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Preface

Chemical reactions take place due to the redistribution of electron density among the
reacting partners. Focusing on changes in electron density, which accompany the
breaking and forming of chemical bonds, instead of the changes in the wave function
accompanying them, allows us to use the “classical” three-dimensional language.
Conceptual density functional theory (DFT) quantifies the possible responses of the
system to various changes in density. Popular concepts like electronegativity, hard-
ness, and electrophilicity, which explain a large number of diverse types of reactions
in a systematic fashion, are grounded in conceptual DFT.

The aim of this book is to introduce various aspects of DFT and their con-
nections to a chemical reactivity theory at a broadly accessible level. To this end,
34 chapters have been written by 65 eminent scientists from 13 different countries.
Although the book is designed for readers with little or no prior knowledge of the
subject, the breadth of the book and the expertise of the authors ensure that even
experienced scientists will benefit from its contents.

The book comprises chapters on bonding, interactions, reactivity, dynamics,
toxicity, and aromaticity as well as fundamental aspects of DFT. Several chapters
are minireviews of the key global and local reactivity descriptors and their variations
under different perturbations.

I'am grateful to all the authors and the reviewers who cooperated with me to ensure
the publication of the book on time. It is a great pleasure to express my gratitude to my
teachers, Professors S.C. Rakshit, B.M. Deb, and R.G. Parr, for kindly introducing me
to the fascinating field of quantum mechanics as applied to many-electron systems.
I would especially like to thank Professor Paul Ayers, Lance Wobus, David Fausel,
and Santanab Giri. Finally, I must express my gratitude to my wife Samhita and my
daughter Saparya for their wholehearted support.

Pratim Kumar Chattaraj
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’l How | Came
about Working
in Conceptual DFT

Robert G. Parr

CONTENTS
1.1 Bonding of Quantum Physics with Quantum Chemistry ..................ccc.c... |
RELEIENCES ... 4

When Pratim Chattaraj asked me to provide some kind of ““foreword™ to this book, my
first reaction was ‘‘no,” since everyone knows that the past is not so important in
science and that one person’s recollections often are faulty. What we had here was just
a long-laboring quantum chemist with a rigorous training in classical Gibbsian chem-
ical thermodynamics, always enchanted with the chemical potential. So when quantum
chemistry was suddenly confronted with the density functional theory (DFT), I was
ready and happy to plunge into work with DFT, the chemical potential again taking a
central role. To say a little more, below is reproduced a short piece which I provided
for a 2003 Springer book entitled Walter Kohn (two photographs which were in the
original are omitted). What this contains is the story of how DFT came into chemistry
proper, broadening computational chemistry and enlightening chemical concepts both
old and new. Concepts are what this volume is mainly about: conceptual DFT.

1.1 BONDING OF QUANTUM PHYSICS
WITH QUANTUM CHEMISTRY*

The bond that developed between quantum physics and quantum chemistry, that led
to the award of a big chemistry prize to the physicist Walter Kohn in 1998,
developed not without trial. Here I give an account of it. An element in this bond
has been a friendship between Walter Kohn and me. My having reached 80 first, he
has already kindly spoken of this [1]. Now it is my turn.

In the 20s and early 30s there was a flush of successes in establishing the ability of
quantum mechanics to describe the simplest molecules accurately: the Born-
Oppenheimer approximation, the nature of chemical bonding, and the fundamentals

* 1 thank Springer for allowing me to reproduce this article.
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of molecular spectroscopy. But then the quantitative theory of molecular structure,
which we call quantum chemistry, was stymied, by the difficulty of solving the
Schridinger equation for molecules. The senior chemical physicists of the 30s pro-
nounced the problem unsolvable. But the younger theoreticians in the period coming
out of WWII thought otherwise. Clearly one could make substantial progress toward
the goal of complete solution, because the equation to solve was known and had a
simple universal structure.

The boundary conditions too were known. It would not be as easy as handling an
infinite periodic solid, but a number of us set to work. The special demand of
chemistry was to quantify very small molecular changes. Successes came slowly,
but with the development of computers and a lot of careful, clever work, by the 90s
the quantitative problem was essentially solved. The emergent hero of the chemical
community was John Pople, whose systematic strategy and timely method develop-
ments were decisive. The methods of what is termed ““ab initio”” quantum chemistry
became available and used everywhere.

Over the years the quantum chemists did a lot more than gradually improve their
ability to calculate wavefunctions and energies from Schrodinger’s equation. All the
while they have served molecular spectroscopy, physical inorganic chemistry, and
physical organic chemistry. Relevant for the present story was the development by
Per-Olov Lowdin in 1955 of the density matrix reduction of the Schrodinger equation,
especially the identification and mathematical physics of natural spin orbitals and their
occupation numbers. The hope was, although hope floundered, that the Schrodinger
problem could be resolved in terms of the first- and second-order density matrices.
Foundering came because of the difficulty of incorporating the Pauli principle.

Beginning way back in the 20s, Thomas and Fermi had put forward a theory
using just the diagonal element of the first-order density matrix, the electron density
itself. This so-called statistical theory totally failed for chemistry because it could not
account for the existence of molecules. Nevertheless, in 1968, after years of doing
wonders with various free-electron-like descriptions of molecular electron distribu-
tions, the physicist John Platt wrote [2] ‘““We must find an equation for, or a way of
computing directly, total electron density.”” [This was very soon after Hohenberg and
Kohn, but Platt certainly was not aware of HK; by that time he had left physics.]

From the end of the 40s, I was a happy participant in most of these things,
ab initio and the rest, although from about 1972 I became pretty much an observer.
We plunged into density-functional theory.

DFT soon intoxicated me. There were the magnificient Hohenberg-Kohn and
Kohn-Sham 196465 papers. The Xalpha method of John Slater was popular in
those days, but it was not sufficient for the high accuracy needed. And I was much
taken by the work of Walter Kohn, whom I had known since 1951. There were many
things to do: Improve upon the LDA to reach the accuracy needed for chemical
applications. Shift the emphasis on fixed, very large electron number toward vari-
able, small number, since that most concerns chemistry. Enlarge the language to
include chemical as well as solid-state concepts. Introduce into DFT, as appropriate,
some of the theoretical advances already made within quantum chemistry. All of
these things subsequently came about. The methods and concepts of DFT became
available and used throughout the chemical community.



