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LUETHI Hans Peter, Assoc. Professor
Tel: +41 (1) 633 4558
Physical Chemistry Laboratory
Fax: +41 (1) 633 1336
ETH Zürich
luethi@sl.ethz.ch
CH 8093 Zürich, Switzerland
Phase I: From Beginning to Mid-Term Evaluation
LAGANÀ, Antonio, Professor
Tel: +39 (0) 75 5855527
Department of Chemistry
Fax: +39 (0) 75 5855606
University of Perugia
lag@unipg.it
I-06123 Perugia, Italy
TC Rapporteur: Prof.Dr.Santiago Lago (Aranda), Univ. Pablo de Olavide, Sevilla (Spain)
External Evaluator: Professor Laura Gagliardi, University of Palermo (Italy) and Geneva
(Switzerland) as of December 1, 2005
External Evaluator: Professor Christoph van Wüllen, Technical University Berlin (Germany)
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2. OBJECTIVES
The D23 Action "METACHEM: Meta Computing for Co-operative Innovative Computational
Chemical Applications" is being carried out in accordance with the provisions of document COST
400/94 "Rules and Procedures for Implementing COST Actions" and subsequent modifications.
The main objective of D23 is the exploitation of the potentialities of meta and grid computing for
developing those computational applications that, due to their complexity and innovative content,
need to co-ordinate the know how distributed among several research laboratories and to share the
related computer resources. The sharing of machines on the network has recently been boosted by
the dramatic development of grid technologies in recent years and by the emphasis given by the
European VI Framework Programme. The further added value of D23 is the use of grid computer
systems to build the so called European Metalaboratories (clusters of geographically distributed
Laboratories working in a co-ordinated way on a common project by sharing manpower, hardware
and software) fostering innovative solutions for chemical applications and a new paradigm for
collaborative research. This will make it feasible to develop new a priori realistic simulations for
several scientific, technological and environmental innovative applications.
The main additional goal added in the bottom up process of collecting applications from European
scientists has been the emphasis given to e-learning that has in recent times come under greater
attention by the COST activities.

3. TECHNICAL DESCRIPTION AND IMPLEMENTATION DATA
The key activity of the D23 working groups is focused onto the assemblage of integrated manmachines systems of the Metalaboratory type by gathering together various sources of expertise and
various pieces of hardware and software. Metalaboratory activities have been focused on
a. Exploiting architectural diversity by partitioning the code into modules of different
characteristics and running them on the most suited machine of the meta computer;
b. Combining together different competences belonging to different geographically distributed
laboratories;
c. Encouraging design, development and concerted use of proprietary, commercial and shared
software;
d. Offering an easy to scale up environment for running complex chemical computational
applications;
e. Favouring the use of chemical computational applications by third bodies unable to directly
manage those applications.
The goal of the groups is to implement on the grid various chemical modelisations that cannot be
otherwhise fully implemented because of the fact that involved research laboratories are unable to
achieve the critical size in terms of expertise, man power, infrastructures and organisation necessary
to manage the different aspects associated with the development of related computational
procedures. Emphasis has been also put in facilitating the engagement of potential users of these
simulations.
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More in detail the following goals have been pursued
a. establish in Europe a prototype experience of meta computing for computationally intensive
chemical modelling projects;
b. enhance research development in computational modelling by going beyond the limitations of
single machine approaches by adopting resources sharing collaborative methodologies;
c. construct interfaces and tools for a friendly use of shared resources organised as a single meta
computer;
d. set a working scheme for extending meta computer experiences in Europe to active research
communities (like the Chemistry community) to lower the investment threshold for advanced
applications;
e. enhance the role of the network to bring computer resources closer to the users.
The Metalaboratory activities of D23 open different types of problems. A first class of problems
originates from the different aspects involved in the management of a Meta computer when this is
applied to large chemical applications that may interest a potentially wide area of subjects. The
second originates from the specific application activated by the action. These are:
D23/0001/01 European Metalaboratory for multireference quantum chemical methods
The aim is to establish a European Metalaboratory for ab initio multireference quantum chemical
methods. The proposed project has two main directions:
I. the development of a comprehensive suite of capabilities for remote scientific collaboration
between geographically distributed sites;
II. a coordinated attack on a specific problem at the cutting-edge of modern ab initio quantum
chemical methodology - the development of multireference quantum chemical methods
together with robust, reliable and cost-effective algorithms.
D23/0002/01 DIRAC - a European metalaboratory for developing computational techniques
and software for 4-component relativistic quantum chemical calculations
The aim is to establish a metalaboratory coordinating a joint European effort to develop a state-ofthe-art program system for 4-component relativistic quantum chemical calculations. All of the
groups involved in this effort have made important contributions to the development of software
and algorithms within their respective fields, and have experience with relativistic methods. Within
the frame of a COST working group we want to coordinate these efforts on a broader scale. The
aims is to produce a program system that can extend the realm of high accuracy quantum chemical
calculations to the lower regions of the periodic table where relativistic effects play an important
role. Special effort will be dedicated to make this program system easily accessible by non-expert
users and guarantee its free distribution throughout the entire research community.
D23/0003/01 SIMBEX: A metalaboratory for the a priori simulation of crossed molecular
beam experiments
The project is aimed at constructing a simulator of molecular beam experiments operating through
the Web. This will be achieved by assembling the expertise of several chemical laboratories
competent in carrying out electronic structure and dynamics calculations and skilled in rationalising
molecular beam experiments. Computer science groups will also collaborate to construct the
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simulation on the Web, to develop related middle-ware and to manage the metacomputing backend. The simulator will be used to reproduce reactive scattering properties of some gas phase
chemical reactions, to rationalise their attack mechanisms and to pivot experimental measurements.
D23/0004/01 Accurate Metacomputer Quantum Mechanical Studies of the Structure,
Dynamics and Spectroscopy of Reactive Systems Relevant to Environmental
and Applied Chemistry
The project is devoted to the application of updated and innovated theoretical chemistry tools to the
study of chemical reactions, by means of developing a locally distributed Metalaboratory, so as to
take the maximum benefit from the computational resources already available in each participant
group. Accurate ab initio quantum mechanical calculations and full dimensional quantum reaction
dynamics studies of single- and multi-surface elementary atom-diatom reactions will be performed.
The purpose is to provide fully converged data on structure and dynamics, so that benchmark results
become available, for comparisons with experimental information and the chemical rationalisation
of observed behaviour.
D23/0005/01 ELCHEM: A metalaboratory to develop e-learning technologies for Chemistry
The ELCHEM project is aimed at developing chemistry courseware based on problem solving
environments, metacomputing and WEB technologies. This will be achieved by combining the
know how of several groups (expert in developing material for computer assisted teaching and
evaluation in chemistry, in designing related middleware and managing metacomputer platforms)
with the systemic support of a European large scale computing facility. This group will establish
links with the Multimedia group of the European Chemistry Thematic Network (ECTN) that
already develops e-learning tools as a means for carrying assessment and remote training in
chemistry Universities, Adult education centres and Industries.
D23/0006/01 A metalaboratory for code integration in ab-initio methods
The proposal aims at enforcing a scientific cooperation concerning the application of Localised
Orbitals in post-SCF methods. The use of this technique can be seen as a preliminary step towards
the development of Linear Scaling methods in a Multi Reference context. Moreover, the localized
orbitals allow a better physical comprehension of the results, as is the case with Valence Bond
calculations. By using a localised description, the computational effort will be lowered each time
local physical phenomena are concerned.
All the partners of the proposal have been developing quantum chemistry codes for internal use for
many years. These codes are complementary and their combined use is very important for the new
collaboration.
For this reason, the proposal focuses on the integration of all these codes in one single meta-system
for Post-SCF calculations. The meta-system will include heterogeneous computers, geographically
distributed at the partners’ sites. In fact, our intention is to leave each code on the platform it was
originally designed for, under the responsibility of its owner for maintenance and production. In
some cases, a limited amount of code porting between the different platforms will be performed in
order to achieve high performances.

________________________________________________________________________________
COST Chemistry D23
6
COST Office
EN

4. PARTICIPATION AND COORDINATION
4.1. Management Committee
ITALY
LAGANA Antonio Prof. Chairman (2000 – 2003)
Universita degli studi di Perugia
Dipartimento di chimica
Physical Chemistry
Via Elce di Sotto 8
I-06123 Perugia
Italy
GERMANY
STEINKE Thomas Dr. Vice-Chairman
Konrad-Zuse-Zentrum für Informationstechnik
Computer Science Division
Supercomputing Department
D-14195 Berlin-Dahlem
Germany
COST Chemistry Secretariat
ROEMICH Hannelore Dr Secretary
COST Office
Avenue Louise 149
B-1050 Brussels
Belgium
AUSTRIA
LISCHKA Hans Prof.
University of Vienna
Institute for Theoretical Chemistry and
Structural Biology
Währingerstr. 17
A-1090 Wien
Austria
SAX Alexander F. Prof.
Karl Franzens Universität Graz
Institut für Chemie
Theoretische Chemie
Strassoldogasse 10
A-8010 Graz
Austria
BELGIUM
DIVE Georges Dr
Université de Liège
Centre d'ingénierie des protéines
Institut de Chimie, B6
B-4000 Liège 1
Belgium
CROATIA
CZECH REPUBLIC
SCARSKY Petr Dr
Institute of Physical Chemistry and Electrochemistry
Academy of Sciences of the Czech Republic
Dolejskova 3
CZ-182 23 Prague 8
Czech Republic

Tel: +39 075 585 55 27
Fax: +39 075 585 56 06
lag@unipg.it

Tel: +49 30 841 85 144
Fax: +49 30 841 85 311
steinke@zib.de

Tel: +32 2 533 3818
Fax: +32 2 533 3890
hroemich@cost.esf.org

Tel: +43 1 4277 52757
Fax: +43 1 4277 9527
Hans.Lischka@univie.ac.at

Tel: +43 316 380 5513
Fax: +43 316 380 9893
alexander.sax@kfunigraz.ac.at

Tel: +32 4 366 34 99
Fax: +32 4 366 33 64
gdive@ulg.ac.be

Tel: +420 2 6605 3665
Fax: +420 2 858 2307
carsky@jh-inst.cas.cz
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DENMARK
MIKKELSEN Kurt Prof.
University of Copenhagen
Department of Chemistry
Theoretical Chemistry
Universitetsparken 5
DK-2100 Copenhagen O
Denmark
JENSEN Frank Prof.
SDU - Odense University
Department of Chemistry
Theoretical Chemistry
Campusvej 55
DK-5230 Odense M
Denmark
FINLAND
FRANCE
EISENSTEIN Odile Dr.
Laboratoire de Structure et de Dynamique
Des Systemes Moleculaires et Solides
Universite de Montpellier 2
F-35095 Montpellier Cedex 5
France
DAUDEY Jean-Pierre Prof.
Universite de Toulouse III
UMR 5626
Laboratoire de Chimie Moleculaire
118, Route de Narbonne
31062 – Toulouse Cedex
France
GERMANY
REINEFELD Alexander Prof.
Konrad-Zuse-Zentrum für Informationstechnik
Division Computer Science
Takustraße 7
D-14195 Berlin-Dahlem
Germany
STEINKE Thomas Dr.
Konrad-Zuse-Zentrum für Informationstechnik
Computer Science Division
Supercomputing Department
D-14195 Berlin-Dahlem
Germany
BRÖRING Karin Dr.
Forschungszentrum Jülich GmbH
Neue Materialien und Chemische Technologien (NMT)
D-52425 Jülich
Germany
GREECE
MAVRIDIS Aristides
National and Kapodistrian University of Athens
Department of Chemistry I
Lab. of Physical Chemistry
P.O. Box 64004
GR-157 10 Zografou (Athens)
Greece
FARANTOS Stavros
Institute of Electronic Structure and Laser
Foundation for Research and Technology-Hellas
GR-711 10 Iraklion
Greece

