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Progress in Theoretical Chemistry and Physics
A series reporting advances in theoretical molecular and material
sciences, including theoretical, mathematical and computational
chemistry, physical chemistry and chemical physics

Aim and Scope
Science progresses by a symbiotic interaction between theory and experiment: theory is
used to interpret experimental results and may suggest new experiments; experiment
helps to test theoretical predictions and may lead to improved theories. Theoretical
Chemistry (including Physical Chemistry and Chemical Physics) provides the conceptual and technical background and apparatus for the rationalisation of phenomena in the
chemical sciences. It is, therefore, a wide ranging subject, reflecting the diversity of
molecular and related species and processes arising in chemical systems. The book
series Progress in Theoretical Chemistry and Physics aims to report advances in
methods and applications in this extended domain. It will comprise monographs as well
as collections of papers on particular themes, which may arise from proceedings of
symposia or invited papers on specific topics as well as initiatives from authors or
translations.
The basic theories of physics - classical mechanics and electromagnetism, relativity
theory, quantum mechanics, statistical mechanics, quantum electrodynamics - support
the theoretical apparatus which is used in molecular sciences. Quantum mechanics
plays a particular role in theoretical chemistry, providing the basis for the valence
theories which allow to interpret the structure of molecules and for the spectroscopic
models employed in the determination of structural information from spectral patterns.
Indeed, Quantum Chemistry often appears synonymous with Theoretical chemistry: it
will, therefore, constitute a major part of this book series. However, the scope of the
series will also include other areas of theoretical chemistry, such as mathematical
chemistry (which involves the use of algebra and topology in the analysis of molecular
structures and reactions); molecular mechanics, molecular dynamics and chemical
thermodynamics, which play an important role in rationalizing the geometric and
electronic structures of molecular assemblies and polymers, clusters and crystals;
surface, interface, solvent and solid-state effects; excited-state dynamics, reactive
collisions, and chemical reactions.
Recent decades have seen the emergence of a novel approach to scientific research,
based on the exploitation of fast electronic digital computers. Computation provides a
method of investigation which transcends the traditional division between theory and
experiment. Computer-assisted simulation and design may afford a solution to complex
problems which would otherwise be intractable to theoretical analysis, and may also
provide a viable alternative to difficult or costly laboratory experiments. Though
stemming from Theoretical Chemistry, Computational Chemistry is a field of research
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in its own right, which can help to test theoretical predictions and may also suggest
improved theories.
The field of theoretical molecular sciences ranges from fundamental physical
questions relevant to the molecular concept, through the statics and dynamics of
isolated molecules, aggregates and materials, molecular properties and interactions, and
the role of molecules in the biological sciences. Therefore, it involves the physical basis
for geometric and electronic structure, states of aggregation, physical and chemical
transformations, thermodynamic and kinetic properties, as well as unusual properties
such as extreme flexibility or strong relativistic or quantum-field effects, extreme
conditions such as intense radiation fields or interaction with the continuum, and the
specificity of biochemical reactions.
Theoretical chemistry has an applied branch – a part of molecular engineering,
which involves the investigation of structure-property relationships aiming at the
design, synthesis and application of molecules and materials endowed with specific
functions, now in demand in such areas as molecular electronics, drug design or genetic
engineering. Relevant properties include conductivity (normal, semi- and supra-),
magnetism (ferro- or ferri-), optoelectronic effects (involving nonlinear response),
photochromism and photoreactivity, radiation and thermal resistance, molecular recognition and information processing, and biological and pharmaceutical activities, as well
as properties favouring self-assembling mechanisms and combination properties needed
in multifunctional systems.
Progress in Theoretical Chemistry and Physics is made at different rates in these
various research fields. The aim of this book series is to provide timely and in-depth
coverage of selected topics and broad-ranging yet detailed analysis of contemporary
theories and their applications. The series will be of primary interest to those whose
research is directly concerned with the development and application of theoretical
approaches in the chemical sciences. It will provide up-to-date reports on theoretical
methods for the chemist, thermodynamician or spectroscopist, the atomic, molecular or
cluster physicist, and the biochemist or molecular biologist who wish to employ
techniques developed in theoretical, mathematical or computational chemistry in their
research programmes. It is also intended to provide the graduate student with a readily
accessible documentation on various branches of theoretical chemistry, physical chemistry and chemical physics.

Contents

ix

Preface

Part VI. Response Theory: Properties and Spectra
On gauge invariance and molecular electrodynamics

3

R.G. Woolley
Quantum mechanics of electro-nuclear systems - Towards a theory of
chemical reactions
23

O. Tapia
Theoretical study of regularities in atomic and molecular spectral
properties

49

I. Martín, C. Lavín and E. Charro
Excited states of hydrogen peroxide: an overview

65

P. K. Mukherjee, M. L. Senent and Y. G. Smeyers
On electron dynamics in violent cluster excitations

85

P. G. Reinhard and E. Suraud
Relativistic effects in non-linear atom-laser interactions at ultrahigh
intensities

107

V. Véniard, R. Taïeb, C. Szymanowski and A. Maquet

Part VII - Reactive Collisions and Chemical Reactions
Semiclassical close-coupling description of electron transfer in multicharged ion-atom collisions

121

J. Caillat, A. Dubois and J. P. Hansen
Single and double electron capture in boron collision systems

M. C Bacchus-Montabonel and P. Honvault
vii

133

viii

Theoretical study of the interaction of carbon dioxide with Sc, Ti, Ni,
and Cu atoms

143

F. Mele, N. Russo, M. Toscano and F. Illas

Part VIII. Condensed Matter
Recurrent variational approach applied to the electronic structure of
conjugated polymers

