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EXECUTIVE SUMMAR Y

The ”Workshop on it ab initio phonon calculations” has been help in Cracow,
Poland in the period fr om 2 to 4 December , 2004 . The Workshop took place
in the new lectur e Hall of ”pr of. W.Danka” in the Pedagogical University in
Cracow. The participants wer e accommodated in the nearby Hotels Demel
and Krakowiak. The 55 participants wer e coming fr om 16 countries.

The Workshop has been organized in the frame of the
���

Programme on
Electr onic Structur e Calculations of Solids and Surfaces Network . The organi-
zation task has been undertaken by the Department of Materials Research by
Computers of the Institute of Nuclear Physics, PAN, Cracow, and the Institute
of Technics of Pedagogical University, Cracow.

The Workshop has been devoted to pr ovide the basic knowledge in the
density functional theory (DFT), and the method to calculate phonons and
ther modynamical pr operties of crystalline systems. The DFT appr oach allows
to �nds structur e, electr onic pr operties, and interatomic for ces in tempera-
tur eless (T=0K) regime, while the phonons, which can be calculated within
the DFT appr oach, de�ne the dynamical, and ther modynamical pr operties at
�nite temperatur e. During the workshop tutorials the participants had a pos-
sibility to lear n how to use, and what ar e the peculiarities of the methods and
computer codes handling the above quantities.

SCIENTIFIC CONTENT

In the �rst day of the Workshop ther e wer e thr ee tutorial lectur es. Georg
Kr esse gave a review of pr ocedur es, which lead the exact calculations of the
Hellmann–Feynman for ces used in the phonon and molecular dynamics calcu-
lations. The necessary conditions wer e speci�ed for metallic and non-metallic
systems. Selection of corr ect pseudopotential, selection of wave vector sam-
pling, and values of variety of switches wer e discussed in details. Rules and
Tables to select the most relevant pseudopotential wer e given. Some results
for nanotubes, highlighting the accuracy attainable by the VASP code, wer e
pr esented.

Peter Blaha reviewed the augmented plane wave method (APW), and later
modi�cations intr oduced by Slater , Andersen, Fr eedman, Singh and Sjöst-
edt. The possibilities for structural optimization and atomic for ce calculations
wer e summarized. Finally, examples to calculate phonons and pr edicting a
structural phase transition including ferr oelectric Aurivillius compound, wer e
discussed.

Krzysztof Parlinski reviewed the dir ect method of calculating for ce con-
stants fr om the Hellmann–Feynman for ces under con�nements imposed by
the system space group. The manner to select the super cell shape and size,
the necessary displacements for for ce calculations wer e speci�ed. Examples
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of phonon dispersion curves and phonon density of states wer e shown. The
above phonon data allow to derive the ther modynamical functions in har monic
appr oximation, and to describe the spectra and intensity of inelastic coher -
ent and incoher ent scattering of neutr ons. The temperatur e dependences of
number of quantities can be then computed within the quasihar monic ap-
pr oximation, leading fr equently to very good results even close to the melting
temperatur e.

At the end of the �rst day of the workshop ther e was a tutorial in the Com-
puter Lab, wher e the participants could exercise the use of the Phonon and
MedeA pr ograms, using data of Hellmann–Feynman �les alr eady computer
by VASP or Wien2k pr ograms. This time was widely used to exchange infor -
mation, and lear n methodological details, which routinely ar e not included
in published articles. All participants obtained a CD with the Mini-Phonon
pr ogram, which can be used to per for m simple phonon calculations in combi-
nation with an ab initio pr ogram, and can help to illustrate phonon physics in
student educational pr ocesses.

Poster session was at the same time as the Computer Lab, but posters
wer e displayed all over the Workshop, also during the br eaks, ther efore, ther e
was enough time to look at them car efully.