Tel: +45 35 320 251
Fax: +45 35 320 259
kmi@theory.ki.ku.dk

Tel: +45 65 50 25 07
Fax: +45 66 15 87 80
frj@dou.dk

Tel: +33 4 67 14 33 06
Fax: +33 4 67 14 48 39
odile.eisenstein@lsd.univ-montp2.fr

Tel: +33 5 61 66 60 13
Fax: +33 5 61 66 60 65
J-P.Daudey@irsame.ups.tlse.fr

Tel: +49 30 841 85 130
Fax: +49 30 841 85 131
reinefeld@zib.de

Tel: +49 30 841 85 144
Fax: +49 30 841 85 311
steinke@zib.de

Tel: +49 2461 61 4863
Fax: +49 2461 61 2398
k.broering@fz-juelich.de

Tel: +30 1 72 33 219
Fax: +30 1 72 74 752
mavridis@chem.uoa.gr

Tel: +30 81 391813/391302
Fax: +30 81 301 305
farantos@iest.forth.gr
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HUNGARY
LENDVAY György Dr
Institute of Chemistry
Department of Chemical Physics
Hungarian Academy of Sciences
POB 17
H-1525 Budapest
Hungary
KACSUK Peter Dr
Computer and Automation Research Institute
Hungarian Academy of Sciences (SZTAKI)
Kende u. 13-17
H-1111 Budapest
Hungary
IRELAND
ISRAEL
SHAIK Sason Prof.
The Hebrew University of Jerusalem
Department of Organic Chemistry
Lise Meitner-Minerva Center
Givat Ram Campus
Jerusalem 91904
Israel
KALDOR Uzi Prof.
Tel Aviv University
School of Chemistry
Department of Chemistry
Tel Aviv 69978
Israel
ITALY
LAGANA Antonio Prof. Chairman
Universita degli studi di Perugia
Dipartimento di chimica
Physical Chemistry
Via Elce di Sotto 8
I-06123 Perugia
Italy
LAFORENZA Domenico Dr
CNUCE
Istituto del Consiglio Nazionale delle Ricerche
Advanced Computing
via V. Alfieri, 1
I-56010 Ghezzano, Pisa
Italy
NETHERLANDS
VISSCHER Lucas Dr
Vrije Universiteit Amsterdam
Faculteit der Exacte Wetenschappen
Afdeling Theoretische Chemie
De Boelelaan 1083
NL-1081 HV Amsterdam
The Netherlands
NORWAY
FAEGRI Knut Prof.
University of Oslo
Institute of Chemistry
Theoretical Chemistry
P.O.Box 1033 Blindern
N-0315 Oslo
Norway

Tel: +36 1 325 90 37
Fax: +36 1 325 75 54
lendvay@cric.chemres.hu

Tel: +36 1 329 78 64
Fax: +36 1 329 78 64
kacsuk@sztaki.hu

Tel: +972 2 658 5909
Fax: +972 2 658 4680
sason@yfaat.ch.huji.ac.il

Tel: +972 3 640 8590
Fax: +972 3 642 8273
kaldor@jade.tau.ac.il

Tel: +39 075 585 55 27
Fax: +39 075 585 56 06
lag@unipg.it

Tel: +39 050 315 29 92
Fax: +39 050 313 80 91
domenico.laforenza@cnuce.cnr.it

Tel: +31 20 4447624
Fax: +31 20 4447629
visscher@chem.vu.nl

Tel: +47 22 85 54 29
Fax: +47 22 85 64 41
knut.fagri@kjemi.uio.no
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SAUE Trond Prof.
Université Louis Pasteur
Laboratoire de Chimie Quantique et Modélisation
Moléculaire
4 rue Blaise Pascal
67000 Strasbourg
France
POLAND
RYCHLEWSKI Jacek Prof.
Adam Mieckiewicz University
Faculty of Chemistry
Dept of Theoretical Chemistry
Grunwaldzka 6 ST
PL-60780 Poznan
Poland
PORTUGAL
GOMES FERREIRA José Alberto N. Prof.
Universidade do Porto
Departamento de Química
Faculdade Ciências
Rua do Campo Alegre 687
P-4169-007 Porto
Portugal
ROMANIA
SLOVAKIA
HUBAC Ivan Prof.
Comenius University
Department of Biophysics and Chemical Physics
Faculty of Mathematics and Physics
Mlynska Dolina F2
SK-84 215 Bratislava
Slovak Republic
KELLO Vladimir Prof.
Comenius University
Department of Physical Chemistry
Faculty of Natural Sciences
Mlynska Dolina CH-1
SK-84 215 Bratislava
Slovak Republic
SLOVENIA
HODOSCEK Milan Dr.
National Institute of Chemistry
Laboratory for Molecular Modeling and NMR spectroscopy
Hajdrohova ul. 19
SI-1000 Ljubljana
Slovenia
SPAIN
AGUILAR NAVARRO Antonio Prof.
Universidad de Barcelona
Departament de Química Física
Cinètica i Dinàmica de Reaccions Elementals
Martí i Franquès 1
E-08028 Barcelona
Spain
GARCIA PARA Ernesto Prof.
Universidad del Pais Vasco
Departamento de Quimica Fisica
Facultad de Farmacia
Paseo de la Universidad 7
E-01006 Vitoria
Spain

Tel: +33 3 90 24 13 01
Fax: +33 3 90 24 15 89
saue@quantix.u-strasbg.fr

Tel: +48 61 829 12 75
Fax: +48 61 865 80 08
rychlews@man.poznan.pl

Tel: +351 22 608 28 07
Fax: +351 22 608 29 59
jfgomes@fc.up.pt

Tel: +421 7 654 28 100
Fax: +421 7 654 12 305
hubac@fmph.uniba.sk

Tel: +421 2 602 96 553
Fax: +421 2 664 29 064
kello@fns.uniba.sk

Tel: +386 61 176 02 00
Fax: +386 61 125 92 44
milan@kihp6.ki.si

Tel: +34 93 402 11 24
Fax: +34 93 402 12 31
antonio@qf.ub.es

Tel: +34 94 501 30 63
Fax: +34 94 513 07 56
qfpgapae@vc.ehu.es
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SWEDEN
SWITZERLAND
LÜTHI Hans P. Prof., Chairman 2003-2005
ETH Zentrum
Physical Chemistry Laboratory
Wolfgang-Pauli-Strasse 10
CH-8093 Zürich
Switzerland
UNITED KINGDOM
ALLAN Robert J. Dr
CLRC Daresbury Laboratory
Computational Science and Engineering Department
Daresbury
Warrington WA4 4AD
United Kingdom
BALINT-KURTI Gabriel G. Prof.
University of Bristol
School of Chemistry
Physical and Theoretical Chemistry
Bristol BS8 1TS
United Kingdom

Tel: +41 1 632 21 05
Fax: +41 1 632 16 15
luethi@igc.phys.chem.ethz.ch

Tel: +44 1925 603 207
Fax: +44 1925 603 634
r.j.allan@dl.ac.uk

Tel: +44 117 928 7662
Fax: +44 117 925 1295
gabriel.balint-kurti@bristol.ac.uk

4.2. Participating Institutions
1. J. Heyrovsky Institute, Prague, Czech Republic
2. Roskilde University, Denmark
3. University of Southern Denmark, Odense, Denmark
4. IRSAMC, Narbonne, France
5. Université Louis Pasteur, Strasbourg, France
6. Université Paul Sabatier, Toulouse, France
7. Universität Dortmund, Germany

8. Heinrich-Heine University, Düsseldorf, Germany
9. Ruhr Universität, Bochum, Germany
10. TU Muenchen, Germany

11. Aristotle University of Thessaloniki, Greece
12. National and Kapodistrian University of Athens, Greece
13. University of Ioannina, Greece
14. Eötvös Loránd University, Budapest, Hungary
15. MTA SZTAKI, Budapest, Hungary

16. Hungarian Academy of Sciences, Budapest, Hungary

17. Tel Aviv University, Israel
18. CNUCE Institute, Pisa, Italy
19. Università di Perugia, Italy
20. CINECA, Casalecchio di Reno, Italy
21. Universita di Bologna, Italy
22. Università di Ferrara, Italy
23. Universita Federico II, Naples, Italy
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24. Vrije Universiteit Amsterdam, Netherlands
25. University of Oslo, Norway
26. Polish Academy of Sciences, Poznan, Poland
27. Nicholas Copernicus University, Torun, Poland
28. Comenius University, Bratislava, Slovakia
29. Universidad de Barcelona, Spain
30. Universidad del Pais Vasco, Vitoria, Spain
31. Universidad Complutense, Madrid, Spain
32. Universitat Rovira i Virgili, Tarragona, Spain
33. Universitat de Valencia, Spain
34. Linköping University, Sweden
35. University of Goteborg, Sweden

4.3. Meetings of the Management Committee
17 October 2000, 1st Management Committee Meeting, Brussels, Belgium
2 February 2001, 2nd Management Committee Meeting, Brussels, Belgium
4 May 2001, 3rd Management Committee Meeting, Perugia, Italy
3 November 2001, 4th Management Committee Meeting, Budapest, Hungary
4 August 2002, 5th Management Committee Meeting, Lugano, Switzerland
11 November 2002, 6th Management Committee Meeting, Brussels, Belgium
13-14 June 2003, 7th Management Committee Meeting, Budapest, Hungary
4 November 2003, 8th Management Committee Meeting, Brussels, Belgium
25-26 October 2004, 10th Management Committee Meeting, Lugano, Switzerland
27 October 2005, 11th Management Committee Meeting, Zuerich, Switzerland

