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Abstract 1964–1965 was an early, crucial period in Martin Karplus’ research—a time when, rather unex-
pectedly, he approached the problem of reactive collisions using a quasiclassical approximation with the
aid of computer technologies. This marked a substantial departure from the quantum-chemical studies of
nuclear magnetic resonance that had, until then, dominated his work. The historical perspective outlined
by George Schatz, as well Karplus’ own biography, partly frames the contours of this remarkable period in
the history of theoretical chemistry. Yet, the available historical literature is not sufficiently complete to
allow us to understand Karplus’ transition from nuclear magnetic resonance to reaction dynamics. In this
article, we discuss the intellectual ground on which Karplus operated around 1964, further commenting on
the relevance of his quantum and quasiclassical studies and pondering how Karplus’ approach eventually
led to his interest in the simulation of complex biomolecules.

1 Introduction

From his earliest school years, biology represented an
irresistible interest for Martin Karplus (born 1930),
his “first love1.” Yet, notwithstanding this interest in
biology, he followed a different trajectory in the early
stages of his academic training. “I had concluded that
to approach biology at a fundamental level (to under-
stand life), a solid background in chemistry, physics,
and mathematics was imperative, and so I enrolled in
the Program in Chemistry and Physics2.” The year
was 1947, and the school was Harvard college, where
Karplus performed his undergraduate studies. At this
stage, we can already detect two important aspects of
his life: his interest in the biological sciences and his
tendency toward taking unexpected paths.

1 Karplus (2006, p. 1). We also relied on Karplus (2020),
which had just appeared prior to finalizing our article. The
two publications, however, essentially do not differ regarding
the kinds of questions we sought to tackle.
2 Karplus (2006, p. 12).
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In 1950, Karplus moved to the California Institute of
Technology (Caltech) for his graduate studies. He began
to work as a graduate student in biology under Max
Delbrück (1906–81), but he switched to chemistry after
their relationship became strained3. He then started to
work under John Kirkwood (1907–59), embarking on
research into the charge fluctuations of proteins, but
finally joined Linus Pauling’s (1901–94) laboratory to
focus on an ab initio approach to the bifluoride ion
after Kirkwood left for Yale University in 19514. Con-
nections to biology, either direct or indirect, remained
in the air but were as yet undeveloped. Worth noting,
from a biological perspective, was the presence of two
remarkable scientists in Pauling’s group, scholars who
would go on to make substantial contributions to the
biological sciences: chemist Leslie Orgel (1927–2007),
who was active in biology as a theorist of the origin
of life, as well as biologist and biophysicist Alexander
Rich (1924–2015), who made numerous seminal contri-

3 Karplus (2006, pp. 15–16).
4 Harvard sources report that Karplus is consid-
ered Pauling’s most brilliant student. See Ireland,
Corydon, 2017. I had the conviction that my ideas
were correct. The Harvard Gazette. April 21. Source:
https://news.harvard.edu/gazette/story/2017/04/harvards
-martin-karplus-looks-back-on-path-to-nobel-prize/.
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butions on the structure and function of nucleic acids5.
“Interacting with them,” remarked Karplus while refer-
ring to all members of Pauling’s group, “was a won-
derful part of my Caltech education6.” Karplus found
himself operating in a multifaceted environment that
offered myriad approaches to chemistry, physics, and
biology.

Soon after completing his Ph.D. in 1953, Karplus
embarked on a two-year postdoctoral stay at the Uni-
versity of Oxford, where he worked as a National
Science Foundation (NSF) Postdoctoral Fellow under
chemist and applied mathematician Charles Coulson
(1910–74). There, he collaborated with Simon Alt-
mann (born 1924), who helped to improve his knowl-
edge of group theory. Karplus also made contact with
William Lipscomb (1919–2011), then famous for his
work on boron chemistry and nuclear magnetic reso-
nance (NMR), and who was then becoming active in
research on X-ray crystallography and the structure and
behavior of enzymes7. Karplus did not actually work
on any concrete chemical problems at Oxford, but he
did try to concoct ideas that could be useful not just
for chemists but for an interdisciplinary community of
scholars. His connections with chemist Donald Hornig
(1920–2013) and physicist Maurice Pryce (1913–2003)
became a triggering force behind his decision to embark
on NMR studies. Notably, here we see another unex-
pected change in direction.

In 1955, Karplus started his career as a faculty mem-
ber of the University of Illinois at Urbana-Champaign,
where he focused a good deal on his research “on the-
oretical methods for relating nuclear and electron spin
magnetic resonance parameters to the electronic struc-
ture of molecules8.” Urbana-Champaign, especially in
the mid-1950s, was a leading institution for the appli-
cation of NMR to chemistry. During those years, Her-
bert Gutowsky (1919–2000) and Charles Slichter (1924–
2018) became founding fathers in these new approaches
to chemistry. As explained by Karplus, the Department
of Chemistry was going through some major renova-
tions, with a number of vacancies to fill. It was Paul-
ing who wrote a recommendation letter for Karplus in
support of his candidacy. The young scholar filled one
of those vacancies and upon his hiring received some
funds to conduct his research. Soon enough Karplus
found himself operating within a stimulating environ-
ment, full of opportunities. As he remarked, “the pres-
ence of four new instructors—Rolf Herber, Aron Kup-
perman, Robert Ruben, and me—plus other young sci-
entists on the faculty, such as Doug Applequist, Lynn
Belford, and E.J. Corey, led to a very interactive and
congenial atmosphere9.”