In the second day of the workshop thr ee lectur es demonstrated the com-
puted phonon and ther modynamical results in several crystalline systems.
Many of these results agreed very well with the experimental �nding. Mark
Johnson showed that inelastic incoher ent neutr on scattering, and infrar ed
absorption could be well repr oduced by the phonon spectra calculated with
the ab initio codes. The reported systems wer e crystalline bithiophene, be-
ing an essential block of a conducting polymer , benzoic acid, serving as a
model hydr ogen-bonded system, molecular fragments of DNA and pr oteins.
Michael Krisch reported some inelastic x-ray scattering results, a method com-
plementary to the coher ent inelastic neutr on scattering. The x-ray method is
well suited for disor der ed systems, samples only available in small quanti-
ties, and materials studied under high pr essur e. Particularly inter esting wer e
the phonon results measur ed for Pu element, and high- ��� super conductor

���
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. It was shown that by x-rays the sur face phonons can also
be measur ed. Walter Wolf referr ed results obtained by MedeA, which com-
bines the softwar es of VASP and Phonon. The applicability of this appr oach
was demonstrated on temperatur e dependence of fr ee energies, vibrational en-
thalpies and entr opies of solid compounds, in sur face reconstruction, phase
stability and phase transitions. The method allows to tr eat molecules on sur -
faces and �nd the energy pr o�le essential for dif fusion.

The 13 contributed talks pr ovided further examples of applications of ab
initio phonon calculations to variety of phenomena and systems. Among the
others, it was shown that phonon contribute to chemical reactions, in which
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solid reactants ar e involved. An example of experimental studies of sur face
phonons on Ag(111) was given. Phonons decide about structural phase tran-
sitions. Ther e is incr easing inter est to analyse atomic vibrations in the disor -
der ed systems.

ASSESSMENT OF THE RESUL TS,

CONTRIBUTION TO THE FUTURE DIRECTION OF THE FIELD

A number of topics have been identi�ed as important ar eas for futur e re-
search with incr easing pr ospective potential. Phonon will still be using to
search for soft modes and identify the structural phase transitions. Phonon
calculations will facilitate the analysis of vibrations in crystals, including
molecular crystals, and estimate the phonon peak's intensities in the inelastic
neutr on and x-ray scatterings. Knowledge of phonon vibrations allows in an
ab initio way to calculate the ther modynamical functions, which ar e impor -
tant in pr ediction of phase transition, phase diagrams, and some chemical
reactions. The mentioned appr oach can be applied to bulk crystal, crystals
with defects, sur faces and multilayers, hence one may study sur face and in-
ter face phonons.

Number of topics still need additional implementation into the computer
codes. Among them is the electr on-phonon coupling constant. Ther e is a
need to calculate the anhar monic contributions to phonon shift and width,
which goes beyond the quasihar monic appr oximation. This should allow
to include anhar monic contributions to ther modynamical functions, and to
compute heat conductivity. Ther e is an inter est to study atomic vibrations
in disor der ed and amorphous systems, which can be done, for example, by
averaging phonon pr operties over many atomic con�gurations, repr esenting
the disor der ed system. Crystals ar e usually studied under hydr ostatic pr es-
sur e. One should, however , expect new pr operties, and mor e complex phase
diagrams temperatur e-str ess components when studying the crystals under
dif ferent str ess components.

FINAL PROGRAM

Wednesday, December 1, 2004

17:00 – 20:00 Registration

19:00 – Infor mal reception at Demel Hotel

Thursday, December 2, 2004

9:00 – 9:10 Opening

9:10 – 10:40 Georg Kr esse
VASP: Accurate force calculations and the VASP–PAW datasets

4



10:40 – 11:10 Coffee br eak

11:10 – 12:40 Peter Blaha
Electr onic structur e, atomic forces and structural relaxations by
WIEN2k

12:40 – 14:00 Lunch at Demel Hotel

14:10 – 15:40 Krzysztof Parlinski
Calculations of phonons and ther modynamical properties of
crystals by PHONON

15:40 – 16:10 Coffee br eak

16:10 – 18:10 Tutorials, Poster Session

18:45 Bus departur e fr om Krakowiak Hotel

18:50 Bus departur e fr om Demel Hotel

19:00 – Dinner in Modlnica

Friday, December 3, 2004

9:00 – 10:00 Mark Johnson
Phonons in molecular crystals – from ab initio calculations to
neutr on scattering, x-ray and infrar ed data

10:00 – 10:45 Michael Krisch
Inelastic x-ray scattering from phonons at the ESRF: recent re-
sults and perspectives