4.4. Meetings of the Working Groups
See chapter 5

4.5. Short-term scientific missions
Phase I:
13/02/01-13/03/01, Valentina Piermarini, Italy to Bristol, United Kingdom; Implementation of a
demonstrator for elementary chemical reactivity.
14/11/01-14/12/01, Carlos Sanchez, Spain to Perugia, Italy; Implementation of the Venus program
to treat four atom reactions.
06/12/01-19/12/01, Maria Limniou, Greece, to Munchen, Germany; Visualization of viscosimetry
and titration laboratory session.
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25/05/02-31/05/02, Pawel Salek, Norway to Strasbourg, France; Application of 4 component
relativistic algorithms to DALTON and DIRAC computer codes.
01/09/02-06/09/02, Alessandro Marrone, Germany to Perugia, Italy; QF/DFT/MM study of
cisplatin interaction with DNA fragments.
01/09/02-06/09/02, Pedro Celestino dos Reis Rodriguez, Spain to Perugia, Italy; Hystereses cycles
of phase transitions in clusters.
01/09/02-06/09/02, Sara Nunez, Spain to Perugia, Italy; Enzyme reactivity.
01/09/02-06/09/02, Matej Praprotnik, Poland to Perugia, Italy; Lie algebra approaches to Molecular
dynamics integration.
01/09/02-06/09/02, Peter Carlqvist, Sweden to Perugia, Italy; Catalysis of unnatural reactions in a
mutant of candida antarctica Lipase B.
20/10/02-26/10/02, Aristides Mavridis, Greece to Prague, Czech Republic; Addition of nitrogen to
methylene and the determination of the electronic state of the ScB molecule.
24/11/02-22/12/02, Amaria Saracibar, Spain to Perugia, Italy; Extension of the computing grid of
the Metalaboratory to Vitoria.
Phase II:
Applicant
De Fazio

WG/Ref. Origin
0004
Perugia

Pacifici

Perugia

Catanzani

SIMBEX Perugia

Lombardi

SIMBEX Perugia

Jacob

DIRAC

Amsterdam

Salek

DIRAC

Stockholm

De Fazio-2

0004

Perugia

Kerkines

0001

Athens

Storchi

SIMBEX Perugia

Host
A. Aguilar,
Barcelona
A. Garcia,
Vitoria
G. Lendvay,
Budapest
X. Gadea,
Toulouse
T. Saue,
Strasbourg
T. Saue,
Strasbourg
A. Aguilar,
Barcelona
P. Carsky,
Prague
G. Lendvay,
Budapest

Date
15.04.-05.05.04

Notes
Report approved

02.07.-09.07.04

Report approved

23.08-22.09.04

Report approved

22.04.-01.05.04

Report approved

22.-27.11.04

Report approved

22.-27.11.04

Report approved

11.-30.11.04

Report rejected for
modification ; appr.
Accepted

15.-29.11.04
01.-30.11.04

Report rejected for
modification ; appr.
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5. RESULTS
5.1. Working Group 01
Internal project number: WG D23/0001/01

European Metalaboratory for Multireference Quantum Chemical Methods
Keywords: multireference methods, quantum chemistry, configuration interaction, BrillouinWigner perturbation theory, coupled clusters, quasidegenerate electronic states, virtual collaborative
environment, remote team collaboration, computer grid, high throughput computing
Start date: 2/2/2001

1.
2.
3.
4.
5.
6.
7.
8.

Petr Cársky
Ivan Hubac
Stephen Wilson
Wolfgang Wenzel
Leszek Meissner
Volker Staemmler
Constantinos Tsipis
Aristides Mavridis

Expiration date: 31/12/2005

Participants

J. Heyrovsky Institute, Prague
Comenius University
Rutherford Appleton Laboratory
Universität Dortmund
Nicholas Copernicus University
Ruhr Universität Bochum
Aristotle University of Thessaloniki
National and Kapodistrian Univ. of Athens

Czech Republic
Slovakia
United Kingdom
Germany
Poland
Germany
Greece
Greece

General scientific description of the research
The laboratories engaged in this project may claim expertise in multireference post-Hartree-Fock
methods. It has been generally agreed in the community of quantum chemists that multireference
methods represent the approach of the choice for applications to chemical problems in which the
respective electronic states of reacting molecules are quasidegenerate (are close in energy), or in
which breaking of bonds occurs or a large portion of the potential energy surface is required to be
calculated on the same footing. Such problems are commonly found in chemistry. Unfortunately, in
spite of the progress in recent years, the application of multireference methods is not yet routine. A
large number of computational schemes of this type has been proposed. but most of them are
complicated, and very demanding for both the coding and the running the calculations. Even if a
computer program is available, it is usually not user friendly and the calculations are excessively
costly and mostly not feasible for all but the smallest molecules. In addition, there are pitfalls such
as intruder states, including “backdoor” intruder states, and problems with size extensivity. By a
collective effort the research in WG has been oriented to the development of robust and costeffective ab initio multireference chemical methods.
The Prague group may claim expertise in the multireference Brillouin-Wigner coupled cluster
method and its applications to chemical problems.. The group benefited from the Jiri Pittner’s
knowledge of the ACES 2 program and his expertise in implementation of new computational
methods. Temporarily, the manpower of the group was increased by visits of graduate students
(“Marie Currie Training Site” Fellows) from the universities of Athens and Thessaloniki who where
charged to calculate potential curves of diatomic unknown molecules ZnC, MgC, CaC, ZnC and
NF. The Prague group, particularly the graduate student Jan Smydke, took care of creating a grid
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within the WG. Software available in the public domain of web has been examined and its utility
for the purposes of WG was tested. Installation of the selected software on the grid nodes in
Bratislava, Torun, Karlsruhe, Athens, and Thessaloniki was done by a remote control from Prague.
The manpower of the Bratislava group represents three senior researchers. Its leader, Prof. Ivan
Hubac, is a recognized expert in the theory of electron correlation and its use in calculations by
means of many-body methods. His collaborators at the Department, Dr. Pavol Mach and Dr. Jan
Urban, are experts on using methods including electron correlation in applications to problems of
chemical reactivity.
Stephen Wilson (Rutherford Appleton Laboratory, United Kingdom) has expertise on the molecular
electron correlation problem, particularly using many-body perturbation theory, relativistic effects
in molecules, high performance computing and finite basis set approximation techniques.
The Karlsruhe group develops massively parallel implementations of the multireference versions of
the configuration interaction method (MRCI) and the Brillouin-Wigner perturbation theory
(BWPT). The parallel MRCI program is scalable on hundreds of nodes of the most advanced
supercomputers available and capable of treating molecules up to 80 correlated electrons. Such a
high accuracy and computational power was beneficial for other groups in providing standards for
testing less demanding though also less accurate methods.
Leszek Meissner (at the Nicholas Copernicus University at Torun) has gained experience in
developing multireference coupled cluster approaches such as the Hilbert-space and Fock-space
methods. Which are designed to describe quasidegenerate ground and excited states of atomic and
molecular systems. His expertise has been beneficial for the whole WG in development of new
effective multireference methods.
The cooperation with the Bochum group was intended to be oriented to the description of negative
ions (however see below).
Greek groups headed by Aristides Mavridis at Athens and Constantinos Tsipis at Thessaloniki
have become famous by their knowledge to obtain highly accurate results from large scale
configuration interaction calculations. Results coming from these laboratories, particularly for
diatomics, were of much use for the WG.
Interactions within Working Group
Traditionally, the Prague group had a fruitful collaboration with prof. Hubac at Bratislava. His ideas
about applications of the Brillouin-Wigner perturbation and his knowledge of the many-body theory
in general contributed greatly to the achieved results. Also the collaboration with the Greek partners
was successful. Their expertise in the usage of the configuration method was beneficial for
performing comparative configuration interaction and coupled cluster studies. The interaction
between the Prague group on one side, and the universities at Athens and Thessaloniki on the other
was greatly intensified thanks to obtaining the status of “Marie Curie Training Site”
(MCTS) for Heyrovsky Institute in Prague (see below). Prof. Hubac also participated in most joint
Czech-Greek studies and is a coauthor of most papers that resulted from that collaboration. Also
the STMS’s of Aristides Mavridis and Ioannis Kerkines (Athens) should be noted in this context..
Particularly fruitful was the SK-UK collaboration on the development of new multireference
approaches. This collaboration also contributed greatly to a better understanding of interrelation
between MRCI, MRPT and MRCC approaches.
The Bochum group lost its interest in the COST D23 Action, the studies started in BochumBratislava collaboration were not completed and the preliminary results were only presented
at two international conferences (40th Symposium for Theoretical Chemistry, Suhl, Germany, 2004
and Central European Symposium on Theoretical Chemistry 2004, Tihany , Hungary).
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Interactions within WG is reflected in the number of published joint papers, as it is shown in Figure
1.

Figure 1 : Interactions with the WG and corresponding number of publications.

Scientific results
This section is organized as follows. In its first part we present a brief survey of the main scientific
achievements. The second part describes our experience with the virtual collaboration within the
WG.
Main scientific achievements
A complete list of published papers is given below. Here we comment only on the selected
achievements.
Multireference Brillouin-Wigner Coupled Cluster method
We believe that among many multireference coupled cluster schemes suggested in the literature, the
approach based on the Brillouin-Wigner type resolvent represents a suitable compromise between
the complexity and cost on one side and the achieved accuracy on the other. Work accomplished in
the WG brought better understanding of the origin of shortcomings of the MR BWCC method, and
to a large extent to their elimination. Size-extensivity error can be now suppressed more effectively
(J.Pittner: J.Chem.Phys. 118, 10876 (2003)), and incomplete active space is not an obstacle any
longer for obtaining accurate results (J.Pittner, X.Li, J.Paldus: Mol.Phys. 103, 2239 (2005)). For
small molecules, MR BWCCSD does not reach the accuracy achieved with highly accurate CI
calculations. But for a somewhat larger molecule, for which such a CI calculation is not feasible,
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MR BWCCSD may become a practical method (as we showed for example in a study on the ground
state potential energy surface of diazomethane. Applications presented in the listed papers show the
performance of the method. Still work is in progress on improving the accuracy and applicability of
the method: analytical gradient of the MR BWCCSD energy and a MR BWCCSDT model are
under way.
Size extensivity problem in configuration interaction
Solution of the Schrodinger equation by means of the BWPT expansion offers several advantahes.
Use of the Bloch equation in the recursive form of BWPT leads to the CC formulation, whereas use
of the Lippmann-Schwinger equation leads to the CI problem. In this way, the joint SK-UK-PL
collaboration succeded in formulation of the state-specific MRCI. The problem of the size
extensivity can be treated in such a case as with CC. This was done and tested by model
calculations.
Highly accurate CI calculations and predicted properties of not yet observed molecules or
molecules not easily accessible to experiment
The Athens group performed highly accurate CI calculations for CaC, ZnC, BeC, MgC and NF
molecules with the aim of providing reliable predictions of the ground and low-lying excited
electronic states and their spectroscopic properties. These molecules are difficult to calculate by
standard quantum chemical methods because some of their electronic states are poorly described by
a single-reference wave function and it may difficult even to predict what is a ground state of the
molecule. From the two competing electronic states, 3 - and 5 - , the former was found to be the
ground state for all four carbides. For the NF molecule the calculations reconfirmed that the X 3 –
binding energy is 77.0 kcal/mol, in contrast to recent experimental results claiming a value of about
61 kcal/mol.

