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San Francisco Chronicle
December 29. 1997

- Kenneth S. Pitzer

Kenneth S. Pitzer, a highiy re-
chemist and the former
president of Stanford and Rice
universities, died Friday in a
Berkeley hospital of heart failure
after an illness. He was 83.

Mr. Pitzer was known both for
his fllustrious research career and
for his tenure as a university ad-
ministrator. A former dean of the
College of Chemistry at the Uni-
versity of California at Berkeley,
he retired in 1984.

“He was a world-class physical
chemist who did exceptional work
on the theory of predicting the
thermodynamic properties of mol-
ecules,” said Alexis T. Bell, dean of
Berkeley's college of chemistry.
“He was particularly known for
his work in strong saline solutions,
which has tremendous fundamen-
tal (research) importance, and is al-
so essential in predicting the be-
havior of materials used in indus-
trial processes.”

Mr. Pitzer published widely on
both chemistry and physics, and
served as the technical director of
the Maryland Research Laborato-

ry during World War II. He was

director of research for the Atom-
ic Energy Commission from 1949 -
to 1951, and was the commission’s -
chairman from 1960 to 1962. He

‘was a member of the National

Aeronautics and Space Adminis-
tration’s Science and Technology
Advisory Committee from 1964 to
1965.

Mr. Pitzer began his admmxs
trative career at Rice, where he
served as president from 1961 to
1969. He left Rice to accept the
Stanford presidency.

His tenure at Stanford was
short and tumultuous, culminat-
ing in his resignation after 10
months. Although he was a critic
of the Vietnam War, Mr. Pitzer
and his administrative policies
were roundly criticized by stu-
dents opposed to the war. Police
were called to the tampus in re-
sponse to rioting at least 13 times
during his administration. Citing
his weariness with “matters of a
purely administrative or even a po-
lice nature,” he returned to an aca-
demic life at Berkeley. _

Mr. Pitzer is survived by his
widow, Jean M. Pitzer, of Kensing-
ton; three children, Ann E. Pitzer

‘of San Diego, Russell M. Pitzer of
- Columbus, Ohio, and John S. Pitzer
of McLean, Va., and ﬁve grand-

children.

A memorial service is pendmg
Donations may be sent to the Col-
lege of Chemistry, Latimer Hall,
UC Berkeley, Berkeley, Calif.

.94720, where they will be used to
endow a scholarslup £, - -ae



N



The Sunday Times
2/1/98

(page 1 of 2)

Kenneth Pitzer, 83, kngy_v_t_l_le
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formula for achievement -

By Kate Darby Rauch
TIMES STAFF WRITER

BERKELEY — The simplicity of
an orange tree, the complexity of a
molecule, the riddle of turning pieces
of wood into a boat at sail. These
were a few of the many fascinations
of Kenneth Pitzer.

Pitzer — a renowned physical
chemist, an enthusiastic grower of
fruit trees, a keen boat builder and
sailor — died of heart failure Dec. 26
in Berkeley. He was 83.

Pitzer’s career as a scientist typ-
ified an academic life bursting at the
seams, with strong ties to UC-Berke-
ley. Born and raised in Pomona, he
came to Berkeley in 1935 to pursue
his Ph.D. in chemistry and was hired
after graduation as a professor.

He taught at UC-Berkeley for
many years, developing a fast repu-
tation as a scholar and as a conge-
nial mentor for graduate students.
Eclectic on and off campus, Pitzer
had a variety of specialties within
physical chemistry, but was well-

known for his examination of the
thermodynamics of molecules, or the
way they spin and bounce and
dance.

“He was really a paragon. Every-
one admired him and recognized he
was one of the best scientists and
scientific leaders,” said John Praus-
nitz, a colleague of Pitzer’s and pro-
fessor of chemical engineering at
UC-Berkeley.

Pitzer served as dean of UC-

- Berkeley’s School of Chemistry from

1951 to 1960, then became president
of Rice University in Houston for
eight years. After Rice, he spent a
brief period as president of Stanford
University, from 1968 to 1970. He re-
signed because he was uncomfort-
able overseeing the campus during
a time of student antiwar demon-
strations. Openly against the Viet-
nam War, Pitzer didn’t enjoy playing
head cop, said his wife, Jean Pitzer,
of Kensington.

After Stanford, Pitzer returned to
Berkeley and his familiar UC chem-

istry department. He was an active
professor and professor emeritus un-
til his death. .

“He was invited back to Berkeley
even though at his age, it was
thought he wouldn’t be productive,”
said Leo Brewer, Pitzer’s friend and
colleague and a professor emeritus
of chemistry at UC-Berkeley. “He
was very productive.”,

In between his academic ap-
pointments, Pitzer worked for the
U.S. government, including as di-
rector of research for the Atomic En-
ergy Commission from 1949 to 1951.

-- Though involved in discussions about

developing the hydrogen bomb,
Pitzer wasn't particularly wrapped
up in the Washington politics of the
time, Jean Pitzer said. His main fo-
cus was in converting government
laboratories for peacetime pursuits,
she said. '

Career was never work for Pitzer,
it was passion, Jean Pitzer said. “He
loved his work. He was over (on cam-
pus) all day, every day. He was always



excited about his field,” she said.

Jean Pitzer met her husband in
elementary school in Pomona. She
didn’t know then, she said, that he
would become her life companion,
but after dating during their senior
year in high school the lasting na-
ture of the friendship became clear.
Kenneth Pitzer went to Cal Tech for
his undergraduate studies, and Jean
went to Pomona College. They mar-
ried after they graduated.

Even in elementary school, Jean
Pitzer said, her husband showed
signs of becoming a scientist, with
an early flare for math. Pitzer’s
mother was a high school math
teacher, his grandfather had a de-
gree in mathematics and his father
was an accomplished mathematician
— though by career a lawyer. Lawyer
and farmer, that is.

Pitzer’s father, Russell — a
founder and benefactor of Pitzer Col-
lege, one of the Claremont Colleges
—~ owned orange groves near
Pomona. And just as Pitzer was in-

The Sunday Times
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(page 2 of 2)

fluenced by the mathematicians in
his family, he also was influenced by

orange trees. Pitzer’s father spent

time in the groves, often taking his
son along.

“(Kenneth) knew all about or-
chards and how to fix all the ma-
chinery,” said Russell Pitzer, one of
his two sons and a professor of
chemistry at Ohio State University.

It was wisdom that lasted a life-
time. Pitzer’s family owns a country
house at Clearlake; this became his
own growing ground.

“Orange, grapefruit, persimmon,
apricot, walnut, peaches, apples,”
said Jean Pitzer. “He did all the work.
He pruned them and cultivated them.
He was very active.”

But the Clearlake retreat was
more to Pitzer than an outlet for his
green thumb. It was also an outlet
for his fascination with sailing and
for building the craft he sailed. An
accomplished boat builder, Pitzer
crafted several sailboats. For awhile
he kept a boat at the Richmond Yacht '

Harbor, later using Clearlake as his
nautical home base.

Whether hoisting a jib or snipping
a bud, Pitzer simply enjoyed being’
outdoors, family members said. As
well as trees and water, he was
drawn to mountains, being an avid
hiker and camper. The Pitzer family
often headed out with camping gear,
driving back roads, meandering. -

“He liked to explore, to see new
areas,” said son Russell.

Family members and friends de-
scribe Pitzer as the quintessential
well-rounded individual, not stuck in
his science, his orchards, his boats.

Pitzer is survived by his wife, Jean .
Pitzer; three children, RQussell, Ann
Pitzer of San Diego and John Pitzer
of McLean, Va,; and five grandchil<-~
dren. Memorial donations can be

sent to the Kenneth S. Pitzer Fund,." N

College of Chemistry, Latimer Hall,

University of California, Berkeley" '

CA 94720. - : .
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PREFACE

When President Robert Gordon Sproul proposed that the Regents of the
University of California establish a Regional Oral History Office, he was
eager to have the office document both the University's history and its
impact on the state. The Regents established the office in 1954, "to
tape record the memoirs of persons who have contributed significantly to
the history of California and the West," thus embracing President
Sproul's vision and expanding its scope.

Administratively, the new program at Berkeley was placed within the
library, but the budget line was direct to the Office of the President.
An Academic Senate committee served as executive. In the four decades

.that have followed, the program has grown in scope and personnel, and the
office has taken its place as a division of The Bancroft Library, the
University's manuscript and rare books library. The essential purpose of
the Regional Oral History Office, however, remains the same: to document
the movers and shakers of California and the West, and to give special
attention to those who have strong and continuing links to the University
of California.

The Regional Oral History Office at Berkeley is the oldest oral
history program within the University system, and the University History
Series is the Regional Oral History Office's longest established and most
diverse series of memoirs. This series documents the institutional
history of the University, through memoirs with leading professors and
administrators. At the same time, by tracing the contributions of
graduates, faculty members, officers, and staff to a broad array of
economic, social, and political institutions, it provides a record of the
impact of the University on the wider community of state and nation.

The oral history approach captures the flavor of incidents, events,
and personalities and provides details that formal records cannot reach.
For faculty, staff, and alumni, these memoirs serve as reminders of the
work of predecessors and foster a sense of responsibility toward those
who will join the University in years to come. Thus, they bind together
University participants from many of eras and specialties, reminding them
of interests in common. For those who are interviewed, the memoirs
present a chance to express perceptions about the University, its role
and lasting influences, and to offer their own legacy of memories to the
University itself.

The University History Series over the years has enjoyed financial
support from a variety of sources. These include alumni groups and
individuals, campus departments, administrative units, and special groups
as well as grants and private gifts. For instance, the Women's Faculty
Club supported a series on the club and its members in order to preserve
insights into the role of women on campus. The Alumni Association
supported a number of interviews, including those with Ida Sproul, wife
of the President, and athletic coaches Clint Evans and Brutus Hamilton.
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Their own academic units, often supplemented with contributions from
colleagues, have contributed for memoirs with Dean Ewald T. Grether,
Business Administration; Professor Garff Wilson, Public Ceremonies; Deans
Morrough P. O'Brien and John Whinnery, Engineering; and Dean Milton
Stern, UC Extension. The Office of the Berkeley Chancellor has supported
oral history memoirs with Chancellors Edward W. Strong and Albert H.
Bowker.

To illustrate the University/community connection, many memoirs of
important University figures have in turn inspired, enriched, or grown
out of broader series documenting a variety of significant California
issues. For example, the Water Resources Center-sponsored interviews of
Professors Percy H. McGaughey, Sidney T. Harding, and Wilfred Langelier
have led to an ongoing series of oral histories on California water
- 1ssues. The California Wine Industry Series originated with an interview
of University enologist William V. Cruess and now has grown to a fifty-
nine-interview series of California's premier winemakers. California
Democratic Committeewoman Elinor Heller was interviewed in a series on
California Women Political Leaders, with support from the National
Endowment for the Humanities; her oral history was expanded to include an
extensive discussion of her years as a Regent of the University through
interviews funded by her family's gift to The Bancroft Library.

To further the documentation of the University's impact on state and
nation, Berkeley's Class of 1931, as their class gift on the occasion of
their fiftieth anniversary, endowed an oral history series titled "The
University of California, Source of Community Leaders." The series
reflects President Sproul's vision by recording the contributions of the
University's alumni, faculty members and administrators. The first oral
history focused on President Sproul himself. Interviews with thirty-four
key individuals dealt with his career from student years in the early
1900s through his term as the University's eleventh President, from 1930-
1958.

Gifts such as these allow the Regional Oral History Office to
continue to document the life of the University and its link with its
community. Through these oral history interviews, the University keeps
its own history alive, along with the flavor of irreplaceable personal
memories, experiences, and perceptions. A full list of completed memoirs
and those in process in the series is included following the index of
this volume.

September 1994 Harriet Nathan, Series Director
Regional Oral History Office University History Series
University of California

Berkeley, California Willa K. Baum, Division Head

Regional Oral History Office
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INTRODUCTION by Robert Curl

A person is measured by the impact that they have upon others. By
that standard, Kenneth Pitzer was a giant. I first heard of him in a
natural products course that I took as a senior from Dick Turner. I
admired Dick Turner quite a lot and when Dick talked enthusiastically in
this course about Pitzer's discovery of barriers to internal rotations
and the profound importance of this discovery in organic chemistry, I
decided I wanted to go to graduate school at Berkeley and study with
this great chemist. It was a decision that I not only never regretted
but every day I thank my lucky stars that I trusted Dick. I certainly
didn't know enough myself to make such a decision rationally and it was
a very fortunate choice.

After 1 arrived at Berkeley and joined Ken's research group, Ken
proved to be an ideal mentor, at least for me. He believed that each
student should develop at his own pace and in his own way, but he was
always accessible, always cordial, always helpful when I'd visit him in
his office. I knew that he must have been very busy as Dean of the
College of Chemistry but he was always relaxed. We interacted a great
deal in his direction of my thesis research. I must confess that all
the new ideas were his. He was marvelously generous in giving credit.

What I learned from Ken is that if you want to be a successful
scientist, you must strive to look at things in a different way, strive
to learn, strive to come up with new ideas. Anyone who knew Ken would
also know that all this striving must be done in a perfectly relaxed
manner. That is one lesson that I didn't learn even though I often
wished I could. The most important things 1 learned from Ken are that a
good scientist is honest and generous. God, it was fun to work with
him. It was really great when he later came to Rice and I got a chance
to work with him again.

Ken had a kind nature. I remember my first year at Berkeley he
invited me to Thanksgiving dinner where I met Ann and John--I think Russ
was at Caltech that Thanksgiving. I beljeve that he guessed correctly
that a Texas boy 2,000 miles from home might be a little lonely at
Thanksgiving.

1'1]1 always remember the vital role that Ken played in guiding the
start of my scientific career, but there's nothing unique about my case.
Ken had dozens of graduate students and post-doctorals over the years
and 1 bet they all feel the same way.

Ken had a natural talent for leadership. He could see further and
more clearly into how events would develop in the future than anyone 1
ever knew. More importantly he knew the clear shining light of quality.



iv

And he had a vision for leading an institution to achieve the highest
quality.

As a Rice chauvinist, I think his leadership of Rice was his
finest hour. It's the only case I can speak of first-hand. When Ken
and Jean came to Rice in 1961, Rice was a good regional university
emphasizing science and engineering. It attracted good students from
the state of Texas through its reputation for rigor and its free
tuition. Ken had a vision of Rice as a national university where the
best minds--students and faculty--would discover and propagate
knowledge. In the history of Rice, his was a pivotal presidency. He
deserves much of the credit for elevating Rice from a nice regional
school to a national university. He was instrumental for removing
racial restrictions, he vastly improved the humanities and the social
sciences, and expanded and improved the graduate program. The most
important thing he gave Rice was a vision of itself as a great
university. Ken's vision lives on at Rice in the hearts and minds of
hundreds of dedicated people. Many of them have never met him.

There are many varied aspects of Ken's career. After he graduated
from Caltech about the time that he and Jean were married, they moved to
Berkeley where he became a graduate student. After completing his
Ph.D., he stayed on as a member of the faculty. Then during World War
II, the Pitzers moved to Maryland where he became director of the
Maryland Research Lab. They moved back to Berkeley, then to Washington
again when Ken became the director of the Atomic Energy Commission.
After Washington, there were several years at Berkeley. They moved to
Rice in 1961 for seven years, and then on to Stanford, and finally back
to Berkeley. This makes me think about how the U.S.A. gives the
impression of rootlessness: people move hither and thither across the
country throughout their lives pursuing various career goals. Ken and
Jean Pitzer were always willing to pursue a goal wherever it took them--
whether it was to serve the country near Washington, or to develop a
university like Rice or Stanford. They were happy to move when there
was an important reason to move.

But looking more deeply, one realizes that ever since Ken chose
Berkeley as a place to start his academic career, Ken and Jean's roots
really remained here. They kept their home in Berkeley and their
retreat home in Clear Lake no matter where they moved. When Ken came to
Rice he resigned his professorship at Berkeley because it was the the
right thing to do, the choice that Ken would always make, but even so, I
think he always thought of Berkeley as home.

The lives of Ken and Jean Pitzer remind us that it's possible to
reach out, to grow, to explore, to lead without forgetting who we are or
where our roots are. Sixty-two years of a happy marriage and three
adult autonomous children who appear to be very happy are
accomplishments with a value equal to the important advances in human



knowledge or the development of a great university. A few rare, gifted,
hard-working, lucky individuals have and do all these things. Kenneth
Pitzer was such a person.

Robert F. Curl
Professor of Chemistry
Rice University

January 25, 1998
Houston, Texas
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INTRODUCTION by Marilyn Chapin Massey

I write this introduction to the oral history of Kenneth S. Pitzer
on behalf of Pitzer College, its trustees, faculty, staff, and students.
We are all privileged to have had our lives enriched by the heritage of
Ken and the Pitzer family.

Created by the generosity of his father, Russell K. Pitzer, our
college holds as its founding purpose to excel in the social sciences.
Because of the circumstances of the college's birth in the 1960s, this
purpose was infused with social concern, a commitment to social justice.
And we are privileged to carry the Pitzer family's name as part of our
own histories: there are now nearly 6,000 Pitzer College graduates and
currently 800 students. Ken Pitzer's integrity lives on in southern
California and around the world, wherever Pitzer students and graduates
live out the college mission: Provida Futuri, to provide a better
future, to make a better world.

When I last saw Ken, I asked him what exactly he was doing when
Pitzer was being founded in the early 1960s. He told me that he had
been asked to become president of Rice University, which was racially
segregated at the time. As a reflection of his deep integrity, he
agreed to accept the position only on the condition that Rice become
racially integrated. Though this was a bold stand for the period, the
university agreed. 1 became fascinated with this important story and
with its meaning to Pitzer students past and present. Ken gracilously
allowed us to write about this shared moment in history.

Pitzer College was born in that same era when Ken fought the legal
battles to eliminate segregation from Rice. What a gift to this college
community to have been founded by a family whose members themselves
understand--and, more important, live out--the balance of brilliance and
social concern.

Having won the battle to integrate Rice University, Ken gave the
1966 graduation address at Pitzer College for the three graduates of
this barely breathing institution. The title of the address was
"Orthodoxy and Dissent." He said:

The role of a college is complex; it is not only
a place of learning, but it is also a place of
living... On its academic side, the college
must pass to the next generation the
intellectual heritage of [humankind]; this is
the orthodoxy of my title. But a college must
also prepare students to contribute to progress
in the future... to do this, one must encourage
students to question ideas which are commonly
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accepted today. This is the dissent in my
title.

It is not just any orthodoxy and any dissent we
seek. It is easy to disagree with the present
way of doing almost anything--what we seek is
responsible dissent--it is the duty of truly
educated [persons]... to compare the actual
events they observe with the currently accepted
theories. And when they find that the real
world does not behave in the manner predicted by
the theory, [they] should draw this to the
attention of others...