10:45 – 11:15 Coffee br eak

11:15 – 12:15 Walter Wolf
Ab-initio vibrational properties and ther modynamics from an
automated computational framework

12:15 – 12:35 Wilfried Wunderlich
Ab-initio calculations for development of SrTiO ! -based ther mo-
electric materials

12:35 – 14:00 Lunch at Demel Hotel

14:00 – 14:20 Sathya Hanagud
First-principles equation of state for energetic inter metallic and
metal-metal oxide mixtur es

14:20 – 14:40 Xuezhi Z. Ke
Lattice dynamics of sodium alanate

14:40 – 15:00 C.F.J. Flipse
Experimental observation of vibrational modes on Ag(111)
along " –M and " –K dir ections

15:00 – 15:20 Akihide Kuwabara
First-principles calculation of lattice vibration and phase trans-
for mation in ZrO # polymorphs
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15:20 – 15:40 Pawe� T. Jochym
Phase transitions in Mg # SiO $ and CaCl # within quasihar monic
appr oximation

15:40 – 16:10 Coffee br eak

16:10 – 17:20 Tutorials
17:20 – 17:40 Svein Stølen

Collective ionic motion thr ough low-energy structural entities

17:40 – 18:00 H.A. van Laar hoven
Electr on- and hole- vibrational coupling in oligoacene single-
crystals studied by spectr oscopic methods as well as �rst prin-
ciple calculations

18:00 – 18:20 Imr e Bakó
Vibration of small molecules on Pd(111), Pt(111) and Rh(111)
sur faces

18:20 – 18:40 Elwira Wachowicz
First stages of oxidation of the Si-rich 3C–SiC(001) sur face

18:40 – 19:00 Jacek Piechota
First principles study of geometry of Gd: CASTEP vs. VASP

Satur day, December 4, 2004

9:00 – 9:20 Chris E. Mohn
Genetic mapping of the potential energy sur face of disor dered
materials

9:20 – 9:40 Krzysztof D. Meisel
Ab initio study of charged polar ons in semiconducting polymers

9:40 – 10:30 Coffee br eak

10:30 – 11:30 Tutorials
11:30 – 11:45 Discussion
11:45 – 12:00 Closing

FINAL LIST OF PARTICIPANTS

Olivier Le Bacq lebacq@grenoble.cnr s.fr
LPMMC – CNRS Grenoble, 25 avenue des Martyr es, 38042
Grenoble, France

Imr e Bakó baki@chemres .hu
Chemical Research Centr e, Hungarian Academy of Sciences,
Budapest PF 17, 1525, Hungary

Torbjør n Bjørkman Torbjor n.Bjorkman@fysik.uu.se
Department of Physics, Uppsala University, Regementsvägen 1
Box 530, SE–75121 Uppsala

Peter Blaha pblaha@theochem.tuwien.ac.at
Institute of Materials Chemistry, TU Vienna, Vienna, Austria
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Mir oslav Cerny mcer ny@ipm.cz
Fac. Mech. Eng., Br no University of Technology, Technicka
2896/2, 61669 Br no

Ivan Degtyar enko Ivan.Degty arenko@hut.�
Helsinki University of Technology, Laboratory of Physics,
Otakaari 1M, 02150 Espoo, Finland

C.F.J. Flipse c.f .j.�ipse@tue.nl
Eindhoven University of Technology, Den Dolech 2, Spectrum
0.63, 5600 MB Eindhoven

Guido Gerra guido.gerr a@ep�.ch
Ceramics Laboratory, EPFL-STI-IMX-LC, CH–1015 Lausanne,
Switzerland

Sathya Hanagud hanagud@ae.g atech.edu
Georgia Institute of Technology, 270 Ferst Drive, Atlanta, GA
30332-0150, USA

Noemi Her nandez Har o nhhar o@eez.csic.es
Estacion Experimental del Zaidin, C Profesor Albar eda 1, 18008
Granada, Spain

Gilles Hug gilles.hug@oner a.fr
LEM ONERA-CNRS, BP72 92322 Chatillon, France

Pawe� T. Jochym Paw el.Joch ym@ifj.edu.pl
Institute of Nuclear Physics, Polish Academy of Sciences,
Radzikowskiego 152, 31–342 Kraków, Poland

