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Preface
After our ﬁrst publisher produced our ﬁrst volume and we were in the
process of readying manuscripts for Volume 2, the publisher’s executive editor
innocently asked us if there was anything in the ﬁeld of computational chemistry that we had not already covered in Volume 1. We assured him that there
was much. The constancy of change was noted centuries ago when Honorat de
Bueil, Marquis de Racan (1589–1670) observed that ‘‘Nothing in the world
lasts, save eternal change.’’ Science changes too. As stated by Emile Duclaux
(1840–1904), French biologist and physician and successor to Louis Pasteur in
heading the Pasteur Institute, ‘‘It is because science is sure of nothing that it is
always advancing.’’ Science is able to contribute to the well-being of mankind
because it can evolve. Topics in a number of important areas of computational
chemistry are the substance of this volume.
Cheminformatics, a term so new that scientists have not yet come to an
agreement on how to spell it, is a facet of computational chemistry where the
emphasis is on managing digital data and mining the data to extract knowledge. Cheminformatics holds a position at the intersection of several traditional disciplines including chemical information (library science), quantitative
structure-property relationships, and computer science as it pertains to managing computers and databases. One powerful way to extract an understanding
of the contents of a data set is with clustering methods, whereby the mutual
proximity of data points is measured. Clustering can show how much similarity or diversity there is in a data set. Chapter 1 of this volume is a tutorial on
clustering methods. The authors, Drs. Geoff M. Downs and John M. Barnard,
were educated at the University of Shefﬁeld—the veritable epicenter and
fountainhead of cheminformatics. Each clustering method is described along
with its strengths and weaknesses. As frequent consultants to pharmaceutical
and chemical companies, the authors can knowledgeably point to published
examples where real-world research problems were aided by one or more of
the clustering methods.
The previous volume of our series, Volume 17, included a chapter
on the use of docking for discovery of pharmaceutically interesting ligands. Employed in structure-based ligand design, docking requires a
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three-dimensional structure of the receptor, which can be obtained from
experiment or modeling. Docking also requires computational techniques
for assessing the afﬁnity of small organic molecules to a receptor. These techniques, collectively called scoring functions, attempt to quantitate the favorability of interaction in the ligand–receptor complex. In Chapter 2 of the
present volume, Drs. Hans-Joachim Böhm and Martin Stahl give a tutorial
on scoring functions. The authors share their considerable experience using
scoring functions in drug discovery research at Roche, Basel. Scoring functions
can be derived in different ways; they can be (1) based directly on standard
force ﬁelds, (2) obtained by empirically ﬁtting parameters in selected force ﬁeld
terms to reproduce a set of known binding afﬁnities, or (3) derived by an
inverse formulation of the Boltzmann law whereby the frequency of occurrence of an interatomic interaction is presumed to be related to the strength
of that interaction. As with most modern computational methods used in
pharmaceutical research, viable scoring functions must be quickly computable
so that large numbers of ligand–receptor complexes can be evaluated at a
speed comparable to the rate at which compounds can be synthesized by combinatorial chemistry. Despite efforts at numerous laboratories, the ‘‘perfect’’
scoring function, which would be both extremely accurate and broadly applicable, eludes scientists. Sometimes, several scoring functions can be tried on a
given set of molecules, and then the computational chemist can look for a consensus in how the individual molecules are ranked by the scores.* A ligand
structure having good scores does not guarantee that the compound will
have high afﬁnity when and if the compound is actually synthesized and tested.
However, a structure with high rankings (i.e., ﬁts the proﬁle) is more likely to
show binding than a randomly selected compound. Chapter 2 summarizes
what has been learned about scoring functions and gives an example of how
they have been applied to ﬁnd new ligands in databases of real and/or conceivable (virtual) molecular structures stored on computers.
In the 1980s when computers were making molecular simulation calculations more feasible, computational chemists readily recognized that accounting for the polarizability of charge distribution in a molecule would become
increasingly important for realistically modeling molecular systems. In most
force ﬁelds, atomic charges are assigned at the beginning of the calculation
and then are held ﬁxed during the course of the minimization or simulation.
However, we know that atomic charges vary with the electric ﬁeld produced
by the surrounding atoms. Each atom of a molecular system is in the ﬁeld of all
the other atoms; electrostatic interactions are long range (effective to as much
as 14 Å), so a change in the molecular geometry will affect atomic charges,
*Such a consensus approach is reminiscent of what some computational chemists were
doing in the the 1970s and 1980s when they were treating each molecule by not one, but
several available semiempirical and ab initio molecular orbital methods, each of which gave
different—and less than perfect—predictions of molecular properties.