Today, in 1998, Pitzer College has as its most cherished and
difficult educational objective to educate for social responsibility.
Decades ago, Ken himself stood as a living exemplar of that goal. How
is it that something so immeasurably complex becomes so simply evident?
Only through a rare brilliance and clarity of purpose like Ken's. As a
scholar, I envy Ken’'s students. I can imagine how wonderfully their
lights have dawned.

And yet, in a sense, 1 have been his student. Early in my tenure
as president, Ken and his wife, Jean, came to visit the college and
stayed at the president's house. I was facing an extraordinarily
difficult situation at the college. I was so green, I thought I needed
to show this founding family that all was well. But as I sat at the
breakfast table with Ken, who was then a life trustee, I found myself
relaxing in the presence of his kindness and wisdom. I eventually
shared my troubles.

Ken listened hard and restated my problem insightfully and far
more succinctly. Then he smiled at me and added: "You know what to do,
and you will do it well." And, of course, I did know. But that smile,
the simplicity of the words, transformed me. As a wind to a sail, or a
hand on the shoulder, Ken's smile gently sustained me as I went on to do
one of the hardest things I had ever done, and did it well. And in many
other difficult moments since then, I have kept that smile with me, and
I will continue to do so.

That the source of that strength was Ken's own integrity would
have been enough to guide me. But more than that, Ken was a Pitzer, and
his life inseparable from the Pitzer legacy in Pomona and Claremont. In
all my interactions with other Claremont Colleges, I encounter that
legacy. In Pitzer Hall at Claremont McKenna College, that college's
first academic building, funded by Ken's father as a founding trustee in
1949. At Sanborn Hall at Pitzer, named for Ken's mother. At Scott
Hall, named for his stepmother. In the Flora S. Sanborn Professorship
at Pitzer and the Russell K. Pitzer Professorship at Claremont McKenna.
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As Ken himself said in 1960, "For me, there are in Claremont
innumerable personal ties with a father, a mother, and a wife--and a
relationship for which the dictionary provides no standard term, the
relationship to Pitzer College, which is the gift of my father arising
from a lifelong interest in education and a truly generous nature."

That statement bears repeating: There is no standard term for the
relationship of the Pitzer family to Pitzer College.

One last narrative illustrates why. Last year, the Claremont
Colleges founded a graduate institute of bioengineering, the first
institution born in Claremont since Pitzer. Of the six Claremonts, only
Pitzer College raised important questions about the founding of that
institute. In most basic terms, we asked what it would take for it to
be academically excellent and ethical. 1In this, we were supported and
led by the Pitzer family: Ken and his son Russ.

This issue was a burning one when Ken was chosen two years ago to
be honored by all trustees of the Claremont Colleges to receive the
Robert J. Bernard Award for Outstanding Service to the Colleges. At the
awards ceremony, the featured talk concerned the pending creation of the
graduate institute of bioengineering. In his acceptance speech, in
front of the trustees of the Claremonts, Ken spoke his mind about
excellence and ethics in bioengineering.

His speech was a moment of truth telling, one that was courageous,
timely, gracious, and effective. The students and faculty at Pitzer,
concerned about ethical issues, discovered that its founders stood with
them on principle.

And indeed we continue to stand in loyal opposition, signaling
that we will settle for nothing less than the blend of the excellent and
the ethical, and that we will work positively to achieve it. Ken and 1
both smiled after his talk, and I caught the twinkle in his eye. He and
I received the praise of others, trustees of the other colleges among
them, for Pitzer's insight and courage to raise the hard questions.

It was another lesson by Ken and his son Russ to us at Pitzer
College on the importance of acting responsibly and collaboratively for
principles: a lesson in social responsibility, taught thirty years after
Ken first embodied that term for Pitzer.

I thank Ken Pitzer and the Pitzer family for their generosity and
for the lessons taught so magnificently to me and to this generation.

Marilyn Chapin Massey
President, Pitzer College
Claremont, California
May 21, 1998
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INTERVIEW HISTORY--Kenneth Pitzer

Kenneth Pitzer was a distinguished man by any measure. He has
been described by his Berkeley colleagues as "one of the greatest
physical chemists of this century.”" He arrived at Berkeley for graduate
work in 1935, a time when the College of Chemistry was in productive
ferment. He and his peers--Glenn Seaborg, Harold Urey, and Melvin
Calvin among them--perceived no limits to what they might accomplish.
Although the depression continued, the new field of quantum mechanics
opened vistas for basic theoretical treatment of many chemical problems.
Pitzer immediately set about teaching himself quantum mechanics. Within
two years he had earned a Ph.D. under Wendell M. Latimer and was soon
launched on path-breaking work on internal rotation in ethane. He went
on from this stellar beginning to make contributions in many key areas
of chemistry--chemical thermodymanics, quantum theory of atomic and
molecular structure, and statistical theory of liquids, solids, and
solutions. He describes in detail in the oral history the key aspects
of this research.

Dr. Pitzer was also a fine administrator. During World War II he
served as technical director of the Maryland Research Laboratory, which
designed and tested devices for behind-the-lines warfare. From 1949 to
1951 he was the first director of research at the Atomic Energy
Commission, a predecessor of the Department of Energy. He returned to
Berkeley to become dean of the College of Chemistry (1950-1961) where
his calm and diplomatic administrative style was widely appreciated,
particularly during the tumultuous period when the Department of
Chemical Engineering was being created. Dr. Pitzer is also remembered
for his presidency of Rice University (1961-1968), where he changed the
racial restriction for entrance, and of Stanford (1968-1970) during the
height of campus turmoil over the Vietnam War. He was invited back to
UC Berkeley as a full professor. In fact, Dr. Pitzer was one of the
only university presidents from the Vietnam War period who returned to
"productive academic life," as Mrs. Pitzer mentions in her interview.

Dr. Pitzer was also distinguished in manner and appearance, even
in the casual shirt and slacks which he routinely wore for work in his
functional office and laboratory in the basement of Hildebrand Hall on
the Berkeley campus. All the interviews were recorded there. Soft-
spoken and gracious, he looked younger than his eighty-three years,
despite a fringe of snow-white hair, and retained the quick mind for
which he has always been noted.



The Oral History Process

Sally Hughes, science historian, conducted eleven interviews with
Dr. Pitzer on his science; Germaine LaBerge, university historian,
conducted three interviews on his childhood, family background and
university governance. Two more sessions were planned to cover his
presidency of Stanford and outside activities, before Dr. Pitzer’s
untimely death in December 1997. Jean Pitzer, his wife and confidante
of sixty-two years, graciously stepped in and filled in the gaps,
offering the perspective of the supportive and knowledgeable spouse and
partner. The transcripts are included in this volume. Dr. Pitzer had
reviewed and carefully edited his interviews; Mrs Pitzer, in like
manner, her own.

As background for the science interviews, Hughes talked, at Dr.
Pitzer's suggestion, with Bradley Moore and Herbert Strauss, both
colleagues in the College of Chemistry. She is grateful to both men for
their patience in explaining and interpreting the significance of Dr.
Pitzer’s research for a neophyte in the physical sciences.

Dr. Pitzer came prepared for every session with copious notes on
the topic to be discussed. In the course of the interviews, he
frequently consulted a bound volume of his selected papers! or a book
from the shelves lining his office. His methodical and comprehensive
approach took much of the burden from the science interviewer. He
talked slowly and deliberately, sometimes interspersing a chuckle. We
agreed at our first meeting not to repeat the history of his early
career which had already been well covered in previous oral histories.

The reader will find an older interview by Robert Seidel for The
Bancroft Library at the beginning of the volume, and in the Appendix one
conducted by Professor Harold Hyman of Rice University on Dr. Pitzer's
accomplishments there as president, and one conducted by Dr. Louis J.
Marchiafava and Dr. John Bowles for the Rice University Oral History
Project. Thanks very much to Rice University for permission to include
these fine interviews. Also included in the Appendix is an interview
conducted with Dr. Pitzer in the mid-1970s by David Ridgway of the
Lawrence Hall of Science in Berkeley.

We are grateful to Dr. Pitzer's colleagues, Robert F. Curl, Jr.,
Rice University professor and Nobel Laureate, and Marilyn Chapin Massey,
president of Pitzer College, whose introductions to this volume describe
Kenneth Pitzer's many contributions to scientific research and science
policy, and governance at the federal and university levels.

!Molecular Structure and Statistical Thermodynamics: Selected Papers of
Kenneth S. Pitzer, Kenneth S. Pitzer, editor. World Scientific Series in 20th
Century Chemistry, Vol. 1, World Scientific, 1993.
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This history, we hope, reflects the life, myriad achievements, and
personality of this eminent scientist, administrator, and citizen.
Researchers will also want to consult the extensive collection of
Kenneth and Jean Pitzer's papers deposited in The Bancroft Library. We
are grateful to have captured most of his story before his sudden death
on December 26, 1997, just short of his eighty-fourth birthday.

The Regional Oral History Office was established in 1954 to
augment through tape-recorded memoirs the Library's materials on the
history of California and the West. Copies of all interviews are
available for research use in The Bancroft Library and in the UCLA
Department of Special Collections. The office is under the direction of
Willa K. Baum, Division Head, and the administrative direction of
Charles B. Faulhaber, James D. Hart Director of The Bancroft Library,

. University of California Berkeley.

Sally Smith Hughes
Germaine LaBerge

January 1999

Regional Oral History Office

The Bancroft Library

University of California, Berkeley
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Seidel:

Pitzer:

I EARLY YEARS

[Date of Interview: April 11, 1985]

Undergraduate Years at Caltech!

Today is Thursday, April 11, 1985, and we are in the office of
Professor Kenneth S. Pitzer in the basement of Hildebrand Hall at
the University of California, Berkeley, to talk about his career
in the Chemistry Department and elsewhere with reference to the
development of science and technology and with some particular
reference to its influence on industry.

I'd like to begin, Professor Pitzer, with your undergraduate
career at the California Institute of Technology. You've said in
Current Biography Yearbook at one point that you were greatly
influenced by A. A. Noyes, who was head of the Chemistry
Department. I wonder if you could be a little more precise about
the nature of that influence.

Well, A. A. Noyes was one of the leading chemists of his day, but
more than that, he was one of the fathers of Caltech in its modern
form. The real initiator in the modern form was first the
astronomer George Ellery Hale, and the two key people that he
persuaded to come were A. A. Noyes and Robert Millikan. Millikan
was basically the outside man at Caltech, and Noyes was the inside
man. Neither of them took a very high-sounding title, i.e.,
Millikan was chairman of the executive committee or something like
that, and Noyes was a member of it. Millikan ran the Physics
Department, and Noyes ran the Chemistry Department. Between them
they ran the rest of the institute.

This was way at the end of Noyes's career and his
administrative responsibilities were dropping off, and he decided
to take a real interest in undergraduates, including even
freshmen, with the idea of encouraging them to go into research at
an early stage. I had a very interesting experience in this

lIRobert Seidel, a science historian at The Bancroft Library, began an
oral history with Dr. Pitzer in 1985, which was not completed at that time.
The project was reopened in 1996.
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Seidel:

connection. It started in the final quarter of my freshman year,
and then continued more actively through a good part of the summer
between my freshman and sophomore years. And then it sort of
tapered off into the next year.

Noyes had a quite elaborate house, much too big for him--he
was a bachelor--and his household consisted of one German
housekeeper who had been with him for practically his lifetime.
It was gorgeously situated right on the entrance channel to the
Newport-Balboa Harbor. He had earlier persuaded the institute to
buy an old commercial building or warehouse right next to his
property and set up a very small, mainly marine, biological
laboratory. But Noyes retained one room for a chemical
laboratory.

He invited a very small group of people to come and carry on
relatively simple research during the summer. By simple I mean it
did not require elaborate equipment because there was neither
space nor facilities for elaborate equipment. The research we did
then concerned the higher oxidation states of silver. They were
produced relatively simply with an ozone generator, and we were
measuring the states produced, the kinetics, that is, the rates of
both production and decomposition. The higher oxidation states of
silver are all unstable in an aqueous environment: they oxidize
water to oxygen, but slowly. Actually, I suspect the work that
two or three of us did in that period is essentially still the
authoritative work on higher oxidation states of silver in simple
aqueous solutionms.

This was with Noyes and {James L.} Hoard?

Yes. The academic rules that he again no doubt influenced were
that I got credit for the sophomore chemistry course for this
summer and went on then to take what amounted to one of the junior
chemistry courses in the sophomore year. That left time for quite
a little research with Don Yost and Linus Pauling in my senior
year at Caltech, and those were very interesting experiences, too.

Before we get to that I want to ask a few more questions about
these first experiments with Noyes. I've seen a letter Noyes
wrote to Millikan of 1927 in which he quite explicitly makes the
point that he has a few years left of life and that he could do
one of two things. One would be to continue in the
administration, active in the executive council; he had done a lot
of fund-raising at Caltech in those years. 1In fact, he told the
story that he was time after time on the verge of a breakthrough
and would be interrupted by Millikan with another idea for fund-
raising. [laughter) This was an interesting example of the
consequences of his decision. You said there were a very small
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number of people the year that you left, but I take it this
[research program] went on each summer?

It went on for several years. I can't really say how many. When
I say it was a small group, I think he had maybe three or four
freshmen or sophomores, and three or four graduate students, such
as Hoard in this case. Ernest Swift, who was a professor of
analytical chemistry, had a summer home inland, not right out on
the bluff like Noyes had but close enough that he carried on some
activity. Now when I say that Swift owned a house, I'm not sure
whether he owned it or not. Some of our work was essentially
analytical.

It sounds like this was sort of an advanced quantitative analysis
exercise.

That's what we got credit for: quantitative analysis, the
sophomore course.

Now, did you stay out there during the whole summer?

I had the odd situation that my father [Russell K. Pitzer)] had
just bought a lot and built over on Lido Isle a small summer
weekend place. Although the family wasn't there except now and
then, I stayed the whole summer over there and commuted three or
four miles by automobile. 1I've forgotten; I don't know if there
were some dormitory facilities or just what the other people did.
I'm sure the older ones like Hoard had rented accommodations at
some distance away, but there may have been a small dormitory
facility for the other freshmen.

Even though it was the Depression, your family was in relatively
comfortable circumstances, I take it.

Yes.

The people who might have been able to take advantage of this
(opportunity] would be people more in your situation than some
other?

I think Noyes did not invite many people, but he was quite well
off. Having no children, he was quite prepared to spend what
money he had. I think he simply made it feasible out of his own
personal resources for maybe two other people that needed some
help. In our case, I think he furnished free lunches or something
like that, and I didn’t need anything further.

Now, was this in any way financed by the Carnegie monies that he
got in this period?
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It could be. If so, I wasn't aware of it; at least I don't
remember it.

I tracked those [monies] through the twenties, but I haven't
tracked them through the thirties. You had a prize scholarship
there, according to one of your short biographies. Can you
remember which scholarship that was?

I don't remember that it had any further name. They had a system
at the time that freshmen with top records were awarded prize
scholarships. It automatically included one-half or one-third
tuition.

But it wasn't a Blacker or--

I don't recall it having been, no. I lived in Blacker House, but
that was quite a separate decision.

They had also given money for physics fellowships, I know.

I don't believe it had any individual name, and, as I say, it
carried partial tuition automatically. Then if you filed
financial need, you could get larger financial aid, which I didn’t
do. I just took whatever came automatically.

This was based on your performance as a freshman?

It was initially based on entrance credentials and then carried on
another year, maybe [based on] performance as a freshman. I
forget now just how long it carried. There were entrance exams,
as I recall.

This was before the SAT's [Standard Aptitude Tests])?

Well, [they) didn’t start until later. I'm sure it wasn’'t just
based on a high school record because high school records aren't
an adequate basis for that sort of thing. I think Caltech gave
its own entrance exam, but they may have waived it for people at a
distance with good records. We're having our fiftieth reunion
this June [1985). I haven't thought about these things for a long
time. I've thought more about them in the last six months than
for thirty-five years.

You apparently started in engineering there. Were you a member of
the engineering honor fraternity?

Your basic facts are correct, but the interpretations are somewhat
wrong. The only real undergraduate scholarship honor society was
Tau Beta Pi. There was no Phi Beta Kappa, and Sigma Psi, which
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did admit undergraduates just prior to graduation, was almost
purely a graduate student-faculty organization, as it is most
places. Under those circumstances, Tau Beta Pi elected the
science majors, at least those that had any engineering-related
courses. I’m not sure whether they elected pure mathematicians--
[tape interruption] but they elected me and they elected, 1
recall, Bill McLean, who was a physics major who later invented
the Sidewinder Missile and all sorts of other things.

He was at the Naval Weapons Center at China Lake?

Yes, he was technical director at China Lake for a while. That's
when he did the Sidewinder Missile. We were very close friends.
I know he was elected at the same time.

So it was like the school honor society?

It became at Caltech sort of the school honor society, whereas
here at Berkeley Tau Beta Pi is purely an engineering affair.

Non-engineers, if they're in basic science or humanities, are

eligible for Phi Beta Kappa here.

The reason 1 asked is there are some people like Pauling, for
example, who, when they started their careers in the university,
were going into engineering simply because they didn't know there
were such things as chemists and physicists.

Well, I have even to this day a considerable affinity for
engineering-type subjects, and at the time there was no chemical
engineering program. Pre-chemical engineering was just an option
within the chemistry program. Bill Lacey was the professor of
chemical engineering at the time. I took some of his courses, not
all of them, but some. It was only at the master’s level that
there was an official chemical engineering degree and official
chemical engineering program.

That's rooted, I guess, in Millikan's philosophy, because he
proposed or promoted the program that engineering should grow out
of the basic sciences. And therefore you first mastered the basic
sciences, and then you became an engineer.

There were undergraduate, four-year engineering degrees in
electrical and mechanical. Students took a heavy dose of physics
in the beginning, but still they were labeled [engineering],
whereas chemical engineering--and also aeronautical--appeared only
at the master’'s level.

I gather, though, you'd become interested in chemistry, and
nothing really changed your mind.
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I had become reasonably strongly interested in chemistry, but this
first-year interaction strongly reinforced it. If it had been
negative, I could easily have been turned into something else.

In addition to Noyes, I should also mention E. B. Wilson,
Jr., Bright Wilson, who was later professor at Harvard. He was my
freshman lab section instructor, and he was very good.

He was the son of the Wilson from MIT-Harvard, or was there any
relationship?

No, his father was a lawyer or something like that. There was an
E. B. Wilson also in the Cambridge area. An older man.

Yes, secretary of the National Academy of Sciences.

I knew him through the academy, as a matter of fact. A very
interesting old man. But there's no relationship there. It's
very confusing, [laughter] but if they're related, it's four
generations back and a remote relationship. He [E. B. Wilson,
Jr.} was very good. Arnold Beckman was involved in freshman
courses then, too. He gave some of the lectures.

I guess he left there in '38, '397?
Sort of a transition during World War II. He got into the
instrument business during World War II and never came back, but

you'd have to go into the formal records to know when he finally
resigned.