Mark Johnson johnson@ill.fr
Computing for Science, Institut Laue Langevin, Grenoble, France

Paul Jouanna jouanna@msem.univ-montp2.fr
Université Montpellier II, France, Pl. E. Bataillon, 34095 Mont-
pellier Cedex 05

Xuezhi Z. Ke ke@fukui.kyoto-u.ac.jp
Fukui Institute for Fundamental Chemistry, Kyoto Univer -
sity, 34-4 Takano-Nishihiraki-cho, Sakyo-ku, Kyoto 606-8103,
Japan

Gor don Kearley kear ley@iri.tudelft.nl
Inter faculty Reactor Institute, Mekelweg 15, 2629 JB Delft, The
Netherlands

Ar ne Klaveness arnekla@kjemi.uio.no
University of Oslo, P.b. 1033 Blinder n, N–0315 Oslo, Norway

Józef Kor ecki korec ki@uci.agh.edu.pl
Institute of Catalysis and Surface Chemistry, Polish Academy of
Sciences, Kraków, Poland

Georg Kr esse geor g.kresse@univie.ac.at
Institut für Materialphysik and Centr e for Computational Mate-
rials Science, Universität Wien, A–1090 Wien, Austria

Michael Krisch krisch@esrf.fr
ESRF, BP 220, F–38047 Grenoble, Cedex

Akihide Kuwabara akihide.kuw a bar a@
mater ials.mbo x.media.ky oto-u.ac.jp
Department of Materials Science and Engineering, Kyoto Univer -
sity, Yoshida, Sakyo-ku, Kyoto 606-8501, Japan

H.A. van Laar hoven H.A.v.Laarho ven@tue.nl
Faculteit Technische Natuurkunde, Technische Universiteit
Eindhoven, Postbus 513, 5600 MB Eindhoven, The Netherlands

Aritz Leonar do swblelia@sw.ehu.es
Donostia Inter national Physics Center (DIPC), Manuel Lardiza-
bal 4, 20.018 San Sebastian, Spain
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Jan �a �zewski Jan.Laze wski@ifj.edu.pl
Institute of Nuclear Physics, Polish Academy of Sciences,
Radzikowskiego 152, 31–342 Kraków, Poland

Krzysztof D. Meisel K.D.Meisel@tue.nl
Eindhoven University of Technology, Outshoor nstraat 23, 5622
GX Eindhoven

A.S. Mikhaylushkin arkady@fysik.uu.se
Condensed Matter Theory Group, Physics Department, Uppsala
University, Box 530, SE–75121 Uppsala, Sweden

Chris E. Mohn chr ism@kjemi.uio.no
Department of Chemistry, University of Oslo, Postbox 1033 Blin-
der n, N0315 Oslo, Norway

Helen Müller muech@cup.uni-m uenchen.de
Ludwig–Maximilians–Universität München Department Chemie
und Biochemie, Butenandtstr . 5–13 (Haus D), D–81377
München

Mar ek Muzyk muzyk@inmat.pw .edu.pl
Warsaw University of Technology, Faculty of Materials Science
and Engineering, Wo�oska 141, 02–507 Warsaw, Poland

Andrzej M. Oleś a.m.oles@fkf .mpg.de
M. Smoluchowski Institute of Physics, Jagellonian University,
Reymonta 4, 30–059 Kraków, Poland

Joaquin Ortega Castr o jcastr o@eez.csic.es
Estacion Experimental del Zaidin, C Profesor Albar eda 1, 18008
Granada, Spain

Tomasz Ossowski osa@ifd.uni.wr oc.pl
Institute of Experimental Physics University of Wroc�aw, pl. M.
Bor na 9, 50–204 Wroc�aw, Poland

Krzysztof Parlinski Krzysztof.Par linski@ifj.edu.pl
Institute of Nuclear Physics, Polish Acedemy of Sciences,
Radzikowskiego 152, 31–342 Kraków, Poland

Jacek Piechota J.Piechota@icm.edu.pl
Inter dyscyplinary Centr e for Matematical and Computational
Modeling, Warsaw University, ul. Pawi ńskiego 5a, 02–106
Warszawa, Poland

