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John Ross made outstanding contributions to many
aspects of physical chemistry during his career. His work,
combing experiment and theory, led to a deeper under-
standing of almost all aspects of reaction dynamics,
ranging from the microscopic details of reactive colli-
sions as revealed by molecular beam collision studies to
the macroscopic properties of chemical networks and the
dynamics of far-from-equilibrium reacting systems.

Ross was born in Vienna, Austria on October 2, 1926 and,
as a consequence of religious persecution, immigrated
to the United States before World War Il. His studies at
Queen’s College in New York were interrupted by military
service in the US Army from 1944 to 1946 where he served
as a 2nd Lieutenant. After the war he returned to Queen'’s
College and completed his Bachelor of Science in 1948.
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He then went to the Massachusetts Institute of Technology for graduate work. Under
Isadore Amdur he performed experimental studies of the transport properties of gases,
completing his PhD in 1951. After one more year at MIT, working with James A. Beattie
on gas thermometry, he went to Yale University for postdoctoral studies on non-
equilibrium statistical mechanics with John G. Kirkwood. This dual background in
experiment and theory served him well throughout his scientific career.

In 1953 Ross obtained his first faculty position as an assistant professor in the chemistry
department at Brown University, thanks to the recommendation of Kirkwood." This

was an exciting period for research in reaction dynamics: it was becoming possible to
probe microscopic aspects of chemical collision dynamics using a number of new experi-
mental techniques. These new techniques allowed researchers to probe in great detail the
processes that underlie the macroscopic rate laws that formed the basis for the description
of chemical kinetics to that point. In collaboration with his colleague Edward Greene,

he embarked on a program to study collision dynamics using molecular beam methods.
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His experimental studies in this area were accompanied
by theoretical papers dealing with atomic and molecular
scattering theory, especially optical models for reactive
chemical systems.

Ross spent the 1959-1960 academic year as a Guggenheim
Fellow at the Lorentz Institute in Leiden where he wrote

a wonderful paper with Peter Mazur, Some Deductions
from a Formal Statistical Mechanical Theory of Chemical
Kinetics, published in 1961 in 7he Journal of Chemical
Physics. Using Boltzmann kinetic theory, Ross and Mazur
carried out a detailed examination of chemical rate laws.
This paper exploited his training in statistical mechanics
and his knowledge of reaction kinetics to show the limita-
tions of phenomenological rate theories.

In 1966, Ross joined the Chemistry Department at

MIT. He served as the Frederick G. Keyes Professor of
Chemistry from 1971 to 1980, served as Chairman of the
Department from 1966 to 1971, and was Chairman of the MIT Faculty from 1975 to
1977. During his time at MIT his research developed in several new directions. At the
beginning he was still heavily involved in molecular beam research and most of his group
was carrying out experimental and theoretical studies on this topic. While never one to
enter into the details of calculations, his insight was impressive. He had a knack for being
able to see past the complicated details of a calculation and provide insights that helped
allow the research to progress.

Ross occasionally had group parties at his house in Lexington where the MIT contingent
discovered that they were only half of his group; a large number of students were still at
Brown.

The theoretical component of Rosss group, along with those of Irwin Oppenheim; Robert
Silbey; and, later, John Deutch, were housed in the “z00” a windowless basement of MIT
building 6. (In later years the theoreticians were promoted to a higher level.) Research
meetings with Ross took place in his wood-paneled office with outer and inner rooms. The
inner room had a fireplace and library and was a wonderful place for scientific discussions;
in there it was easy to imagine oneself doing science in the 19th century. (There were many
interesting rooms behind the doors on the long, plain corridors at MIT.)
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Ross frequently remarked that this was his personal ofhice,
not that of the department chairman, so he would keep it
after he finished his term as chair.

In the early 1970s, while continuing his work on
molecular beam studies, Ross embarked on a new research
direction: the investigation of aspects of chemically
reacting systems that are driven far from equilibrium by
external flows of matter or energy. Starting with a series of
papers on chemical instabilities, coauthored with his post-
doctoral fellow Peter Ortoleva (now at Indiana University
Bloomington), he and his students went on to make many contributions to this devel-
oping field. This topic remained one of his major interests throughout the rest of his
career at MIT and later at Stanford. Over the years, his research in this area focused on
many areas of the diverse phenomena found in nonlinear chemical systems that are out
of equilibrium. His contributions are so wide-ranging that only a few will be singled out
here.

During the1970s, he recognized the importance of bifurcations that lead to oscillations
or spatial patterns in chemically reacting systems. He provided one of the first theoretical
descriptions of oscillatory phase dynamics and one of the first interpretations of periodic
precipitation patterns in terms of instabilities of reaction-diffusion equations. Both of
these developments spawned a large number of studies. One of his favorite topics was
the study of the effects of external stimulation and perturbations on nonlinear chemical
systems, and he used these to great effect in studies of reaction mechanisms. He carried
out numerous studies of bistable, oscillatory, and chaotic states and showed how unstable
states could be stabilized using external illumination with feedback and delay.

In his role as chair of the chemistry department at MIT he supported a lively and inter-
active atmosphere. A few examples drawn from the remarks of Irwin Oppenheim, John
Deutch, and Robert Silbey in the booklet prepared for Ross’s 70th birthday Symposium
held at Stanford in 1997 provide hints about his personal interactions with his MIT
colleagues.”

Both Ross and Oppenheim were in Kirkwood’s group at Yale, Oppenheim as a graduate
student and Ross as a postdoctoral fellow. Of this period Irwin Oppenheim wrote:
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You know how important you were to my career — without your incarcer-
ating me in your attic, | might never have written my thesis....l remember
with great affection and joy our scientific discussions, our card games,
our cooking adventures, and your joie de vivre. We were a perfect pair
since you had an inexhaustible supply of jokes and | forgot the jokes as
soon as you told them to me.