Work with Paulin

Now we move on a little bit to the later work with Pauling, which
was on the crystal structure of tetramminocadmium perrhenate. I
hope I got all those words right.

Yes.

Now, there were several interesting things about this. One, it
seems to be your first work in crystal structure.

In fact, my only work in crystal structure, really.

The second thing was that it was published, unlike all your other
works I've seen, in a German journal rather than an American one.
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No, I've got others in German journals, but not many.

Third, Pauling was funded by the Rockefeller Foundation in this
project for a number of years in the thirties. Can you give me
some of your recollections of that research program and how it fit
into the general scheme of things in the college's early Chemistry
Department?

As I said before, having got into an accelerated schedule, I had
quite a little time, even in my junior year, but certainly a lot
of time senior year for research activities. Part of this was
with Don Yost. It did not, however, lead to any formal
publications, as I recall.

But I was also attending some of Pauling's graduate lectures,
and along the way it was proposed that I do some fairly simple
crystal structure problem. Rhenium hadn't been discovered long
before and became available in a significant quantity only at that
time. I think it was Yost actually who got a few grams of
rhenium. Pauling, I judge, noticed in the literature that this
tetramminocadmium rhenate had cubic symmetry. Now cubic crystals
are relatively simple to solve. So, it went through his head, I'm
sure, "I'd like to give Pitzer some simple problems that he can
work out in a month or two, and Yost has just got some rhenium,
and here's a cubic crystal." So he proposed that with some
guidance from Yost I prepare the crystal and then do the x-ray
diffraction on it.

And the paper was relatively simple to write up. I’m sure he
chose the journal. As I recall at that time Acta Crystalographica
hadn't been formed yet, and Zeitschrift fur Kristallographie was
the international journal of x-ray crystallography, and accepted
papers in English as well as German.

Probably Pauling knew the editor.

Sure, Pauling knew the editor. [laughter] It was a good, cozy
arrangement. But there was nothing controversial about it. It
was rather a nice little structure, and it was an experience very
valuable to me ever since. Having done that much serious work on
crystals, I'm now even to this day quite at home with the
languages of crystal symmetries and all that infrastructure of
theory which most chemists don't have and which puts them off.
I've said many times that this whole modern era of solid-state
physics could well have been essentially done by chemists as a
part of chemistry, except most chemists were put off by the basic
infrastructure theory of crystals and didn't want to get into 1it.
Therefore the physicists who felt more at home with that much
additional mathematical theory took the whole thing up. But the
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basic sort of rationale--thinking essentially of similarities and
differences between compounds of different elements but of the
same formula--is really of a chemical nature.

Do you think the mathematics was the chief barrier here?
It's not an insurmountable barrier.
You cross it all the time now.

They cross it. But even today not many chemists cross it. When I
taught the general physical chemistry course, 1 always put in two
or three weeks on this sort of thing, but I have to do it in the
optional time that is allowed for other things. Even today it's
not a required part of the chemist's preparation.

When I took P[hysical} Chem here, 1 was struck by the fact that it
was taught simply as the application of quantum mechanics to
chemical structures, dealing with approximations one makes in the
Schroedinger equation and that sort of thing. So basically
physics is taught under the guise of physical chemistry.

Well, that's really what physical chemistry is. 1It's physics
focused on chemical problems.

I'd taken an earlier course elsewhere in which thermodynamics was
the basis of physical chemistry. It began with classical
thermodynamics, and only toward the end did we get quantum
mechanical interpretations.

Well, no, this is our sequence now: there's a sophomore course,
Chemistry 14, which is really the beginning of physical chemistry,
and that's thermodynamics. Then the second term is quantum
mechanics, and the third term is a whole array of applications,
including kinetics, some statistics and so on, and 1 always
shoehorn about two weeks of crystal work in there. But most of my
colleagues don't do it. So even today most of the chemists,
unless they get attracted into solid-state work as a graduate
student, essentially never learn. They can read about it in a
casual way, but they’re never at home, feeling self-confident
about going ahead and doing something with it. .

Since Pauling led you into this, I wonder to what extent you feel
you were or have become privy to his other motivations. He went
to Germany in the twenties as a Guggenheim fellow, learned quantum
mechanics at various places, and then came back. The Rockefeller
Foundation, Warren Weaver in particular, was responsible for
getting him started on applying the techniques of physics and
chemistry to biological problems and related problems. So
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chemical bond work moved in the direction of biology ever so
slightly in the 1930s. Of course, the Rockefeller people take a
great deal of credit for having opened the new area of research
here. I wonder to what extent Pauling was following that kind of
lead or to what extent he was following his own nose.

Pauling's a pretty strong character. He's also a social creature.
He interacts with cther people in a very charming, friendly way.
But I would think it's about 90 percent Pauling, and that if he
hadn't found money from Rockefeller, he'd have found it somewhere
else in all probability. He might have been frustrated, but he
probably wouldn't have been. Of course, Pauling's own Ph.D.
thesis was on x-ray diffraction with Roscoe Dickinson, who was
still around Caltech when I was there. And I think Pauling may
have come with a little mineralogy from Oregon State. I'm not
sure. He not only knew solid-state crystal theory backwards and
forwards, but he could rattle off the mineralogical names of all
sorts of silicates and so on.

Of course, he's got two Nobel Prizes for completely different
things. I was just interested in to what extent his establishment
there was separate from, say, Noyes's work and the other work
being done at the department. Did he have his own group?

He had his own group, but this was a reasonably cohesive
department, even so.

You didn't notice anything particular about the way the group
operated that would have differentiated it from any other group
there?

I guess that Pauling's was the biggest and most active professor's
group, but it was still a research group of one of the faculty.
The fact that Yost, [Howard] Lucas, or some of the other people
had only half as many--mostly students, some postdocs--as Pauling
did, was more a quantitative difference than a qualitative
difference.

Could his group be better funded than the others?

In later years, and this begins about the time I left, but in the
later thirties, of course, Pauling got those early IBM machines
into the crystal structure reduction process, the punched cards
and card sorters, and he began to set up more of a semi-research
institute.

When you left in '35 you were still doing--
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We were still doing crystal structures with hand-cranked
calculators and slide rules.

Those great big old forty-column hand-cranked calculators?

No, you didn't need that much. Just the regular size would do.
Eleven columns or so were enough. It was still very small-scale
science. You had to have, of course, the x-ray sources and
photographic film development, guided visual estimates of
intensities. The technology has gone through three or four
generations since.

This must have made some contribution to your later studies of
Baeyer's Strain Theory--this understanding that there is some
analogy between crystalline structure and organic structure?

Yes, and as I say, this has been an influence all the time. I
feel at home in going into the crystal structure literature and
finding things that are relevant to something I'm working on, even
though I don't go and determine another structure now. Sometimes
I encourage somebody else to do it.

Since another thing you would get into was the analysis of pucker
strains, was there a carry-over, an analogy?

There's some, but not very much. The carry-over there was
essentially just quantum mechanics.

So you feel you got the best grounding in quantum mechanics in
this particular aspect by working with Pauling?

With Pauling and listening to some of his lectures, and knowing
Wilson and Pauling and getting that Pauling-Wilson book when it
was hot off the press, I developed a reasonable confidence in my
self to use quantum mechanics about '35 and '36, when I was first
here.

At Caltech did you also take courses from any of the theorists who
were there, William Houston, for example?

Yes, yes. I should mention that. I took Houston's introduction
to mathematical physics, and this was very valuable.

Willie Fowler tells me the only real theoretical physicist at
Caltech in the 1930s was Robert Oppenheimer.

But that isn't what was relevant to a young physical chemist.
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That’s just a preface to the question: did you do any work with
him there at all?

No, you see, Oppie was only there in the spring. The Berkeley
calendar then, as now, finished in May. He would leave here a few
weeks before the end of the Berkeley calendar and be there for
most of the spring term in Pasadena. I knew who he was, but
that's all I knew at the time. I think Willie’s a bit nostalgic
about that.

One of his avid followers.

Houston was a remarkable expositor of reasonably well-established
mathematical physics of that time. I'm sure that course was
designed with a strong Millikan influence, as we were saying
before, of providing stronger theoretical foundations for
engineers and others who used physics. And I think it was really
designed, more than anything else, for, say, electrical and
aeronautical engineers to give them another strong year of physics
after the usual freshman-sophomore sequence. They used it as the
junior year in the physics undergraduate major, and it was a large
class, actually. I guess I took it as a senior; I don’t think I
took it as a junior. At least half the class were new graduate
students in electrical and aeronautical engineering and other
fields.

So it really wasn’t a quantum mechanics course.
No, but it had some quantum mechanics in it.

So the Harry Bateman influence was there?

Yes.

I mean, one of the things they were concerned about making
possible through this course was the application to questions like
hydrodynamics and aerodynamics.

Yes, but it didn't go very far into any of these applications. It
was pretty much the bare-bones fundamental physics presented in a
very clear and concise fashion. For example, as compared to the
physics program here, in one quarter you got really pretty well
grounded in advanced methods in mechanics, whereas it’s a year
course here. And then next you get electricity and magnetism; you
got one quarter there, in which you were reasonably capable of
handling fairly advanced methods.

Then there were some statistical mechanics and some quantum
mechanics and so on. I don’'t regard that as a major introduction
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to quantum mechanics. I would say that Pauling had more to do
with introducing quantum mechanics to me. And I still picked up
some here. In my first year here, I took Brode and Jenkins--
first-graduate-year physics focused on quantum mechanics and
spectroscopy, you might call it. 1In other words, it wasn’t highly
abstruse quantum mechanics; it was quantum mechanics applied to
atomic and molecular problems.

Decision to Come to Berkeley

Let's talk a little bit more about that transition before we put
you all the way in the classroom here. Why had you chosen to come
here? Obviously there was G. N. Lewils and Latimer and {William]
Giauque and all these people to work with.

There was really a very close and friendly relationship between
the two departments. There was very high mutual respect between
Berkeley chemistry and Caltech chemistry at those times.

I know you said to Ridgway' that there was much visiting back and
forth, but I was wondering if you could give some concrete idea.
Would you have regular symposia or colloquia?

Pauling was in the habit of spending a week here almost every year.
{William C.] Bray wrote the Rare Element Chemical Analysis jointly
with A. A. Noyes. That was back in the twenties. I think that was
done mostly in Pasadena, but there must have been a good deal of
going back and forth. Both departments essentially grew out of
MIT. Noyes and Lewis were both out of MIT, and [Richard C.] Tolman
had been here a while and then there. Bray came out of MIT.

Well, almost every physical chemist came out of MIT in that
generation.

So they had all manner of similarity of background. I indicated
in rather positive terms that I wanted to go somewhere else [not
remain at Caltech]--that I thought it was better to get broader
experience and I wanted to go somewhere else. Then I sought their
advice--Pauling, Yost. Yost was an undergraduate here, by the
way, and worked quite closely with Bray in some research even as
an undergraduate here.

!An interview with Kenneth Pitzer by David Ridgway, reprinted from
Journal of Chemical Education, Vol. 52, p. 219, April 1975, is in the

Appendix.
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Yost had a very close tie with Bray. I remember years later
his father appeared here and wanted to talk to G. N. Lewis. I was
the one who happened to be standing around and guessed that this
was Father Yost. [laughter] And so I made the arrangements to
get him in to see Lewis.

There were a lot of ties, and the net result was that 1
investigated Harvard and Princeton and Berkeley. Those were the
only three I really investigated. Harvard didn't seem to be very
cordial. I was going to be married, and Princeton was highly
prejudicial against married graduate students; that came through
clearly. Everybody at Caltech was enthusiastic about Berkeley, so
I just chose it without any further thought, really.

Now, at Harvard you would have been going to work with [James B.]
Conant, would you?

They didn’t have anywhere near as close ties. It wasn’t anywhere
near as apparent who I would be working with. Harvard's Harvard,
you know. You don't ignore Harvard.

Who was at Princeton that you knew?

Of course, Henry Eyring was there and was getting into these
things. I would say Eyring was the principal positive attraction.
Hugh Taylor, of course, ran the situation at Princeton. It was
Hugh Taylor who was highly prejudiced against any married graduate
students.

I wrote a dissertation on the development of physics research in
California. There is a strong community between Caltech and
Berkeley from the twenties onward. Of course Pauling's story was
one of Lewis and Noyes coming to some disagreement about Pauling.
Pauling in his interview with the American Institute of Physics
found out later that Noyes had pulled a fast one on him in moving
to Caltech.

You know, we could expand that a little further. Pauling applied
to come here as a graduate student. Lewis was slow about giving
him an offer. One result of that a few years later was that Lewis
delegated the selection of graduate students to Latimer so they
wouldn’t miss any (laughter) prizes like that--by his not wanting
to give it such active attention.
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When did Pauling do his undergraduate work?

In ’22 or something like that. I think the story is genuine. I
think I heard it from both of them. I know that he applied here
and that he might well have come if a prompt and enthusiastic
offer had been made.

Yes, I think he does refer to the fact in his interview with the
AIP that he had applied to both schools, and he got a quick
response from Noyes at Caltech and therefore went there. At this
point he was still aiming at engineering, of course, so for that
reason maybe Caltech looked a little more attractive. He didn't
become a chemist, I'm quite convinced, until late in his
education.

Yes.

Wendell Latimer

That leads me into the next question. Your Ph.D. committee was
Latimer, [Ermon] Eastman, [Paul] Kirk, [David) Greenberg, and
[(Joel] Hildebrand. I was curious about Latimer because he
appears, as you just indicated, to have been on the fast track to
replace Lewis as chair. I know he had a very ambitious program in
physical chemistry here. Yet he was not from this tradition, the
MIT tradition certainly. I think he'd come from Kansas.

He'd come from Kansas, yes. And he got his degree here. So he's
in the next generation within the tradition, though.

What kind of person was Latimer? Could you sketch his character
and his kind of work?

As Latimer himself said, he was a person who was very much
interested in people and affairs generally. I'm sure he would
have been a success as a banker or a lawyer or a business
executive or in almost any field of endeavor which involved the
combination of sharp, critical thinking, high intelligence, and
good human relations. The net result was that in departmental
affairs he was always interested in not just the science but also
the human relations, the organizational aspects that would be
necessary or desirable in order to facilitate it.

0f course, G. N. Lewis--
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Lewis' personal predilection was quite the contrary. In other
words, he was a friendly enough individual, although a bit
reserved, but his real interest was in the science of the
question. All these human affairs and organizational matters were
a nuisance that had to be taken care of in order to make the whole
operation go, but he didn't want to spend any more time on them
than he had to.

The net result was that when he found that Latimer rather
enjoyed this sort of thing, he would delegate more and more in an
informal way. Latimer never had any official title in this regard
as far as I know, until later, of course, when he was dean. He
was doing some things in a very informal fashion. Mrs. Mabel
Kittredge Wilson had long been a secretary or administrative aide
and she handled an awful lot of this organizational matter. I'm
sure she had Lewis' instructions: "If you want to act on anything
of this sort, go get Latimer's opinion, and then do whatever
Latimer tells you to do." And that's what she did.

Now Latimer had quite an active program at the time I came--
heat capacity measurements in relation to the Third Law of
Thermodynamics and in terms of chemical thermodynamics of various
inorganic species--ions, solids, or the like--with an underlying
quantum-statistical mechanical guiding theory. These systems were
too complicated to treat in any rigorous, detailed fashion, but
you still had this underlying theory to guide your empiricism in
the area. This seemed interesting to me, so I chose to do that.

Latimer was very much inclined to give his students general
guidance and support but a minimum of supervision. That was fine
with me. I was perfectly willing to make my own decisions. I was
physically located right next to Giauque's laboratory, and
Giauque's office was right in the lab, essentially. So in many
respects I got as much advice from Giauque as I did from Latimer
by just knowing that he had the answer and he was right there.

And I was brash enough to go in.

I gather Giauque was a very shy man. The reason I say that is
that there were famous Lewis research conferences that went on and
on. [Giauque] said, "I went to one and I was so scared I never
went back again."

He got over that pretty fast. [laughter]) He was, I would say,
reserved, rather than shy. In other words, he wasn't just
comfortable meeting lots of people the way Latimer was. But at
least once one convinced him by some example that you were worth
talking to, he was really, I found, very easy to deal with. Both
Lewis and Giauque were people who enjoyed a sort of scientific
jousting in a friendly way. And if you folded your tent, as it
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were, and withdrew, they weren't much interested in you
thereafter. Whereas if you stood up, maintained your side of the
argument with good foundation, you became a respected member of
the community and somebody that they welcomed.

I gather that mode of interaction had been quite common at
Caltech--1 mean that in the Chemistry Department there was this
free and open interchange between faculty and students. Did you
find much the same atmosphere here?

Yes, much the same. Oh, yes.

So there weren't a lot of people folding their tents and
withdrawing.

No, no, although there were some cases of that sort. But I'm
thinking of this not so much with respect to one's own research
director, where there was a sense of responsibility and
willingness to be more sympathetic. I was Latimer's student.
There was no problem there anyway. But I was able to develop that
sort of relationship with Lewis and Giauque relatively early on,
whereas most people who were not their students I don't think ever
did, at least at the graduate student level.

Now your relation to Lewis was not in the sense of doing research
with him.

No, this was really mainly after I was on the faculty.
He was then doing color theory?

Yes, and the triplet state. One of my arguments with him was that
we ought to have a quantum mechanics course in chemistry, which
after two or three years we finally got.

Why did he resist that?

Well, he wanted to keep it as an undergraduate course. He
believed almost as a religion that there ought not to be any
formal classroom courses labeled graduate courses. I think he was
just trying to keep the amount of time that graduate students
spent in formal instruction to a minimum. And if they had to take
courses that were labeled undergraduate honors courses, then there
wouldn't be many of them that they hadn’'t already taken. They
would free themselves from the guidance of a formal course and
start really working as independent scientists sooner. It was a
good basic philosophy. If it had been carried to the extreme, it
would have been overdone. But these pseudo-graduate courses
existed, including the one in quantum mechanics that Bill
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[(Willard) Libby and I started the first year, and then I taught
for several years thereafter. Many, many years thereafter. It
was molecular quantum mechanics, if you wish, in chemistry.

That was the basis of your book,! wasn’t it?
That was the basis of the book, yes.

To what extent would the chemistry student have in that time gone
to the Physics Department and taken courses in quantum mechanics?

Oh, one did. And this was part of Lewis' plan, I think--by
essentially forcing the physical chemistry student to go get some
quantum mechanics in physics, he would get the physicist's general
point of view on things. In addition, it would broaden his
education, and then the chemical aspects could be brought out in
seminars here. I argued, particularly after Pauling's book? came
out--of course the Eyring, Walter, and Kimball book® came along
not too long thereafter--that there was enough development and
application of quantum mechanics of major interest to chemistry
that wasn't being presented in physics courses, or at least wasn't
being presented efficiently to a chemist in physics courses, that
we ought to have our own. Lewis agreed quite gracefully
eventually, but he resisted it for a while.

