuence is observ ed up to 0.6 J/m

2
and w e suggest that di�usion is initiated b y

hot electron attac hmen t and detac hmen t pro cesses. The densit y functional calculations shed

ligh t on the detailed molecular mec hanism for w ater di�usion that is determined b y the lo cal

structure of the w ater clusters.

app eared in: Ph ys. Rev. Lett. 103 , 02610, (2009)
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Abstract

T o understand the p erformance of p opular densit y-functional theory (DFT) exc hange-

correlation (xc) functionals in sim ulations of liquid w ater, w ater monomers and dimers w ere

extracted from a PBE sim ulation of liquid w ater and examined with coupled cluster with

single and double excitations plus a p erturbativ e correction for connected triples [CCSD(T)].

CCSD(T) rev eals that most of the dimers are un b ound compared to t w o gas phase equilib-

rium w ater monomers, largely b ecause monomers within the liquid ha v e distorted geometries.

Of the three xc functionals tested, PBE and BL YP systematically underestimate the cost

of the monomer deformations and consequen tly predict to o large disso ciation energies b e-

t w een monomers within the dimers. This is in mark ed con trast to ho w these functionals

p erform for an equilibrium w ater dimer and other small w ater clusters in the gas phase,

whic h only ha v e mo derately deformed monomers. PBE0 repro duces the CCSD(T) monomer

deformation energies v ery w ell and consequen tly the dimer disso ciation energies m uc h more

accurately than PBE and BL YP . Although this study is limited to w ater monomers and

dimers, the results rep orted here ma y pro vide an explanation for the o v erstructured radial

distribution functions routinely observ ed in BL YP and PBE sim ulations of liquid w ater and

are of relev ance to w ater in other phases and to other asso ciated molecular liquids.

(submitted to: Journal of Chemical Ph ysics)
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Abstract

In this w ork, the quan tum dot (QD) formation of InAs on In 0:5 Ga 0:5 As/ InP(001) has

b een studied theoretically using a h ybrid approac h. The surface energies w ere calculated us-

ing densit y functional theory . F or the elastic relaxation energies con tin uum elasticit y theory

w as applied. This h ybrid metho d, as already sho wn in the literature, tak es in to accoun t the

atomic structure of the v arious facets of the QDs as w ell as the w etting la y er. Our study deals

with the asp ect of shap e ev olution of InAs QDs on a ternary substrate : It sho ws ho w the is-

land shap e close to equilibrium ev olv es with v arying v olume in InAs/In 0:5 Ga 0:5 As/InP(001)

epitaxy . Ov erall, our study indicates that for this system, there ma y exist t w o paths for

island gro wth: one path in v olv es an early energetic stabilization of �at, h ut-shap ed islands

with high-index facets (that ma y p ersist due to kinetic limitations), while the other path

in v ol v es islands with larger heigh t-to-base ratio that dev elop lo w-index facets. A t large

v olumes, the steep er, but more compact islands tend to b e energetically mo re fa v orable

compared to the elongated shap es.

app eared in: New. J. Ph ys. 11 , 073018 (2009)
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Abstract

A computational study of the epitaxial Co 2 MnSi(001)/MgO(001) in terface relev an t to

tunneling magnetoresistiv e (TMR) devices is presen ted. Emplo ying ab initio atomistic ther-

mo dynamics, w e sho w that the Co- or MnSi-planes of bulk-terminated Co 2 MnSi form stable

in terfaces, while pure Si or pure Mn termination requires non-equilibrium conditions. Except

for the pure Mn in terface, the half-metallic prop ert y of bulk Co 2 MnSi is disrupted b y in ter-

face bands. Ev en so, at homogeneous Mn or Co in terfaces these bands con tribute little to

the minorit y-spin conductance through an MgO barrier, and hence suc h terminations could

p erform strongly in TMR devices.

app eared in: Ph ys. Rev. Lett. 103 , 046802 (2009)
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Abstract

Man y-particle electron-phonon in teraction e�ects in t w o-dimensional electron gases are

in v estigated within a Born�Mark o v approac h. W e calculate the electron-phonon in teraction

on a microscopic lev el to describ e relaxation pro cesses of quan tum con�ned electrons on

ultrafast time scales. T ypical examples, where t w o-dimensional electron gases pla y a role,

are surfaces and t w o-dimensional nanostructures suc h as graphene and quan tum w ells. In

graphene, w e �nd nonequilibrium phonon generation and ultrafast co oling pro cesses after

optical excitation. Electron relaxation dynamics at the silicon(001) 2� 1 surface exhibits t w o

time scales, corresp onding to in trasurface and inside bulk-scattering pro cesses. F or GaAs

quan tum w ells, w e presen t broad emission sp ectra in the terahertz range assisted b y LO-

phonons of the barrier material.