5 Orgel (1973), Rich (2019).
6 Karplus (2006, p. 16).
7 Lipscomb was awarded the 1976 Nobel Prize in Chem-
istry “for his studies on the structure of boranes illuminat-
ing problems of chemical bonding.” See https://nobelprize.
org/prizes/chemistry/1976/summary/.
8 Karplus (2006, p. 19).
9 Karplus (2006, p. 19).

The 1950s represented a very special time in theo-
retical chemistry, witnessing the blossoming of quan-
tum approaches to chemistry, and especially those that
targeted the electronic structure of molecules. In 1926,
Erwin Schrödinger (1887–1961) applied to the hydrogen
atom the time–independent form of the equation that
bears his name, he solved it and contributed to the new
and coherent approach of atomic physics that substi-
tuted, with quantum mechanics, the old quantum the-
ory10. Shortly later, in 1927, Walter Heitler (1904–81)
and Fritz London (1900–54) used a variational approach
to introduce the first approximate quantum treatment
of chemical bonds, also known as the valence bond
method11. This approach was further developed by the
physicist John Slater (1900–76) and Pauling. The lat-
ter introduced the concepts of resonance and orbital
hybridization, expanding from early concepts elabo-
rated by Gilbert Lewis (1875–1946)12. In recognition of
these results, in 1954 Pauling was awarded the Nobel
Prize in Chemistry “for his research into the nature
of the chemical bond and its application to the eluci-
dation of the structure of complex substances13.” This
period thus represented a golden era in the application
of quantum mechanics to chemistry.

Karplus’ studies at Urbana-Champaign resulted in
a particularly relevant paper that he published in the
Journal of Chemical Physics in 195914. This study was
made possible thanks to the ILLIAC I digital computer,
which was built at Urbana-Champaign and had become
operative in 1952. Here, we note another important
ingredient for understanding Karplus’ scientific life: an
early and unconditioned confidence in the use of com-
puter technologies. It is clear that, from the very begin-
ning, Karplus was open to the use of computers, thor-
oughly understanding their essential role in shaping
new trends in scientific inquiry. In particular, the device
available at Urbana-Champaign worked by processing
a series of punched holes in paper tapes; it had a mem-
ory of 1000 words. “If you made a mistake,” remarked
Karplus, “you filled in the incorrect holes with nail pol-
ish so that you could continue the program, the output
appearing on spools of paper15.” Nonetheless, “Prob-
ably the most valuable aspect of having a program
for this type of simple calculation [. . . ],” he stressed,
“was that once the program was known to be correct, a
large number of calculations could be performed with-
out having to worry about arithmetic mistakes16.” This
marked an unprecedented change in the history of sci-
ence: the use of computers allowed for a remarkable
shift from the formulation of scientific laws, with lim-

10 Schrödinger (1926).
11 Heitler and London (1927).
12 Lewis (1916).
13 See www.nobelprize.org/prizes/chemistry/1954/sum-
mary/. It is worth noting that Karplus had only just
graduated with his PhD under Pauling’s mentorship the
previous year.
14 Karplus (1959a).
15 Karplus (2006, p. 20).
16 Karplus (2006, p. 20).
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ited computational capabilities, to the formulation and
effective solution of the equations that those scientific
laws demanded17.

It was just before publishing the aforementioned
1959 paper that Karplus attended a lecture by organic
chemist Raymond Lemieux (1920–2000). The lecture
was on the conformations of acetylated sugars, and
Karplus found it particularly stimulating. Lemieux
reported having measured NMR spin-spin vicinal cou-
pling J-constants between a pair of atoms separated by
three chemical bonds, and he noted that there appeared
to be a dihedral angle dependence, exactly as Karplus
imagined and later reported in his article18. The simple
mathematical expression of the three-bond J-coupling
constants, in terms of the dihedral angles, eventu-
ally became known as the “Karplus equation19.” Elias
James Corey (born 1928), in that same year, developed
what is believed to be the first application to organic
chemistry of Karplus’ results20.

Karplus’ work at Urbana-Champaign took place
within a vibrant and prolific framework. “I continued
to work on problems in NMR and ESR (electron spin
resonance) because new areas of chemistry were being
studied by these spectroscopic methods and it seemed
worthwhile to try to provide insights from theoretical
analyses of some of these applications21.” At Urbana-
Champaign, Karplus engaged in a dialogue connected
to the proliferation of these applications, a conversation
then developing with the participation of other remark-
able chemists. Yet, the “chemistry department at Illi-
nois was rigidly separated into divisions, which had a
semiautonomous existence22;” it was around computer
technologies, evidently, that scholars started to work in
a more interdisciplinary way. This observation empha-
sizes the remarkable impacts that computers were hav-
ing (and are still having), not just in terms of improved
computational capabilities, but also in favoring new
connections among scientific fields and subfields, allow-
ing scientists to transcend boundaries that had tradi-
tionally categorized various stages in the history of sci-
ence and technology23.

At the beginning of the 1960s, it looked like Karplus
was off to a productive career in the application of NMR
to theoretical chemistry. As it happened, however, he
made another unexpected maneuver. In 1964 and 1965,
he co-published research articles that took him in a
completely different direction, toward a quasiclassical

17 Macuglia et al. (2020, pp. 73–74).
18 Karplus (2006, p. 20).
19 Karplus (2006, p. 20). See also Conroy (1960). The notion
of Karplus equation was not free from criticism, as some
scientists were concurrently incurring some deviations of the
measurements from what had been predicted by the theory.
Karplus replied to such criticism with a 1963 paper. See
Karplus (1963).
20 Bradshaw et al. (1959).
21 Karplus (2006, p. 21). See also Karplus (1959b,
1960a, b).
22 Karplus (2006, p. 20).
23 Macuglia et al. (2020, pp. 64, 74).