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especially if polar functional groups are present. In Chapter 3, Professors
Steven W. Rick and Steven J. Stuart scrutinize the methods that have been
devised to account for polarization. These methods include point dipole models, shell models, electronegativity equalization models, and semiempirical
models. The test systems commonly used for developing and testing these
models have been water, proteins, and nucleic acids. This chapter’s comparison of computational models gives valuable guidance to users of molecular
simulations.
In Chapter 4, Professors Dmitry V. Matyushov and Gregory A. Voth
present a rigorous frontier report on the theory and computational methodologies for describing charge-transfer and electron-transfer reactions that can
take place in condensed phases. This ﬁeld of theory and computation aims to
describe processes occurring, for instance, in biological systems and materials
science. The chapter focuses on analysis of the activation barrier to charge
transfer, especially as it relates to optical spectroscopy. Depending on the
degeneracy of the energy states of the donor and acceptor, electron tunneling
may occur. This chapter provides a step-by-step statistical mechanical development of the theory describing charge-transfer free energy surfaces. The
Marcus–Hush mode of electron transfer consisting of two overlapping parabolas can be extended to the more general case of two free energy surfaces. In the
last part of the chapter, the statistical mechanical analysis is applied to the
calculation of optical proﬁles of photon absorption and emission, Franck–
Condon factors, intensities, matrix elements, and chromophores.
In Chapter 5, Dr. George R. Famini and Professor Leland Y. Wilson teach
about linear free energy relationships (LFERs) using molecular descriptors
derived from—or adjuncts to—quantum chemical calculations. Basically, the
LFER approach is a way of studying quantitative structure-property relationships (QSPRs). The property in question may be a physical one, such as vapor
pressure or solvation free energy, or one related to biological activity (QSAR).
Descriptors can be any numerical quantity—calculated or experimental—that
represents all or part of a molecular structure. In the LFER approach, the number of descriptors used is relatively low compared to some QSPR/QSAR
approaches that involve throwing so many descriptors into the regression
analysis that the physical signiﬁcance of any of these is obscured. These latter
approaches are somewhat loosely referred to as ‘‘kitchen sink’’ approaches
because the investigator has ﬁguratively thrown everything into the equation
including objects as odd as the proverbial kitchen sink. In the LFER approach,
the descriptors include quantities that measure molecular dimensions (molecular volume, surface area, ovality), charge distributions (atomic charges, electrostatic potentials), electronic properties (ionization potential, polarizability),
and thermodynamic properties (heat of formation). Despite use of the term
‘‘linear’’ in LFER, not all correlations encountered in the physical world are
linear. QSPR/QSAR approaches based on regression analysis handle this situation by simply squaring—or taking some other power of—the values of
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some descriptors and including them as separate independent variables in the
regression equation. In this chapter, the authors discuss statistical procedures
and give examples covering a wide variety of LFER applications. Quantum
chemists can learn from this chapter how their methods may be employed
in one of the most rapidly growing areas of computational chemistry, namely,
QSAR.
In the nineteenth century, the world powerhouses of chemistry were
Britain, France, and Germany. In Germany, Justus Liebig founded a chemistry
research laboratory at the University of Giessen in 1825. At the University of
Göttingen in 1828, Friedrich Wöhler was the ﬁrst to synthesize an organic
compound (urea) from inorganic material. In Karlsruhe, Friedrich August
Kekulé organized the ﬁrst international meeting on chemistry in 1860.
Germany’s dominance in the chemical and dye industry was legend well
into the twentieth century. In the 1920s, German physicists played central
roles in the development of quantum mechanics. Erwin Schrödinger formulated the wave function (1926). Werner Heisenberg formulated matrix
mechanics (1925) and the uncertainty principle (1927). The German physicist
at Göttingen, Max Born, together with the American, J. Robert Oppenheimer,
published their oft-used famous approximation (1927). With such a strong
background in chemistry and physics, it is not surprising that Germany was
a fertile ground where computational chemistry could take root. The ﬁrst fully
automatic, programmable, digital computer was developed by an engineer in
Berlin in 1930 for routine numerical calculations. After Germany was liberated from control of the National Socialist German Workers’ Party
(‘‘Nazi’’), peaceful scientiﬁc development could be taken up again, notwithstanding the enormous loss of many leading scientists who had ﬂed from the
Nazis. More computers were built, and theoretical chemists were granted
access to them. In Chapter 6, Professor Dr. Sigrid D. Peyerimhoff masterfully
traces the history of computational chemistry in Germany. This chapter complements the historical accounts covering the United States, Britain, France,
and Canada, which were covered in prior volumes of this book series.
Finally, as a bonus with this volume, we editors present a perspective on
the employment situation for computational chemists. The essay in the appendix reviews the history of the job market, uncovers factors that have affected it
positively or negatively, and discusses the current situation. We also analyze
recent job advertisements to see where recent growth has occurred and which
skills are presently in greatest demand.