app eared in: J. Appl. Ph ys. 105 , 122409 (2009)
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Abstract

The last decade has seen a large increase in the n um b er of electronic-structure calcula-

tions that in v olv e adding a Hubbard term to the lo cal densit y appro ximation band-structure

Hamiltonian. The Hubbard term is then solv ed either at the mean-�eld lev el or with sophis-

ticated man y-b o dy tec hniques suc h as dynamical mean �eld theory . W e review the ph ysics

underlying these approac hes and discuss their strengths and w eaknesses in terms of the larger

issues of electronic structure that they in v olv e. In particular, w e argue that the common

assumptions made to justify suc h calculations are inconsisten t with what the calculations ac-

tually do. Although man y of these calculations are often treated as essen tially �rst-principles

calculations, in fact, w e argue that they should b e view ed from an en tirely di�eren t p oin t

of view, viz., as phenomenological man y-b o dy corrections to band-structure theory . Alter-

nativ ely , they ma y also b e considered to b e just a more complex Hubbard mo del than the

simple one- or few-band mo dels traditionally used in man y-b o dy theories of solids.

(J. Ph ys.: Cond. Matter, accepted)
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Abstract

W e presen t a theoretical study of the electronic and absorption prop erties of the in ter-

mediate band (IB) formed b y a three dimensional structure of InAs/GaAs quan tum dots

(QD's) arranged in a p erio dic arra y . Analysis of the electronic and absorption structure

suggest that the most promising design for an IB solar cell material, that will exhibit its o wn

quasi-F ermi lev el, is to emplo y small QDs ( � 6-12 nm QD lateral size). Use of larger QDs

leads to extension of the absorption sp ectra in to a longer w a v elength region but do es not

pro vide a separate IB in the forbidden energy gap.

(Applied Ph ysics Letters 93 , 263105 (2008)
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Abstract

Excitons and biexcitons in GaN/AlN quan tum dots (QD) w ere in v estigated with sp ecial

emphasis on the use of these QDs for single photon source applications. The theoreti-

cal metho dology for the calculation of single-particle states w as based on 8-band strain-

dep enden t en v elop e function Hamiltonian, with the e�ects of spin-orbit in teraction, crystal-

�eld splitting, piezo electric and sp on taneous p olarization tak en in to accoun t. Exciton and

biexciton states w ere found using the con�guration in teraction metho d. Optimal QD heigh ts

for their use in single-photon emitters w ere determined for v arious diameter to heigh t ratios.

The comp etition b et w een strong con�nemen t in GaN QDs and in ternal electric �eld, gen-

erally rep orted in wurtzite GaN, w as also discussed, as w ell as its e�ect on app earance of

b ound

(A ccepted for publications in Ph ysical Review B )
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5 SCIENTIFIC HIGHLIGHT OF THE MONTH

Ab initio metho ds for biological systems: state of the art and p ersp ectiv es
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Abstract

Ab initio quan tum mec hanical sim ulations of biological systems are expanding their capa-

bilities to approac h a v ariet y of fundamen tal problems in biology . W e review the progress on

metho d dev elopmen t in the �eld ac hiev ed in the last y ears, fo cusing on emerging tec hniques

that migh t b ecome more relev an t in the near future. A brief surv ey on recen t applications

in the �eld of enzyme catalysis and calculations of protein redo x prop erties is also rep orted.

1 In tro duction

In the last y ears biology en tered the p ost-genomic era, expanding the researc h e�orts from the

single molecule studies to the extensiv e study of in terpla y b et w een di�eren t biomolecules. A

large e�ort is curren tly ongoing on protein net w orks and protein-protein in teractions researc h

with the main target to bridge the structural and bio c hemical prop erties of individual biological

molecules with their collectiv e b eha vior in cell cycles and signalling [1]. Bridging these scales is

an fundamen tal step in the kno wledge of biology and it will bring more quan titativ e description of

biological phenomena, op ening new p ersp ectiv es in drug design, tec hnology and medical researc h.

A t the same time, and from the side of Bioph ysics and Structural Biology , a mec hanistic approac h

to man y biomolecules is made p ossible thanks to the gro wing a v ailabilit y of exp erimen tally

determined 3D molecular structures re�ned with atomic resolution. Using structural information,

single molecule manipulation, and sp ectroscop y , is no w ada ys p ossible b y exp erimen ts to unra v el

mo v emen ts and electronic prop erties of living matter with accurate and time resolv ed details [2].