approach to collision-reaction dynamics24. By this time,
Karplus had already moved to Columbia University (in
the fall of 1960), where he made consistent use of the
local computer facilities and considerably changed his
research topic. Interestingly, as we shall see, the most
remarkable shifts in Karplus’ way of thinking all coin-
cide with changes in his academic setting: Caltech and
an ab initio approach to the bifluoride ion, Oxford and
the time of creative thinking, Urbana-Champaign and
NMR, Columbia and reaction dynamics. Not only did
Karplus make flexible changes to his research topics,
but he was able to skillfully contribute to the new
research lines on which he focused. Upon realizing that
he had made significant contributions to a given area of
study, he would suddenly embark on a trek into a new,
virgin field. And his changing circumstances inevitably
relied on computer technologies. Eventually, because of
computers and the vast experience he had accumulated
in chemistry and physical chemistry, Karplus was able
to effectively turn to the biological sciences, exactly as
he had envisioned when still a young man at Harvard.

At Columbia, Karplus first joined the IBM Watson
Scientific Laboratory, where he devoted himself to the
study of the (H, H2) reaction in the Born–Oppenheimer
approximation. Yet before taking this new position in
the Laboratory, he requested a tenured position at the
Chemistry Department, which he obtained, thus assur-
ing himself a position at Columbia. This turned out to
be remarkably intuitive, as IBM closed down that par-
ticular branch of their Watson Scientific Laboratory in
1970. While Karplus was not in New York anymore—
and therefore unaffected by the closing—this situation
further cemented Karplus’ sense that a university pro-
vided a much safer environment than a private research
laboratory, which could refocus its interest or even shut
down unexpectedly, depending on the corporate fund-
ing situation. As he stressed in his own autobiography,
Karplus has always believed that fundamental research
run by big industries may not always provide a stable
trajectory to follow, especially for young scientists in
the early stages of their careers25. For this reason, he
has always advised young researchers to take care when
leaving academia to venture into privately run labora-
tories.

Having said that, the IBM Watson Scientific Lab-
oratory exemplified a truly vibrant research center,
especially due to the presence of physicists such as
Llewellyn Thomas (1903–92), Erwin Hahn (1921–2016)
and Seymour Koenig (1927–2018). The Laboratory was
directed by Wallace Eckert (1902–71), an astronomer
focusing on the three-body problem by means of com-
puting technologies26. Karplus himself was focusing on
a three-body problem, considering the intermediate H3

state of the (H, H2) reaction, so he found in the labo-
ratory prolific ground to grow. At Columbia, in addi-

24 The two mentioned articles will be analyzed in the next
section: “1964: the unexpected rise of quasiclassical and clas-
sical approaches.”
25 Karplus (2006, p. 22).
26 Karplus (2006, p. 22).
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tion, he was involved in teaching and research, and
he could rely on the support of a group of postdocs.
The Chemistry Department turned out to be a good
fit, an environment where Karplus could work side-
by-side with scholars such as physical chemist George
Fraenkel (1921–2009), organic chemist Ronald Breslow
(1931–2017), and Richard Bersohn (1925–2003), who
was active in chemical kinetics. The laboratory came
equipped with an IBM 650, “an early digital computer,
which was much more useful than the ILLIAC because
of its greater speed, larger memory, and simpler (card)
input27.” It was primarily thanks to this computer that
Karplus was able to study the (H, H2) reaction at a fun-
damental level, as we will explain in the next section.

Some points from this timeline seem essential to the
framing of Karplus’ own background. First, there was
his unconditional attraction to biology, his first love, an
ingredient which did not become evident at Columbia,
yet had always been there, in the background, since
his youth. This love made a resurgence during the next
stage, the professorship at Harvard (which he started
in 1966), where Karplus shifted his research focus, ven-
turing into biomolecules.

Another important ingredient to Karplus’ success
was his flexibility and versatility. His ability to adapt
to changing situations, in order to rework his profes-
sional connections, took him in different research direc-
tions. If he felt that a given topic was not mature
enough or that new substantial contributions couldn’t
be made, he would change topics and venture onto
a new topic that held the promise of groundbreak-
ing developments. As a matter of fact, when he real-
ized that he had reached his goals in NMR studies,
he eventually decided to focus on chemical reactions.
This ability to find promising new directions, to readapt
to different contexts, and to begin new research top-
ics is not a common feature among contemporary sci-
entists. For this reason, Karplus’ approach is unusual
from the perspective of scientific knowledge production.
Most research scientists tend to follow a given trajec-
tory and keep working out all the fine details of a given
research topic. With Karplus, we notice early interests
in NMR coupling constants, reaction kinetics, and even-
tually biomolecules.

The third remarkable aspect of Karplus’ approach
was his conscious and decisive use of computing tech-
nologies when attacking chemical problems. This, indeed,
represents the common denominator of all his research
projects. This feature first manifested itself at Urbana-
Champaign and became even more decisive when
Karplus moved to Columbia, where he clearly under-
stood that, with the use of computers, he could study
chemical reactions in a quantitatively groundbreaking
way. By exploiting the power of computers, in fact, he
was able to obtain a reasonable and accurate descrip-
tion of the energy surface for the (H, H2) reaction in the
Born–Oppenheimer approximation, and then make a
substantial contribution to the description of the major
kinetic and dynamic properties of this reaction. This

27 Karplus (2006, p. 22).

eventually constituted one of his most remarkable con-
tributions to both theoretical and experimental chem-
istry.