We invite our readers to visit the Reviews in Computational Chemistry
website at http://chem.iupui.edu/rcc/rcc.html. It includes the author and subject indexes, color graphics, errata, and other materials supplementing the
chapters. We are delighted to report that the Google search engine (http://
www.google.com/) ranks our website among the top hits in a search on the
term ‘‘computational chemistry’’. This search engine is becoming popular
because it ranks hits in terms of their relevance and frequency of visits. Google
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also is very fast and appears to provide a quite complete and up-to-date picture
of what information is available on the World Wide Web.
We are also glad to note that our publisher has plans to make our most
recent volumes available in an online form through Wiley InterScience. Please
check the Web (http://www.interscience.wiley.com/onlinebooks) or contact
reference@wiley.com for the latest information. For readers who appreciate
the permanence and convenience of bound books, these will, of course,
continue.
We thank the authors of this volume for their excellent chapters. Mrs.
Joanne Hequembourg Boyd is acknowledged for editorial assistance.
Donald B. Boyd and Kenny B. Lipkowitz
Indianapolis
January 2002

Epilogue and
Dedication
My association with Ken Lipkowitz began a couple of years after he
arrived in Indianapolis in 1977. Ken, trained as an synthetic organic chemist,
was a new young assistant professor at Indiana University–Purdue University
Indianapolis, and I was a research scientist at Eli Lilly & Company, where I,
a quantum chemist by training, had been working in the ﬁeld of computer-aided
drug design for nine years. Ken approached me to learn about computational
chemistry. I was glad to help him, and he was an enthusiastic ‘‘student’’. Our ﬁrst
paper together was published in 1980. Unsure whether his career as a ﬂedging
computational chemist would lead anywhere, he made a distinction in this and
other papers he wrote between his organic persona (Kenneth B. Lipkowitz)
and his computational persona (Kenny B. Lipkowitz). Over the subsequent
years, he focused his career more and more on computational chemistry and
established himself as a highly productive and creative scientist. He has always
been a hard-working, amiable, and obliging collaborator and friend.
In the late 1980s, Ken had the idea of initiating a book series on computational chemistry. The ﬁeld was starting to come into full blossom, but few
books for it were being published. Whereas review series on other subjects
tended to be of mainly archival value and to remain on library shelves, his
inspiration for Reviews in Computational Chemistry was to include as many
tutorial chapters as possible, so that the books would be more used for teaching and individual study. The chapters would be ones that a professor could
give new graduate students to bring them up to speed in a particular topic. The
chapters would also be substantive, so that the books would not be just a
journal with hard covers. As much as possible, the contents of the books
would be material that could not be found in any other source. Ken persuaded
me to join him in this endeavor.
I have viewed an editor’s prime duties to set high standards and to heed
the needs of both readers and authors. Hence, every effort has been made to
produce volumes of the highest quality. It has been a keen pleasure working
with authors who take exceptional pride in their workmanship. The expertise
and hard work of many authors have been essential for producing books of
xi
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sustained usefulness in learning, teaching, and research. With this volume, the
eighteenth, more than 7300 pages have been published since the series began
in 1990. More than 200 authors have contributed the chapters. Appreciating
the value of these chapters, scientists and libraries around the world have purchased more than 13,000 copies of the books since the series began.
My vision of computational chemistry, as embodied in this book series as
well as in the Gordon Conference on Computational Chemistry that I
initiated, was that there were synergies to be gained by juxtaposing all the various methodologies available to computational chemists. Thus, computational
chemistry is more than quantum chemistry, more than molecular modeling,
more than simulations, more than molecular design. Versatility is possible
when scientists can draw from their toolbox the most appropriate methodologies for modeling molecules and data. Important goals of this book series
have been to nurture the development of the ﬁeld of computational chemistry,
advance its recognition, strengthen its foundations, expand its dimensions, aid
practitioners working in the ﬁeld, and assist newcomers wanting to enter the ﬁeld.
However, it is now time for me to rest my keyboard-weary hands. I wish
Ken and his new co-editors every success as the book series continues. Ken
could not have paid me a higher compliment than by enlisting not one, but
two, excellent people to carry on the work I did. I have every conﬁdence
that as computational chemistry continues to evolve, its spectrum of methods
and applications will further expand and increase in brilliance.

Dedication
With completion of this, my ﬁnal, volume, I am reminded of my blessings
to live in a country conceived by the Founding Fathers of the United States of
America. Nothing would have been possible for me without the selﬂessness
and devotion of Howard Milton Boyd, Ph.G., B.S., M.S. Nothing would
have been worthwhile without the following:
Andy
Cynthia
Douglas
Drew
Elisabeth
Emma
Joanne
Mary
Richard
Susanne
Donald B. Boyd
Indianapolis
January 2002
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