Gridfication of Working Scenario
In our WG we introduced a web-based environment for collaborative work and high throughput
computing facility to form a small computer grid for our quantum chemical calculations. At the
moment there are a number of free open source web-based virtual environments for local and
remote collaboration. We opted for the Opengroupware system (http://www.opengroupware.org),
one of the first of this kind. Although it does not offer as many tools as some other similar systems,
the operation is very easy due to its simple effective idea of projects and it also turned out to be
most stable among the competitive applications. This system allows an easy way of sharing
documents with the option for setting access permissions for specific users only , downloading or
uploading files, making external and internal links between projects, documents, directories,
comments, web sites and offers even a simple editor for text or html documents. Moreover, it is
provided with an e-mail facility and a smart scheduler for team or individual events and tasks. The
installation and maintenance is easy and requires just a web and SQL server installed on one central
computer. For accessing the system only a standard web browser is necessary.
We also succeeded in improvement of our common computation capacities by introducing Condor
system (http://www.cs.wisc.edu/condor) into twenty processors at six remote locations. Condor
system is a high throughput computing facility that connects remote computers of various types and
operating systems into a computer grid. It allows smart job execution and scheduling with a
possibility of job migration. It is designed to also involve desktop PCs which are used for office
work and idle most of the time, thus it can cheaply increase the grid power. The executable
programs can either be preinstalled on all machines or, if required, Condor itself transfers them as
soon as the job is successfully accepted. This allows all the members to share their programs and
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calculate on all computers of the grid. In our installation we employ both Linux and MS Windows
computers and use them mostly for Gaussian and ACES II calculations.
Experimentation with the Opengroupware system was found very useful especially as a
quick and direct way of sharing documents and knowledge not only among remote teams but also
within a local group of collaborators. It actually involves e-mail, web, ftp and scheduling tool in one
complex application. Since this and other similar projects are still in a progressive development, we
expect that it soon become a standard collaborative tool for similar scientific teams like our WG.
Condor system is cheap, easy yet effective way of increasing the computation capacity of the whole
group of remote teams and enables some participants to access powerful computer equipment which
they could not allow otherwise. Nevertheless, it can also be used as a scheduling system for high
performance computing clusters and can be connected to similar systems all around the world. The
whole system can quite easily be handled by the team members and there is no need for hiring an
expert or a company to install, maintain or improve the grid.
Experimentation with the software noted above leads us to the conclusion that
Opengroupware and Condor are suitable and practical tools for communication between
geographically distributed sites. Their implementation is not associated with cost and it is working
in an user-friendly environment. We can recommend it therefore for remote scientific collaboration
not only in quantum chemistry but also in other domains of chemistry.
The Opengroupware environment as well as Condor will interactively be demonstrated at
the oral WG presentation.
Conclusions and Outlook
Through coordinated networking amongst the eight participating laboratories, a remarkable
progress has been achieved in the development of the multireference methods. The Prague group is
close in releasing a program with the full MR BWCCSDT version. The program has not yet been
fully debugged and the first results may be expected only after the Final Evaluation. The Prague
group is also close in developing an analytical gradient of energy at the MR BWCCSD level. To our
knowledge this will be the first package for the MRPT and MRCC energy gradients, The program is
also in the stage of debugging. Considerable progress has been done in a better understanding of
problems associated with size-extensivity and the use of incomplete active space.. It is believed that
the activity of WG contributed greatly to the passage of multireference methods from the hands of
experts to a wide community of chemists. Experience achieved with the use of both the virtual
collaborative environment and the Condor grid will certainly be profitable for all WG participants
in their future projects.
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5.2. Working Group 02
WG D23/0002/01

DIRAC - a European metalaboratory for developing computational techniques
and software for 4-component relativistic quantum chemical calculations
Keywords: metalaboratory, relativistic quantum chemistry, program development, methods
development, 4-component methods.
Start date: 01/03/2001
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General Scientific Description of the Research
The goal of this WG has been to establish a metalaboratory coordinating a joint European effort to
develop a state-of-the-art program system for 4-component relativistic quantum chemical
calculations. All of the groups involved in this effort had prior to the establishment of the WG made
important contributions to the development of software and algorithms within their respective
fields, and had experience with relativistic methods. Within the frame of a COST working group the
aim was to coordinate these efforts on a broader scale in order to produce a program system that can
extend the realm of high accuracy quantum chemical calculations to the lower regions of the
periodic table where relativistic effects play an important role. Special effort was to be dedicated to
make this program system easily accessible by non-expert users and guarantee its free distribution
throughout the entire research community.
The main scientific aim of this collaboration is the development of functional software, enabling
researchers to carry out state-of-the-art calculations for molecular systems where relativistic effects
decisively influence chemical and physical properties. It follows from this that the most important
products will be computational modules that are sequentially integrated into the DIRAC program
package. A full description of the DIRAC program system is too extensive to include here, but we
urge the reader to consult the DIRAC homepage at http://dirac.chem.sdu.dk/ The latest release of
the program system is the DIRAC04 version.
The DIRAC program system has been made freely available to users throughout the D23 period, a
policy that will also be pursued for the future. To obtain a copy of the program, the user must sign a
license agreement which then allows for downloading a copy of the latest official version. There is
no extensive user support service, but the developer group tries to answer sensible requests as they
turn up. As of June 30th, 2005 there were issued 86 personal licenses and 13 site licenses for
DIRAC04. There are also approximately 300 licenses for earlier versions of DIRAC.
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The developmental work has been organized through a CVS repository at the University of
Southern Denmark in Odense. From this members of the developer team have been able to check
out their own copies to work on separate branches. New branches have been merged onto the main
trunk only after extensive testing. For this purpose a test-package has been developed. This has
provided for a flexible system with good accessibility, but where internal “policing” is essential to
maintain a sound and robust main code at all times.
We do not wish to go further into the technical details of development coordination. However, the
networking capabilities supported by COST have been very important. Especially the annual WG
meetings in Odense have been essential to coordinate efforts. These have been combined with joint
development sessions following the meeting itself. The reason for having all of these meetings in
Odense is twofold: This is the location of the main CVS repository, and Odense is ideally situated
geographically relative to the network, minimizing travelling costs. There have also been a number
of visits (included STSM) for working on specific tasks. Our conclusion for this part of our project
is that our original concept of establishing a virtual metalaboratory for development of a large
program system has indeed been very successful.
Outlook and Conclusions
The networking capabilities supported by COST have been very important. Our conclusion this
project is that our original concept of establishing a virtual metalaboratory for development of a
large program system has indeed been very successful.
Scientific Results
In this section we describe the main lines of development of the DIRAC program system during the
COST D23 period. Parallel with this algorithmic development and coding effort, there has also been
activity on applications, mainly in the form of test and calibration studies. It should be remembered
that the starting point for this work was an already existing program with DHF, CCSD(T), RPA,
and CI capabilities, as well as an extensive property package.
Program development has taken place along the following axes:
Coupled Cluster capabilities: In a collaboration between Tel-Aviv and Amsterdam the Fock-space
coupled cluster method has been interfaced with DIRAC. Potential functions for ground and excited
states of Al2 were calculated, including the first calculation of the ground state fine-structure
splittings. Very good agreement with experiment was obtained. A considerable effort has also been
made to make these highly accurate approaches computationally efficient, and algorithms for
parallelizing the calculations have been developed.
Density Functional Theory: This is a collaboration between the Strasbourg and Oslo nodes, but also
with input from the Amsterdam node. DIRAC has extensive functionality at the Hartree-Fock level
(energies, spectroscopic constants, molecular gradient, expectation values, linear and quadratic
response functions, excitation energies) and the goal is to extend this functionality to DFT.
Currently, DIRAC allows the use of 4-component relativistic DFT to calculate energies and spectroscopic constants using standard non-relativistic functionals (SVWN5, BLYP, PW86 and B3LYP).
Linear response is under development and a pilot version based on DFT is currently being tested.
Much effort has been devoted to assure the quality of the numerical integration which is a key
feature of the DFT machinery. To prepare for 4-component relativistic calculations on larger
systems, a project involving these same partners has been established to implement the Fast
Multipole Method (FMM) in DIRAC. This method will be fully implemented and supplemented by
a J-engine module in the near future.
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Multiconfigurational Hartree-Fock capabilities: This is an Odense - Dusseldorf collaboration with
the central goal of developing a program system for the computation of electric, magnetic, and
spectroscopic properties of heavy elements and their molecular compounds. The implementation is
intended to allow for an extensive treatment of electron correlation in a 4-component (and also
approximate 2-component) relativistic framework and to make systematic approximations to both
the relativistic approach and the correlation treatment possible on the same footing. A 4-component
MCSCF program has been brought to completion, allowing for determinant expansions of up to
300.000 terms. Spinor optimization is carried out in the traditional picture of Dirac-Hartree-Fock
(DHF) theory where the negative energy solutions are kept unoccupied and a minimax principle for
spinor rotations ensures convergence to the desired electronic state with maximum variational
freedom. Double point group and time-reversal symmetries are exploited throughout for computational savings, and a quaternion algebra formalism ensures an efficient storage and addressing of
the additional classes of two-electron integrals in the relativistic case. Several pilot applications
have been carried out with the newly developed code.
Relativistic CI program using spinor basis: This is a mainly a Dusseldorf-Amsterdam collaboration.
The relativistic double group CI program LUCIAREL has been extended by an excitation class
formalism, interfaced to the DIRAC program environment, and implemented as a CI module in the
above--mentioned MCSCF code. Within this framework, it can be run as a stand-alone program, i.e.
by truncating the MCSCF procedure after the integral transformation and the CI start guess. The
previously implemented excitation class formalism ``borrowed'
'from coupled-cluster theory allows
for an efficient implementation of a general relativistic Hamiltonian in second quantization by its
constituent physical terms, e.g. the non-relativistic part, an effective one-particle spin-orbit part,
spin-orbit two-particle terms etc. and the ``occupation'
'of the involved creation/annihilation operators in terms of general active spaces. The formalism enables a concise implementation for
evaluating projected vectors and general n-particle density matrices with the same set of routines.
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5.3. Working Group 03
Internal project number: D23/0003/01

