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Foreword

Density functional theory (DFT) is an entrancing subject. It is entrancing to chemists and physicists alike, and it is entrancing for those who like to work on mathematical physical aspects of problems, for those who relish computing observable
properties from theory and for those who most enjoy developing correct qualitative
descriptions of phenomena in the service of the broader scientific community.
DFT brings all these people together, and DFT needs all of these people, because
it is an immature subject, with much research yet to be done. And yet, it has already
proved itself to be highly useful both for the calculation of molecular electronic
ground states and for the qualitative description of molecular behavior. It is already
competitive with the best conventional methods, and it is particularly promising in
the applications of quantum chemistry to problems in molecular biology which are
just now beginning. This is in spite of the lack of complete development of DFT
itself. In the basic researches in DFT that must go on, there are a multitude of problems to be solved, and several different points of view to find full expression.
Thousands of papers on DFT have been published, but most of them will become out of date in the future. Even collections of works such as those in the present
volumes, presentations by masters, will soon be of mainly historic interest. Such
collections are all the more important, however, when a subject is changing so fast
as DFT is. Ative workers need the discipline imposed on them by being exposed to
the works of each other. New workers can lean heavily on these sources to learn the
different viewpoints and the new discoveries. They help allay the difficulties associated with the fact that the literature is in both physics journals and chemistry journals. [For the first two-thirds of my own scientific career, for example, I felt confident that I would miss nothing important if I very closely followed the Journal of
Chemical Physics. Most physicists, I would guess, never felt the need to consult
JCP. What inorganic or organic chemist in the old days took the time to browse in
the physics journals?] The literature of DFT is half-divided, and DFT applications
are ramping into chemical and physical journals, pure and applied. Watch JCP, Physical Review A and Physical Review B, and watch even Physical Review Letters, if
you are a chemist interested in applying DFT. Or ponder the edited volumes, including the present two. Then you will not be surprised by the next round of improvements in DFT methods. Improvements are coming.

VIII

Foreword

The applications of quantum mechanics to molecular electronic structure may
be regarded as beginning with Pauling's Nature of the Chemical Bond, simple molecular orbital ideas, and the Huckel and Extended Huckel Methods. The molecular
orbital method then was systematically quantified in the Hartree-Fock SCF Method;
at about the same time, its appropriateness for chemical description reached its most
elegant manifestation in the analysis by Charles Coulson of the Huckel method.
Chemists interested in structure learned and taught the nature of the Hartree-Fock
orbital description and the importance of electron correlation in it. The HartreeFock single determinant is only an approximation. Configurations must be mixed to
achieve high accuracy. Finally, sophisticated computational programs were developed by the professional theoreticians that enabled one to compute anything. Some
good methods involve empirical elements, some do not, but the road ahead to higher
and higher accuracy seemed clear: Hartree-Fock plus correction for electron correlation. Simple concepts in the everyday language of non theoretical chemists can be
analyzed (and of course have been much analyzed) in this context.
Then, however, something new came along, density functional theory. This is,
o f course, what the present volumes are about. DFT involves a profound change in
the theory. We do not have merely a new computational gimmick that improves
accuracy of calculation. We have rather a big shift of emphasis. The basic variable is
the electron density, not the many-body wavefunction. The single determinant of
interest is the single determinant that is the exact wavefuntion for a noninteracting
(electron-electron repulsion-less) system corresponding to our particular system of
interest, and has the same electron density as our system of interest. This single
determinant, called the Kohn-Sham single determinant, replaces the Hartree-Fock
determinant as the wavefunction of paramount interest, with electron correlation
now playing a lesser role than before. It affects the potential which occurs in the
equation which determines the Kohn-Sahm orbitals, bus once that potential is determined, there is no configurational mixing or the like required to determine the accurate electron density and the accurate total electronic energy. Hartree-Fock orbitals
and Kohn-Sham orbitals are quantitatively very similar, it has turned out. Of the two
determinants, the one of Kohn-Sham orbitals is mathematically more simple than
the one of Hartree-Fock orbitals. Thus, each KS orbital has its own characteristic
asymptotic decay; HF orbitals all share in the same asymptotic decay. The highest
KS eigenvalue is the exact first ionization potential; the highest HF eigenvalue is an
approximation to the first ionization potential. The KS effective potential is a local
multiplicative potential; the HF potential is nonlocal and nonmultiplicative. And so
on. When at the Krakow meeting I mentioned to a physicist that I thought that chemists and physicists all should be urged to adopt the KS determinant as the basic
descriptor for electronic structure, he quickly replied that the physicists had already
done so. So, I now offer that suggestion to the chemistry community.
On the conceptual side, the powers of DFT have been shown to be considerable.
Without going into detail, I mention only that the Coulson work referred to above
anticipated in large part the formal manner in which DFT describes molecular changes,
and that the ideas of electronegativity and hardness fall into place, as do Ralph
Pearson's HSAB and Maximum Hardness Principles.