In this con text, molecular mo delling is also expanding its role. The understanding of the details

at the atomic lev el of the in teractions b et w een proteins, n ucleic acids, substrates, cofactors and

drugs has acquired a reno v ated k ey role in the con text of quan titativ e biology and p ost-genomics.
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A v ariet y of sim ulation tec hniques, ranging from electronic structure calculations to classical

molecular dynamics (MD) and coarse grain mo dels, has to b e used to bridge the gap b et w een

sp ectroscopic data, structural information, and biological signi�cance. The quan titativ e and

detailed understanding of prop erties and molecular mec hanisms of biomolecules has b een recen tly

the sub ject of di�eren t ab initio studies in the �eld of photoreceptors [3�6], electron transfer

and redo x proteins [7, 8], transition metal enzymes [9, 10], and computational (bio)sp ectroscop y

(including optical, infrared, Raman, EPR, and NMR sp ectroscop y) [11� 13].

F rom the p oin t of view of the atomistic computer mo delling, t w o lev els of complexit y will c hal-

lenge our comm unit y for the next y ears: the in trinsic c hemical complexit y of the biomolecules

and the necessit y to co v er the gap, in term of size and time, b et w een what has to b e sim ulated

at the quan tum lev el and all the rest of the (necessary) biological en vironmen t. The accuracy of

ab initio molecular dynamics based on Densit y F unctional Theory (DFT) is su�cien t to pro vide

a correct description of the electronic structure for large classes of biomolecules, but not alw a ys

for sp eci�c sets of problems in the �eld of m ulti-cen ter transition metal enzymes, photoreceptors

and electron transfer proteins. The coupling b et w een DFT-based ab initio MD and classical

molecular dynamics, in the framew ork of Quan tum Mec hanics / Molecular dynamics sim ula-

tions [14, 15], has successfully con tributed to link the quan tum prop erties of an activ e site to the

whole biomolecular en vironmen t for a v ariet y of systems [16� 19].

Here w e will shortly o v erview the computational metho ds used in the �eld of biomolecules men-

tioning also a selection of emerging metho ds that ma y ha v e an increasing relev ance in the future

for the study of the electronic structure of biological systems. W e also rep ort a v ery limited

n um b er of applications, b eing conscious that it will not b e able to co v er imp ortan t con tributions

to sev eral activ e groups. Complemen tary and more complete surv eys on ab initio mo delling

on biological systems can b e found in a previous newsletter [20] and in sev eral reviews on the

sub ject [21� 25].

2 Metho ds

2.1 Classical, Quan tum and h ybrid Quan tum/Classical sim ulations

Dealing with electronic structure calculations of biomolecules cannot abstract from a description

of the biomolecules at the lev el of classical molecular dynamics. The use of force-�eld based MD is

indeed necessary , either to enhance the sampling of the conformational space or to include, using

h ybrid metho ds, the en vironmen t that cannot b e describ ed at the full quan tum lev el b ecause of

computational costs. Classical, i.e. force-�eld based, setups of biological systems ha v e t ypically

104 � 105
atoms and a sampling of the phase space is crucial to o v ercome conformational and

b ond breaking/forming barriers. Enhanced sampling tec hniques can signi�can tly impro v e the

exploration of the phase space of biological macromolecules and reactiv e systems. Among the

others, the recen tly dev elop ed metadynamics [26, 27] has b een successfully used in biomolecular

sim ulations coupled with classical [28, 29] and ab initio molecular dynamics [30, 31].

Ab initio molecular dynamics at �nite temp erature is commonly used to study biological systems

in the framew ork of Densit y F unctional Theory [32] b ecause of the go o d compromise b et w een
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c hemical accuracy and computational costs. The c hoice of the exc hange-correlation functional

is crucial for man y biomolecules. Gradien t corrections are usually necessaries and di�eren t ap-

proac hes ma y b e preferred according to the kind of system and calculation p erformed. The

p opularit y of BL YP functional [33, 34] comes from its capabilities to giv e a go o d description for

h ydrogen b onding systems [35, 36]. The B3L YP h ybrid functional [37] can pro vide a b etter esti-

mate of reaction barriers [38] but it has not b een extensiv ely used so far in ab initio MD b ecause

of the high computational cost of its implemen tation within a pure plane-w a v e sc heme. Bec k e

and P erdew [33, 39] functionals are preferred for transition metal complexes whereas P erdew,

Burk e and Ernzerhof functional [39] is more used in excited states calculations. T w o alternativ es

are curren tly used in ab initio molecular dynamics: a pure plane w a v e (PW) approac h and a

Gaussian and plane w a v e (GPW) metho d [40� 42]. In the PW metho d core electrons can b e

replaced using norm-conserving (T rouillier-Martins [43], Go edec k er, T eter and Hutter [44]) and

non-norm-conserving ultrasoft (V anderbilt [45]) pseudop oten tials. The Gaussian and plane w a v e

metho d o�ers a con v enien t alternativ e, sp ecially suited for the use of h ybrid exc hange-correlation

functionals. Recen t sim ulations of sev eral tens of picoseconds on liquid w ater recen tly demon-

strated the p ossibilit y to p erform ab initio MD using B3L YP functional [46]. T o circum v en t

the inabilit y of curren t exc hange-correlation functionals to incorp orate disp ersion forces, a pseu-

dop oten tial sc heme has b een dev elop ed b y the group of Rothlisb erger [47, 48]. Higher angular

momen tum dep enden t terms of the pseudop oten tials are optimized using correlated calculations

references, obtaining v ery go o d results for w eakly b ound systems [49, 50] and liquid w ater [51].