SIMBEX: A metalaboratory for the a priori simulation of crossed molecular
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General scientific description of the research
The simulation of elementary chemical processes at molecular level is of great importance for
modeling natural phenomena, designing new materials and
products, mastering new technologies and carrying out innovative experiments. Progress in the
capability of making such simulations by progressively increasing the quality and the quantity of
properties investigated significantly relies on the advance in computing technologies.
Computing Grids are very powerful platforms allowing the efficient and secure access to large and
worldwide dispersed computational resources ranging from versatile workstations or PCs to large
clusters of computers or extremely powerful parallel machines. This makes it feasible to plan the
carrying out of realistic simulations of elementary chemical processes by properly coordinating on
the Grid the various computational tasks. Such an approach allows also the exploitation of a remote
cooperative use of software, hardware and intellectual resources belonging to various research
Centers and Laboratories excelling in one or more aspects of the simulation. The SIMBEX
Metalaboratory has been designed and implemented with the aim of making easier and more
intuitive the study of molecular systems by coordinating through the Web the complex flow of
applications to be executed on the Grid and by enhancing the collaboration and the cooperation
between the partners laboratories.
The development of Web technologies and Virtual Reality applications available on the Internet
(thanks to the wide diffusion of high performance networks) has made it possible to develop virtual
monitors able to describe in a realistic way microscopic phenomena by using molecular simulation
engines. This result in a significant advance in scientific progress since visual representations and
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realistic simulations have played a crucial role in the development of science, in general, and of
chemistry, in particular.
Interaction within WG

Figure 2 Sketch of the interactions within the WG
The collaborative research consisted mainly in coordinator-partner laboratory interactions in which
Perugia has acted as collector and distributor of both problems and solutions of the workplan. There
have been a few notable exceptions which have involved Budapest (Hungary) and Vitoria (Spain).
The collaborative work and the information exchange mainly have occurred through e-mail end
Internet facilities, while the WG meetings were rich and useful occasions for merging expertise and
for planning new activities. An high number of Scientific Term Missions have been organized and
they were extraordinary events for promoting the collaboration between PhD students, postdocs and
WG members.
Scientific results
The research was focused on the following main aspects:
1. Identification of the main components of the molecular simulator, considering the following
main four research phases
a. Ab Initio methods
b. PES fitting procedures
c. Molecular Dynamics applications (Quantum TI, Quantum TD, reduced
dimensionality Quantum approaches, QCT)
d. Observables
2. Design and implementation of the Web site and of the interfaces between the component’s
modules.
3. Design and implementation of the appropriated Virtual Monitors.
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4. Deployment of the prototype of the simulator on the Grid
The SIMBEX project has fully realized the objectives planned by the work programme.
A Web prototype of the Simulator has been developed and its functionalities have been extended
respect to the initial workplan, by using the competences of the Working Group members.
The simulator has been implemented on the URL http://www.simbex.org by using some PHP
programs that interface the Web environment to the Virtual Monitors (Java applets running on the
client side) and to the Grid, where the computational procedures are executed by using the input
selected by the user from the Web environment.
The Web site manages the flow of operations starting from the Ab-Initio calculations, the PES
fitting, the Dynamics calculations and the computation of the observables. Such flow is represented
in figure 3.

Figure 3: Logical flow of operations in SIMBEX
One of the key features of the SIMBEX project is the implementation of various types of Virtual
Monitors. The monitors represent the evolution of some magnitudes and observables during the
simulation.
The following Virtual Monitors were activated (figure 3 shows some of them):
• Opacity function, representing the intensity of the signal with respect to the initial impact
parameter b;
• Angular Distribution, representing the intensity of the signal with respect to the solid angle
corresponding to the final scattering angle θf.
while the following Virtual Monitors has been activated only for ABCtraj:
Vibrational distribution, the calculated intensity of the signal respect to the final vibrational
•
quantum number v'
f
• Rotational distribution, the calculated intensity of the signal respect to the final rotational
quantum number j'f.
For each final arrangement channel the use can select, on a dynamically generated Web page, some
additional information, like the Virtual Reality representation of a given trajectory selected from the
ones contributing to a given arrangement channel (an example is given in figure 4).
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Figure 4: Virtual Monitor of the Angular distribution (lhs) and Opacity function (rhs) of
H+ICl

Figure 5: Molecular Virtual Reality worlds of dynamically selected trajectories: H+ICl (lhs
panel) and HO+OCl (rhs panel)
One of the main issues of SIMBEX project is the construction of a proper interface for the Ab
Initio study of Molecular Systems, the development of a suitable functional formulation of the
Potential Energy Surface and its use in Molecular Dynamics (from Quasiclassical, to Quantum time
dependent and Quantum time independent approaches). The implementation of a prototype of those
components has been performed by implementing two separate sections of SIMBEX web site:
1. The SUPSim section that interface SIMBEX to the Ab-Initio computations by using Molcas
program;
2. The Fitting section that operating on SUPSim Ab-Initio data performs the best-fit of those
values, producing two types of PES: the LEPS and the Rotating Bond Order.
In several phases some WG members (Perugia, Vitoria, IoC Budapest) have been extensively using
the P-GRADE parallel developing environment made available by the MTA SZTAKI partner of
Budapest.
A strong collaboration has occurred also with other WGs of the D23 action. In particular, a very
intense interaction has occurred with the D23/0005/01: “ELCHEM: A Metalaboratory to develop
e-learning technologies for Chemistry” project to integrate the molecular simulation engine of
SIMBEX into its e-learning tools and Virtual Reality applications.
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Conclusions and outlook
The development of the Web and Grid technologies and the collaborative work of the partners of
the working group have made possible the implementation of the SIMBEX simulation environment
focused on covering all phases of the study of the molecular systems.
One of the most relevant outcomes of such research activity is the project “GEMS: Grid Enabled
Molecular Simulator” submitted to the IST call 5 of the FP6 European Research program as a
testbed of the EGEE European Grid infrastructure and middleware. The collaboration of D23 action
and the EGEE project is confirmed by CompChem VO, active in EGEE to support computational
chemistry applications in general and the implementation of the GEMS project in particular.
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Accurate metacomputer quantum mechanical studies of the structure, dynamics
and spectroscopy of reactive systems relevant to environmental and applied
chemistry
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General scientific description of the research
The objectives are centred on the dynamical study of the elementary processes including elementary
reactions, inelastic collisions and middle sized clusters. Whenever necessary, structure '
ab initio'
calculations are performed in order to obtain the suitable potential energy surfaces (PESs), while
dynamical studies are done using: 1) Quantum Mechanical procedures (QM) , and 2) hemiquantal
methods (HQ) and 3) classical and/or hemiquantal methods.
Interactions within WG
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The current work proceeds in the following directions:
1) Exact three dimensional (3D) QM calculations of elementary gas phase reactions of interest in
atmospheric chemistry and interstellar chemistry. This activity strongly involves the Perugia and
the Barcelona group, being at the same time co-involved the Bologna group for the PES
calculation. In this field of activity the gas phase ion-molecule He+ H2+ reaction and the neutralneutral F+H2 reaction have been studied exhaustively, as well as the isotopic variant F+HD is at
present under study.
2) The collaboration between the Toulouse and the coordinator'
s group has been concentrated on
+
the '
ab initio'calculation of the ground PES of the Na + O3 chemical reaction as well as on the
implementation of the computers codes using the hemiquantal approach (HQ) for the dynamical
study of inelastic and reactive collisions in the Barcelona group.
3) The current collaboration between the Perugia and the Toulouse groups is centred on the study
of the dynamics of middle sized clusters and the analysis of the energy partitioning of the cluster
trajectories using hyperspherical coordinates. The method has been applied to different rare gas
clusters.
4) In the research collaboration of the coordinator group with working groups D23/0003/01 and
D23/0005/01, the dynamics of different ionic and neutral clusters have studied by Molecular
Dynamics (MD) as well as of solvated clusters. In this studies the best empirical potential
interaction developed by the Perugia group have been used and applied to the study of gas
solvated (benzene)n-alkaline ion heteroclusters.
A characteristic of the scientific collaboration between research teams involved in the different
WGs has been the implementation of the disposable computers codes in different geographically
distributed computers as well as the writing of new software including new algorithms. Different
codes in different computer machines and located in different places are currently in use. At the
same time the Perugia and the Barcelona groups can make use the of the supercomputer facilities of
the CESCA-CEPBA-C4 supercomputer center of Catalonia which can in addition provide technical
support for the group owner software implementation. A soft application allowing to access to
scientific computer programs through a web procedure and virtual environment (GLOBUS) is being
developed at present time.
Scientific results
Over the past few years theoretical basis for the general quantum mechanics (QM) treatment of
chemical reactions have been developed and the determination of accurate state-to-sate reaction
cross-sections has become possible for prototypical reactions. However, from the computational
point of view, large problems arise in extending these calculations over three atoms because of the
often large number, in both the reactants and the products, open quantum states. Consequently, only
those reactions involving three atoms and light masses can be obtained with a high accuracy. Even
for this triatomic system difficulties encountered for exact calculations increases with the number of
energetically open channels as well as with the topological complexity of the potential energy
surfaces (PESs).Therefore, the number of elementary reactions of general interest for which QM
exact and full scattering matrix can be obtained is very limited being the computational
requirements of full QM calculations in memory and computer time a big challenge even nowadays.
In the present project we have developed a novel treatment to solve the Schrödinger equation (SE)
in hyperspherical coordinates where the hyperradius ρ is considered as the reaction coordinate in
the time-independent hyperspherical approach and applying the Hyperquantization Algorithm
previously considered by the authors. The solution of the SE at fixed- ρ is a very time consuming
step for reactive state-to-state cross-section calculation being the Hyperquantization Algorithm
used in the entire range of ρ . By applying the sequential method of diagonalization truncation the
computing time and memory requirements can be highly improved and two different kinds of
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sequential truncation of the internal angles has been used because the effectiveness of each
sequential diagonalization scheme is found to be dependent on the PES topology at the ρ –value
considered.
The computer code using the previous commented coordinate and diagonalization methodology has
been extensively applied to the dynamics of the benchmark F(2P3/2) +H2 (v,j)
HF(v’,j’) +H
reaction. This reaction has been studied using the original PES proposed by Stark and Werner, as
well as in two new versions, properly including the effects of the long-range interactions in the
reactants’ valley and also those due to the spin-orbit interactions. Dynamical calculations for
different rotovibrational states of the H2 molecule have been performed on a very fine grid of
collision energies and J-converged differential and total cross-sections have been obtained in a large
collision energy range (see Figure 1). Performing an accurate Bolztmann averaging of the
dynamical results rate constants for the reaction have been calculated for temperatures ranging from
about 10 up to 350 K being the results in agreement with reported within the date experimental
uncertainties. It has been found that quantum effects play a crucial role at the investigated
temperatures where the reactivity is essentially under-barrier and shows a non-Arrhenius behaviour,
efficiently proceeding by tunnel effect and enhanced by the presence of resonances. The accuracy
of calculations performed permit the assessment of the reliability of calculated reactive properties in
the cold ( ∼ down 1K) and possibly ultra-cold ( << 1K) regimes. In addition, a systematic lifetime
analysis using the Smith Q-matrix formalism requiring the full S-matrix has provided reliable
evidence for the presences of resonances allowing us to understand the dependence on the total
angular momentum J of the lifetimes of the collision complex.