2 1964: the unexpected rise of
quasiclassical and classical approaches

Karplus has been the kind of scientist who, from his
youth, was interested in developing those off-track and
unexplored areas of research that might possibly pro-
duce major, unexpected breakthroughs. Through cre-
ative thinking, he was keen to find new ways of using
tools and techniques that already existed, producing
results that could play a role in inaugurating new direc-
tions of research. This was something that already hap-
pened at Urbana-Champaign with his NMR studies, as
we have seen in the case of the Karplus equation, a con-
tribution to spectroscopic analysis by theoretical chem-
istry. Yet, after having achieved this result, Karplus felt
that he had obtained most of the essential results—and
he did not intend to pursue this subject any further. As
he noted in an interview with us, “I felt that I should
change my focus of research every five years or so,
because I understood a given area and my excitement
in something possibly new in those areas was no longer
there.” This testimonial reinforces what we highlighted
in the previous section, in our discussion of Karplus’
need to keep changing focus and finding new research
projects. We believe the present funding situation hin-
ders this “diversity of focus,” a mindset increasingly dif-
ficult to maintain amid the rigid and specialized career
paths that scholars tend to follow nowadays. Today, in
addition, an overcrowded academic arena encourages—
or forces—many young scholars to leave the academic
realm and work in the private sector, where they often-
times face the kinds of pitfalls we identified in the pre-
vious section. The new generation of scientists therefore
operates in a considerably different environment—and
perhaps a more fundamentally unstable one—than that
in which Karplus was active when creating his profes-
sional path.

The results Karplus got with NMR were instrumen-
tal for allowing his transition to Columbia. There,
collision reaction dynamics represented a new field
that promised the possibility of remarkable discoveries.
Another point worth mentioning: Karplus possessed an
ability to assume a certain amount of risk within his
research; he remained ambitious and confident, forever
seeking new research lines to follow—as happened with
the trajectories computed by the reactants on which he
focused when arriving at Columbia.

When he approached reaction kinetics, Karplus was
already an expert quantum chemist who understood
that, without computers, there would be no opportu-
nities for substantial scientific advances. With a good
computer, it was possible to compute a fairly accurate
nuclear potential energy surface by which, in turn, he
could focus on the scattering of the (H, H2) exchange
reaction, essentially one of the simplest and most funda-
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mental chemical reactions. The need for a good poten-
tial energy surface for H and H2 was a critical ingredi-
ent in this story. Only an accurate potential could pro-
duce useful and meaningful results, which could then
be validated by a direct comparison with experimental
measurements.

To compute the nuclear potential energy surface, it is
mathematically possible to isolate the electronic motion
from the nuclear motion. In other words, one solves the
electronic part with fixed nuclei first. Then, given that
nuclei are heavy entities, one can follow, within the adi-
abatic approximation, the nuclear motion, assuming the
electrons remain in the ground state. The ground elec-
tronic state then provides the potential energy surface
for the nuclei, whose motion takes place in the average
field created by the electrons. From this perspective,
the Hamiltonian of the whole system (electrons plus
nuclei) is reduced to the simpler Hamiltonian for the
nuclei, with an effective potential corresponding to the
electronic ground state. The potential obtained from
this approximation is known as the Born–Oppenheimer
energy surface. The potential depends parametrically
only on the positions of the nuclei; the electrons do not
appear explicitly. Given the fact that the nuclei are rel-
atively heavy, and assuming that the relative distances
among them remains larger than the de Broglie wave-
length associated with each nucleus, it is thus possible
to approximate the dynamical evolution of the nuclei
using Newton’s classical equations of motion.

Here, we arrive at the starting point for Karplus’ own
research. Collision-reaction dynamics can be approached
as the reaction of nuclei treated as classical entities
under the influence of the quantum Born–Oppenheimer
potential (originating from the electrons in their ground-
state wavefunction). Of course, some aspects of New-
ton’s classical equations of motion are really inadequate
for quantum particles. For example, a classical system
can rest at the minimum of the potential energy surface
with no kinetic energy. However, this classical picture of
the “ground state” with minimum total energy is com-
pletely inconsistent with quantum mechanics. The true
ground state of the nuclei cannot be allowed to localize
at the minimum of the Born–Oppenheimer potential.
A small quantum correction, the so-called zero-point
energy, has to be introduced to account. Therefore,
while the trajectories are based on classical mechanics,
the result is better referred to as “quasiclassical.”

“Given the great difference between the time required
for generating an accurate semi-empirical energy func-
tion for the (H, H2) exchange reaction and generat-
ing an accurate purely quantum mechanical energy sur-
face,” Karplus remarked, “it was clear that for larger
systems we had to use the former28.” He then per-
formed the quantum calculation of the potential field
of the nuclei and a quasiclassical study of the trajecto-
ries of the scattering in the H + H2 → H2 + H reaction.
According to this framework, one starts off with an iso-
lated H atom and an isolated H2 molecule that inter-
act, react, and form an intermediate H3 molecule. This

28 Interview with the authors.

intermediate product is unstable, eventually decaying
in two possible ways: (H, H2) and (H2, H). Assum-
ing that the potential that regulates this exchange-
reaction is known, one can identify a series of initial
conditions and follow the scattering process until the
reaction takes place, then focus on the product channel
that produces (H2, H). By evaluating the cross section
of this reaction, one can eventually study the relative
amount of (H2, H) as a reaction product.

This is essentially what Karplus was able to do
in his research at Columbia. In 1964, he worked on
two notable articles: a research paper which he co-
published with Richard Porter (born 1932) and a short
communication, co-authored with Porter and Ramesh
Sharma29. The first study (1964 PK) entailed the com-
putation of the potential energy surface for the three
hydrogen atoms of the reaction H + H2 → H2 + H. The
second article (1964 KPS) reported the first scatter-
ing study of the (H, H2) exchange reaction based on
quasiclassical trajectories on this potential energy sur-
face. A subsequent publication by Karplus, Porter, and
Sharma (1965 KPS) explained in further detail the qua-
siclassical procedure for the calculation of the collision-
reaction dynamics of the (H, H2) reaction with activa-
tion energy30.