Using h ybrid Quan tum Mec hanics / Molecular Mec hanics (QM/MM) approac hes it is p ossible

to limit the size of the part of the system that is describ ed at the quan tum lev el to the atoms

b elonging to the reactiv e part of the system (for instance the activ e site of the enzyme or the

c hromophore of a photoreceptor), whereas the rest of the atoms (protein and solv en t) are treated

at the classical force-�eld lev el. Quan tum Mec hanics and Molecular Mec hanics system can b e

coupled in a fully Hamiltonian w a y using the sc heme from Rothlisb erger and co w ork ers [14, 15].

A recen t extension of QM/MM tec hniques in the PW G approac h is rep orted b y Laino et al.

[52, 53]. A more extensiv e metho d o v erview of QM/MM applications to biomolecules has b een

also rep orted in sev eral reviews [20� 25, 54].

It is in teresting to note in the literature an expansion of ab initio MD tec hniques to the study

of systems that w ere previously considered w ell describ ed b y classical mec hanics. One example

is represen ted b y p otassium c hannel proteins, usually treated at the lev el of classical mec hanics

since no b ond breaking or forming pro cesses is o ccurring during ion p ermeation through the

c hannel p ore. On the con trary , ab initio calculations demonstrated that the in teraction b et w een

the p ermeating cations and the protein carb on yl ligands cannot b e straigh tforw ardly describ ed b y

standard nonp olarizable force-�elds [16, 55, 56]. In addition, the p ermeation mec hanism is coupled

with a proton transfer b et w een surrounding ionizable residues [57] that cannot b e mo delled

classically .

2.2 Calculations of redo x prop erties

Redo x prop erties can b e calculated according to a MD metho d based on Marcus theory [58] as

originally prop osed b y W arshel [59]. This sc heme has b een dev elop ed and implemen ted for use
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in DFT based ab initio molecular dynamics sim ulations [8, 60� 64]. F or a large class of proteins

the ET activit y falls within the Marcus regime, and the o xidation free energy ( � A) and the

reorganization free energy ( � ) for the half reaction can b e computed from ensem ble a v erages of

the v ertical ionization energy ( � E), according to the follo wing equations:

� A =
1
2

(h� E i red + h� E i ox) (1)

� =
1
2

(h� E i red � h � E i ox) (2)

Subscripted angular brac k ets denote a v erages o v er equilibrium tra jectories of the system in re-

duced ( r e d ) and o xidized ( ox ) state. In the h ybrid sc heme used for the study of redo x prop erties

in rubredo xin and whic h w e review as an example here � E is still computed using DFT but

the atomic con�gurations are extracted from classical sim ulations. The aim of the metho d is

to com bine the long time scale accessibilit y of the classical mo del with the quan tum-mec hanical

metho ds to calculate ionization energies. When the size of the system do es not p ermit a full DFT

calculation a QM/MM approac h can b e used to calculate the energy of single con�guration [7, 65].

F or calculations of redo x reactions in proteins an imp ortan t issue is to ha v e reliable starting

structure for the initial con�gurations of the o xidized and reduced forms. Indeed proteins can

undergo some ma jor rearrangemen t up on o xidation/reduction whic h can b e quite di�cult to

mo del.

Another issue regards the qualit y of our DFT description for the metal cen ters. In particular

GGA functionals ha v e b een widely emplo y ed for calculations on biological systems, but they

are not accurate enough for the description of metal cen ters where electronic correlation pla ys

an essen tial role. In the case of rubredo xin, whic h w e will discuss in a follo wing section, the

functional accuracy has b een tested comparing electron detac hmen t energies of small clusters

(F e(SCH 3 ) 4 ) with previous calculations and exp erimen tal data.