Figure 6 Total integral cross-sections as a function of the collision energy for the ground initial rotational
state of the H2 molecule. The barrier height and positions at 100 and 300K of the maximum of the M.B.
distribution are also shown in order to make visible that reactivity proceeds mostly via under-barrier
tunnelling. (Crosses and full circles refers to previous theoretical results with other PESs)
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Recently, the computer code has been properly modified in order to permit the study of non
symmetric diatomic molecules like the HD molecule; consequently an exhaustive dynamical study
on the F(2P3/2) +HD (v,j) HF(v’,j’) +D, DF(v’,j’) +H reaction is by now under study in order to
know and interpret the corresponding isotopic effect. More recently, the dynamical study of the
prototype ion-molecule reaction He + H2+ (v,j) leading to HeH+ products, has also been initiated. In
order to perform these studies a new PES has been produced by modifying the previously available
analytical PES but including a mesh of new high level ‘ab initio’ points calculations done by
authors (in particular by the Bologna group) in some regions of the nuclear configuration space, and
taking into account the permutation symmetry properties of the two equivalent H atoms. In the
structure calculations a complete active space self-consistent field (CASSCF) calculation has been
performed and the dynamical correlation energy has been recovered in a subsequent, internally
contracted, multi reference configuration interaction (MRCI), including all single and double
excitations from the CASSCF space. Dynamical calculations using the improved PES are in
progress done by the Perugia and Barcelona teams.
When the degrees of freedom, electronic or nuclear, of the collision system increase very much,
full QM dynamics are currently very difficult to be performed because of the large computation
requirements, being then necessary to appeal to reliable approximations. This is the situation of
electronically inelastic collisions between ions and atoms and ions and molecules at high collision
energies, as well as for the case ion-molecule reactions at even moderate collision energies. One of
the possible approaches is the so-called hemiquantal approach (HQ) that is based on semiclassical
grounds and in the Heisenberg QM picture, separating the degrees of freedom of the system among
classical and quantum degrees. Actually, in our applications of the HQ approach to collision
systems, the electronic motion is described by QM while the motion of the heavy nucleus is
assumed to be classical. According with the HQ approach, the electronic description of the system
is described by the time-dependent SE which in turn includes non-adiabatic couplings between the
different electronic states of the overall system. Concerning the motion of the classical subsystem,
the corresponding equation of motion looks like the classical Hamilton equation but also including
the non-adiabatic couplings. Concerning the quantum subsystem describing the electronic motion,
the complete electronic wave function is expanded in terms of a finite set of adiabatic (or diabatic)
states whose expansion coefficients are obtained by solving the set of quantum and classical
coupled differential equations of motion. Before the dynamics simulations, ‘ab initio’ calculations
at full-CI or MRCI level have been done and non-adiabatic coupling between electronic state have
been obtained as a function of the nuclear. Both potential energies and non-adiabatic couplings have
been fitted to cubic spline functions or to many body analytical (Sorbie Murrell) functions.
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Figure 7 Experimental (empty circles) and HQ calculated (full triangles) emission integral cross-sections as a
function of the laboratory collision energy for the charge transfer Na(3d1 2D3/2,5/2) production in Cs(62S1/2) +
Na+(1S0) collisions.

In order to perform HQ dynamical simulations, a computer code has been developed and
implemented in the computer facilities of the groups involved in order to study, as a first step, the
non-adiabatic inelastic collisions between atom and atomic ions at relatively high collision energies
(∼ 1.00 keV energy range) . This computer program has been applied to the study of the Cs(62S1/2)
+ Na(1S0)+ collisions within a large energy range. The dependence of the calculated cross-section on
the energy agrees very well, at least for some electronic transitions, with the measured experimental
data, also obtained in our laboratory (see Figure 2). At present, studies on the collisions between
Mg(31S0) and Na+ and Rb+ ions are in progress. For all the atom-atomic ion systems considered, the
‘ab initio’ calculations have done using pseudopotentials and the best available atomic basis set. In
order to make possible dynamical studies of non-adiabatic chemical reactions in the framework of
the HQ approach, the present available computer code for atom-atom collisions is being properly
modified. At the same time, high level ‘ab initio’ structure calculations are in progress in order to
fully characterize the topological features of the ground and lowest excited PESs of different
polyatomic stems. In this direction the Toulouse and coordinator’s group are studying reactive
processes on environment interest like the O3 + Na+ system including possible reactive channels
(using pseudopotentials and core polarization effects at MRCI and RCCSDT level), as well as the
CdI2 + M+ (with M = Li, Na, K) reactions using similar procedures.
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Figure 8 : A snapshot of the atomic geometrical configurations in the K+-(benzene)2-Ar(3) cluster. The
equilibrium “sandwich” configuration of the K+-(benzene)2 cluster becomes distorted -as shown in the picturewhen solvent Ar atoms are considered in dynamical calculations. The cluster is very stable ( T < 150 K) for very
long times trajectory calculations. In the 50-150 K temperature range the cluster isomerizes several times. (green
sphere: K-ion; white spheres: Ar-atoms; benzene molecules are easily appreciated)

The third active research line is devoted to the dynamics of middle sized molecular system like
atomic and molecular clusters where interaction potentials are essentially of the van-der-Waals
type. In this field, very active collaborations are in progress involving the Perugia and Toulouse
groups as well as between the Perugia and Barcelona teams. This second collaboration is also
involving other WG of the same D23 action. Concerning the first collaboration, the dynamics of
rare gas ionic clusters, such as Arn+ is under study. The aim is to join the HQ approach used in the
French group for the cluster dynamics, to the hyperspherical partition of the energy for classical
systems, developed in Perugia. The starting electronic wave function, which has to be propagated,
should be accurately determined, and this is done through a DIM (diatomics-in-molecules)
representation of the function with all the relevant eigen-states included. By means of the
hyperspherical partition approach, the kinetic energy, at a given instant of the simulations, can be
partitioned into various terms corresponding to well defined modes of the system motions. In the
same field of activity, now involving different WG teams, molecular dynamics (MD) simulations
are performed on molecular cluster systems involving aromatic rings. These are of physical,
chemical and biological interest. Studies are focused on the structural, dynamics and energetic
properties of the clusters and dynamical calculations within the microcanonical ensemble using the
DL_POLY suite of programs. Particular emphasis is paid on the analysis of the characteristics of
the proposed PESs which account for electrostatic and non-electrostatic interactions, the latter
involving a new formulation potential proposed by the Perugia group. Studies have been performed
on different (benzene)n-alkaline ion heteroclusters and, in addition, particular attention has been
paid to studying solvation effects (see Figure 8) to the opening and dissociation processes for the
K+-C6H6-Arn clusters at increasing temperatures.
Conclusion and Outlook
The work of the Perugia/Barcelona/Bologna teams established for the first time exact quantum
mechanical benchmark calculation for the F +H2 reaction. Constructing the modified potential
energy surface presented a few technical problems which were already overcome. The improved
PES permitted to calculated reaction rate constants in the temperature of a few Kelvin and the
results obtained assess the reliability of calculated reaction properties in the cold and possibly ultra________________________________________________________________________________
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cold regimes. At the same time the owners’ computer code including the implementation of new
algorithms assess high computer performance when compared with other existing QM codes.
From the work developed by the Toulouse/Perugia/Barcelona groups, it is clear that the so-called
hemiquantal approach appears as an adequate methodology for the study of non-adiabatic processes
in atom-atom system where a large number of electronic states are involved as well as in those
middle sized clusters systems where interaction potential and non-adiabatic couplings can be
obtained analytically the also assessing the reliability of the method for the method for the study of
non adiabatic chemical reaction. Analysis of the molecular dynamics trajectory done using
hyperspherical coordinates in the energy partitioning of the calculated trajectories points out their
capability interpreting the dynamical evolution of the energy distribution and the cluster geometries
along trajectories showing their capability for the future study of complex systems.
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5.5. Working Group 05
Internal project number: WG D23/0005/01

ELCHEM: A Metalaboratory to develop e-learning technologies for Chemistry
Keywords: e-Learning, virtual reality (molecular and human), semantic web, teaching and learning
best practices, virtual laboratories.
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Objectives
ELCHEM is a Metalaboratory aimed at enhancing interoperable technologies for cooperative
teaching and learning in chemistry. Accordingly, the efforts of this working group are addressed at
exploiting the potentialities of the most advanced networking, computing and rendering facilities to
handle chemical knowledge. ELCHEM involves some European laboratories expert in the
application of Information and Communication Technologies (ICT) to didactic activities and aims
at creating favorable conditions to develop Europe-wide standards in ubiquitous teaching and
learning. The work of ELCHEM in developing learning ICT technologies is meant to pair that of
the Multimedia group of the European Chemistry Thematic Network (ECTN) which is focused on
cultural and pedagogical contents. Through ECTN ELCHEM interacts also with other EU
initiatives in life long teaching and learning. The specific objective of ELCHEM is to combine both
the human and the molecular dimension of virtual reality with semantic web approaches. In this
way one can fully exploit on one side the possibility of multiscale modeling chemical experiments
and on the other side the possibility of automatically building further knowledge on knowledge
processes.
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Scientific Results
As described in detail in the reports of the working group meeting (see the list below in section D)
reports, regularly sent to the COST office when submitting reimbursement requests, and in ref. [1,2]
in the first year the work carried out by ELCHEM has concentrated on the definition of contents
and methodologies which need to be used to build a Meta-laboratory for e-learning based on a
multilevel collaboration of the various partners. The first level is that of the accumulation in a
common repository of shareable learning and teaching web material. The second level is that of the
design and production of comprehensive teaching and learning units on specific subjects. The third
level is that of building a demo prototype of a virtual environment for Chemistry teaching and
learning.
In the second year, out of the available competences and of the already ongoing activities, three
main operational streams have been activated for ELCHEM:
1. The first stream is concerned with the development of semantic web technologies for the use
and valorization of local and web-based material to build a virtual ubiquitous repository.
2. The second stream is concerned with the construction of an interoperable environment to run
computing engines supporting e-learning activities.
3. The third stream is concerned with the construction of a virtual chemistry practice laboratory based
on the production of virtual reality tools for running multiscale simulations (both at meter and
nanometer levels) combining the ubiquitous agibility of a virtual laboratory and the real time
simulation of the underlying molecular processes.