Acknowledging previous contributions to the field,
the opening of the 1964 KPS article opening is note-
worthy:

The (H, H2) exchange reaction [. . . ] has been stud-
ied by numerous investigators. Most of these have
estimated the activation energy and/or the rate
constant within the framework of the activated
complex formulation or closely related statistical
methods. In this communication, we outline the
results of a direct examination of the collision
dynamics that represents the first complete quasi-
classical calculation of an atom-molecule exchange
reaction for a realistic potential without restrictive
approximations31.

It was evident from all the previous studies that,
“Even for the simplest exchange reaction (H + H2 →
H2 + H), the best a priori theoretical treatments of
the surface are as yet neither accurate nor extensive
enough to permit a detailed examination of reaction
dynamics32.” What was important regarding the pre-
vious studies, however, was the fact that they made it
clear that the (H, H2) reaction could be studied using
classical mechanics, i.e., by studying the scattering pro-
cess, treating the nuclei as classical objects moving in
the average potential produced by the electrons. For
Karplus the critical missing ingredient, preventing a

29 Porter and Karplus (1964) and Karplus et al. (1964).
30 Karplus et al. (1965).
31 As remarked by the authors of the communication, also
D. R. Herschbach, A. Kuppermann, L. M. Raff, R. Gor-
don, and K. Tang provided assistance with the calculations
Karplus (1964, p. 2033).
32 Porter and Karplus (1964, p. 1105).
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direct comparison with experiments, was an accurate
potential energy surface.

Thus, all the necessary ingredients were already in
the air; previous scientists had attempted to solve
the problem of calculating a reliable potential and,
with that, the quasiclassical scattering process. How-
ever, these researchers could not obtain any significant
results with sufficient precision33. Karplus’ merit was
that of having used computers to successfully produce
a reliable description of the potential for the (H, H2)
exchange reaction, as well as a satisfactory descrip-
tion of the scattering process. At this stage we can-
not yet talk of molecular dynamics (MD), though we
can certainly talk of an early example of fundamental
computer simulations, starting with the fundamental
laws of dynamics and solving, via computer technolo-
gies, the complex mathematical equations that derive
from those laws. Considering that the (H, H2) reaction
is, as we have stated, a three-body problem, it would
have been practically impossible to study it by means
of a paper-and-pencil approach. Karplus understood
that a substantial breakthrough could only be made
using computers; as PK noted, in fact, “modern com-
puting techniques reduce energy and gradient calcula-
tions for several thousand configurations to the point
of triviality, particularly as compared with the com-
plete a priori calculations34.” This revelation marked
the successful result of Karplus stay at Columbia, a
result that impacted both his subsequent career (when
he moved on to Harvard), and his research lines in theo-
retical chemistry. Eventually, this key point would have
allowed him to return to his “first love,” when he began
to approach biomolecules.

It’s interesting at this point to recall what had hap-
pened in the years leading up to 1964. The period from
the late 1920s to the beginning of the 1940s was charac-
terized by the first attempts to compute the potential
that regulates the (H, H2) exchange reaction35. Before
Karplus, the most widely used method for determining
such potential was based on the equation for the energy
of the polyatomic system, an approach developed in
1929 by Fritz London36. In 1931, Henry Eyring (1901–
81) and Michael Polanyi (1891–1976) developed a new
study based on valence-bond methods37. The results
were not accurate, but they remained qualitatively use-
ful in determining the development of new approaches
to the problem. After a time, the renowned nuclear
physicist and theoretical chemist Joseph Hirschfelder
(1911–90) would join the discussion, contributing along-
side Eyring, as well as Bryan Topley (1901–86)38. These

33 Schatz (2000, p. 270).
34 Porter and Karplus (1964, p. 1115).
35 Schatz (2000, p. 270).
36 Porter and Karplus (1964, p. 1106). See also London
(1929), Hirschfelder et al. (1936b), Hirschfelder (1938), Ran-
sil (1957), Snow and Eyring (1957), Kimball and Trulio
(1958) and Boys and Shavitt (1959).
37 Schatz (2000, p. 270). See also Eyring and
Polanyi (1931).
38 Schatz (2000, p. 270). See also Hirschfelder et al. (1936a).

authors attempted to develop the first classical molec-
ular dynamics study of the reaction, a study that
was actually able to determine a small fraction of the
reaction trajectories, using essentially no experimental
match; computing technologies were not available in the
1930s, and the authors had to basically approach the
solution of the relevant equations by hand39.

The use of digital computers to study reaction tra-
jectories first appeared in the late 1950s40. Exam-
ples of computers available at that time include the
ORDVAC, the aforementioned ILLIAC I, and the
FUJIC, as well as the MUSASINO-1. The first scatter-
ing studies were still rudimentary, employing inaccu-
rate potential energy surfaces, restricting the number
of integrated trajectories, or significantly reducing the
motion to one or two dimensions41. Yet, these stud-
ies made it possible to estimate the rates of a large
variety of reactions42. In 1955, Shin Sato (born 1928)
developed a substantial modification of the Eyring pro-
cedure, proposing a new method for drawing the poten-
tial energy surface. Sato obtained an improved poten-
tial for the systems to which it was applied, but it
was difficult to justify his method on a quantum-
mechanical ground43. PK were essentially able to refine
the Eyring-Sato approach and made it consistent with a
quantum-mechanical formulation, considering all over-
lap and multiple-exchange integrals44. In particular, the
authors based their method on the nonionic valence-
bond approach with the inclusion of all overlap and
three-center terms, which previous authors had disre-
garded45. Having computed the three-body interaction,
KPS were able to compute important properties of this
exchange reaction, including the rate constants. This
marked another salient aspect of their study, as noted
by the authors:

From the cross sections, rate constants are deter-
mined by averaging over the distribution of ini-
tial conditions corresponding to particular exper-
imental situations. Analysis of trajectories yields
detailed information concerning the nature of the
reactive collision (e.g., collision time, configuration
in neighborhood of saddle point, dependence of
reaction probability on impact parameter)46.