2.3 Emerging tec hniques

F or man y c hemical and bio c hemical systems, DFT turned out to b e a go o d compromise b et w een

metho d reliabilit y and computational cost. Alb eit this success in static calculations and ab initio

molecular dynamics, the curren t appro ximations to the exc hange-correlation functional are source

of w ell-recognized and serious failures [66]. Systems where these limitations are eviden t are for

examples, free radicals and transition metals with semi-�lled d� shell (suc h as Cr, Mo, F e, Ni,

Mn) [67]. The dra wbac ks also a�ect the time dep enden t v ersion of Densit y F unctional Theory

(TD-DFT) [68], causing unsatisfying estimates in the calculation of electronic excitations of a

v ariet y of molecular systems, one among the simplest b eing liquid w ater [69, 70]. The use of

correlated quan tum c hemistry tec hniques, suc h as p erturbativ e metho ds (MP2,MP4), coupled

cluster (CC), and con�guration in teraction (CI) are limited to rather small biomolecules b ecause

the required computational resources gro w v ery rapidly with the system size (see for instance

ref. [71]). The searc hing for highly-accurate and size-scalable quan tum algorithms will b e in the

next y ears a crucial c hallenge for the comm unit y w orking on ab-initio metho ds for biomolecules.

An incomplete surv ey on emerging tec hniques is rep orted hereafter.

DFT extended sc hemes w ere prop osed to study transition metal complexes b ecause of the di�-
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culties encoun tered b y curren t functionals to correctly estimate the electronic correlation e�ects,

esp ecially in m ulti-cen ter transition metal complexes. In the so called brok en symmetry approac h

the spin coupling constan t J b et w een an tiferromagnetically coupled metal cen ters is estimated b y

carrying out indep enden t calculations for sev eral spin con�gurations. The energy of all di�eren t

spin states can b e subsequen tly estimated using a Heisen b erg Hamiltonian with coupling J . This

tec hnique has b een successfully used to study iron-sulfur catalytic cen ters [72] and it has b een

recen tly extended and applied in an ab-initio molecular dynamics con text [73]. The dynamical

magnetostructural prop erties of the 2Fe � 2S iron-sulfur cluster of ferredo xin w ere studied us-

ing QM/MM [74], rev ealing the time-dep enden t in terpla y b et w een the magnetic prop erties of

the di-iron cen ter and the protein en vironmen t. Another extension of DFT metho ds relev an t

for transition-metal activ e site c hemistry is the DFT+U metho d, where a generalized-gradien t

appro ximation is augmen ted b y a Hubbard U term [75]. A self-consisten t DFT+U approac h has

b een recen tly sho wn to successfully repro duce the electronic prop erties of the iron dimer and the

spin and energetics of gas-phase iron-based reactions [76, 77]. Although not easily generalized to

all transition-metal systems, b oth the ab o v e cited metho ds ha v e the adv an tage that they require

a computational e�ort comparable with that of plain DFT.

Green's function based metho ds, suc h as GW appro ximation and Bethe-Salp eter equation are

traditionally used to calculate electronic excitations in condensed matter systems [78]. In a com-

bined approac h with classical molecular dynamics, these metho ds ha v e b een recen tly successfully

extended to calculations of absorption sp ectra of liquid w ater [70, 79]. The excited state prop er-

ties of the indole molecule, the aromatic comp onen t of the tryptophan amino-acid, has b een also

studied in solution b y calculating electronic excitations using man y b o dy p erturbation theory on

snapshots extracted from a QM/MM sim ulation based on DFT [80]. These encouraging results

suggests that Green's function metho ds can b e suitable and a�ordable tec hniques to study the

electronic excitations of other biomolecules that cannot b e prop erly approac hed using TDDFT.

Another emerging tec hnique in the �eld of biomolecule is Quan tum Mon te Carlo. It has b een

successfully emplo y ed in the past to compute ground-state prop erties of systems where electron

correlations pla y a crucial role (see for instance the review [81]). An extended form ulation has

expanded its capabilities to in v estigate electronically excited states [82]. The QMC metho d,

traditionally largely applied in man y b o dy ph ysics and in Bose condensates, has b een also used

to correctly tac kle di�cult cases in quan tum c hemistry suc h as: radicals [83], transition metals

[84, 85], electronic excited states [82, 86], anion- � and � - � in teractions in aromatic molecules [87],

v an der W aals forces [88], and h ydrogen b onding in teractions [89, 90]. F or h ydrogen b onding

systems, the w ater dimer disp ersion curv e w as in v estigated b oth at the V ariational Mon te Carlo

and at the Di�usion Mon te Carlo lev el [90]. The exp erimen tal binding energy and the MP2 energy

curv e as a function of the distance b et w een the t w o w ater molecules for the dimer w ere fairly

repro duced. The ph ysical in terpretation of the resonating v alence b ond v ariational w a v e function

o�ered also the p ossibilit y to dissect the co v alen t and disp ersion v an der W aals con tributions to

the H-b onding energy , estimated to b e ab out 1.5 and 1.1 k cal/mol, resp ectiv ely . The energetics

of larger w ater clusters w ere also in v estigated b y QMC and compared with MP2 and DFT [91].