John Deutch, who joined the MIT faculty in 1970 and is now an Institute Professor
there, made the following comment:

Most of all, | appreciated your giving me the opportunity as a non-
tenured faculty member, to learn from you each day when you had me
drive you to and from work... All this while continuously pouring out
interesting and important science, covering over the decade’s major
subjects: statistical mechanics, molecular beams and reactive scattering,
non-equilibrium thermodynamics, and much more.

It should be added that Irwin Oppenheim’s postdoctoral fellow, Mike Weinberg, who
lived in Lexington at the time, had the pleasure of driving Ross to and from work before
John Deutch arrived at MIT.

Bob Silbey experienced Ross’s dry humor:

My first year at MIT and my name, carefully painted on the outer door to
my office, began to flake off, so | came to you, as head of the department
to complain. You took me aside, in your avuncular manner, and informed
me that there was ‘tenure’ paint and ‘non-tenure’ paint, and you were
sorry to inform me that mine was the latter.

In 1980 Ross left MIT for Stanford University where he continued research on nonlinear
chemical dynamics and initiated work on other topics. He was the Camille and Henry
Dreyfus Professor of Chemistry from 1983 and served as chair of the Chemistry
Department from 1983 to 1989.

At Stanford, continuing work he began at MIT, he developed stochastic descriptions of
non-equilibrium reacting systems on the mesoscopic level. This field is currently enjoying
a high level of activity, largely because reaction dynamics occurring in biological cells
cannot always be described by macroscopic mass action chemical rate laws since fluctu-
ations arising from small particle numbers may be very strong. Ross continued to make
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important contributions to this area. On the macroscopic level, in collaboration with
Katharine and Paul Hunt, of Michigan State University, he contributed to the notori-
ously difficult problem of the construction of non-equilibrium thermodynamic descrip-
tions of far-from-equilibrium systems. Also at the macroscopic level, he showed how the
logic elements of computers could be constructed from networks of chemical reactions
functioning as a Turing machine.

Ross had a major interest in the determination of the mechanisms of chemical reactions
from experimental data and developed new methods for this purpose. Knowledge of
reaction mechanisms is central to our understanding of how chemical and biochemical
systems operate. His work in this area had its origins in a number of his earlier studies,
especially his work on the response of reactive systems to stochastic or periodic pertur-
bations of the concentrations of chemical species, the observation that complex reacting
networks are capable of computational logic operations, and work on stoichiometric
networks to categorize species in reaction networks.

At the time, the standard methods for determining reaction mechanisms relied on the
identification and study of individual reaction steps in the mechanism. Ross devised
a method that utilizes the correlations among reactive species to map out chemical
pathways. At Stanford, in collaboration with Adam Arkin and
Peidong Shen, the method was tested experimentally on the
first few steps of the glycolytic pathway, the results appearing
in Science in 1997. Since his method provides a different
perspective on how reaction mechanisms for complex systems
can be determined, it can yield new insights into the operation
of biochemical pathways.?

Ross was a strong defender of his research. On a number of
occasions he remarked that one should consider scientific
research like a battle campaign, and he was not shy about
forcefully presenting his ideas. He always encouraged his
students to speak and ask questions at conferences so that their
work received due credit. He was a frequent speaker at the
Gordon Conference on Chemical Oscillations and Dynamic
Instabilities, the major scientific meeting on chemical dynamics
far from equilibrium. Even when he was not a speaker, in keeping with his battle
campaign, he always prepared a few slides to show as comments at the end of someone
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else’s talk dealing with material related to his own work,
a practice not always welcomed by the speaker, but one
that did make his point clear.

Ross thrived on collaborations with students and post-
doctoral fellows, and he had a lot of them. The booklet
from the conference held at Stanford in 1997 to
commemorate his 70th birthday lists over 60 graduate
students and 200 postdoctoral fellows, plus many other
collaborators, who had worked with him to that time.
And he continued to work for many years after that

birthday!

He worked hard to find positions for his students and kept in touch with them over the
years. He liked the telephone and it was not unusual to receive a call from him at odd
times. He often had good advice to offer. On job hunting he had the following advice
for Stefan Mueller, now a professor in the Otto-von-Guericke-Universitit, Magdeburg:
“Look, you have to pick up every pebble on your way and look under it. Never stop
doing this!™

Ross leaves an impressive scientific legacy and all of his many collaborators have benefited
from his insight and knowledge. For instance Adam Arkin, then a postdoctoral fellow in
Stanford and now a professor in Berkeley, wrote:

The thing | miss most being in John's group is the breadth of scholar-
ship. Or, at least, the tendency of the group to believe it was qualified

to discourse on anything...The people | met in John’s group and John
himself, of course, are some of the most curious, idiosyncratic, opinion-
ated and smartest people | have ever met?

Ross’s achievements did not go unrecognized and he was the recipient of many awards
including the Irving Langmuir Award in Chemical Physics of the American Chemical
Society (1993), the Peter Debye award of the American Chemical Society (2001), Sloan
(1960-1964), and Guggenheim (1959) fellowships, Austria’s Cross of Honor in Science
and Art (2002), Fellowships in the American Physical Society, American Academy of Arts
and Sciences, American Association for the Advancement of Science (1964), member

of the National Academy of Sciences (1976), the US National Medal of Science (2000),

among many others.




JOHN ROSS

John Ross died on February 18, 2017 in Palo Alto after a brief illness. He is survived by
his second wife, Eva, and his son, Bob, from his first marriage to Virginia Franklin. He
and Eva traveled extensively and many of their adventures and meetings with other scien-
tists are recounted in Eva’s autobiography.*
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