Foreword

IX

It was Mel Levy, I think who first called density functional theory a charming
subject. Charming it certainly is to me. Charming it should be revealed to you as you
read the diverse papers in these volumes.
Chapel Hill, 1996

Robert G. Parr

Foreword

Thirty years after Hohenberg and myself realized the simple but important fact that
the theory of electronic structure of matter can be rigorously based on the electronic
density distribution n(r) a most lively conference was convened by Professor R.
Nalewajski and his colleagues at the Jagiellonian University in Poland's historic
capital city, Krakow. The present series of volumes is an outgrowth of this conference.
Significantly, attendees were about equally divided between theoretical physicists and chemists. Ten years earlier such a meeting would not have had much response from the chemical community, most of whom, I believe, deep down still felt
that density functional theory (DFT) was a kind of mirage. Firmly rooted in a tradition based on Hartree Fock wavefunctions and their refinements, many regarded the
notion that the many electron function,q~(r~ ... rN) could, so to speak, be traded in for
the density n(r), as some kind of not very serious slight-of-hand. However, by the
time of this meeting, an attitudinal transformation had taken place and both chemists
and physicists, while clearly reflecting their different upbringings, had picked up
DFT as both a fruitful viewpoint and a practical method of calculation, and had done
all kinds of wonderful things with it.
When I was a young man, Eugene Wigner once said to me that understanding in
science requires understanding from several different points of view. DFT brings
such a new point of view to the table, to wit that, in the ground state of a chemical or
physical system, the electrons may be regarded as afluid which is fully characterized by its density distribution, n(r). I would like to think that this viewpoint has
enriched the theory of electronic structure, including (via potential energy surfaces)
molecular structure; the chemical bond; nuclear vibrations; and chemical reactions.
The original emphasis on electronic ground states of non-magnetic systems has
evolved in many different directions, such as thermal ensembles, magnetic systems,
time-dependent phenomena, excited states, and superconductivity. While the abstract underpinning is exact, implementation is necessarily approximate. As this
conference clearly demonstrated, the field is vigorously evolving in many directions: rigorous sum rules and scaling laws; better understanding and description of
correlation effects; better understanding of chemical principles and phenomena in
terms of n(r); application to systems consisting of thousands of atoms; tong range
polarization energies; excited states.
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Foreword

Here is my personal wish list for the next decade: (1) An improvement of the
accurary of the exchange-correlation energy Ec[n(r) ] by a factor of 3-5. (2) A practical,
systematic scheme which, starting from the popular local density approach, can with sufficient effort - yield electronic energies with any specified accuracy. (3) A
sound DFT of excited states with an accuracy and practicality comparable to present
DFT for ground states. (4) A practical scheme for calculating electronic properties
of systems of 103 - l0 s atoms with "chemical accuracy". The great progress of the
last several years made by many individuals, as mirrored in these volumes, makes
me an optimist.
Santa Barbara, 1996

Walter Kohn

Preface

Density functional methods emerged in the early days of quantum mechanics; however, the foundations of the modern density functional theory (DFT) were established in the mid 1960 with the classical papers by Hohenberg and Kohn (1964) and
Kohn and Sham (1965). Since then impressive progress in extending both the theory
formalism and basic principles, as well as in developing the DFT computer software
has been reported. At the same time, a substantial insight into the theory structure
and a deeper understanding of reasons for its successes and limitations has been
reached. The recent advances, including new approaches to the classical Kohn-Sham
problem and constructions of more reliable functionals, have made the ground-state
DFT investigations feasible also for very large molecular and solid-state systems (of
the order of 103 atoms), for which conventional CI calculations of comparable accuracy are still prohibitively expensive. The DFT is not free from difficulties and controversies but these are typical in a case of a healthy, robust discipline, still in a stage
of fast development. The growing number of monographs devoted to this novel
treatment of the quantum mechanical many body problem is an additional measure
of its vigor, good health and the growing interest it has attracted.
In addition to a traditional, solid-state domain of appplications, the density functional approach also has great appeal to chemists due to both computational and
conceptual reasons. The theory has already become an important tool within quantum chemistry, with the modem density functionals allowing one to tackle problems
involving large molecular systems of great interest to experimental chemists. This
great computational potential of DFT is matched by its already demonstrated capacity to both rationalize and quantify basic classical ideas and rules of chemistry, e.g.,
the electronegativity and hardness/softness characteristics of the molecular electron
distribution, bringing about a deeper understanding of the nature of the chemical
bond and various reactivity preferences. The DFT description also effects progress
in the theory of chemical reactivity and catalysis, by offering a "thermodynamiclike" perspective on the electron cloud reorganization due to the reactant/catalyst
presence at various intermediate stages of a reaction, e.g. allowing one to examine
the relative importance of the polarization and charge transfer components in the
resultant reaction mechanism, to study the influence of the infinite surface reminder
of cluster models of heterogeneous catalytic systems, etc.
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Preface

The 30th anniversary of the modem DFT was celebrated in June 1994 in Cracow, where about two hundred scientists gathered at the ancient Jagietlonian University Robert G. Parr were the'honorary chairmen of the conference. Most of the
reviewers of these four volumes include the plenary lecturers of this symposium;
other leading contributors to the field, physicists and chemists, were also invited to
take part in this DFT survey. The fifteen chapters of this DFT series cover both the
basic theory (Parts I, lI, and the first article of Part III), applications to atoms, molecules and clusters (Part III), as well as the chemical reactions and the DFT rooted
theory of chemical reactivity (Part IV). This atTangement has emerged as a compromise between the volume size limitations and the requirements of the maximum
thematic unity of each part.
In these four DFT volumes of the Topics in Current Chemistry series, a real
effort has been made to combine the authoritative reviews by both chemists and
physicists, to keep in touch with a wider spectrum of current developments. The
Editor deeply appreciates a fruitful collaboration with Dr. R. Stumpe, Dr. M. Hertel
and Ms B. Kollmar-Thoni of the Springer-Verlag Heidelberg Office, and the very
considerable labour of the Authors in preparing these interesting and informative
monographic chapters.
Cracow, 1996

Roman F. Nalewajski
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