F rom the side of electronic excitations, QMC calculations ha v e sho wn to pro vide the correct

excited state energy surface in one of the most represen tativ e example of TDDFT failure, the

protonated Sc hi�-base mo del [82], whic h is a small analogue of the retinal protonated Sc hi� base,
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chair conformation

skew-boat conformation
(more stable)

4C1

1S3

Figure 1: Minim um energy structures obtained from QM/MM sim ulations of the enzyme-

substrate complex of Bacillus 1,3-1,4- � -glucanase, a family 16 glycoside h ydrolase (Reference:

Biarnes et al. J. Biol. Chem. 2006). The substrate (a 4-meth ylum b elliferyl tetrasacc haride) is

sho wn in licorice represen tation.

the c hromophore of rho dopsin.

3 Applications

3.1 Enzyme catalysis

The w a y enzymes p erform its catalytic function has long fascinated not only biologists but also

c hemists and ph ysicists [92� 94], b ecause subtle c hanges in the sp ecies in v olv ed (e.g. ligand,

substrate, enzyme) ma y lead to serious diseases [95]. Therefore, elucidating ho w enzymes w ork

at the atomic lev el is extremely relev an t to �nd b etter drugs. Scien tists ha v e long sough t the

origin of the lo w ering of the activ ation energy barrier b y enzymes, i.e. whether they stabilize the

TS or raise the relativ e energy of the substrate (substrate preorganization [96]). Nev ertheless,

the molecular details of man y enzymatic mec hanisms still remain a m ystery . V ery often catal-

ysis dep ends on the in terpla y b et w een structure/electronic reorganization and dynamics. F or

instance, a distortion of one single sugar unit from a c hair conformation to a b oat-lik e is crucial

for glycoside h ydrolases to break the glycosidic b onds in carb oh ydrates. A t the same time, the

distortion raises the c harge at the anomeric carb on and elongates the glycosidic b ond distance,

th us fa v oring catalysis [97] (Figure 1).

Another example is the binding of o xygen to m y oglobin (Mb) and hemoglobin (Hb). The heme
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activ e cen ter c hanges its electronic con�guration up on binding, from a high spin (i.e. maxim um

n um b er of unpaired electrons) to lo w-spin state, at the same time that the b ond b et w een the iron

atom and the o xygen ligand dev elops [98]. The decomp osition of the sup ero xide radical ( O�
2 )

in to h ydrogen p ero xide and o xygen b y sup ero xide dism utases, for instance, in v olv es c hanges in

the co ordination state of the activ e sp ecies as w ell as in their o xidation states [95]. Deciphering

these pro cesses from an electronic p oin t of view is necessary for understanding the mec hanisms

b ehind the enzymatic catalysis, as w ell as designing small molecules able to a�ect the biological

function of the protein.

In the past few y ears, ab initio metho ds ha v e con tributed imp ortan t insigh ts in to the catalytic

mec hanisms and structural features of a v ariet y of enzymes (for recen t reviews see e.g. [54]; [99]).

This progress has b een p ossible also b ecause of the increased computer p o w er, and the con tin uous

dev elopmen t of tec hniques suc h as QM/MM and metho ds to accelerate sampling of free energy

surfaces (metadynamics [26], transition path sampling [100] or steered molecular dynamics [101]).

Because of the large n um b er of ab initio applications to enzymes that app eared in the literature

in the last few y ears, it is clearly imp ossible to review all of the w ork app eared so far. Here

w e will review only few represen tativ e examples, hoping to giv e a �a v or of whic h problems

can b e addressed no w ada ys with ab initio metho ds. Metal-con taining proteins represen t almost

half of the proteome of living organisms. V ery often, the metal is presen t in the activ e site

and pla ys a role in catalysis. Zinc metallo � -lactamases (M � Ls) h ydrolyze the � -lactam N-C

b ond of � -lactam an tibiotics aided b y one or t w o Zn 2+
ions. Ab initio QM/MM sim ulations

ha v e sho wn that the �exibilit y of the Zn 2+
co ordination sphere pla ys a k ey role in the enzyme

reaction [54, 102]. Mg2+
ions are presen t in sev eral enzymes that h ydrolyze c hemical b onds

suc h as ep o xide h ydrolase and A TP ases [103]. In b oth cases, ab initio and QM/MM sim ulations

including solv en t w ater molecules in the QM region found that the w ater molecules assist the

c hemical reaction. These calculations w ere done in mo derately large systems (ab out 50 QM

atoms) but required large sim ulation times (100-200 ps). Similarly , t w o Mg2+
metals supp ort

the formation of a metastable in termediate along the reaction in rib on uclease H, but the role of

solv en t w aters in mediating proton transfer ev en ts is crucial ( [104]). All these w orks suggest the

general imp ortance of explicitly including solv ation e�ects at the catalytic site for the correct

description of an enzymatic mec hanism at the atomic lev el.