Using the potential they had obtained, the authors
were able to compute trajectories starting from a large
sample of initial conditions. The wavefunction of the

39 Schatz (2000, p. 270).
40 Schatz lists the works by Wall et al. (1958) and Blais and
Bunker (1962) as the relevant works first implying computer
technologies in trajectory studies. See Schatz (2000, p. 270).
41 Schatz (2000, p. 270).
42 Porter and Karplus (1964, p. 1106). See also Weston
(1959) and Shavitt (1959).
43 Porter and Karplus (1964, p. 1106), Sato (1955b) and
Sato (1955c). See also Sato (1955a). Criticisms to Sato were
advanced by Weston (1959).
44 Schatz (2000, p. 270).
45 Porter and Karplus (1964, p. 1115).
46 Karplus et al. (1964, p. 2033).
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initial (H, H2) system provided the sample of quasi-
classical initial conditions. From these initial positions
and velocities, they could then compute the scattering
process. From there, they studied the reaction popula-
tions and their rates. This is the essence of the 1965
KPS article analyzed by Schatz (2000).

KPS influenced the further developments of the qua-
siclassical approach, as well as wave-packet methods
for the simulation of chemical reactions and eventu-
ally of quantum mechanical theories of chemical reac-
tion dynamics47. As Karplus remarked in a discussion
with us, the quasiclassical trajectory-collision approach
“was an approximation, and it gave such good results
because the reaction was adiabatic, but then a full
quantum mechanical treatment such as that performed
by Schatz and Kuppermann was required to get exact
results.” It is no surprise, as George Schatz (born 1949)
remarked, that the paper by KPS “is the most impor-
tant early (pre-1970) piece of computational work in
gas-phase chemical reaction dynamics,” providing “the
foundation for molecular dynamics studies of chemical
reactions in condensed phases, including applications to
gas-surface scattering and biomolecular simulation48.”

While Porter essentially continued to pursue the
same line of research, Karplus eventually embarked
on something different49. Inspired by the approach he
adapted for the (H, H2) reaction, he shifted his focus
toward a new field that held the promise of remark-
able advances. He realized that empirical energy func-
tions were going to be necessary to scale up compu-
tational studies to large biological macromolecules, a
research field he had begun to master in the 1970s. In
this case, he started with an approximate potential and
performed the first simulation of a protein by means
of MD. Yet, as a complement to what Berni Alder
(1925–2020) and Thomas Wainwright (1927–2007), as
well as Aneesur Rahman (1927–87) and Frank Still-
inger (born 1934) had done, Karplus avoided focusing
on generic atomic and molecular motions in liquids and
other dense systems; instead, he was specifically inter-
ested in the motions of the very atoms forming a pro-
tein. In other words, he delved into the fundamental
atomic motions in the interior of a protein, the motions
essential for the chemical activity of biological macro-
molecules. To put this interest in a broader context,
Karplus has often cited Richard Feynman’s (1918–88)
prescient statement:

Certainly no subject or field is making more
progress on so many fronts at the present moment,
than biology, and if we were to name the most pow-
erful assumption of all, which leads one on and on
in an attempt to understand life, it is that all things
are made of atoms, and that everything that liv-

47 Schatz (2000, p. 271).
48 Schatz (2000, p. 270).
49 Karplus by no means abandoned quantum chemistry
after becoming interested in the (H, H2) exchange reaction.
Instead, he put significant efforts into many-body perturba-
tion theory and in correlated systems well into the 1970’s.

ing things do can be understood in terms of the
jigglings and wigglings of atoms50.

Karplus’ first biochemical study focused on a very
simple protein, the bovine pancreatic trypsin inhibitor
(BPTI) taken in isolation, without anything around
it. Yet, proteins function in solutions, and therefore
the next steps would necessarily be an approach to
intramolecular motions, and eventually the behavior of
a protein inside water51.

We should also note here that hemoglobin played an
important role in directing Karplus’ attention toward
biology; hemoglobin occupied a great deal of his own
energy during the time after the KPS study. Although
he had already worked on the visual chromophore, stim-
ulated especially by Ruth Hubbard (1924–2016) but
also by George Wald (1906–97) during his undergrad-
uate training at Harvard, the effort to try to under-
stand cooperativity in hemoglobin offered a more rel-
evant biological problem. Karplus embarked on this
problem around 1971, after hearing a lecture on the
X-ray structures of the oxygenated and deoxygenated
state of the tetramer by Max Perutz (1914–2002) at the
Massachusetts Institute of Technology, and following a
discussion of the experimental result he had with Perutz
after the lecture. However, with the first simulation of a
protein, BPTI, Karplus realized that such simulations
can give insight beyond those available from experi-
ments and that the combination of empirical energy
functions and classical MD held great potential for the
better understanding of proteins. For this realization,
Karplus deserves recognition.