It's been said of this period in the University of California that
one could not distinguish chemistry and physics except that one
went on in Gilman [Hall] and one went on in LeConte [Hall]. I
think that's one of [Raymond] Birge's exaggerations.

Yes, I1've probably said things like that too. [laughter]

I'm impressed with the fact that there did continue to be
distinctions between the departments, and that there were
arrangements like [Glenn T.] Seaborg's where he worked closely
with [Ernest] Lawrence, but these were not as natural as one might
think--they required some arranging. And there still seems to
have been throughout the period of the thirties a clear
distinction between them.

IRenneth Pitzer, Quantum Chemistry (New York: Prentice-Hall, 1953).

2Linus Pauling and E. Bright Wilson, Introduction to Quantum Mechanics
with Applications to Chemistry (New York: McGraw-Hill, 1935).

‘Henry Eyring, John Walter, and George E. Kimball, Quantum Chemistry
(New York: J. Wiley & Sons, Inc., 1944).
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There was a reasonably clear distinction, but there was no problem
in arranging joint activities. 1've recalled one thing because
they're getting together this Festschrift for Luis Alvarez. Luis
and I did a neutron-scattering experiment on ortho- and
parahydrogen in about '38. This was very easily done, that is, I
prepared liquid and gaseous parahydrogen. We were scattering off
of gaseous hydrogen and we needed para- as well as normal, which
is three-fourths ortho-. And then we needed liquid hydrogen as
coolant to get the temperature down. We used liquid air in those
days rather than nitrogen as a subsidiary coolant. I had a
scattering chamber made in the chemistry shop out of general
chemistry funds. Of course, the neutrons came from cyclotrons.
Luis put all the counting apparatus together. The whole thing was
done with no formal arrangements at all.

So there continued to be good and close connections between the
departments.

Of course, the Seaborg aspect of that connection tended to be the
more dominant--Libby to some degree, too, and Sam Ruben until his
death.

One of the connections in your Ph.D. committee would be Greenberg,
who was working in the Rad[iation] Lab. How did he get on your
committee?

I don't have any idea. I don't remember him, really. He was just
an "outside" member.

Problem of Internal Rotation

To get to your own work in this period, you said in the interview
with Ridgway that the problem of internal rotation about the
single bond in ethane was a great puzzle at the time you entered
graduate school.

There was a controversy in the literature. That statement in the
Ridgway interview may have overstated it a little bit, but it was
a significant controversy. Chemists through the years had said
there was free rotation about single bonds without knowing just
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how free "free" needed to be. There were several papers
calculating thermodynamic properties for hydrocarbons on the
assumption of completely free rotation that led to disagreements
with entropies measured by low-temperature heat capacities and the
Third Law [of Thermodynamics].

Is this a Latimer experimental observation you're talking about?

It's not Latimer at all. I just happened to work for Latimer as
far as this was concerned. He didn't know anything about this
problem. It did have a locus in Berkeley in the Giauque lab, but
Giauque himself wasn't interested in it either, or not much.

So how did you become aware of this?

Well, I'11 tell you in a minute. Let me fill in the general
background, and then I'11l fill in the local background. In the
published literature, there were these papers by physical
chemists--statistical mechanicians--using free rotation as part of
their assumption and getting answers that were in disagreement
with the experiment. For ethane itself there was, I think, one
calculation in the literature--interestingly by Edward Teller,
still in Europe at the time--saying that a barrier of the order of
three kilocalories per mole would bring the ethane information
into agreement. But he didn't have the low-temperature Third Law
entropy of ethane; he had some other data, primarily that for the
reaction hydrogen plus ethylene to form ethane.

Now we come to the local scene. A man by the name of [Ralph]
Witt had come very early in the thirties, maybe '29 or '30, as a
National Research Council fellow, postdoctoral from Hopkins, I
believe, to work with Giauque. Giauque never did understand why
he insisted on measuring ethane. But he did. Giauque had no
objection to his measuring ethane; he'd come with his own funds
and so forth, and it was within the capacity and facilities of the
lab. Giauque assigned a new graduate student by the name of J. D.
Kemp, who just needed to learn the ins and outs of the lab, and
they measured the low-temperature heat capacity of ethane. Then
Witt left and became a chemical engineer elsewhere--I think it was
back at Hopkins, but I'm not sure. Kemp measured something else
for his thesis; it was nitrogen oxides as I recall.

But he had this investment in these measurements on ethane
which Witt didn't seem to show much interest in. Then I arrived
on the scene claiming to know something about quantum mechanics.
[laughter] So Kemp interested me in the problem, and I got into
the literature and saw that the conflict was not just for ethane.
It was for two or three other light hydrocarbons, and it became
enormous for tetramethylmethane, where you've got four such
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rotations in a still fairly small molecule. I looked up the
spectroscopy and the internal rotation quantum mechanics, which
had been worked out reasonably well by a spectroscopist-physicist
named [Harald] Nielson at Ohio State.

I said, "I don't see anything too difficult about this
problem. Why don't we go ahead and solve the statistical
mechanics for the restricted rotation?" Which we guessed Teller
had done but he didn't give any detail. He just made sort of a
statement that these data could be resolved. But he didn't have
the data that were really critical to the problem. And so we went
ahead and did it. I did most of the statistical mechanics, but
Kemp knew what was going on.

We first published a "Letter" in the Journal of Chemical
Physics! on the result. Later, there were two full papers: one
was a Witt-Kemp paper on the experimental Third Law measurements,?
and then Kemp and I wrote a paper on fitting the data with a
potential barrier of around three kilocalories.? We brought into
the picture the gaseous heat capacity data which Teller had also
talked about, but there were uncertainties of spectral assignments
and other things there. So that was nowhere near as clear-cut or
definitive as these new Third Law entropy measurements that had
come out of the lab here. So with that start, I thought, Well,
why don't I redo these other statistical thermodynamic
calculations that someone else had made on the free rotation
assumption and put in a potential barrier of the order of three
kilocalories and see if we can't fit the rest of these data?
Which proved to be possible.

So you became a true believer at this point.

I was a true believer earlier. I began to convince some other
people to get into this whole area of statistical thermodynamics,
which involves spectroscopy, particularly for the larger
molecules. You've got to get the conventional vibrational
frequencies in addition to these internal rotation modes. In

!The Journal of Chemical Physics, Vol. 4, No. 11, 749, November 1936.

Witt and Kemp, Journal of the American Chemical Society, 59, 273

(1937).

3J. D. Remp and Kenneth S. Pitzer, "The Entropy of Ethane and the
Third Law of Thermodynamics. Hindred Rotation of Methyl Groups," Journal

of the American Chemical Society, 59, 276 (1937).
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ethane for the entropy, the internal rotation was the only really
important variable left, but for the heavier molecules or even for
the gas-heat capacity of ethane, you had other vibrational modes
where the spectroscopy was usually incomplete. You had to do some
work there, too, or at least make some reasonable assumptions.

Chemistry and Physics

To look just a bit more at the prewar period, you became an
instructor in '37 and an assistant professor in '39.

Yes, with a little encouragement from a Caltech competitive offer.
{laughter]

Obviously you had impressed the faculty. Can you tell me how you
were appointed and whether there were other roads not taken?
Caltech was a goad to Lewis and all the people here.

Although it was never a big deal. 1 assume it probably
accelerated things by about one year.

You mean to assistant professor?

It may not have accelerated it at all because instructorships
still existed then, but they were pretty short-term. As we were
coming out of the Depression, it was not a promotion that caused
any upheavals in the general structure.

Would you [consider] that you were proprietor of your own group
and separate from the Latimer group?

Yes. While Latimer and I were still cooperating on some remaining
questions, the percentage of my attention on essentially Latimer-
centered ideas was down at the 10 percent level within a
reasonable time. The hydrocarbon and other statistical
thermodynamic work, including the paper on the basic molecular
expansion of corresponding states and several other papers on
basic statistical thermodynamic questions, really had nothing to
do with the Latimer program as such.

We really ought to mention Richard Tolman somewhere in here since
you were doing the old system of thermodynamics and had been at
Caltech.

We never really got closely acquainted. I knew him, but I never
actually attended any extensive series of lectures or full course
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of his. So in a sense I knew more of him than I knew him. I read
a good deal of Tolman's statistical mechanics, but actually other
people's statistical mechanics seemed to be more closely
applicable to what I wanted to do.

I gather your work involved more approximations than some
physicists would be happy with. You said to Ridgway that a good
deal of the art of this period was making those approximations in
such a way that you could defend them, and yet at the same time
they were possible.

{Peter) Debye, 1 suppose, was the great artist in this regard--
several of his earlier papers of the teens or the twenties. But
in terms of statistical mechanics there were other books that
taught you the approximations and even got the fundamental
equations closer to the problems you wanted to solve. Tolman was
getting more and more interested in cosmology and things of this
sort. [Ralph] Fowler, for example, at Cambridge, England, and
then particularly the Fowler-Guggenheim book! which came along
later, but still early enough to be useful for some of the things
I was doing.

On the previous tape you were speaking about the influence of
{Gerhard] Herzberg. Where was he?

He came from Germany to Saskatchewan and then went to the National
Research Council in Canada in Ottawa. He's been there ever since.
Herzberg is the number-one molecular spectroscopist in the world.
I think there's no question that he's excellent. His books are
very readable and very sound. Although he usually stops with
molecules somewhat simpler than I was working with, he comes
closer to the range that I was interested in than anybody in
physics here, so that I found Herzberg very valuable and have
since gotten acquainted with him. He's a wonderful person. It's
great to see him still going strong.

This may seem somewhat simplistic, but it occurs to me from what
you said that you were getting a lot of your physics from books.

Yes.

As opposed from your chemistry which you were probably getting in
articles. Do you think this is the standard mode for chemists?

lRalph Fowler and E. A. Guggenheim, Statistical Thermodynamics,
Cambridge University Press, 1949.
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I don’t mean I didn't read articles in physics. But you get what
you can in a more organized, more comprehensive way first. For
the most part, I could work from the advanced books in physics,
and then I would go from there into my own research or into the
physical chemical literature. That doesn’t mean there weren’t
some articles published in, say, Physical Review that were really
in the same territory; I'd make full use of them. But one tended
rather to go to the Journal of Chemical Physics or Zeitschrift
fuer Physikalische Chemie or Faraday Society Transactions, one of
the physical chemical journals for the next stage.

Do you think of yourself as a theoretical chemist?

Not particularly. Most of us of that generation were not pure
theorists. I thought of myself as probably making more
theoretical contributions and fewer experimental contributions
than most, but I’'ve never been a pure theorist. 1I've always had
some experimental program going.

The reason I ask is twofold. First, at Caltech in the twenties,
chairs of theoretical chemistry were created for Tolman and other
people. And G. N. Lewis and Tolman and to some extent I guess
Noyes were considered in the twenties to have been theoretical
chemists. This is before the term fell out of favor--when the
theoretical physicists came to be the theorists.

Noyes certainly never thought of himself as a theoretical chemist.
He used theory, but he always had primarily an experimental
program. Certainly Lewis never thought of himself that way.
There's Tolman, yes. Tolman had sort of a special professorship
with all sorts of titles, but that was a very unique situation.
There may have been a few people doing purely theoretical work in
chemistry in the thirties and early forties, but better theory was
being done by people who also did experiments--Pauling, for
example, and in the older generation, Lewis and so on.

The concept of the theoretical chemist is one which emerges now
and again.

It’s emerged now, i.e., there are people here in this department
that very openly have no pretenses of doing any experiments. I
think I contributed some to their success in guiding them as young
people, not to do experiments, but to maintain contact with
experiments, so that you're doing theory on something that is
really of interest to the main body of chemistry, which is
experimental.

A man like Fritz Schaefer, for example, on the faculty here.
When I came back first to the department in '71, I urged him very
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strongly, "Now, you’re doing beautiful quantum mechanical
calculations, but be sure you do a reasonable number of them on
molecules where somebody is interested in the answer besides a few
spectroscopists or other theorists.” And he's done that; he's
done it beautifully. I think the breadth of his reputation in
chemistry as a whole depends greatly on that.

I suppose physicists would ask you if there is such a thing as
theoretical chemistry, or aren't you really talking about physics
when you talk about theoretical chemistry? In your work, of
course, you came along at a time when you could develop theories
of sufficient generality that were unique to the interests of
chemists. Here was something clearly not physics. The physicists
weren't interested in this theory, but clearly it was theoretical.
Do you think that's still true?

I think basically it's still true. Just as physical chemistry is
essentially physics but applied to problems that are of particular
chemical interest and of limited interest to many physicists,
likewise I think theoretical chemistry is certainly physics
applied to problems of particular chemical interest that therefore
have not drawn very heavy attention from physicists. The only
difference between theoretical chemistry and physical chemistry,
as 1 see it, is that physical chemistry is primarily an
experimental field. 1In the early years there was a lot of dual
theory and experiment, still true to a considerable degree,
whereas the theoretical chemist just doesn't do any experiments.

You can make further distinctions. You can find areas of
theory applied to obviously completely chemical topics, and you
can find other theories much like what we've been talking about in
terms of statistical thermodynamics and spectroscopy of rather
large molecules. The latter are extensions of what physicists are
commonly interested in but involve somewhat more complex molecules
or molecules of interest because of their chemical importance,
rather than because they're illustrations of phenomena. As a
physicist tends to emphasize new phenomena rather than the
intercomparison of similar structures or similarities for
different elements or different compounds, so a physicist might be
interested in internal rotation. Once he found two or. three
examples, he'd probably quit, whereas a chemist, having learned
how to handle the internal rotation problem, sees a multitude of
other cases of chemical interest where you can use it. I carried
through the first study and happened to be in chemistry. The
first study could easily have been done in physics as an initial
example of internal rotation. Indeed, research on internal
rotation was done by [Harold) Neilson who was in physics. Teller
was in physics. They'd already looked at the internal rotation,
but they hadn't carried it as far as I did.
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I suppose one could say that physicists are interested in the
simplicity of the world and chemists are interested in the complex
view.

That's a good restatement of what I was saying.

World War I1

We talked of World War II coming along. I don’t know what
precisely you did during the war here in terms of Latimer's high-
temperature chemistry group.

I just knew about that, but I was with Latimer again. He had a
program on gas-flow properties. It was essentially
micrometeorology--smoke-flow patterns and gas flows which could be
toxic poison gases, or, as it were, crowd control gases--

What did this relate to? Would it relate to the military?
Yes, it was military.

So they were thinking it might come back and they needed to get
some research started.

Yes, I think we had to do it. In other words, chemical
warfare/gas warfare was a substantial piece of World War I. Lewis
and Hildebrand were over there. One had to be prepared to deal
with 1t again.

Was this an OSRD [Office of Scientific Research and Development])
contract?

Yes. I've forgotten the exact organizational pattern, but Latimer
was on one of the central committees for this. Yost was involved
with it at Caltech, too.

This was straight through the College of Chemistry, not through
the Rad Lab?

Yes, this was straight through the College of Chemistry. I got
involved with this in terms of micrometeorology. We arranged to
get a field up in the Yolo Bypass, just west of Sacramento where
there is a long causeway. The owner was an old Spanish Mexican
descendant. We got in contact with the UC Davis people to arrange
this. One of the Davis agricultural faculty arranged this with
the Pena family. We took over this field in the spring.
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That area floods during the winter if we’ve had lots of rain.
And then it dries up, and unless they do something more intensive
with it, they just run cattle on it, and the cattle eat the grass.
So we arranged to get this area after the water receded. The
owner agreed to keep his cattle somewhere else to give us some
time to do some gas-flow experiments. Actually, I eventually did
some theory of the fluid dynamics of gas-cloud movement, too.
There's one minor publication that eventually came out of this.
It's rather interesting.

The conditions were extreme in late May or June up there.
With the grass cover after a very hot and sunny day, you get what
is called a temperature inversion, thermal inversion. As long as
the sun is up, there's turbulence. After the sun goes down in the
early evening, the solid surface of the earth cools by radiation
through a relatively dry atmosphere, so you get an inversion
condition with low temperature below.

But it turns out we got more extreme conditions there than
you get out in the desert, because of the grass cover, which has
low heat capacity and yet very good infrared radiation emissivity.
So we would get conditions in which you would get twenty degrees'
difference between the grass surface and six feet up in the air.
If you get sufficiently strong inversion, the net result is
essentially laminar flow in the atmosphere--you get a gentle
breeze. That means that the velocity at two meters 1s twice the
velocity at one meter. And we essentially got that. This is
highly atypical. In other words, I don't think I'll ever put this
in the military manual, because the chances are slight that
anybody ever finds it in real conditions. Dr. William Gwinn
participated, and we had a crew of mostly undergraduate and
graduate students up there, and we took a series of measurements.
Then that project moved on into forest conditions; Dr. Gwinn
stayed with it. Later they went down to an island off Panama for
jungle conditions.

I was invited to go east, outside of Washington, to help run
a laboratory to serve Division 19 of NDRC [National Defense
Research Council), the final division to be set up. It was to
serve the 0SS, the Office of Strategic Services, in a sense the
predecessor of the CIA [Central Intelligence Agency]. This was a
laboratory concerned with devices primarily for guerrilla warfare
but also for intelligence. 1 would say about 80 percent of our
work was for behind-the-lines-operations activity and only about
20 percent for intelligence. We worked on time-delay devices,
devices the operator could put in the o0il spout of a truck to
prevent the truck from operating. Almost everything had a time
delay to it, so that the operator could get away. How to wreck a
train, and all sorts of nasty things like that.
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This was largely in cooperation with the British, because in
the European theater the British had all the operations. They
welcomed better devices and further supply. We had operations in
the Far East in connection with the Chinese, so it was not
entirely for the British.

This was NDRC, i.e., the Vannevar Bush-{James B.] Conant
committee?

Yes.

They recruited Thorfin Hogness, who was a Berkeley Ph.D. from
the early twenties and then on the Chicago faculty, to be the
technical director of this operation. They got a big engineering
firm, Ford, Bacon, and Davis, to take a contract and provide
management, accounting, engineering services for the operation.
And Hogness recruited me. He was quite a good friend of
Latimer's, and I suspect there was a Latimer connection there,
although I'm not absolutely sure of that. I probably knew at the
time. In any case it is plausible. There also could have been
other connections. I was sufficiently known by then. It was not
unreasonable.

We moved east in '43 and were there for not more than a month
when the Chicago group in the Manhattan [Engineer]) District
demanded that Hogness come back and help with the chemistry side
of the Manhattan Project with Arthur Compton and so on. So 1
continued on as acting director, and later the "acting" was
removed. In other words, they did not recruit any more senior
person to run the relatively small lab there.

Where was it located?
In the Congressional Country Club.
Really?

The 0SS had taken over the Congressional Country Club and then
given us about half of the building for labs and offices and then
a small portion of the grounds for our exclusive test area. We
could have a bigger test area by arrangement with the 0SS folks.
Eventually we leased a twenty-acre patch of woods across the
street for an additional test area.