Hemeproteins (metalloprotein con taining a heme prosthetic group) are an imp ortan t group of

proteins and enzymes that carry out a v ariet y of relev an t biological functions, including o xygen

transp ort and storage (hemoglobin and m y oglobin), electron transfer (cyto c hromes), disprop or-

tionation of to xic h ydrogen p ero xide (catalases) and o xidation of substrates (p ero xidases). This

div ersit y of functions originates from the v ersatilit y of the heme group and the v ariet y of in-

teractions with protein sca�olds that generate di�eren t heme en vironmen ts [105]. Because of

the large size of the iron-p orph yrin (38 atoms), ab initio calculations in hemeproteins are par-

ticularly demanding [106] (e.g. the iron-p orph yrin, without the substituen t groups forming the

heme, plus sev eral protein residues in its vicinit y easily mak es ab out 150 atoms) [107]. F or the

h ybrid catalase-p ero xidase, whic h con tains a Met-T yr-T rp adduct ab o v e the heme (essen tial for

catalysis), the n um b er of QM atoms to b e included is ab out 250 [10]. During the last few y ears,

a large e�ort has b een dev oted not only to c haracterize reaction in termediates with a complex

electronic structure (e.g. the main reaction in termediate of the reaction cycle of p ero xidases,
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catalases, cyto c hrome P450 and nitric o xide syn thase is an o xyferryl-p orph yrin cation radical

named "comp ound I", Cp d I [107, 108]) but also in elucidating the mec hanism of their forma-

tion/disapp earance [108, 109]. F or p ero xidases, in whic h the activ e site is solv en t-exp osed, the

mec hanism of Cp d I formation w as found to rely on the en trance of w ater molecules to the activ e

site [109]. Again, this reinforces the activ e role that w ater molecules pla y in enzyme catalysis.

In con trast to p ero xidases, the activ e site of catalases is buried in the protein. Catalase Cp d I

reacts with h ydrogen p ero xide ( H2O2 ) and decomp oses it to H2O and O2 (Figure 2).

QM/MM metadynamics sim ulations ha v e sho wn that there are t w o comp eting mec hanisms to

decomp ose h ydrogen p ero xide [9]. One of them is consisten t with previous prop osals based on

structural information, whereas the other one explains the results of kinetic in v estigations on

enzyme m utan ts.

Another problem in this �eld that has b een in v estigated concerns the long-standing question

of ho w m y oglobin discriminates b et w een p oisonous CO and O 2 . During the past decade, it

w as demonstrated that CO distortion is not resp onsible for CO discrimination [110� 112]. De

Angelis et al. recen tly quan ti�ed the relev ance of other factors, mainly h ydrogen b onding of the

b ound o xygen [113]. A large e�ort has b een also dev oted to in v estigate ho w hemoglobins from

di�eren t sp ecies bind o xygen [114]. Ab initio calculations ha v e also con tributed to understand

the sometimes am biguous iron-o xygen distances found in X-ra y structures of heme proteins [107,

115, 116].

It should b e tak en in to accoun t that ab initio mo deling of enzymes needs accurate structures as

input. As the n um b er of high resolution structures of complex systems increases, more accurate

analysis can b e p erformed. This is the case, for instance, of recen t studies on mem brane proteins

[117� 119], photoactiv e proteins [17, 120� 122] or DNA-protein complexes. The recen tly solv ed

X-ra y structure of a complex b et w een photoly ase and a double-stranded DNA oligomer pro vided

a suitable starting structure for p erforming computational studies to elucidate the mec hanistic

nature of the photo c hemical repair. QM/MM molecular dynamics sim ulations [123] elucidated

the role of the v arious amino acids in the activ e site of the damaged DNA-enzyme complex.

3.2 Redo x prop erties in proteins

Bio-inorganic o xidation/reduction enzymes and metalloproteins represen t more than 40% of

IUBMB classi�ed proteins and are not only vital to biological energy con v ersion in photosyn the-

sis and respiration, but are also critical to a gro wing n um b er of signalling pro cesses go v erning

gene regulation and expression [124]. Understanding the mec hanism of electron transfer (ET)

b et w een t w o metal sites or metal site and organic substrate is therefore of b oth theoretical and

practical imp ortance. The k ey question is ho w metalloproteins con trol whic h pro cesses are ther-

mo dynamically feasible (i.e., reduction p oten tials) and ho w fast they o ccur (i.e., rate constan ts).