In his Nobel lecture, he quoted J. Andrew McCam-
mon’s (born 1947) Oral History, making us grasp their
excitement at that time52. Karplus always perceived the
continuity between the classical MD simulations of pro-
teins with his previous (H, H2) reaction study. As he put
it in a discussion with us, “if hydrogen, for which one
would expect the largest quantum corrections, could be
treated by classical mechanics, it should work for sys-
tems like proteins, which are composed mainly of C, N,
and O, as well as H.” Karplus embarked in this research
program while holding a fundamentally powerful posi-
tion at Harvard, both in economic terms and in terms
of the level of researchers working for him—a position
which allowed him to take risks and make considerable
changes to his research interests.

50 Feynman et al. (1963), Vol. I, Part. 3.3 Biology (https://
feynmanlectures.caltech.edu/I_03.html). Karplus (2006, pp.
15–16). See also Karplus (2020, p. 128).
51 Karplus’ first simulation of a dipeptide solvated by
explicit water molecules was done in collaboration with
Peter J. Rossky and Aneesur Rahman. See Rossky et al.
(1979).
52 Karplus (2014). Andrew McCammon joined Karplus’
group in the mid-1970s and contributed to the atomistic
study of the dynamics of proteins. Karplus (2006, p. 36).
See also David (1995) available at https://mccammon.ucsd.
edu/people/pi/interview.php#tc3.
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3 Discussion

We should acknowledge that Karplus’ achievements
were the results of teamwork and that Porter and
Sharma played crucial roles, with Porter in particu-
lar making important contributions. In 1970, Porter
also co-authored a textbook with Karplus, Atoms and
Molecules53. Sharma, on the other hand, was not
involved in collaborative research with Karplus and
Porter after 196654.

There are a few significant lessons that can be gleaned
from an analysis of the primary sources. First, Karplus’
ability to shift topics and continually change universi-
ties helped him skillfully modulate and further his pro-
fessional career. In fact, during each of these changes,
Karplus’ research found new energy, encountering new
stimuli from colleagues and students, gaining new per-
spectives and finding new opportunities to express his
own creativity; those changes, in short, were fundamen-
tal to the advancement of his career.

Karplus’ success was definitely well deserved. Each
time he adopted a new direction, he demonstrated a
deep grasp of the new scientific problems he focused on,
together with a keen sense of the opportunity this new
direction provided. For instance, the constant availabil-
ity of tools and knowledge that could be repurposed to
attack a specific problem also provided an important
factor in his advancement. Karplus has often expressed
the view that it is fine to be enthralled by an important
and difficult problem, but passion is not enough. The
realm of all possible scientific questions is extremely
vast, and some problems, although fascinating and of
the highest significance, might simply be too complex
at a given time. Trying to work on a problem that is not
mature enough, without self-reflection, may likely result
in “wasting one’s time.” This is why Karplus always
picked important problems, issues that had reached a
certain level of maturity, for which one could make a
meaningful contribution within a reasonable amount of
time. Recognizing these problems definitely required a
special talent and a profound insight. Again, as already
underlined, Karplus’ success exploited the computa-
tional approach. While ascending his professional path,
he perpetually embarked on more ambitious projects.
In other words, he continued enhancing his target with
broader and broader projects, eventually reconnecting
with his “first love” while keeping the vow he had made
at Oxford, his promise to impact scholars across disci-
plines. In fact, at Harvard he had even wanted to study
the functioning of the brain, but he was never able to
make this jump, as it was not the right time for this
problem.

Another aspect to ponder is the level of risk Karplus
confronted during these career shifts. Even if he assumed
a certain amount of risk while shaping his research
projects, we do not believe that he really risked his own

53 Karplus and Porter (1971).
54 The last collaborative paper involving also Sharma is
Karplus et al. (1966).

career, at least no more than any other scholar might
do. Although Karplus embraced a quasiclassical scat-
tering study in a quantum world—a fact that might
on its face seem brave and risky—this decision was
the result of careful choices stemming from teamwork,
and from the consideration that this was essentially the
only feasible path to follow in the mid-1960s. Karplus’
most open-ended period was probably at Oxford, when
he was deeply considering his own future. From his
own biography, we know that, as a postdoc, he clearly
pondered which area to target and how to be influen-
tial within that area. He also considered which con-
tributions would most benefit other scholars, includ-
ing those from other disciplines. Later, at Columbia,
Karplus’ place was safe, respected, visible, and power-
ful. At Harvard, his situation grew even safer, notwith-
standing the research projects he decided to embark
on. Being a Harvard professor meant power, an abun-
dance of researchers, freedom to take risky paths, and
opportunities to develop creatively. Harvard, that is,
constituted a huge opportunity for Karplus, allowing
for substantial intellectual freedom. Even if other sci-
entists did not like what Karplus was doing—especially
when he embarked on the study of biomolecules from a
classical standpoint—he never really grew worried; he
was in a position to do virtually anything he wanted,
within reason. From this perspective, it is interesting
to note that his Harvard colleagues most interested in
molecular collisions, Dudley Herschbach (born 1932)
and William Klemperer (1927–2017), did not imme-
diately pay attention to the KPS work. In commu-
nication with us, Karplus remarked that this work
had not been directly encouraged by his experimen-
tal colleagues. In contrast, the work on the J-coupling
at Urbana-Champaign received great attention from
his colleagues, especially from Gutowsky and Charles
Slichter (1924–2018). Eventually however, Herschbach
became interested in Karplus’ calculation of reaction
cross sections and particularly in the application to
molecular beam experiments.