Our explosives got a little big for the country club site.
My office was the bedroom of the presidential suite. The only
president to use it had been Herbert Hoover. He liked golf and
apparently actually used that presidential suite. Roosevelt, of



Seidel:

Pitzer:

Seidel:

Pitzer:

Seidel:

Pitzer:

Seidel:

Pitzer:

Seidel:

Pitzer:

28

course, with his physical infirmity never used it. So it was an
interesting, essentially engineering period in many respects.

Did anything of great significance come out of this work?

Yes and no. By far the biggest thing of military significance, of
course, was that the entire railway system of France was tied up
after D-Day. The Germans, insofar as they could resupply their
retreating forces, had to do so by highway transport. There are
some interesting--now open, published books--accounts of how those
rajlways were tied up. I don't say that this wouldn't have
happened to a considerable degree without our work, but our time-
delay devices and our various types of railroad intercepting
devices were all used by British agents. So there was some
operational significance there. The number of other things that
really got into use was I think rather marginal. We had some
other pretty good gadgets, but this was late enough in the war
that I doubt their operational significance was really terribly
great.

There were about ten scientific staff there?

Yes, that's about right. Probably a little on the high side.
Interestingly enough, there was a chap, Chinese [Lu, Jiaxi), who
had been in the West for his Ph.D., and then at Caltech on a
postdoctoral, when essentially everyone else went off on war-
related projects. I heard about him, and I hired him. For the
American operations, knowing something about China would be
useful, because that'’s where they were going to be applied. He is
now the president of the Chinese Academy of Sciences. [laughter]
I see him every once in a while. I have an invitation to come
over and see him in September. 1I'll probably get there. [I did
visit China in 1984 at the invitation of President Lu, Jiaxi.]

Do you know if this ever got written up in any of the official
histories?

I doubt if it got much attention.

Because of the intelligence.

Probably the CIA would prefer it not get much attention.

Was Wallace Brode involved with any of this work?

Not significantly._ The Division 19 head was Harris Chadwell, who
was a Harvard organic chemistry Ph.D. and a close associate of

Conant’s. In my opinion, a perfectly honorable but not a terribly
bright man. When the CIA later decided to go into operations as
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well as intelligence, they pulled Chadwell in. I guess Brode was
probably brought in still later.

Yes. Right after the war he was at Naval Weapons Center.

The CIA didn't do this. It was several years after the war before
they did this. They were purely intelligence. Initially they
decided that this type of operations was not on their schedule,
but several years later they took it up.

I'm glad you told that story. I was getting very concerned
because I'd fancied myself knowledgeable about OSRD. Maryland
Research Laboratory--I couldn’t find it in Baxter's History or in
any of the official histories. And then I thought, Well, maybe he
took a long sabbatical. [laughter]

No, as a matter of fact, I don’t know if the reports have been
declassified.

Do you have a clearance? Maybe I should put the pause button on.

[tape interruption]
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I gather this added to your repertoire some of the elements that
may be called upon in working in both government and sensitive
positions, that is, you were cleared and met some of the people
who were going to be active in the postwar period.

0f course, as we all knew, in order to be really effective you had
to have informal communication channels as well as formal ones.
I1'd been far enough into this gas and smoke-flow business that I
knew people like W. Albert Noyes, Jr.--no relation to A. A.

From Illinois?

Well, his father was from Illinois. He was at Rochester;
eventually went to Texas. W. A. Noyes, Sr., was W. A. Jr.’s
father.

I see.

That's the family connection. But the younger one I knew very
well. I think he was head of Division 8 [of OSRD] or whatever
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division had the gas business that Latimer was involved with. So
I had contacts there.

I'll tell you, if you don’t mind, one more story about that
period. Stan Lovell was the chief science technician for 0SS
itself. He was a New Englander. He got the idea that the army’s
hand grenades were too heavy, and that with good explosives and
fragmentation design, a lighter hand grenade would be much better.
And while the 0SS could only use a few thousand of them, once he
got it developed, why maybe the army would take a few million. He
wanted it patterned on the baseball because that’s what American
boys knew how to throw. [laughter])

So he asked us to develop a baseball hand grenade. And we
did. We knew that the baseball was too light. So we ran tests.
Got some young fellows out to see how much heavier it could be and
still be thrown almost as far and almost as accurately as a
baseball. We almost got a step function there: we could make it
twice as heavy as a baseball, but still much lighter than the
army's hand grenade.

Then we designed the fuse and safety mechanism and got
Eastman Kodak to make them. I made a number of overnight trips on
the rather interesting rail connection between Washington and
Rochester. Eventually, army ordnance said, "If it wasn't invented
here, we don't want it." Some little accident would occur.
Somebody would fail to replace the safety on something, and it
would blow up accidentally. That sort of thing always happens.

If the agency doesn't want the product anyway, that's an excuse
for not going any further with it.

Usually in those OSRD-army relations you had to have somebody who
was willing to push and try hard, an idea sponsor to take over and
push into the services, and you didn’t have that.

So 0SS accepted the pilot production from Kodak, and no doubt the
Chinese threw them at a few Japanese or something like that.

Atomic Energy Commission

Back in '49 you were asked to become director of the Division of
Research at the Atomic Energy Commission. Was [James] Fisk your
immediate predecessor?

Yes, although Ralph Johnson was interim director in between. In
other words, Fisk was the first director briefly and had been gone
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a short period of time. He may have still been there when they
approached me, but I didn't actually take over directly from him.

Apparently Lawrence was involved in some way. I've seen a letter
from two fellows who came out to recruit you.

Carroll Wilson was general manager and the vice chairman of the
commission. Sumner Pike, who was from Maine--they came. They
arrived the day after the '48 election. And if you remember,
[Harry) Truman’s reelection in '48 was a surprise. Sumner Pike
was a Republican and was so shocked by this that we sat and talked
half the morning about this election. Finally I said, "Gentlemen,
did you really just come to talk to me about the election?"
[laughter] Whereupon Pike shut up and Carroll Wilson got down to
business of offering me the position of director of research, with
the commissioner's endorsement.

Ernest O. Lawrence and the AEC

So you don't know anything about any negotiations with Lawrence?

Lawrence was involved. Albert Noyes, Jr., was also consulted, I'm
sure.

Had Lawrence approached you?

Yes, Lawrence had approached me.

So you knew you were going to get this offer.
Yes, I knew what was up.

One of the problems Lawrence had in early 1948 was getting the
bevatron here. There was a series of negotiations in which Fisk
was involved, and Fisk was opposed to the idea of giving these big
accelerators to the university instead of to the [national]
laboratories. He felt everyone should work with the equipment
they already had. So my assumption from that is that
relationships between Lawrence and Fisk could have been better.
Possibly Lawrence wanted someone he knew better to be in that
position.

I have no reason to doubt that Lawrence would have pushed in that
direction; that he would have anywhere near a controlling voice
is, I think, quite doubtful. I should also add that, although I'd
been very friendly with Lawrence through the years, I1'd never been
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really close to Lawrence. When I came back from this Maryland
Research Lab activity in late '44, Ernest wanted me to help
untangle the chemical problems he was having with the
electromagnetic separation process on U,;; and talked about those
who were already working on it. I said, "I don't see that I can
add enough to their progress. I've already broken up my
scientific life with two different war research projects, the gas-
flow thing and then the one in Washington. The nuclear project is
succeeding and you've got good talent on this." So I declined.

He was disappointed, but obviously didn't hold it against me
because he was certainly encouraging four years later in this.

I suspect he would have thought of me as somebody that he
might well be able to encourage others to support in this regard.
In other words, someone like [Glenn] Seaborg or [Luis] Alvarez
would have been too close to him, would have been too much a
Lawrence protege, whereas I was really independent from Lawrence
and yet certainly understanding of his point of view and
sympathetic to him.

Carroll Wilson was quite a strong person, who had a strong
delegation of authority from the commission to recruit on a
national basis people of top talent. They felt that this is a new
field to which young people adapt more readily than older people.
So they, in general, recruited relatively young people who had by
that time established real attainments but were younger than you
might have ordinarily recruited for that level of position in some
established line of activity. I know they consulted W. A. Noyes,
Jr., and, I'm sure, a number of other people with no Berkeley
connections or at least no significant Berkeley connections in
making the choice.

One speculation in the press at the time was the fact that really
the problems that the AEC was beginning to face were now chemical,
rather than strictly physical. Therefore a chemist was
appropriate for this position. Was there discussion of this issue
when you were recruited?

Yes, it was understood that a lot of their problems related to
materials and chemistry and so on. The people already in the
leading positions in the labs were almost all physicists, and some
broadening of this sort was good strategy.

Why was it attractive to you?

It was clearly a position where one would have a real impact on
the future of government science, national and international
affairs, and so on--writing on practically a clean slate. In
other words, you would not have to be fighting entrenched
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interests and long-established habits in order to change anything
or get anything new done.

Did you find that to be true?

To a considerable extent, yes.

A Question of Morale

In what is usually called at that point the heritage of the AEC
were the labs which were very powerful and continue to be powerful
in the DOE [Department of Energy) in terms of policy. The other
legacy is the government scientific establishment, the stodgy
civil-servant-dominated enterprise.

Now one of the things that you must have done almost
immediately was to prepare and testify before the Joint Committee
because everyone in the AEC was preparing to testify in the
mismanagement hearings.

That was a little while yet.

Yes, summer of '49. But in your testimony there, you remarked
that at the end of the war the transfer of the program from the
Manhattan Engineer District to the AEC caused "instability and
loss of morale, through no fault of anyone. Although I was not
immediately associated with the Atomic Energy Program, like most
American scientists I was well aware of these difficulties."

One of the sources of the instability was simply that people
were not content to continue working for the government once the
emergency was over. They knew there was going to be some sort of
atomic energy commission, but nobody knew whether it would be
dominated by the military or not.

0f course, by the time I was involved, the AEC had been
established, but the roles and operations of the major labs were
still very much in flux. To give you one example: the General
Advisory Committee made a recommendation that all work on civilian
nuclear power be centered at the Argonne [National] Laboratory
near Chicago. If Oak Ridge [Tennessee] hadn't been badly enough
upset anyway, they were shattered by this, because they actually
had a better array of skills for the full range of problems that
needed to be dealt with than Argonne had. In the actual physics
of reactor design, Argonne may well have been a little better.

But in terms of the chemical and materials engineering and all the
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rest of the tasks that had to be done, Oak Ridge was probably
stronger.

Of course, in the end both were brought together on various
projects on a team project basis; Argonne was strengthened in some
respects, and Oak Ridge was given the central role in others. But
this had to be worked out. Oak Ridge had to be encouraged that
they would have a useful role with self-respect and understanding
in the longer run. But they also had to be encouraged very
strongly to put their own house in order and to insist that, if
people were really dissatisfied they leave, and if they wanted to
stay, they find the appropriate niche for the future. This
included some relatively free basic research, but it couldn't be
all that. And to some extent the same was true at Argonne,
although there they had a stronger point of immediate departure so
there was less problem of morale. N

What about Berkeley?

Berkeley was not really a problem in this regard, because Berkeley
didn't claim to be a nuclear-reactor-type organization. It was
basically a nuclear-physics, fundamental-science laboratory. By
the time I got there, the idea that the bevatron would be built
had been accepted. So I was not put into any severe conflict-of-
interest situation. I always had to be careful about signing off
on documents that sent so many dollars to Berkeley. 1I1I'd have my
deputy take it directly to the general manager in order to avoid
any conflict of interest on that.

But that was always feasible because there wasn't a major
issue. There was only a minor issue as to whether the number of
dollars should be 5 percent larger or smaller. That's the sort of
thing the general manager could use his own judgment on. But
there was a lot of flexibility in Washington. The AEC was not
under civil service at that time, you know, and there was in the
headquarters area by and large a young, relatively new and able
group of people who were really very pleasant to work with. A lot
of exciting questions came up.

In relation to the loss of morale and the problems that had
occurred, you said that 5,500 of the wartime scientists out of
7,100 had left after the war. Five hundred later returned, which
meant that you had to recruit the balance. You said, "Although
the commission had retained a valuable core of wartime scientific
and technical personnel, it had been necessary to do large-scale
recruiting to staff laboratories." Perhaps you want to discuss
this laboratory by laboratory. Do you think that the people
recruited during the postwar period were qualitatively equivalent
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to the people that had been lost? Or do you think there had been
a decline in the quality of the labs?

Pitzer: I think there was some decline. After all, during the war you
could get absolutely top people to stop what they were doing and
go do something that appeared to be terribly important to the war
effort. You simply don't have that level of drawing power for
recruitment in peacetime, even in a relatively exciting new
technological area like atomic energy. But the people who were
recruited were good people, and this was basically what I would
say to the Joint Committee--that these were good people. Now, for
the most part, I didn't recruit many of them myself; I tried to
establish the climate so that the laboratory directors and
division heads in the laboratories could recruit good people.

Seidel: 1 gather, and this you may know from your experience in Berkeley,
that the two draws in the postwar labs were: one, you could work
with reactors, and this was really the only place that you could
work with reactors; two, you could work with the largest
accelerators that existed. That is to say, ONR [Office of Naval
Research] had very vigorous accelerator programs for the
university. But if you wanted to work with machines at the
frontiers, the only places you could find them were at Berkeley
and Brookhaven [National Laboratory, Upton, New York]. So I had
taken those to be the two central elements of the draw to recruit
people to the laboratory at that period. Was that the perception
at the time?

Pitzer: Yes, I think that is correct. For Brookhaven and Berkeley your
statement really covered the subject. In other words, those were
the most advanced accelerators, and if you were interested in
nuclear physics, there is where you could do the most advanced
work in nuclear physics. For the reactors, it might be basic
science. Suppose you wanted to do neutron diffraction, you did it
at Oak Ridge or maybe Argonne or maybe later at Brookhaven, or
else you didn't do it. But that was only a part of the picture
for a place like Oak Ridge, because some of the neutron
diffraction might be done by others who might come in and visit
while part of it was done by the Oak Ridge staff itself.

But the reactor side was incipiently a major civilian industrial
technological development. If there is going to be a peaceful
nuclear power industry in the world, the way to get into that is to
get involved with the reactors that existed or with the design of
prototype civilian power reactors. And the place you could do that
was at Argonne or Oak Ridge. That was attractive to engineering-
oriented people, many of whom may have been trained as physicists or
chemists or chemical engineers, but became the nuclear engineering
community of the future. That was an attraction.
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In the small-scale science that physical chemistry knows
particularly well, there was quite an attraction in places like
Brookhaven or Oak Ridge or even Berkeley, for that matter. There
was a climate of sophistication in instrumentation; even though it
didn't involve the bevatron or the reactor, you had sophistication
in instruments that would allow you to do the best mass
spectroscopy or the early work on colliding molecular beams or
other areas of frontier physical investigative techniques in the
chemical world. I know people who went to Oak Ridge or Brookhaven
for that. They didn't really work with the reactor, but they took
advantage of the instrumentation skills and sophistication and
support to do pioneering work.

I notice that you include Berkeley in this latter category of labs
interesting to work in. That brought two things to mind. About
1947 [Robert) Thornton was complaining that the detector side had
been particularly undeveloped here at Berkeley, especially for the
physicists, and that was something they had to work on. The other
is [Albert] Ghiorso's work on the channel analyzers. That was
beginning to flower here after the war; there was an active effort
in the Seaborg group to develop detectors. They had to have great
advances on instrumentation. Your association would have been
more with the Latimer work on high-temperature chemistry in the
postwar period. I'm not quite sure to what extent you were
involved with general chemistry.

Only in a limited way. Of course Leo Brewer was really the key
figure there. We come back to that when we start IMRD [Inorganic
Materials Research Division]). As far as I was concerned, both
before and after the AEC period, I had my own research group
focused initially around the ring molecule and other internal
rotation problems. Later I generalized from that, but this was
not particularly related to the AEC.

In your testimony you talked about the general situation of the
laboratories. On a policy level, you were the director of
research of the AEC in 1949--before MTA [Materials Testing
Accelerator]. What were the problems facing the Atomic Energy
Commission at that time?

It was understood right with my appointment that the AEC should
have a substantial array of smaller research projects in
universities, generally on subjects that had reasonable relevance
to the basic AEC objectives but independent of the major labs. I
was in favor of that and saw this as one of my major purposes--to
establish such a program with good traditions. It was understood
that the AEC wanted it and would give high priority to the
funding.
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The JCAE [Joint Committee on Atomic Energy] minutes of this period
reflect a very strong concern with just that issue from the
earliest date on. Why had this been so difficult to get started?

You would have to ask Jim Fisk, and you're going to have a hard
time because he's no longer alive.

A lot of the money also seemed to be going to the building of the
labs. There were only two labs built, really: Oak Ridge and
Berkeley. Argonne had to be built; Brookhaven had to be built.
So you had a real problem.

I think it's all quite understandable. The AEC is totally new.
Jim Fisk 1s their, as it were, number-two scientist, with Bob
Bacher on the commission as number-one scientist. This is a
highly scientific and technological enterprise. Decisions have to
be made about weapons, about U,;; from plutonium production, about
just keeping the existing labs in some reasonable semblance of
order, and about Brookhaven getting started. Fisk is essentially
scientific staff to the general manager, and that was occupying
most of his time. I think I'm fair to Jim. I don't think he
regarded this independent, separate, university research program
as terribly urgent or terribly important. In other words, I don't
think it was very high on his priority scale. He brought in an
applied mathematician, [H. M. MacNeille], and gave him a trivial
amount of money and said, "Go ahead and get started with it." I
think he let three contracts: in other words, it went nowhere for
all practical purposes. So that was really the major pre-agreed-
upon project.

It was understood that there was lots to be done with the
major labs, that the role of scientific staff to the general
manager still existed, but it was understood that there would be
substantial amounts of money over a period of years for an outside
program on the same order of magnitude as that for the major labs.
We had to develop policies and central office staff and
contracting mechanisms and so on. It was understood that the
actual contracting and immediate monitoring would be done through
the regional area offices, but that the scientific selection and
monitoring would be done out of Washington with such assistance as
one might obtain from either AEC area offices or major labs.

But I felt that it had to be kept quite independent of the
major labs. Therefore budgetarially I split the Division of
Research budget essentially right at the very highest level. In
other words, there was so much for the major labs and so much for
offsite contracts for a given year. The major labs had a much
bigger amount, but not by orders of magnitude, just on the larger
side. That was allocated among laboratories. Of course, the
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physical research component at Argonne and Oak Ridge was a
relatively small part of the total lab budget there, whereas it
was virtually the whole budget at Berkeley or Brookhaven. There
were biology and medicine at those places, but they were
specialized and small. Then there was the offsite component,
which was broken down into physics, chemistry, and materials. I
think physics carried with it a little mathematics. There was a
three- or fourfold division there.