Some of the issues that ha v e b een raised in this con text concern the comp etition b et w een short

range e�ects, in essence the co ordination c hemistry of the metal ion, and long range e�ects, for

example the reorganization of the protein, the placemen t of c harged and p olar residues, the access

to the solv en t. Related to this is the question of the relativ e imp ortance of electronic relaxation

e�ects, suc h as the di�erence b et w een hard and soft ligands and electronic p olarization of the
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Cpd I (Heme -Fe =O) + H O+ IV.
2 2 Heme-Fe + H O + OIII
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reactants
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Figure 2: (a) The molecular mec hanism of the catalase reaction (optimized structures of the

reactan ts and pro ducts). (b) The corresp onding reaction free energy surface obtained from

QM/MM metadynamics sim ulations using t w o collectiv e v ariables. Reference: Alfonso-Prieto

et. al. J. Am. Chem. So c. 2009.
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protein, v ersus the reorganization due to atomic motion.

In this highligh t w e discuss as an example the calculations of redo x prop erties of Rubredo xin(Rd)

[8], a small and comparativ ely simple iron-sulfur protein. This is a particularly in teresting case,

since it is p ossible to com bine a full ab initio description of the electronic structure of the protein

in explicit solv en t with sampling of the relev an t time scale of the protein dynamics using a

h ybrid metho d based on a force �eld molecular dynamics / densit y functional theory sc heme.

Applying this sc heme within the framew ork of Marcus theory [58] w e are able to repro duce the

exp erimen tal redo x p oten tial di�erence of 60 m V [125] b et w een a mesophilic and thermophilic

rubredo xin within an accuracy of 20 m V. The redo x p oten tial is mo dulated b y the h ydrogen

b ond in teractions of the ligand cysteines with the NH groups of nearb y residues with a stronger

net w ork of h ydrogen b onds leading to more p ositiv e reduction p oten tials. W e also compute the

reorganization free energy for o xidation of the protein obtaining 720 me V for the mesophilic and

590 me V for thermophilic v arian t. Decomp osition of the reorganization energy using the classical

force �eld sho ws that this is largely determined b y the solv en t, with b oth short range (an o xidation

induced c hange of co ordination n um b er) and long range (dielectric) con tributions. The 130 me V

higher v alue for the mesophilic form can b e attributed to the di�eren t dielectric resp onse of

the solv en t in the surrounding of the activ e site. These results underline the imp ortance of a

molecular description of the solv en t and of a correct inclusion of p olarization e�ects.

A ma jor adv an tage of a DFT sc heme here is that it accoun ts for electronic relaxation e�ects

in resp onse to o xidation/reduction. Suc h e�ects include ligand-metal c harge transfer and the

adjustmen t of h ydrogen b ond strength of co ordinated protein residues and solv en t. Within

a DFT description of the v ertical ionization energy for the en tire solv ated system, as applied

here, also the instan taneous equilibration of electronic p olarization to the new solute c harge

distribution is included. This can lead to a signi�can tly lo w er estimate of the reorganization

energy compared to a classical mo del with �xed c harges.

W e ha v e sho wn that with mo dern computational metho ds calculations on a full small size protein

are within reac h and can o�er a p o w erful predictiv e instrumen t to quan tify prop erties, suc h as

the reorganization energies, whic h are not easily measured b y exp erimen ts.

4 Conclusions

In the last y ears electronic structure tec hniques and ab initio molecular dynamics ha v e further

expanded their capabilities to understand structure/function relationships of biomolecules to an

increasing class of systems. In this brief review on the state-of-the art of metho ds and applications

w e ha v e tried to mak e a surv ey on the last progresses in the �eld that migh t b e represen tativ e

but far from b eing complete. T w o main problems are curren tly prev en ting ab initio calculations

to tac kle with success a wider class of c hallenging problems in biology: the size of the systems

and the qualit y of the electronic structure metho ds. QM/MM metho ds are a �rst step to try

to �ll this gap and further dev elopmen t of m ultiscale metho ds is desirable in the future. W e

ha v e also seen ho w di�eren t emerging quan tum tec hniques seem promising starting p oin ts to

go b ey ond standard DFT calculations. Thanks to this double e�ort, w e ma y hop e to tac kle in

the next y ears op en questions in electron transfer, electronic excitations of photoreceptors, and
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Figure 3: Represen tativ e MD con�guration of rubredo xin generated from a 1IR O crystal structure

[126] as emplo y ed in the DFT calculations. The p erio dically rep eated sim ulation cell, with edges

31.136, 28.095, 30.502 Å con tains the protein, 678 w ater molecules and 9 Na+
coun terions. The

orange isosurface represen ts the spin densit y for the o xidized state (c harge 0, spin 5/2) at 0.005

a.u.. Hydrogen b onds b et w een sulfur atoms in the activ e cen ter and nearb y bac kb one NH groups

are also highligh ted.
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m ulti-cen ter transition metal proteins.
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