The results of this study were presented at the midterm review of the Action held in Budapest in the
year 2003. The activities of the Action were positively evaluated but a strong recommendation for a
more extended use of web and grid technologies was issued. For this reason, in the second half of
the Action life ELCHEM activities were more clearly addressed to exploiting grid and web
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technologies. Due to the scarce popularity of these technologies within the Chemistry community,
actions were taken along the following directions:
1. strenghtening the grid connotation of the ELCHEM activities by establishing closer contacts
with the ICT and Physics community;
2. focusing the implementation efforts on the construction the virtual practice chemistry
laboratory of the Molecular science segment of the virtual University
To this end, three Laboratories of the Muldimedia working group of ECTN applied to be accepted
in the ELCHEM working group (WG5). In spite of that the number of partner laboratories
remained almost unchanged since 2 of the original partner laboratories had their representative
withdrawn because of retirement or job change problems. The three new partner laboratories
(Dresden, Helsinki and Vienna) formed with Perugia and Keele a first team (A) addressing
specifically the grid technology, virtual reality and semantic web aspects of the project [3,4]. The
remaining laboratories lead by the Thessaloniki group and with the help of other laboratories from
ECTN formed a second team (B) addressing specifically satellite technologies and satellite based
repositories of teaching and learning units (in particular on Chemistry for cultural heritage) [5,6].
Most of the innovation in e-learning technologies along the direction of building the
Metalaboratories proposed by the METACHEM Action was developed by team A. Team A
contributed significantly to the realization of EchemTest (a web based electronic testing system for
Chemistry knowledge whose deployment is coordinated by ECTN). Efforts of team A were also
addressed towards the implementation of an experimental grid for chemistry (CHEMGRID) [7].
This experience confirmed that, though CHEMGRID was more flexible to use for the Chemistry
community, security criteria and standards were better met by using the EGEE production Grid. In
this respect a strong collaboration with working group 3 (WG3) has been developed. The other
reason for strenghtening the ties between WG5 and WG5 and carrying out collaborative research
work has been the need for jointly developing a grid enabled molecular simulator on which the
molecular virtual reality component of the Virtual laboratory project relies.
As to the the grid technologies the joint effort of WG3 and WG5 has resulted in the submission of
an application to the IST call of Framework 6 (annex 1) and to the writing of a joint position paper
on the structuring of research activities as grid services (annex 2). About the virtual chemistry
practice laboratory the work has progressed to the point of producing some demos prototype virtual
experiments [8,9] wich are presently being considered for implementation on the Grid as a service
to lifelong learning. As to the semantic web approach to teaching and learning Chemistry the
activity of team A has led to the design and implementation of the Learning Management System
(LMS) called SELE [10,11] illustrated in Fig. 1. More in detail the Vienna laboratory has
coordinated the work to structure a set of practice laboratory protocols in a series of computer
assisted steps, the Perugia laboratory has coordinated the work to develop the tools needed for
transferring real laboratory practice into virtual laboratory web sessions equipped with virtual
molecular reality tools running on the Grid and the Helsinki laboratory has coordinated the work to
insert the developed tools inside the virtual University campus design and implementation.
The collaboration has taken place through intense exchanges (see the list of joint initiatives given in
section C). Crossed collaborations and links are described in Table 1.
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Figure 9 : The structure of SELE LMS

________________________________________________________________________________
COST Chemistry D23
4
COST Office
EN

5.6. Working Group 06
Internal project number: WG D23/0006/01

A meta-laboratory for code integration in ab-initio methods
Keywords: quantum chemistry, localised orbitals, post-SCF methods, linear scaling,
metalaboratory, program development, code interoperability, XML, HDF5, common data format
Start date: 01/03/2001
1.
2.
3.
4.
5.
6.

Elda Rossi
Renzo Cimiraglia
Daniel Maynau
José Sanchez-Marin
Peter Szalay
Rosa Caballol

Expiration date: 18/07/2005

Participants

CINECA
Università di Ferrara
Laboratoire de Physique Quantique – IRSAMC
Universitat de Valencia
Eötvös Loránd University
Universitat Rovira i Virgili

Italy
Italy
France
Spain
Hungary
Spain

Objectives
The project aims at enforcing a scientific cooperation concerning the application of Localised
Orbitals in post-SCF methods. The use of this technique can be seen as a preliminary step towards
the development of Linear Scaling methods in a Multi Reference context. Moreover, the localized
orbitals allow a better physical comprehension of the results, as is the case with Valence Bond
calculations. By using a localised description, the computational effort will be lowered each time
local physical phenomena are concerned.
All the partners of the proposal have been developing quantum chemistry codes for internal use for
many years. These codes are complementary and their combined use is very important for the new
collaboration. For this reason, the proposal focuses on the integration of all these codes in one
single meta-system for Post-SCF calculations. The meta-system has to include heterogeneous
computers, geographically distributed at the partners’ sites. In fact, the idea is to leave each code on
the platform it was originally designed for, under the responsibility of its author for maintenance
and production.
In order to reach this goal, during the project we focused mainly on the issue of developing a
common data format for code interoperability, in the specific context of Quantum Chemistry.
The first problem faced by the project was the different formats adopted by every codes in the
chain, that prevent the communication among the different codes.
In general, one can imagine two different ways to make programs communicate. The first one is
to write one to one interfaces converting the output of the first program into the input of the second
program. This means that we need a converter for each couple of communicating codes. The second
possibility, that is our choise, is to design a "common format" and to write a converter for each
program in the set. In this case only one converter is needed for each code we are interested in.
The latter one was the way we decided to follow. Of course, in order not to invent "yet another
format", we strongly tried to design a format as general as possible and to coordinate ourselves
with other similar initiatives in Europe and abroad.
First of all we can identify two different kinds of information in Quantum Chemistry calculations:
small data, mainly ASCII coded, like atom labels, geometry, symmetry, basis sets and so on
large data, normally binary, like integrals and expantion coefficents
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The data format we are interested in is mainly conceived for interchange. We do not think it should
be used as an internal format within programs, so we are more interested in functionality (that has to
be general and complete) than in performance and efficency.
As far as the first type of data are concerned, several initiatives are active nowadays. Among the
others, the development of CML (Chemistry markup language) and the activity carried out within
the E-science project in UK.
In all these projects, the choice for describing chemistry related quantities is some XML based
format that allows both a human readability and a machine comprehension. We moved on the same
way and spent some time and effort in the definition of such a format. We called it QC-ML
(Quantum Chemistry Markup Language) and its description is reported in Chap. xx. For an easy
processing of QC-ML files inside a QC program, we also need a specific library accessible from
Fortran programs, since Fortran is the most common language used in the QC environment. Since
no such libraries was available when we started this activity, we devoted some effort for producing
it. The description of the library (f90xml) is reported elsewhere.
For the second type of data, large binary data , XML is not a good technology, mainly due to its
verbosity. For several reasons HDF5 was considered the best technology for designing the large
binary data format. A data format (Q5cost) was designed based on the HDF5 technology and a
Fortran library was realised for managing it.
The Q5cost data format has been used to facilitate the communications among several QC codes.
Some of them are open source or commercial codes (molpro, molcas, columbus) used for producing
the standard quantities, some others are specific in house codes written by some of the partners of
the project (FCI, CASDI, Toulouse-Chain,...). Several interfaces among those codes and the
common format have been written.
Scientific results
The main outcome of this WG is a suggestion for a common data format for code interoperability in
the field of Quantum Chemistry.
This consists in:
1) a data model for coded data based on a mark-up language (QC-ml)
2) a fortran Application Programming Interface (API) for managing XML-based file (F90xml)
3) a data model for large binary data based on a hierarchical schema (Q5cost)
4) a fortran API for managing the data format based on HDF5 technology
QC-ml: an XML data model for Quantum Chemistry
Each chemical system can be described, at the Quantum Chemistry level, by a collection of data of
very different kinds. A first and easy classification is to define them either as Base facts (initial data
for describing the physics of the system) or Derived facts (data computed from the previous ones
using QC algorithms).
All these data are rather "small" and can be effectively described using a mark-up language for
enhancing readibility and standardisation. A hierarchical schema of Quantum Chemistry objects
was designed and mapped into a XML-based specific language, that we called QC-ml (Quantum
Chemistry Mark-up Language). QC-ml is defined by a XML-Schema that can be found on the WEB
(http://sirio.cineca.it/abigrid/QCMLSchema.xsd), together with the proper html documentation
(http://sirio.cineca.it/abigrid/workArea/QCMLdoc.html). Every valid QC-ml file needs to be
validated against this schema.
The first section of a QC-ml file is devoted to the description of Base Facts, grouped under the tag
<molecule> containing as attributes the specification of the number of electrons, the electric charge,
the spin multiplicity and the space symmetry of the ground state wave function.
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Inside the <molecule> tag three sub-sections are present, describing rispectively the spatial
symmetry, the atomic composition and geometry and the atomic basis set. In general those
quantities are constants under the run and are left untouched by any program in the chain.
<molecule nElectrons charge spinMultiplicity spaceSymmetry>
<symmetry ... />
<geometry ... />
<basis ... />
</molecule>
The second section of QC-ml file is intended to contain Derived Facts. It is clear that while the first
section of QCML file is kept untouched once one has defined QC problem and system under
investigation, the second one is constantly modified or upgraded during the QC runs.
The fundamental tag defining this section is <computedData> which may contain three fundamental
subtags: energy, property, file
<computedData>
<energy ... />
<property ... />
<file address URL/> </computedData>
The tag <file> contains the linking information to a different binary file that stores all the computed
"large" binary data, like one electron integrals, two electron integrals and coefficients. This file is
identified by its name (if stored in the same platform) or, more generally, with its Uniform Resource
Location (URL) that is a standard and unique way to identify a file over the network. The file data
format is Q5cost, based on HDF5 and is described later.
F90xml: a Fortran library for managing XML files
In order to use and change the QC-ml file we need a program, specifically designed for each QC
code in the chain, able to retrieve information from and to write informations to the file in
accordance to the xml sintax. We call these programs "wrappers". For a given QC code, the input
wrappers read data from the QC-ml file and convert them into the QC code specific input, while the
output wrapper reads data from the QC code specific output and add them to the QC-ml file.
Many informatic tools with many languages binding are nowdays available for performing such a
task. Some of them are Object Oriented (for instance DOM) or Events Oriented (SAX), and
libraries to manipulate XML files are quite common for JAVA, C++ or scripting languages like
Pyhton or Pearl.
At the time we started this work there were no libraries usable from for the Fortran language. Since
Fortran is the most common language used by QC programmers we decided to write a specific
Fortran 90-XML library, to be used for producing the wrappers. The F90xml library is based on a
public available C binding (gdome2), it implements a DOM model and it allows users to write or
read any specific XLM element (tag and attributes) using a Fortran API. The library is completely
general and does not contain any "chemical" concept. It can be used for general programming
involving XML and Fortran. It is available under the open-source licence at the web address
http://members.ferrara.linux.it/munehiro/f77xml/
Q5cost: a data model for large binary data in Quantum Chemistry
For the large binary data distinctive of Quantum Chemisty, HDF5 was considered the best
technology for designing our abstract model. All the chemical objects are related within a
hierarchical structure and a sort of logical containment relations can be defined for them.
A first (root) container, named System , represents the molecular system as defined by its structural
informations (chemical composition and spatial geometry). Multiple Systems make it possible to
handle different molecular geometries. To this container we can associate all the metadata that are
invariant at the level.
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A System container can contain several "Domains". The role of the Domain is to group together
Property entities whose indices conceptually refer to the same kind of functions. Three Domains
have been recognized as fundamental: AO for Atomic Orbital, MO for Molecular Orbitals and WF
for Wavefunction, Each domain can contain other containers, one for each actual property.
Moreover a set of invariant matadata, different for each type of domain, is associated to a domain
container.
The AO domain holds properties referring to the atomic basis set funtions: overlap, one-electron
and two-electron integrals on the atomic basis set, in addition to the generic property. The invariant
metadata consist in information on the Atomic orbitals, like their number, the labels and symmetry.
The MO domain holds properties referring to molecular orbitals: one-electron and two-electron
integrals on the MO basis set, in addition to the generic property. The descriptive metadata for the
domain refer to the MO basis description: their number, labels and symmetry, the AO basis they
were derived from, the molecular orbitals matrix, orbital energies, classification and occupation
numbers.
The WF domain holds properties referring to the electronic states. The complete definition of this
container is not available yet. It is still subject of major research and development, given its noncritical nature for the first deployment and test of the library.
For each of the domains, different occurrences can be defined by means of an identifier (tag)
chosen by the user, with a default value if no tag is provided. The aim is to provide storage of
multiple entries for each Domain, like in case of multiple molecular orbitals in the MO Domain, or
multiple basis sets in the AO Domain.
The bottom level of the hierarchical schema is made of the property container. Even if at the user
level different "properties" are available, all of them are different instances of the same "generic
property" object. This container holds the real data, that meens the integral values and the
corrispondent index values. Moreover, in order to fully define the nature of the actual property,
some metadata are needed: name, rank, symmetry and its real/complex type.
Q5cost: a Fortran library for reading/writing Q5cost files
The library is written in Fortran 95 and is made of different Fortran 95 modules, each one providing
different facilities. The most important modules are
Q5Cost: defines the high-level API. This module provides subroutines designed to be accessible
from the final programmer of the laboratories involved in the project.
Q5Core: provides a wrapping facility for HDF5 routines, in order to perform additional useful
services like reference counting and debugging. Also provides simplified routines to perform
frequently used low-level tasks.
Q5Error: provides facilities for high level debugging of library and client codes. This module
implements a ring buffer for error messages, different logging levels, generic reference counting
for catching memory leaks, and a subroutine call stack trace.
Subroutines for each module have been namespaced with an appropriate prefix, and names have
been chosen to provide an explicit and intention revealing interface to the entities described in the
previous section. Although Fortran 95 does not allow object oriented (OO) programming, some OO
concepts have been used in the development of the library, keeping into account the procedural
programming background of the final developers. The state is preserved in the HDF5 file, and
subroutines refer to the file directly through the HDF5 file identifier, a more easy concept for
fortran programmers used to file descriptors.
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Outlook
The next step, to be done in the future, is the definition and the set-up of a sort of "machinery" for
running used defined workflows based on eterogeneous codes, located on different platforms,
communicating through the common format. The actual technology has not be choosen yet, even if
our opinion is that web/grid services will be considered first. The idea is to have a sort of central
repository containing all information about the chemical system under investigation. The data in the
repository are based on Q5COST and QC-ML. When a specific code has to be run on these data, the
input-wrapper of the code will translate the data from the repository into the input files required by
the code. Then the code can be executed. The output data produced, through the output-wrapper,
will update the central repository. In order to realise that vision we will need a common language
for describing the workflow, in addition of a lot of legacy and license restricted software to be
integrated in the infrastructure. The final infrastructure must satisfy both grid requirements (fault
tolerance, reliability) and human interface requirements (access via web interface/XMLRPC).
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Site project HPMT-CT-2000-00022 “Quantum Chemical Methods and Quantum Molecular
Dynamics: Development of Methods and Applications”.The following 5 graduate students
benefited from the MCTS Fellowship and joined the work done in Prague:
Ioannis S.K. Kerkines (University of Athens) 1/4/2001 – 30/6/2001 and 7/5/2002 – 9/8/2002
Paraskevas Karipidis (Univeristy of Thessaloniki) 8/7/2002 – 8/10/2002
Stavros Kardahakis (University of Athens) 5/5/2003 – 5/8/2003 and 22/9/2003 – 22/11/2003
Vasilios Teberekidis (University of Thessaloniki) 3/2/2004 – 3/5/2004
Evangelos Miliordos (Univeristy of Athens) 24/7/2004 – 24/10/2004
Visit of the Prague graduate student Jan Smydke to the group of Prof. Wenzel at Karlsruhe was
financed from national grants of Karlsruhe and Prague groups.
WG02
No entry
WG03
No entry
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WG04
Collaboration with WG D23/0003/01 and WG D23/0005/01 on the study of middle-size ionic
and neutral clusters including solvent effects using molecular dynamics procedures.
Prof. A. Riera (Autonomic University of Madrid, Spain), on the ‘ab initio’ study of potential
energy surface and non-adiabatic couplings of ion-molecule reactions and their effects on the
reaction dynamics.
WG05
No entry
WG06
Collaboration with the WG in the D26 action of Cost in Chemistry: “A Local Approach for QuasiDegenerate Systems”