On the physics side initially there was Ralph Johnson, who
had been interim director, and then Paul McDaniel was a physicist
already on the staff. I let them take the physics immediately.
Spofford English, who was a Ph.D. from here and whom I'd known as
a graduate student, was already there. He took the chemistry. We
handled the material science mainly by using Chipman from MIT as a
very active consultant, with a relatively junior man by the name
of Dave Lilly in the office in Washington (and riding the
"Federal," an overnight train back and forth to Boston pretty
frequently) to carry on the material science program. Fred Seitz
was another consultant for materials.

Solid state physics was, as it still is, on the materials
side of things rather than with nuclear physics. Very soon it
became apparent to me that I had to do something further on the
physics side because Ralph Johnson had left. I got advice from a
number of people, and it ended up that I recruited Joseph Platt
from Rochester to come in as physics branch head. He was a great
strength.

Was he one of [Lee] DuBridge's people?

He had been with DuBridge at the MIT lab, and at Rochester, too,
but of course by this time DuBridge was at Caltech, wasn’t he?

Yes.

I got strong recommendations for Joe Platt from Wheeler Loomis at
Illinois and probably from Fred Seitz. I talked to various GAC
members, too. And he was really very good. Then I used Paul
McDaniel as an immediate deputy. I brought in John Thomas, who is
now the head research man for Chevron, to be number two for the
chemistry branch with Spoff English and to be sort of a special
projects deputy. When there was some special project we needed to
handle, John Thomas was very good. So it was a relatively small
staff. MacNeille, the mathematician, was around for a while. I
don’t think we brought in any other mathematicians after he left.
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Office of Naval Research

We can turn to the ONR cyclotron program, which required a good
deal of negotiating because I felt the AEC should not indefinitely
fund a program on nuclear physics administered by the navy. I had
a high respect for ONR. I had actually had an ONR project myself
previously during the '44-'48 period.

Who was head of the physics division at ONR then? It wasn't
Isaacson was it?

No. The fellow who headed the cyclotron program--what was his
name? He was not the head of the physics division, but he was
quite a strong character who had built up the cyclotron program.
Alan Waterman was still at ONR, and Manny Piore was at ONR. I got
very well acquainted with them, and many of the higher-level
negotiations were with Manny Piore and with Waterman. My view was
that this was a good program. I thought it had been somewhat
overdone with more machines of almost exactly the same type than
would have been best. But that had been done. There was no point
in undoing it.

What was the justification from the point of view of the AEC?
Just for training people in cyclotrons?

Training people in nuclear physics. Yes.

There was no thought that you were going to get any breakthroughs
here?

It's hard to say.

The explanation for the bigger machines is always that the more
you learn about nuclear forces, the better off you are.

Yes, yes.

But with the replication of more and more smaller machines it's
harder--

Well, that was my feeling. The 184-inch plus maybe two or three
machines under ONR sponsorship or AEC sponsorship would have made
sense. To have seven or eight of them, whatever the number was,
seemed to have over-duplicated essentially the same generation of
machines. There was no point to canceling ones that were already
well under way. But we eventually negotiated a scheme whereby the
AEC contribution through the navy gradually went down. The AEC
took over one or two of the machines. I think we took over
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Carnegie Tech. Joe Platt essentially did all this. I handled it
at a higher level. But I was much more active in promoting
university projects in things like high-temperature chemistry or
radiation chemistry at other sites or broadening the materials
science program beyond the fairly narrow sort of radiation-damage
focus that it had at the time I arrived.

That was at Oak Ridge and at Ames [Laboratory of the Atomic Energy
Commission, Iowa)?

No, I mean at the offsite areas. I don't mean that we didn’t do
those things at Oak Ridge and Ames and places like that. We did.
But these were areas that were small enough in scale that they
could be done in universities, and the atomic energy program in
various universities would build a fabric of relationship and an
infrastructure of talent and so forth valuable for the AEC.

Those words may come back to haunt you. I'm interested in
feedback from materials science. One of the criticisms you hear
is, why did you think you could do this thing in small
universities?

I think my position is consistent on that. You can.

I have difficulty getting a grip on the materials science work
during this period. 1I've read through the GAC minutes from '48
through about '70, and it's something that recurs. It always
seems to be a weak stepsister to the main programs in physics and
chemistry and even biomed which has its own establishment by the
time you get there.

Yes. Shields Warren was, although only halftime, a division
director on the same organization level. He had a staff there in
Washington, and he testified to the congressional committees just
as I did and so on. The money for bioclogy and medicine here and
in Brookhaven and all the rest of the places came through his
budget.

I'm interested in a number of things about materials science.
One, the principal rationale is reactors require the mass of
materials in materials. Also, one of the things you face at the
university is the university is basically divided into
disciplines. Materials science is multidisciplinary in its
nature. To get two people to work together from two different
departments is not always as easy as it was between physics and
chemistry at Berkeley. Another argument at that point might have
been, why can’'t the labs do this? After all, they're the ones
building the reactors and needing the materials. They can put
together the engineers and scilentists from different disciplines
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on project-oriented teams. How are we going to get any help from
the universities? Did you hear that argument then?

I think I got that argument, but I think the counterargument or
the other side of it is perfectly clearcut. That is, you've got
to get students into these areas. Students are in universities.
Insofar as it's feasible to do meaningful, substantial research in
a given area of knowledge--disciplinary or multidisciplinary or
interdisciplinary--you ought to be doing it in universities to get
students into those specializations. Then if the more complex
experiments need to be done at Argonne or Oak Ridge, a certain
number of those students will go to Argonne or Oak Ridge and
they'll already be materials scientists, if we're talking about
materials science, with a reasonably broad and strong background.

Otherwise, if we take your scenario, it means that Oak Ridge
and Argonne have to persuade physicists or chemists or
metallurgists with essentially no experience in this
interdisciplinary or more modern phase to come and learn the other
aspects at the major lab. That is a perfectly open process, but
it is not one that is very easy. It is much easier to get the
student during his student status and to interest him in the new
field then.

So it began as a training aspect?

The smaller offsite government contracts and grants, it seems to
me, all have a training aspect to them. There may be a few
subjects where the training aspects may be trivial, but by and
large across the areas of chemistry and physics with the NSF
[National Science Foundation] contracts, the smaller AEC
contracts, NIH grants and so on, it's always a combination of
research and training. It seemed to me that AEC ought to have a
part of this. At that time the NSF didn't exist, so that there
was extra reason for the AEC to be operating at the level of
smaller projects and universities. Of course, some of that
activity was taken over by NSF later. But NSF came along soon
enough so that was not a major matter to transfer; rather, they
settled on their own activities.

In a sense, what you have there is an argument for using existing
institutional structures like the universities in coordination as
far as possible with the laboratories. It seems to me that there
is that tension there, which is never really resolved, when the
lab director says, "Why are you getting universities to do what 1
can do?" Particularly Ernest Lawrence could say, "If you want a
university, I've got one here in Berkeley connected to me, and I
can do anything you want at the Rad Lab and have students to
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train." Why should you give this money to Texas A & M which
doesn’t have this capability?

Actually I had very little trouble with that argument. The labs,
of course, would be glad to have more money, but there was a
strong commitment backed by the commission. I made it abundantly
clear that we were going to have the offsite program and that we
were telling Congress that we were going to put X million dollars
into the offsite program and Y million dollars--larger than X,
considerably larger than X--in the major labs. That was not a
differentially moveable boundary during the year. Therefore it
was their job to do their thing, as it were, in the most efficient
manner with their good judgment as to what was needed and that
they should cooperate with these people in universities that were
receiving AEC support independently with Washington authorization.
That was tapping and training an array of people that they would
never get in contact with otherwise. And that same argument would
apply to Ernest’s argument: not everybody is going to come to
Berkeley, even to Berkeley as a university. If it's a nationally
important program, it should have a presence in Illinois and
Wisconsin and Harvard and MIT and so on.

It seems to me the staff of AEC became much more powerful later
on. The bureaucracy grew and the control of the work done in the
laboratories increased. I know that your relations with the
committee were not always serene, but my feeling from reading the
GAC minutes is they felt very strongly in the same way, based on
the fact that we have to be supportive of university research from
the AEC in a strong way, not only because it is important for the
AEC but because it's important for science. And there is no
National Science Foundation, and therefore at least in this matter
you were closely in accord with them on the level of university
support.

We had no argument about that.

And I gather that you plus the GAC are capable of outweighing the
labs plus in-house people who oppose this sort of extramural
funding. I also gather from what you say that there wasn’'t that
much open conflict in the matter. But there seems to be an
underlying tension to all this.

There is always tension, and my strategy was to keep that tension
focused at a very clean high-level decision where if the attitude
at the commission level and the Congress was different, then of
course you move the boundary. But I didn’t want Spoff English,
the head of my chemistry section, to be buffeted between the major
labs and offsite proposals as to how much of his money went one
way or the other. He couldn't shift it. He could recommend



Seidel:

Pitzer:

Seidel:

Pitzer:

Seidel:

Pitzer:

43

something maybe, but it was understood that he could advise me as
to whether Oak Ridge was doing a good job and maintain contact
with chemists at Oak Ridge. He could recommend allocations of
offsite grants at Rochester and Madison and so on, but he couldn't
transfer money and put it over on the other side. And therefore
nobody pushed him to. It was known that he couldn't do it, so
nobody pushed him.

But in those cases where there is discretion on the part of staff
members in the Division of Research, there was considerable
political pressure from the labs to get big pieces.

I think there have been times when there has been a lot of
pressure, particularly when budgets were not maintaining cost-of-
living increases anyway. In the time I was there, we were always
getting at least modest increases even in terms of cost of living.
The labs were having their own troubles in terms of maintaining
staffs of good quality people.

There is a policy by the AEC, at least in the fifties, that the
national labs, including Berkeley which never called itself a
national lab but is in some sense, should always have unique
facilities, meaning accelerators and to some extent reactors. Now
that changes with the Second Atomic Energy Commission Act. But
certainly with accelerators throughout the fifties one reads in
the AEC and GAC deliberations a commitment to the principle that
we don't build an accelerator at Madison because that would make
Argonne a weak sister and would take away from the AEC labs one
element of their uniqueness. Now that is the kind of conflict I
was thinking of within the Division of Research.

We had very little of that. Because the two big machines at
Brookhaven and Berkeley were already agreed to in principle and
were being built. The reactor at Brookhaven went way over budget,
but obviously had to be finished.

Who was the contractor for that?

Oh, I forget. I took the position that until the bevatron and
cosmatron at Brookhaven were finished and beginning to operate
that there was no reason to think about a new machine at that
level. ONR, as we have already said, in my opinion had overbuilt
synchrocyclotrons and we shouldn't have any more of them. My
stance was, if you've got a really brilliant new idea of something
quite distinct in its nature, bring it around and we'll look at it
and maybe we'll build it. One thing that I recall that came up
was the first controlled thermonuclear stellerator (or whatever it
was called) that Lyman Spitzer from Princeton proposed. And that
program did get started.
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Seidel: That was right at the end of your tenure.
Pitzer: Yes, right at the end. We did start that.
Seidel: But you've forgotten another major accelerator.

Pitzer: Yes, the MTA project, it's too late to start that now. That's at
least a two-hour story.
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II COLLEGE OF CHEMISTRY, UNIVERSITY OF CALIFORNIA, BERKELEY

[Interview 1: May 22, 1996] ##!

Graduate Student, University of California, Berkeley, 1935-1937

Arrival

Dr. Pitzer, we're going to take up the story in the year 1935,
when you arrived as a graduate student at the University of
California at Berkeley. Please describe the atmosphere in the
department at that time.

Surely, I'll be glad to comment about that, and a little about my
personal situation and so on. I had just been married [July 7,
1935], and after a honeymoon in the mountains in southern
California, we packed up our very few belongings and drove here.
We had visited in the preceding late spring, probably about
Memorial Day, spring vacation, so that we knew the general
situation. Also an aunt of mine, Amy Allen, was the wife of a
professor of Greek, James Allen, so we had a personal basis of
welcome too.

We arrived considerably before classes started. I was to be
a teaching assistant, but I was interested in getting started in
my own research as quickly as possible and convenient. As the
[Robert] Seidel interview will have recorded, my schedule at
Caltech had allowed me to engage in considerable research during
my senior year there, so that I was better prepared than many new
graduate students as far as getting started in professional work.

'4# This symbol indicates that a tape or tape segment has begun or

ended.

A guide to the tapes follows the transcript.
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I found a very cordial welcome here from various faculty and
students already on the scene. Remember that this was the
Depression. Everyone was barely having enough money to get along
with. I was fortunate family-wise that I was not on the absolute
minimum, but still, one was being careful to spend only the
necessary money.

The arrangements were really very informal. The department
was small, relatively very cohesive, as was Caltech's. In that
comment, I mean that there were no serious or major subdivisions
within the department. Everyone on the faculty was sort of on an
equal basis with everybody else, without regard to the subdivision
of chemistry that they were in. Physical chemistry had the
greatest attention and percentage of the population, but it didn't
in any way dominate organic or inorganic areas.

Were those other areas as strong?

Well, there was very strong work in inorganic and organic, but in
the borderline areas with physical chemistry rather than way off
at the far corner of those fields. In particular, Professors
Gerald Branch and T. D. Stewart were in that intermediate organic
area, and William Bray was an inorganic chemist of very high
distinction, but again on the physical chemistry-inorganic
interface. I talked to various members of the faculty, and I was
already fairly familiar with some of their publications, so there
was no very long getting-acquainted period.

William Giauque and Wendell Latimer

Did you come with a research problem in mind?

Not with an immediate research problem in mind. I had done a
short crystal structure problem with [Linus] Pauling, but x-ray
diffraction crystal structure was not an activity at Berkeley--at
least it was not an activity in Berkeley chemistry. It was being
done in Berkeley geology, actually, but I wasn't going to go
further with that. I had some background in relation to what you
might call chemical equilibrium and chemical thermodynamics
related to chemical processes from Noyes and other people at
Caltech, so I was quite receptive to that.

I was well aware of both Professor [William] Giauque and
Professor [Wendell] Latimer's work, which are quite different in
detail but are in that general field. And this was the field in
which Berkeley was really in a great leadership role. They had
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the equipment to obtain very low temperatures, which was not
commonplace at that time, and experience in making measurements at
sufficiently low temperatures so that the extrapolation of the
absolute zero temperature was possible, and that is an important
factor in chemical thermodynamics.

Was there anybody else working in low-temperature thermodynamics
in the country?

Oh, yes, I'm sure there was, but not many, and not necessarily in
universities. I think what was then the [U.S.] Bureau of
Standards--it's been now renamed--had a program. Otherwise, the
major activity in that area was actually in Holland, although it
was also in England and probably in Germany. Leiden in Holland
was very prominent in low-temperature research, and I suspect
Berkeley would have come next, at least in the side connected to
physical chemistry. There are other sides of low-temperature
research.

I don't really very clearly remember what proposal Professor
Giauque suggested to me. I must have talked to him, and he must
have suggested something, but I sensed that, while he was very
friendly and students who were already working with him were quite
satisfied, that he had a much closer supervision relationship with
his students than Latimer did. And since I was rather self-
confident already, the idea of a research director who would
welcome my own ideas and support them, and give me freedom and
initiative, was very appealing.

So was it that rather than research interests that drew you to
Latimer?

No, no, it was the combination of the two. 1In other words, if
Latimer's research interests hadn't appealed to me, I obviously
wouldn't have joined him. He was very friendly, clearly somebody
who was supportive of his students. He had several students, and
they seemed to be very happy with their relationship with him too.
Physically, his low-temperature research students were right next
door to Professor Giauque's laboratory, and Latimer's office was
upstairs and down the hall. Not very far away, but not
immediately there.

I soon ascertained that Latimer was much more involved with
departmental and university affairs, as compared to Professor
Giauque, and in fact, it became apparent that Latimer was almost
an unofficial vice chairman of the department to [Gilbert N.]
Lewis.
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Gilbert N. Lewis

Do you want to say a bit about Lewis?

Yes, I'd be glad to. I was of course very well aware of Lewis
before I came. He had been interested in these same areas of
research but many years earlier. His own personal interests were
now in somewhat different fields, which were interesting to me but
didn’'t particularly appeal.

Lewis took very few graduate students personally. He had one
university-supported postdoctoral research associate, and
frequently someone else would win a national fellowship or
something like that. He had maybe two or three total, but they
were mostly postdoctoral people or young faculty members visiting
on sabbatical or people like that. So the question of working
with him directly at the beginning graduate-student level was
really not particularly on the table.

Lewis, in a reserved manner, was friendly. He knew of me at
least very indirectly, because my aunt and professor of Greek
uncle were personally acquainted with the Lewises. Not close
friends, but they knew one another, so that I was introduced
there. This was a fairly small community, as compared to what it
is now. People knew one another across department lines.
Particularly in the thirties, there had been very few new people
coming in at the faculty level, so practically everyone knew one
another very well.

What about links with the faculty at Caltech?

Well, they were quite close. Bray and [A. A.] Noyes had co-
authored a book in the twenties (A. A. Noyes and W. C. Bray, A
System of Qualitative Analysis for the Rare Elements. New York:
Macmillan, 1927). Pauling had visited and continued to visit
(Berkeley], usually in the early fall, just as [Robert])
Oppenheimer in physics [at Berkeley] visited Pasadena in the late
spring. This was because of the calendars.

The Berkeley calendar at that time was, as it is now,
something that started really in the late summer, broke its first
semester at Christmas, and finished in the middle of May. Whereas
Caltech was a quarter system starting in late September, with a
third of the year before Christmas, and then two-thirds of the
calendar after Christmas, extending into June. So there was an
opportunity for Berkeley people to visit Caltech toward the end of
the academic year, after Berkeley had closed, and vice versa for
Caltech people to come to Berkeley for two or three weeks, and
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still be back in time for their academic year. And Pauling did
that for at least a few years.

Yost, whom I had worked with at Caltech, actually got his
bachelor’s degree in Berkeley with quite close contact with
Professor Bray, and also knowing Latimer well. I could probably
think of some more cross-connections, but those are the most
important ones.

As I said, Lewis was rather reserved, and therefore, I didn’'t
get anywhere near as well acquainted with him until after I was a
beginning young member of the faculty and so on. It was not that
there was any difficulty; it was just his personality. A Lewis
story is that he was an inveterate cigar smoker. ({laughs] You
virtually never saw him without a cigar, either in his hand or his
mouth or lying on an ashtray right next to him.

It turned out that very early in his career, he had gone on
some type of appointment in the Philippines, and whether he had
this cigar-smoking habit before, I don't know, but he came back
from the Philippines with this involvement with Philippine cigars,
which are very inexpensive. The story is that his favorite brand,
that cost one cent per cigar, stopped sales in the U.S. He raised
such an objection that they agreed to reactivate their sales here,
provided he guarantee the consumption of so much, ([laughter]} and
much to their surprise, he agreed to buy that much. Whether he
smoked it all or not, we don’'t know. But in the current
nonsmoking atmosphere of the world, he would have been quite an
anomaly.

