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PREFACE

This book is about atomic charges, chemical bonds, and bond energy additivity.
However, nuclear magnetic resonance, inductive effects, zero-point and heat
content energies, and other topics are an integral part of this study, to achieve
our goals.

The electronic charges, the bond energies, and—way down the line—the energy
of atomization and the enthalpy of formation of organic molecules are what we
shall calculate with chemical accuracy, in a simple manner.

Of course, new ideas have to be implemented, in terms of both bond energies and
the calculation of atomic charges; the formula describing the energy of a chemical
bond in a ground-state molecule—the “intrinsic” bond energy—translates intuitive
expectations, namely, that the energy of a bond formed by atoms k and [/ should
depend on the amount of electronic charge carried by these atoms. The all-important
relationship between the intrinsic bond energies—which apply for bonds in mole-
cules at equilibrium—and the corresponding familiar bond dissociation energies—
which refer specifically to the process of bond breaking—is also described.

Intrinsic bond energies and bond dissociation energies meet different practical
needs. The former play an important role in the description of ground-state molecules.
Dissociation energies, on the other hand, come into play when molecules undergo
reactions. Now, any interaction between a molecule and its environment (such as
complex formation or the adsorption onto a metallic surface, or hydrogen bonding,
for example) affects its electron distribution and thus the energies of its chemical
bonds. If we figure out the relationship between dissociation and intrinsic bond ener-
gies, we could begin to understand how the environment of a molecule can promote
or retard the dissociation of one or another bond of particular interest in that molecule.
This outlook hints at a rich potential of future research exploiting charge analyses to
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X PREFACE

gain insight into local molecular properties, specifically, into bond energies, first,
and, going from there, into matters of great import regarding the dissociation of
chemical bonds.

Our methods, like many others, do not answer all possible questions; plain
quantum chemistry is undeniably the procedure of choice. But what our methods
do, they surely do it with great accuracy and with a chemical insight that is not
offered by traditional approaches and, moreover, in an extremely inexpensive
manner, in regard to computational resources and costs. Applications are presented
for saturated acyclic and cyclic hydrocarbons, amines, alcohols, ethers, aldehydes
and ketones, and ethylenic and aromatic hydrocarbons. The results surely are
impressive. Beyond offering new perspectives to old problems, the wealth of
details given here hopefully lays fertile grounds for future breakthroughs along the
simple lines advocated in this work. And while keeping the text as accessible as poss-
ible, the bibliography is richly designed, to assist interested readers in going more and
more deeply into the wheelwork of the matter. With that goal in mind, a compendium
of user-friendly final formulas is offered in the Appendix.

A few words about this book are in order. It is about chemistry (or, should I say
physical organic chemistry?) that exploits quantum-mechanical methods. First-year
graduate and advanced undergraduate introductory courses in quantum chemistry
offer the required background. A most concise presentation—not an explanation—
of the required quantum-mechanical techniques is offered, but a large part of this
book is accessible without mastering them. The physics are given with sufficient
details, which, I hope, are easy to follow. The whole thing—hopefully with the
future aid of interested readers—adds powerful new investigative tools in areas of
great import that help the reader understand chemical principles and predict
properties.

This is the present for the future.

SANDOR FLISZAR
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