7. SELF EVALUATION
Approval of Working Groups by the MC: The Action D23 adopted the schemes of self
evaluation approved by the technical committee of COST in chemistry in terms of peer review of
the applications and of evaluation of the WG activities. As a matter of fact the 6 approved WGs of
D23 were all evaluated by two external reviewers and a half of them obtained top marks qualifying
so far for an automatic (in terms of COST rules) acceptance. One proposal for a WG was rejected.
Mid-term evaluation and related measures: The evaluation showed that all projects deliver
good, if not excellent science. The Action also obtained credit for the excellent dissemination of
results and know-how. The good participation in major congresses as well as the efforts to establish
relationships with other networks and associations was valued by the reviewers.
However, the state of the implementation of the metalaboratories was criticized: some WG
were well behind schedule in terms of adaptation to Grid-or other distributed computing paradigms.
The MC therefore took measures to accelerate the implementation of the Metalaboratories. A
budget position was opened for each WG to send at least one delegate to the ICCSA (Assisi, Italy)
in May 2004 to participate in a two-day tutorial on Grid technology. Six month later a secod twoday tutorial was held in Lugano (Switzerland). This second tutorial was held in collaboration with
the Swiss Supercomputing Center (CSCS) and the Zuse Informatik Zentrum (ZIB; Berlin,
Germany). It focused on the practical apscts of Grid-computing and offered hands-on training.
These corrective measures showed considerable impact. It is fair to say that by the end of the
Action all WGs worked their way up to higher metalaboratory standards. Some of the participnats
in theis Action also became members of EGGE, an EU sposored Grid Initiative.
Short Term Scientific Missions: Two batches of Short term scientific mission (STSM) were
granted. The two STSM grants funded eleven, respectively nine short term missions. The first batch
of the STSM grants has been concluded on the 22nd of December 2002. The second batch
essentially covered the year 2004. During the first grant, the most active working group in this
respect was the WG003/01 "SIMBEX: a metalaboratory for the simulation of crossed molecular
beam experiments" with 7 STSMs. Three other working groups (001/01, 002/01 and 005/01) had
implemented the remaining 4 STSM grants. During the second grant period there was a more even
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distribution of STSMs among WGs. The only WG never making use of an STSM was the
WG006/01.
The reports submitted by the applicants showed that the STSMs are a very useful tool in two
respects: they obviously help to cater to collaboration between research groups working on the same
project, but they also give young researchers an opportunity to spend a signifficant amount of time
in another laboratory and the experience a different “corporate culture”.
Again, the MC kept a high quality standard with regard to the approval of the STSMs. The
applications were reviewed by the MC chairman, the vice-chairman, and (often) a third, uninvolved
MC member. A number of proposals and reports were returned to the proposers for revision.
Working Group Meetings: All WGs were meeting on a regular basis. The fact that an Action
which is about Virtual Organizations is holding (physical) meetings is by no means a contradiction
of terms. In order to perform, it is essential that the members of a Virtual Organization know each
other very well. The e-part of their interaction will then add further value to their collaboration, a
fact which has been observed by all WGs of this action.
Scientific and Technological Advances: Most of the WGs come to the conclusion that their
work has benefitted strongly by the metalaboratory concept. WG001 and WG002, both active in
quantum chemical method and code development, leveraged their efficiency by means of
implementing tools for distributed software development and also for high throughput computation.
Not to forget, that in this process, both teams made progress in their scientific research too.
The scientific research was the main focus of WG004 who reports on a number of breakthroughs.
Their metalaboratory effors are focused on the establishemnt of a workflow using Grid technology,
a process which is still in the makings. WG003, which has a similar scientific agenda, had a much
stronger focus on metalaboratory issues. They completed a simulation environment for ab initio
potential energy surface dynamics which represents a very high standard from different points of
view: the workflow established, the user interfaces developed, and the parallelization of the
application codes that are part of the workflow.
WG003 also has a strong educational component. The simulation environment shall also be applied
for teaching purposes. Technologies for cooperative teaching and learning is the focus of WG005.
Members of these two teams successfully launched a project which is funded by the Gridcomputing programs of FP6.
The focus of WG006 was on the development of data structures and libraries to “glue together”
quantum chemistry applications on a Grid. To get quantum chemistry codes to “talk to each other”
is an extremely important issue, even outside the Grid context. Whereas we have very high de facto
standards when it comes to quantum chemical models, there are no de facto standards regulating the
input- and output-data. Each major application has its own way of representing the data, making it
very difficult to integrate codes into workflows. The work of WG006 represents one valuable effort
in this direction.
Overall assessment: The COST Action D23 made an important contribution towards the
establishment of Metalaboratories in Europe. This will help making European Computational
Chemistry more competitive and more productive.
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8. ECONOMIC DIMENSION
The COST Action D23 is composed of six Working Groups, each bringing together 6 research
groups on average. A very conservative estimate says that in each of the participating research
groups one senior researcher and one student worked full time on the projects described here, thus
resulting in 360 person-years of research. On the basis of an average cost of 150 kEUR per person
year, the work presented here represents an economic value of 54 MEUR.
The total investment of COST in D23 is less than 400 kEUR. These funds served to help cater to
collaboration and to generate synergies in a beyond 50 MEUR research venture. The results show
that this investment had a major impact.
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