Lewis took a great scientific interest in other fields, and
it became very apparent in the weekly research conference that we
had that he presided over that he had very incisive understanding
and comments about most anything that anyone was talking about
that would come before a chemistry research conference. Not that
some others didn't also, but he was remarkable in the respect that
he had thought about these areas many times earlier in his career,
and then he just had a very bright mind.

Were those seminars conducive to discussion at all levels? 1 mean
by that, you as a new graduate student were welcome to chip in?

Well, yes and no. There was no question but that status was
considered. The faculty sat around the table, and the graduate
students and maybe junior faculty or postdoctoral visitors were in
the rows a little ways back. But it was a small room. Most of
the discussion was from around the faculty table, but other people
said things from time to time. It was relatively democratic, I
would say.
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There was one memorable little exchange. I've forgotten who
said it, but some student or junior faculty commented in a rather
critical tone about something that had been said, and Lewis said,
"Well, that was an impertinent comment, but it was pertinent.”
[laughter]) And invited the person then to expand on it.

I understand that Lewis invited debate, that science was what he
was interested in, and he was pleased when people stood their
ground and tried to make a point.

Indeed. I very soon sensed that he really enjoyed sort of
jousting about the scientific questions. If you proposed
something to him and he gave it a discouraging, negative type of
reply, if you just withdrew, well, he wasn't much interested in
you thereafter. But if you brought in counter-arguments and
pursued your point, well, then his interest would perk up, not
only with respect to that conversation but indefinitely in the
future. He respected you, provided your arguments had a basis.

Comparisons with Caltech

Had you learned that openness at Caltech?

Yes. The general atmosphere was similar. But of course, I was an
undergraduate at Caltech. I remember one time I was invited to
come to what was the equivalent seminar or research conference
there, which I did not attend regularly. I came in, and I sat
down in a chair, and they said, "Oh, no, that's Professor So-and-
so's chair." [laughter] The geometry was not so obvious as it
was here. That is, here there were chairs around the table that
you could suspect were for the senior people, so one wasn't
inclined to [sit there]. At Caltech, the chairs were not so
distinguished. Somebody said, "Well, why don't you sit over
there? That won't offend anybody." But on the whole, the
atmosphere was really very similar.

The real difference was that the undergraduate population
here was so much larger than it was at Caltech, and that meant the
undergraduate teaching obligations at Berkeley were very much
greater than at Caltech. There was an obligation to teach large
numbers of students that were interested only in a little
chemistry, not that there wasn't some of that at Caltech, but that
the numbers were so much smaller that it changed the character of
the undergraduate teaching.
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But that was just a quantitative difference. The way things
were taught even at the freshman level was essentially the same.
At Caltech, there were two or three lectures a week to the whole
group. Here, that had to be given maybe in two sections and in a
much larger auditorium. The lectures that [Joel Henry] Hildebrand
gave here were really very similar to those--it's interesting who
it was, it was Arnold Beckman at Caltech for my freshman year.

You recognize the name in terms of his instrument corporation
[Beckman Instruments, Inc.) later?

I do.

And then there was a graduate student teaching assistant, or
possibly a faculty member, supervising a discussion portion with a
small group of students--twenty, twenty-five, something like that-
-and then the graduate student teaching assistant supervised the
actual laboratory time. In some respects, I think that [course]
was better organized here than it was at Caltech, because here,
these twenty-five students were in a separate room, but it was
arranged so that the discussion could occur there too, so you
could move directly from the discussion to the lab work. There,
the lab space was less well arranged from that point of view, but
it didn’t cause any trouble, because the total numbers were
smaller. It was easy to accommodate it.

What about course content?

Again, very similar. Oh, that brings up another interesting Lewis
point.

Courses

Lewis wanted no labeled graduate courses in chemistry. Now, it
soon became apparent that a couple of courses that were labeled
senior-level honors courses were primarily for graduate students,
but he was anxious to avoid having an extended array of formal
classroom courses for the graduate students. He wanted to get
them into research promptly, and then insofar it was some physics
or some mathematics that they were going to learn, that they'd go
to [the department of) physics and go to mathematics to take the
course, rather than having a pseudo-mathematics course taught in
chemistry. I thought in later years he overdid that, and
persuaded him that--

#
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--quantum mechanics designed for chemists was so important and so
really substantially different than anything physics presented
that we ought to present it in chemistry. He agreed to that,
provided again it was labeled as a senior-level honors course.
Then after he retired as chairman and dean, we renumbered that
course and one or two others to the graduate level, still open to
undergraduates if they wanted to attend and were prepared.

Do you remember the year you first began to teach that course?

I don't remember it right off hand.

Prewar?

Well, pre-U.S. in World War II [1942]). World War II would have
been on, because Bill Libby and I were involved, as I recall, the
very first year we gave it. As World War II came on, he went
first on a sabbatical leave to Princeton, but then promptly ended
up at Columbia University with the Manhattan District uranium

isotope separation project, so that it must have been, I suppose,
about '39.

Quantum Mechanics
Now, were you the only one in the department at that stage who had
a real grasp of quantum mechanics?
You mean among the students?
And the faculty.

Oh, no. But not many were at home with it. Giauque certainly was
at home with quantum mechanics; there was no question about that.

"He had the amount of quantum mechanics necessary in relation to

the Third Law of Thermodynamics. It was generally understood that
Berkeley had had a large role in that, including Lewis, way back
in the teens and the early twenties and so on.

But the quantum mechanics that I used, say, in connection
with internal rotation [about the single bond in ethane], in terms
of actually interpreting spectroscopic data and then calculating
microscopic, thermodynamic, or other problems, was not widely used
in chemistry in Berkeley, except by Giauque. Now, Giauque had
played a major role in that area himself, so that he was fully in
command of that.



Hughes:

Pitzer:

Hughes:

Pitzer:

Hughes:

Pitzer:

53

Quantum mechanics was not used in the department because people
didn't have strength in that area, or because the problems that
they were interested in didn't particularly demand a quantum
mechanical approach?

Some of both. [laughs] The first good book on quantum theory for
chemists was the book of Pauling and Wilson, which was published
in '35, 1f I remember rightly. I got a copy sort of hot off the
press. I had been exposed to it at Caltech in my senior year
there, so that I could read the book easily. I don't mean that
I'd had the full course there, but I had been exposed to it fairly
substantially.

Don't I remember that you never took a course in quantum mechanics
from Pauling?

The plan at Caltech was that Pauling gave, I think, three separate
courses, one after another, year by year. He gave a quantum
mechanics course, but he wasn't giving it in the year that I was a
senior and had time to take it. He was giving a crystal structure
course which I did audit. I don't think I took it for credit, but
I certainly audited it.

My introduction to quantum mechanics at Caltech was at least
as much in the course that was given in physics by William
Houston, which was intended mainly for new graduate students, but
also for senior undergraduate physicists, but at the graduate
level serving a number of disciplines--chemistry, physical
chemistry, and aeronautical engineering and the more theoretical
sides of metallurgy, and so on. About a third of that course was
quantum mechanics, and while it didn't go into the molecular side
of it, which one needs for most chemistry purposes, it was a good
introduction, which made it possible for me to take up the
Pauling-Wilson book relatively easily.

Was that an unusual intellectual endeavor to have as an
undergraduate? Would you have found that opportunity at other
departments of chemistry at that time?

I would suspect not at many, but probably at a few, including
here. It wouldn't have been as easy here, because although
Giauque could have taught it, [laughs] he didn't. Any course in
physics that would have been appropriate wasn't as focused toward
the chemistry applications. Well, of course, I listened to the
lectures in the course that [Robert] Brode and [Francis] Jenkins
gave the first year I was a graduate student, '35-'36. Some of
this was by now repetitious, but it was well done and still
valuable, and it added another dimension, another aspect of things
that I hadn't had before.
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Research Atmosphere and Facilities

Hughes: Well, in your biography of Giauque, you spoke of "the excellent
research atmosphere in the College of Chemistry."! Have you
described it adequately?

Pitzer: Well, I guess we've covered it pretty well. The openness and
receptivity to communication throughout, and from graduate
students right on up, it was really very conducive. But I suppose
most of all, it’s just that the faculty were active in research
and interested in one another's research, and active and well
acquainted with what was going on in the rest of the country and
in the rest of the world--mainly, of course, western Europe, Great
Britain--so that you knew you were in the forefront community for
research and you were welcome to become a contributing member as
soon as possible.

Hughes: Well, you pointed out that this was the Depression. Was funding
ever a limitation?

Pitzer: Well, [laughs] yes, in a sense. But the things that we were doing
in those days weren't that expensive. We had a good mechanical
shop, funded just by university funds, so that mechanical things
could be obtained. And even simpler, the carpentry or anything
like that could be obtained. There was a good glassblower. In
those days, electronics was in its infancy, and one, by and large,
didn't use elaborate electronics in instrumentation. One needed
to understand electricity in its more elementary sense [because]
lots of our measurements were electrical. You introduced energy
electrically, and then you measured temperatures with resistance
thermometers, or thermocouples with electrical detecting
instruments.

Giauque's laboratory, which in effect the Latimer students in
that low-temperature research specialty also used, had what we
called galvanometers that got sensitivity by reflecting light
practically all the way across the room to a scale, so that a very
small twist of a mirror detected a very small voltage difference
or whatever it was. Now, one would never do it that way today.

The underlying electrical theory of these measurement devices
was all relatively straightforward, so that if you had even good
sophomore-level physics, let alone, say, the undergraduate level

! K.S. Pitzer and D.A. Shirley. William Francis Giauque, 1895-1982.
Biographical Memoirs [National Academy of Sciences]), 1996, 3-21.
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physics that 1'd had at Caltech, you had the physics you needed
for that.

College, not Department, of Chemistry

Why is it the College of Chemistry?
Oh, that's an interesting story. Let's have a word about that.

This goes way back to the very beginnings of the University
of California. There was an initial organization into a small
number of colleges--Agriculture, Letters or something like that,
and Engineering--and for some reason, Chemistry was chosen as one
of those initial units. It was a mix of basic chemistry and
applied chemistry in terms of service to the state, a little bit
like the College of Agriculture had Agricultural Extension and
farm advisors. Chemistry never did anything of that diffuse type,
but if you go into the early history, you find that the person
that, for example, checked water purity in Chico would have some
question and would write a letter and would get a reply from
somebody here at Berkeley.

That went on but became a less important feature through the
years, and virtually everything else in the university was
reorganized in some fashion, reassembled. There was still a
College of Agriculture and there was still a College of
Engineering, but there were various subdivisions created and so
on. Chemistry didn't seem to need any additional subdivisions for
many years, but there was no reason for it to be subsumed into a
more general College of Letters and Science. It seemed to be
doing very well the way it was, and I'm sure Lewls said, "If it
ain’t broke, don't fix it,” and Hildebrand said, "It's working
beautifully now, don't disturb it," and so it wasn't disturbed.

Chemical Engineering

It proved convenient, because chemical engineering had never been
developed here. Lewis wasn't interested in it. He didn't oppose
its existence; he just didn't want to be doing it. He arranged to
have some courses taught that would give some chemical
engineering-type application to students, and he brought with him
from MIT Merle Randall essentially to do that. I don't know how
far we went into it in the academy [National Academy of Sciences]
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biography, but Giauque was a product of this. He took a number of
engineering courses--electrical engineering, mechanical
engineering, and so on--and was really seriously thinking of
becoming, as it were, a kind of chemical engineer. But he got so
interested in his basic science, and Lewis encouraged him to stay
and continue and expand his basic science, that he didn't do it;
[he decided] that he'd just stay in basic science. But he was a
good engineer.

Now, after Lewis' retirement, it was quite clear that
chemical engineering ought to be developed here at Berkeley. 1
was one who said this. Latimer was the person who actually could
push it. He became dean after Lewis, you know, and so we started
immediately after World War II to set up chemical engineering, and
it was easily done under the College of Chemistry. When I was
dean [1951-1960], I actually established the two separate
departments, to give chemical engineering its own focus and a
chairman who could be the representative at national chemical
engineering meetings and so on.

There was a little competition with the College of
Engineering, which they lost and we won, [laughs]) reasonably
friendly, you understand. We won it by getting better people.

The national standing of our faculty was so much better that the
other program just sort of tapered off. We were rated number
three in the country in chemical engineering in the last report by
the National Research Council.

So engineering students came to the College of Chemistry for
chemical engineering?

Well, other engineering students don't take much chemical
engineering. A few do; there are a few civil engineering areas
where there is enough of a chemical aspect that they come. They
take some chemistry, but in metallurgy, for example, which is a
somewhat similar field, [the School of Engineering) will teach its
own metallurgy. I don't say they never take a chemical
engineering course, but they don't take many. It's more or less a
separate field.

Has Chemistry's status as a college given it an advantége that a
department wouldn't have?

Oh, yes. It means the dean of the college was essentially one
level higher in the university administrative structure than the
chairman of the physics department. Now, in recent years, [the
College of) Letters and Science has had divisional deans, and one
of those divisional deans was a physicist about 80 percent of the
time, so physics was not unrepresented at that level. Over the
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long period of time, it's helped Chemistry; the College of
Chemistry has prospered. One of the things that Hildebrand used
to say, and I've said many times, is that it's very important that
we continue to manage our own affairs so that we don't cause any
problems elsewhere on the campus. Then we can always use that
argument, as I've said before, "If it ain't broke, don't fix it."

There is no other campus in the University of California that
has this pattern. Illinois has this pattern, not quite the same,
but pretty close. In fact, the chemistry unit at Urbana-Champaign
at the University of Illinois includes chemistry and chemical
engineering, and I think there it may include metallurgy, possibly
even biochemistry, I'm not sure. It has a third division. And
there are a few other places where chemical engineering is
essentially hooked onto chemistry rather than to other engineering
fields.

Academic versus Industrial Careers

Was there any division along the lines of the ultimate destiny of
students in chemical engineering? I'm thinking of the academic/
industry dichotomy.

Well, at Caltech, chemical engineering is very close to chemistry.
That was a similarity.

Now, for students with a bachelor's degree in chemistry and
no further work, they are only marginally professional in the eyes
of the industrial world. They are members of the American
Chemical Society, all right, but that is not really primarily what
I'd call a tight professional society. They frequently use their
chemical background in supervising operations and sales,
advertising, finance, and so forth, rather than doing chemistry
per se. If you want to be a professional chemist per se, you
essentially need a Ph.D. There are certain specialties where a
master's degree may get you in.

In contrast, in chemical engineering, particularly if you've
got a master's degree, you have full professional status in the
industrial world. The net result is, if people are not going on
for an advanced degree but are graduating in chemistry, it’s
important and valuable for them to take a few essentially
introductory chemical engineering courses so they'll be able to
talk to colleagues in later employment and so on.
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Well, that was what was done here earlier, with just the
courses that Randall gave, and what was done at Caltech and other
places, even where the full-fledged chemical engineering program
may not have been yet developed.

Was there any sort of pecking order in this system?
Well, I'm not sure what you mean.

In some areas of science, there was some stigma attached to going
into the applied aspects of the field. There was more prestige
associated with pure research, the academic approach.

Okay, I see what you're after there. No, in the eyes of some
people, this is true. That is, there are people in pure sciences,
I think in physics more so than in chemistry, that have this view
that it's a lower-grade sort of business to get off in the applied
area. It’s an important balancing aspect to give full recognition
to the importance of industrial application by having a chemical
engineering department with leading figures that have high
prestige nationally and so on.

Then people that have a background more or less as I do, not
pretending to be a chemical engineer but taking an interest in
basic science that is more or less directly applicable and
valuable, are more at home and there is probably more
encouragement to taking that point of view.

I should think that that sentiment would be encouraged by the fact
that right here in the same plant, so to speak, there was a
chemical engineering program.

Well, that's what I was trying to say. I think you said it better
than I did. [laughter]

Theory and Technology

In William Jolly's history,'! one of his viewpoints was that
college has stressed the coupling of the state-of-the-art
experimental techniques with new theoretical methods. Would you
use that as a distinguishing characteristic?

! William L. Jolly. A short history of the College of Chemistry at

Berkeley.

The Hexagon, spring 1988, 3-13.
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Oh, I think that's very much the case. And there's no better
example than Giauque in the early days in that regard, in that he
was at the very forefront of knowledge, say, of quantum mechanics
and spectroscopy of chemical interest, and in developing low-
temperature calometric instrumental methods and experimental
methods. I think one could cite others that were similarly at the
forefront on both sides, but maybe in less widely recognized
examples.

Social Networks in Science ##

Historians and others are very interested in the social networks
that are so important to science; hence my question. You have
mentioned the seminars. But what other official and non-official
occasions were there for scientific exchange other than the
established publications and meetings? Were you, for example, on
the telephone or writing letters to people in your field all
along?

Oh, yes, sure. As you got acquainted with people that were doing
work at the forefront in areas that interacted with yours, why,
surely. You frequently had gotten acquainted with them at a
national meeting. In those days, an American Chemical Society
meeting wasn't so enormous but what you could get acquainted with
people fairly well. Now you do that much more in a more
specialized meeting of some sort.

One used the telephone some; it was more expensive than it is
now, but not unduly so. Mail service was about as good then as it
is now, and one used ordinary mail. We didn't have e-mail then.
But certainly in my own work, for many years 1 was acquainted with
people at various other places that were doing related things. 1
would get in touch with them directly, or write them, and so on.

A Job Offer at Harvard

[George] Kistiakowsky at Harvard had things going that were quite
closely related to mine. He essentially invited me to go there as
what they called a junior fellow at the time. I guess I had
already become an instructor here, but just a year after my Ph.D.
I decided, no, I'd stay here. That would have been, in a way, a
more prestigious position that wouldn't have involved any teaching
obligations, but I had various reasons for preferring to stay
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here. But I was already in communication with him. A junior
faculty member at Harvard who did go that route had been my
freshman section instructor at Caltech, E. B. Wilson, Jr.
Obviously, I knew him well. We communicated easily.

That was a job offer? That wasn't just to come for a year or a
short period of time?

Well, it was a job offer, but it had maybe a three-year total
period on it. As we gradually came out of the Depression, it was
quite clear that if you were well enough regarded, you'd be
promoted here on your merit right on up to a full professorship.

Harvard, I think I knew it even then, and I certainly learned
it very soon thereafter if not, has a different pattern. They
have junior appointments, including assistant professorships. Of
course, it's only assistant professorships now, plus these junior
fellowships. But when they come to an end, if the university and
the department decide there is no tenured position in your field,
you're at a dead end. You just have to go somewhere else. And
they've lost many very able people that way. Sometimes, they find
special intermediate positions that keep people around for another
two or three years until the general position and budget pattern
allow an appointment to be made.