169

S. Pleutin, E. Jeckelmann, M.A. Martín-Delgado and G. Sierra
Effects of solvation for (R,R) tartaric-acid amides

189

M. Hoffmann and J. Rychlewski
Interpretation of vibrational spectra in electrochemical environments
from first-principle calculations: computational strategies
211

M. García-Hernández, A. Markovits, A. Clotet, J.M Ricart and F. Illas
Excited states in metal oxides by configuration interaction and multireference perturbation theory

227

C. Sousa, C. de Graaf, F. Illas and G. Pacchioni
Electrostatic effects in the heterolytic dissociation of hydrogen at magnesium oxide
247

C. Pisani and A. D’Ercole
A DFT study of CO adsorption on NiII ions 3-fold coordinated to silica 257

D. Costa, M. Kermarec, M. Che, G. Martra, Y. Girard and P. Chaquin
A theoretical study of structure and reactivity of titanium chlorides

269

C. Martinsky and C. Minot
Phenomenological description of D-wave condensates in high-Tc superconducting cuprates
289

E. Brändas, L.J. Dunne and J. N. Murrell
Contents of Volume 1

305

Combined Index to Volumes 1 and 2

309

Preface

These two volumes collect thirty-eight selected papers from the scientific contributions
presented at the Fourth European Workshop on Quantum Systems in Chemistry and
Physics (QSCP-IV), held in Marly-le-Roi (France) in April 22-27, 1999. A total of one
hundred and fifteen scientists attended the workshop, 99 from Europe and 16 from the
rest of the world. They discussed the state of the art, new trends, and future evolution of
the methods and applications.
The workshop was held in the old town of Marly-le-Roi, which lies to the West of
Paris between the historic centres of Saint-Germain-en-Laye and Versailles. Participants
were housed at the National Youth Institute, where over sixty lectures were given by leading members ofthe scientific community; in addition, over sixty posters were presented
in two very animated sessions. We are grateful to the oral speakers and to the poster presenters for making the workshop such an stimulating experience. The social programme
was also memorable – and not just for the closing banquet, which was held at the French
Senate House. We are sure that participants will long remember their visit to the 'Musée
des Antiquités Nationales': created by Napoleon III at the birthplace of Louis XIV, this
museum boasts one of the world finest collections of archeological artifacts.
The Marly-le-Roi workshop followed the format established at the three previous
meetings, organized by Prof. Roy McWeeny at San Miniato Monastery, Pisa (Italy) in
April, 1996 (the proceedings of which were published in the Kluwer TMOE series); Dr
Steve Wilson at Jesus College, Oxford (United Kingdom) in April, 1997 (which resulted
in two volumes in Adv. Quant. Chem.); and Prof. Alfonso Hernandez-Laguna at Los
Alixares Hotel, Granada (Spain) in April, 1998 (for which proceedings appeared in the
present series). These meetings, sponsored by the European Union in the frame of the
Cooperation in Science and Technology (COST) chemistry actions, create a forum for
discussion, exchange of ideas and collaboration on innovative theory and applications.
Quantum Systems in Chemistry and Physics encompasses a broad spectrum of research where scientists of different backgrounds and interests jointly place special emphasis on quantum theory applied to molecules, molecular interactions and materials. The
meeting was divided into several sessions, each addressing a different aspect of the field:
1 - Density matrices and density functionals; 2 - Electron correlation treatments; 3 - Relativistic formulations and effects; 4 - Valence theory (chemical bond and bond breaking); 5 - Nuclear motion (vibronic effects and flexible molecules); 6 - Response theory
(properties and spectra); 7 - Reactive collisions and chemical reactions, computational
chemistry and physics; and 8 - Condensed matter (clusters and crystals, surfaces and interfaces).
Density matrices and density functionals have important roles in both the interpretation and the calculation of atomic and molecular structures and properties. The fundamental importance of electronic correlation in many-body systems makes this topic a
central area of research in quantum chemistry and molecular physics. Relativistic effects
are being increasingly recognized as an essential ingredient of studies on many-body systems, not only from a formal viewpoint but also for practical applications to molecules
and materials involving heavy atoms. Valence theory deserves special attention since it
ix

x
improves the electronic description of molecular systems and reactions from the point of
view used by most laboratory chemists. Nuclear motion constitutes a broad research field
of great importance accounting for the internal molecular dynamics and spectroscopic
properties.
Also very broad and of great importance in physics and chemistry is the topic of response theory, where electric and magnetic fields interact with matter. The study of chemical reactions and collisions is the cornerstone of chemistry, where traditional concepts
like potential-energy surfaces or transition complexes appear to become insufficient, and
the new field of computational chemistry finds its main applications. Condensed matter is
a field in which progressive studies are performed, from few-atom clusters to crystals,
surfaces and materials.
We are pleased to acknowledge the support given to the Marly-le-Roi workshop by
the European Commission, the Centre National de la Recherche Scientifique (CNRS)
and Université Pierre et Marie Curie (UPMC). We would like to thank Prof. Alfred Maquet, Director of Laboratoire de Chimie Physique in Paris, Prof. Alain Sevin, Director of
Laboratoire de Chimie Théorique in Paris, and Dr Gérard Riviére, Secretary of COSTChemistry in Brussels, for financial and logistic help and advice. Prof. Gaston Berthier,
Honorary Director of Research, and Prof. Raymond Daudel, President of the European
Academy, gave the opening and closing speeches. The supportive help of Ms Françoise
Debock, Manager of INJEP in Marly-le-Roi, is also gratefully acknowledged. Finally, it
is a pleasure to thank the work and dedication of all other members of the local organizing team, especially Alexandre Kuleff, Alexis Markovits, Cyril Martinsky and, last but
not least, Ms Yvette Masseguin, technical manager of the workshop.
Jean Maruani and Christian Minot
Paris, 2000