Przemys�aw Piekarz piekarz@w olf.ifj.edu.pl
Institute of Nuclear Physics, Polish Academy of Sciences,
Radzikowskiego 152, 31–342 Kraków, Poland

Vitali Podgursky po vi@edu.ttu.ee
Institute of Materials Technology, Ehitajate tee 5, 19086 Tallinn,
Estonia

Jan Pokor ny pokor ny@fzu.cz
Institute of Physics, Academy of Sciences of the Czech Republic,
Na Slovance 2, 182 21 Prague 8

Ponniah Ravindran ravi@kjemi.uio.no
University of Oslo, P.O.Box 1033, Blinder n N–0315 Oslo, Nor-
way

Pavel Rubin rubin@�.tar tu.ee
Laboratory of Solid State Theory, Institute of Physics, University
of Tartu, Riia 142, 51014 Tartu, Estonia

Pawe� Schar och schar och@rainbo w.if.pwr .wroc.pl
Institute of Physics, Wroc�aw University of Technology, Wyb.
Wyspia ńskiego 27, 50–370 Wroc�aw, Poland

Denys A. Semagin semagin@f edu.uec.ac.jp
University of Electr o-Communications, Chofu-shi, Chofugaoka
1-5-1, 182-8585 Tokyo, Japan
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Shunli Shang S.Shang@tnw.tudelft.nl
Delft University of Technology, Rotterdamseweg 137, 2628AL,
Delft, The Netherlands

Agata Siegel zygza@ap.krako w.pl
Institute of Technology, Pedagogical University, Podchor �a �zych
2, 30–084 Kraków, Poland

Mariana Sladkovicova uachmer y@savba.sk
Institute of Inorganic Chemistry, Slovak Academy of Sciences,
Dubravska cesta 9, SK–84536 Bratislava, Slovakia

Rune Søndenå rune.sondena@kjemi.uio.no
University of Oslo, Ber nt Knudsensv. 2, 1176 Oslo, Norway

Petros Souvatzis petr os.souvatzis@fysik.uu.se
Department of Physics, Uppsala University, Regementsvägen 1
Box 530, SE–75121 Uppsala

Ma�gorzata Ster nik Malgorzata.Ster nik@ifj.edu.pl
Institute of Nuclear Physics, Polish Academy of Sciences,
Radzikowskiego 152, 31–342 Kraków, Poland

Svein Stølen svein.stolen@kjemi.uio.no
Department of Chemistry, University of Oslo, Postbox 1033 Blin-
der n, N0315 Oslo, Norway

Tomasz Stopa egon@student.uci.agh.edu.pl
AGH WFiIS ZFFS, al. Mickiewicza 30, 30–065 Kraków, Poland

Tetsuya Tohei tohei@t02.mbo x.media.ky oto-u.ac.jp
Kyoto University, Yoshida, Sakyo, Kyoto 606-8501, Japan

Elwira Wachowicz elwira@ifd.uni.wr oc.pl
Institute of Experimental Physics, University of Wroc�aw, pl. M.
Bor na 9, 50–204 Wroc�aw, Poland

Urszula Wdowik sfwdo wik@cyf-kr.edu.pl
Institute of Technics, Pedagogical University, Podchor �a �zych 2,
30–084 Kraków, Poland

Bart�omiej Wiendlocha bwiendlocha@tlen.pl
Faculty of Physics and Applied Computer Science, University of
Science and Technology, al. Mickiewicza 30, 30–059 Kraków,
Poland

Walter Wolf ww olf@Mater ialsDesign.com
Materials Design s.a.r.l., 44. avenue F.–A. Bartholdi, 72000 Le
Mans, France

Wilfried Wunderlich wi-wunder@r oc ketm ail.com
Nagoya University, Dept. Applied Chemsitry, JST–CREST, 464–
8603 Nagoya, Chikusaku Furouchou, Japan

STATISTICAL INFORMATION ON PARTICIPANTS

The 55 participants wer e coming fr om 16 countries: Austria (2), Czech
Republic (2), Estonia (2), Finland (1), France (6), Germany (1), Hungary (1),
Japan (5), The Netherlands (5), Norway (5), Poland (16), Slovakia (1), Spain (3),
Sweden (3), Swiss (1), and USA (1).
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