All through his career, Karplus maintained a fairly
large number of collaborators in his laboratory. The
resource of a large group certainly contributed to his
ability to venture into new research areas and vigor-
ously pursue new projects. Nevertheless, this favorable
situation did not stem from an unusual amount of fund-
ing. Many of his students and postdocs were supported
by their own fellowships, e.g., from the NSF or the
National Institutes of Health (NIH), and the salary of
visiting scientists was normally covered. Through most
of his career, Karplus only received a few long-term
grants, from NSF, NIH and the Department of Energy
(DOE), which he used mainly to support students55.

It is worth discussing the kind of creativity that char-
acterized Karplus’ approach. Karplus was not exactly
an inventor of new fundamental ideas; he was rather
a remarkably creative and pragmatic scientist who
could advance something that was already “in the air,”

55 For over sixty-five years, Karplus supported about 250
students, postdocs, and visiting scientists. His very first
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exploiting tools and methods that had already been
established before him. In the case of the (H, H2) reac-
tion, he made use of previous studies and understood
that further intellectual breakthroughs could occur
only by exploiting computer technologies to obtain a
sufficiently realistic and accurate Born–Oppenheimer
potential surface, by using which he computed the
scattering process and compared the results directly
with experiments. Even before, especially when he had
turned to NMR studies, he had relied on contributions
that had already been developed, as we’ve seen in the
case of Lemieux, thus leading them to produce signif-
icant results. This is an essential difference between
Karplus and, say, Feynman, who was an inventor of
completely new ideas and tools. With this observation,
we do not mean to diminish the merits of Karplus’ own
work; rather, we wish to underline how science proceeds
through the force of very different types of intelligences,
those who invent new ideas and conceive completely
novel theoretical perspectives, and those who combine
existing tools in new and creative ways, focusing on
problems that are already at the forefront. We believe
that Karplus belongs in this second category. Yet, for
an efficient scientific development, both approaches are
useful and important56. His contributions—and per-
haps we should better say the contributions of the
KPS collaboration—to the study of elementary reac-
tions were instrumental in promoting further research
lines, not to speak of the subsequent development of
biochemistry by MD57.

A final point is whether Karplus’ approach may
be seen as paradigmatically unorthodox. Indeed, his
quasiclassical scattering studies might be considered
so, occurring as they did during a time when quan-
tum mechanics was deemed “the only serious way”
to approach theoretical chemistry. And observing this
“unorthodox” approach may in fact provide meaning-
ful perspectives on twentieth-century scientific knowl-
edge production. As previously anticipated, the partial
return to a quasiclassical approach, articulated in terms
of scattering studies, was made possible after the quan-
tum treatment of the potential energy in the Born–
Oppenheimer approximation. In practice, a quasiclas-
sical approach was the only possible way to proceed
during the mid-1960s. We would have to wait until 1975
before Aron Kuppermann (1926–2011) and Schatz were
to set up a fully quantum-mechanical scattering treat-

Footnote 55 continued
student was Robert Harris (born in 1936) at Urbana-
Champaign in 1955. Karplus generally had long-term
grants, one from the NSF and one from NIH, which he used
for supporting students. As he remarked in a conversation
with us, for a while the NSF grant was replaced by a DOE
grant. See also Karplus (2006, p. 27).
56 In this context, it is worth nothing that Feynman, inter-
ested in computing, was essentially looking to quantum com-
puting (a topic to which he contributed a little) while he was
much less interested in computer simulations.
57 Schatz (2000, p. 271).

ment58. It is reasonable to believe that KPS would
have adopted a full quantum approach if it had been
practically feasible; in fact, the quasiclassical scatter-
ing studies represent an interesting singularity during a
time when quantum approaches were most popular and
trusted.

4 Conclusions

During the years 1964–65, Karplus and his coworkers
made seminal contributions to the study of the (H, H2)
collision-reaction, both in terms of the calculation of
the potential energy (Born–Oppenheimer) surface for
the reaction (PK) and in terms of the scattering study
(KPS). While the former relied on a quantum approach,
the latter was based purely on classical trajectories.
Those years reveal aspects that may help historians
frame Karplus’ overall approach to research, something
we tried to articulate throughout this paper. In addi-
tion, while the 1964 PK potential energy surface still
needed to be further improved to reach chemical accu-
racy as pointed out by Schatz, it was quite realistic
and sufficiently accurate to set the stage for the 1965
KPS quasiclassical reactive-collision calculations that
made direct comparisons with experimental measure-
ments possible. For this reason, we believe that both
the 1964 PK and 1965 KPS articles represented land-
marks in the process of theoretical chemistry becoming
computational.

Karplus’ own research was made possible because of
the use of computers, and his merit derives from his
unconditioned trust in computing technologies. This
puts him on a different level with respect to most of
his colleagues at the time. Karplus was able to grasp
the totality of an interesting scientific problem, skill-
fully tease out opportunities, and make creative use of
existing tools. He was able to promptly change direc-
tions, to find new routes to follow, and to select prob-
lems that held the potential for remarkable, pioneering
results. This professional agility calls to mind an image
that Karplus himself describes in his biography, when
referring to his days as a doctoral student at Caltech:

My parents had given me their old car as a grad-
uation present, and several times during my Cal-
tech career I drove across the country to our home
in Newton, Massachusetts, for part of the sum-
mer. Each time I took a different route, once
through Canada with visits to the Banff and Jasper
National Parks, and another time through the
Deep South59.

This passage reveals an affinity for constantly changing
routes, exactly as Karplus did in his scientific life.

58 Kuppermann and Schatz (1975). The interested reader
may also consider some of the contributions that immedi-
ately followed. See, for example, Schatz et al. (1975a, b) and
Schatz and Kuppermann (1976a, b).
59 Karplus (2006, pp. 16–17).
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