By this time, I was married and had at least one child and
maybe another one on the way, and we knew the situation here.
(Harvard) just seemed not unattractive, but less attractive. So I
never considered it seriously. But I'm sure I had scientific
correspondence with Harvard people right along through those
years.
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III RESEARCH

(Interview 2: May 29, 1996] ##

Internal Rotation in Ethane

Assumptions in the 1930s

Dr. Pitzer, you have discussed internal rotation about the single
bond in ethane in the Seidel interview and elsewhere, but there's
more detail that I'd like to extract from you.! I understand that
there was a controversy in the mid-thirties about internal
rotation, and I wonder what that controversy was about.

Well, the prevailing assumption in the mid-thirties was that the
potential barrier to internal rotation in a situation like ethane
was so small, it could be ignored for statistical thermodynamic
purposes at high enough temperatures that the substance was in the
vapor phase. This had some theoretical basis, in terms of
approximate quantum mechanical calculations, and if I remember
rightly, there was a paper by Henry Eyring on it, but I'm sure
there were others also.?

! Aside from the Seidel interview, internal rotation is discussed in:
RKenneth S. Pitzer. Of physical chemistry and other activities. Annual
Review of Physical Chemistry 1987, 38: 1-25; and, Interview with Kenneth
Pitzer by David Ridgway. Journal of Chemical FEducation 1975, 52: 219-223,
(Hereafter, Ridgway interview.) For key papers in Pitzer's research as a
whole, arranged by research area and usually with a topical introduction,
see: Kenneth S. Pitzer, ed. Molecular Structure and Statistical
Thermodynamics: Selected Papers of Kenneth S. Pitzer. Singapore: World
Scientific Publishing Co., 1993. (Hereafter, collected papers.)

’j, Eyring, J. Am. Chem. Soc., 54, 3191 (1932). M. L. Eidinoff and J.
G. Aston, J. Chem. Phys., 3, 379 (1935). L. S. Kassel, J. Chem. Phys., 4,
276, 435 (1936).
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So when I came into the situation in 1936, there was a
published literature on the statistical thermodynamics side, all
assuming the zero potential barrier for internal rotation, not
believing it was absolutely zero, but that it was so small that it
could be ignored.

Calculation Disagreements and Ambiguities

There had already been noticed for other, more complex molecules,
particularly tetramethylmethane of pentane, that there was a
conflict between the experimentally measured entropy based on the
Third Law [of Thermodynamics] and that calculated on this basis of
zero internal rotation barrier. But there were complications in
that calculation concerning low vibration frequencies that were
important.

For ethane, these complications disappeared in that the
molecule just wouldn't have any other vibration frequencies low
enough to contribute for that molecule. So the answer that [R.K.]
Witt and (J.D.] Kemp had for ethane, which Kemp and I were
interpreting, was an unambiguous conclusion in favor of a barrier
of about three kilocalories per mole, which was much higher than
had been estimated.

I think in the Seidel interview, I commented about a paper of
Edward Teller's, published just before our work, in which he
considers data for ethane. He discusses other, more ambiguous
information concerning the equilibrium reaction between hydrogen
plus ethylene to form ethane, where there appeared to be a
disagreement with the free rotation calculations in the same
phenomenon. He remarks that a barrier of about three kilocalories
would remove it, but he doesn't claim that the case is
established.

Because his data is ambivalent?

Yes. Well, he was using other data from the literature. [and] the
data just weren't that accurate. That was the problem. And
again, there is this complication of higher frequency vibrations,
bending vibrations of hydrogen atoms with respect to the carbon
structure, that have enough effect on other properties, but they
have virtually no effect on the entropy at the boiling point of
ethane. Therefore, you could readjust those to any reasonable
value and it didn’t change our conclusion about the barrier.
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The question of the quantum mechanical explanation, if you
wish, of the 3,000-calorie barrier remained a puzzle in the
quantum mechanical literature, and, very interestingly, when my
son, Russell, went as a starting graduate student to Harvard in
1959, Professor [William] Lipscomb suggested this problem to him.

Somewhat because he was your son?

I think so. [laughter) And in effect, he solved it. See, by
that time, it was feasible to include in the calculation terms
which had been neglected previously. And with the advance of the
electronic computer, it became feasible to include these terms,
and they were surprisingly big enough to yield pretty good
agreement. So his thesis was published on that [problem], and
there were one or two follow-on papers related to it.

By him?

With his name and Lipscomb's, and I think one with his name alone.
So that's an interesting story.

I wonder how many sons and fathers have worked on the same
dissertation project.

Well, this wasn't exactly the same, but it was closely related. I
don't know. I would suspect not many.

Well, your next question.

In the Seidel interview, you stated that the assumption of totally
free rotation led to disagreements with the entropy values. Were
the entropy values well established in the literature?

No. That is, as of 1935 or 1936, I think the only really well
established entropy value that was pertinent to this was that for
tetramethylmethane from a man by the name of J. G. Aston and
collaborators at Penn State. There were more approximate values
that were based on heat capacity measurements going down only to
liquid air temperatures, say, 80, 90 Kelvin, which involved a
large extrapolation on down to the absolute zero to get the
entropy value. The uncertainties on those were just too big to
hence say anything about this.

I think I'm correct in saying that there was just that one
value. But as I said earlier, for the tetramethylmethane, there
were very low frequency bending vibrations of the C-C [carbon-
carbon) around the central carbon atom that left the calculation
somewhat ambiguous. Thus, the ethane value for the entropy was
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the first case that could be really unambiguously interpreted, and
that's what we did.

Witt and Kemp

This problem arose afresh upon your arrival at UC Berkeley. It
was not something that you had been puzzling about at Caltech.

Oh, no. What I said in the Seidel interview was that J. D. Kemp,
who had finished his Ph.D. with Giauque on a different problem,
had been asked to assist this postdoctoral visitor who came on a
fellowship and wanted to measure ethane, and had done so.

That was Witt?

Yes. Witt had left and apparently lost interest in it. He was a
chemical engineer and was off on something else. To this day, no
one seems to know why he chose ethane when he took this up. Kemp
was perceptive enough to recognize that there was a controversy
about this, and that he couldn't just publish an interpretation of
ethane without either learning a lot more about the quantum
mechanics of internal rotation, or else getting somebody else to.

Pitzer's Contribution

Would Kemp have been able to handle the quantum mechanical
aspects?

I can't answer that. He didn't feel comfortable with it, let's
put it that way. It would have probably taken a very extended
period of study, which he had no desire to get into. I came from
the beginning with a better understanding of quantum mechanics
than most physical chemistry graduate students had at the time.

Graduate students, or anybody in the field?

Well, there was understanding of quantum mechanics, mostly by
physicists with respect to this sort of matter. Of course,
physical chemistry overlaps into physics in the appropriate areas.
There was--I think I mentioned this--the Pauling and Wilson
quantum mechanics book, which was the first such book written for
a physical chemistry audience. I was aware of it hot off the
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press and got a copy, and that augmented my understanding of and
my capacity to read the physics literature.

A physicist by the name of [Harold] Neilson, I think at Ohio
State--1 could be wrong about his location--had published with
respect to the energy level diagram possibly related to
spectroscopy, not with respect to the statistical mechanics and
the calculation of an entropy. So we in effect did the
calculation of the entropy using just the published solutions for
the energy levels. This is relatively straightforward statistical
mechanics, but it still had to be done. And it is not terribly
simple, because the pattern of energy levels is complicated enough
that there is no simple closed mathematical expression. You just
have to add up on a computer, in effect, the contribution of each
energy level. So it was not a trivial task, but it didn't really
take very long to do it once one had the sufficient background.

But you didn't have computers at that time.

Oh, yes. One had a calculating machine and turned a crank and
pushed buttons.

[laughter] Oh, that kind.

So you were quite aware at the time that there were limits to
the values you were obtaining? They were the best that you could
do at the time?

Oh, you mean in terms of mathematical accuracy?
Yes.

Well, that's one of the things I wanted to comment further about.
The first calculations that we did, and that I did later on other
molecules in addition to ethane!, were adequate for the purpose,
but were inconvenient and involved rather clumsy mathematical
methods. So I suggested to my graduate student, William Gwinn,
that we see if we couldn't do a better job of this, a more elegant
treatment of it, and indeed we did. The first paper of the series
is in the Selected Papers volume.?

1J. D. Remp and K. S. Pitzer. Selected Papers, pp. ll-14 and 15-21.

2 R, S, Pitzer and W. D. Gwinn, "Energy Levels and Thermodynamic
Functions for Molecules with Internal Rotation. I. Rigid Frame with
Attached Tops," Journal of Chemical Physics, 1942, 10: 428-440.
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We presented tables of entropy values and heat capacity and
enthalpy values and so forth contributed by an internal rotation
mode in the molecule, in terms of the potential barrier and the
temperature and the reduced moment of inertia for fairly simple
cases in the first paper and then for more complicated cases in
the three additional papers that spread out over quite a number of
years [1942-1959].!

[Our work] didn't change the picture; it just reduced the
uncertainty to a negligible level, let's say, and provided a
convenient basis. Particularly the tables in the first paper have
been republished in various books through the years where internal
rotation was of some importance.

In that first paper, there is also a short section entitled
"A useful approximation," in which we point out that if the
difference between the quantum mechanical calculation and a
classical mechanical calculation is not too large, the difference
concerns what's known as the zero point energy, in other words,
the energy of the very lowest quantum state, which is not at the
bottom of the potential curve, and then of the very next lowest,
the second lowest quantum state, which is a finite height above
the first one.

And so we suggested an approximation in which a quantum
calculation for these first two energy levels 1s compared with a
classical calculation for that particular pattern, and that
difference be subtracted from the classical calculation for the
exact curve of up to as high a level as desired. Well, this has
been used and cited by various people doing different things, not
internal rotation things, but cases where a classical mechanical,
statistical mechanical, calculation was almost good enough but not
quite. It's been interesting to see it pop out again fifty years
after it was originally published.

You said in your 1987 account in the Annual Review of Physical
Chemistry that the result for ethane was received with surprise
but little controversy. Now, why the surprise?

Well, because the existing quantum mechanics at that time had
indicated a very low potential barrier, which could be
approximated to zero. The firm evidence against it experimentally
was nonexistent until the ethane case. There were the
indications, but sort of within the range of experimental
uncertainty, that Teller had noticed in the past and had pointed
out. Well, people had been saying, "Well, we'll wait and see.

! Selected Papers, see p. [46] for references and summary.
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We'll tend to believe the free rotation approximation until
there's a more convincing case than that." Then the ethane case
was just, as it were, two orders of magnitude more convincing and
essentially inescapable.

You chose to work on ethane because it's the simplest molecule
that will demonstrate this problem of internal rotation barriers?

[laughs] Oh, no. It's merely the accident that Kemp had the data
and essentially didn’t know what to do with it. He recognized
that there was a controversy here, that it would be of interest,
but he didn't feel capable of handling it. As soon as he pointed
it out to me, I could recognize that it was of interest too, and
was able to bring sufficient ability and knowledge of bond theory
and spectroscopic physics-type knowledge to go ahead and make the
necessary calculation.

Facility in Quantum Mechanics

And from what you were saying before, I gather that you were not
unique in coming to the problem with quantum mechanical knowledge.

Oh, no, other people could have done 1it.

But, in this department, you had the finest grasp of the field.
Is that a correct assumption?

Among the students then, certainly yes. It's a curious point that
although I was a Latimer student, [this work) was being done
essentially in Giauque's laboratory. Gilauque was probably the one
person among the physical chemistry faculty that really had that
command on the quantum mechanical side if he wanted to use it. 1
assume that Kemp must have tried to interest him in it, and he
didn't take it up, didn't become interested in it. We went ahead
and did it.

Did he show particular interest when you did do it?

Yes, and a few years later, he had one of his graduate students
do--what was it? [propylene] It was probably a thesis problem for
one of his students, and the internal rotation of the methyl group
and one end of the propylene molecule was, I suppose, one of the
primary points of interest in the problem. Oh, yes, he became
interested in it then. [laughs]
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Well, I'm trying to get at the pervasiveness of comfort with
quantum mechanical techniques in physical chemistry in the
thirties. Would it be true to say that quantum mechanics was not
an approach that everybody felt comfortable with in physical
chemistry at that time?

That's right. It was just coming in, and the Pauling and Wilson
book had a great deal to do with making people comfortable with
it. Henry Eyring was certainly comfortable with it, with
different sorts of applications than Giauque. Pauling probably
among the more senior people--and he wasn't very old then--was
most comfortable with it, but Pauling had not interested himself
in the particular applications to statistical thermodynamic
problems.

But I'm sure my comfort with quantum mechanics depended more
on knowing that this outstanding physical chemist named Linus
Pauling was comfortable with it, found it useful, was using it for
other things. After all, Wilson, the co-author of that book, had
been my freshman teaching assistant instructor when I was a
freshman at Caltech. So I had personal relations with both of
those authors.

Choice of a Scientific Problem

How much does technical skill with a particular approach determine
the choice of a scientific problem?

You may recognize problems, but if you don't see any approach in
which you have some confidence that you can accomplish something,
you don't spend much more time doing anything about it; you pick a
different problem. Now, you may put it on a list to think about
again some time a few years hence when it may be more feasible or
you may be in a better position to do something about it, if
somebody else hasn't done something in the meantime. That's
definitely true.
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Long-chain Hydrocarbon Molecules

There is one other paper during that internal rotation period that
I want to say a few words about. It's the one on long-chain
hydrocarbon molecules.!

#H

I proposed a method of solving initially at the classical
mechanical level by starting with the atom at one end of the
chain, and then integrating successively from that atom to the
second atom, and then to the third atom, and then to the fourth
atom, using coordinates relative to the preceding part of the
chain. Insofar as I know, it was novel at the time. Now, I used
this going down a hydrocarbon chain, carbon atom by carbon atom,
and then treated the hydrogens as the second stage of the
calculation. Then I used that approximation that I mentioned
before of correcting for quantum mechanical effects on the chain
units.

This method again has come up as a method of solving other
chain-like molecule problems. I came back to it within the past
year on polymers of sodium chloride in vapor,? where you go from a
sodium ion, to a chloride ion, to a sodium ion, to a chloride ion,
down a linear chain. The question is, can you calculate the
statistical entropy and so on for a long chain without undue
complication? And in essence, you can by this method, if you've
got enough information about the first four ions, that is, the
dimer, with two sodiums and two chlorides. Then you can predict
the rest of a longer chain, and that was sufficient to solve a
longstanding problem about sodium chloride vapor at very high
temperatures, 1700 Kelvin.

You referred in one of these accounts to a novel method, without
further explanation. Is that what you were thinking of?

There are two novel methods that I have mentioned here. This last
one about chain molecules is rather special--not too many
examples.

! R.S. Pitzer. The vibrational frequencies and thermodynamic
functions of long chain hydrocarbons. Journal of Chemical Physics 1940,
8:711-720; Selected Papers, pp. 22-31.

2 K.S. Pitzer. Sodium chloride vapor at very high temperatures;
linear polymers are important. Chemical Physics 1996, 104: 6724-6729.
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Quantum Mechanical Corrections

Pitzer: The other was a more general method of making quantum mechanical
corrections to a problem that was readily solvable in terms of
classical mechanics, but the answer wasn't quite good enough, but
the quantum corrections could be made terribly simply. And that's
in the first Gwinn paper,! and it's been used widely.

Hughes: Why was your first publication, in 1936, on internal rotation in
the form of a letter? rather than a full paper?

Pitzer: Because it was a subject of active interest at the time.

Hughes: You wanted to get it out quickly.

Pitzer: [laughing] And we wanted to get it out before somebody else did.
Actually, nothing else came along in the interim [before the paper
was published in 1937°], but that's what a letter is for, to get
it out promptly.

Other Researchers
Hughes: While you were doing this work, were you in touch with other
people?
Pitzer: Not particularly. There weren't many people to be in touch with.
Well, I was in no particular position to be in touch with them

either, because I was--

Hughes: You were very junior at this point.

! K.S. Pitzer. Thermodynamic functions for molecules with internal
rotation. Journal of Chemical Physics 1942, 10: 428-440. (With W.D.
Gwinn.)

2 J.D. Remp and K.S. Pitzer. Hindered rotation of the methyl groups
in ethane. Journal of Chemical Physics, 1936, 4: 749. Selected Papers, p.
6.

3 J.D. Remp and K.S. Pitzer. The entropy of ethane and the Third Law
of Thermodynamics. Hindered rotation of methyl groups. Selected Papers,
pp. 7-10.
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Edward Teller wasn't much older, but he was somewhat older. I
don't know whether he'd come to this [country]. His paper was
published when he was in London, but he's Hungarian and was
wandering around western Europe, avoiding Hitler. Not that Hitler
was in Hungary yet, but he was making German locations
unattractive, and Teller was in London at the time. He came to
this country very soon thereafter.

What about Kistiakowsky?
He was interested in the subject.
At that time?

At that time, he was interested in the subject, because he was one
who made measurements on that ethylene-plus-hydrogen-equals-ethane
equilibrium that Teller had pointed out could be reconciled with a
higher barrier. But he hadn't suggested that explanation, and I
don't know that he felt he was in any position to do anything more
with it right then. But very soon thereafter, E. Bright Wilson
was at Harvard as a junior fellow and then was promptly on the
faculty and was of course in contact with Kistiakowsky.

And this is the Wilson of Wilson and Pauling?

Yes. So Wilson and Kistiakowsky were active in this field almost
immediately thereafter, and I had quite a little communication
with them, including an invitation from Kistiakowsky to be a
junior fellow at Harvard, which I turned down.

Yes, you discussed that on tape last time.

Utility of Research Results

You said in your interview with Ridgway, "We went out of our way
to present the results [on internal rotation] in a form that would
be convenient for other people to use."!

Yes, and that particularly relates to that first paper with Gwinn
on tables of internal rotation contributions in terms of the
potential barrier in the temperature and so on, so that the
individual doesn't have to make a detailed calculation himself; he
can just interpolate. It takes a two-way interpolation. You

! Ridgway interview, p. 220.
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can't do a single interpolation with this problem; you have to
have two variables and a rectangular diagram of numbers, and you
interpolate both horizontally and vertically.

I see. Is the usefulness of your findings an important aspect to
you?

Yes. I wouldn't say it’'s a world-shattering aspect. [laughs]
Since it was mine, I'm interested in it. But it is widely used.

I meant in general. I imagine that for some people, coming to the
solution of a problem is enough in itself, and that that solution
may not be put into a form that is widely useable. Do you take
that extra step to make your finding as widely accessible as
possible? R

Yes, I did then, and I have done so ever since. In other words, I
think of science as somewhat of a social community enterprise, and
that it's important in terms of the advance of science that, if
you have some contribution to make, you describe it in a fashion
and make it relatively understandable and applicable to other
people's problems. I think most people do this. Most people in
chemistry do this, anyway.

Chemistry is more social in this regard than the extreme case
that the Unabomber illustrates. Mathematicians are more
isolationists. If they can impress a few of their most immediate
colleagues, they don’t care much about the larger community, so
I'm told. Don't take this too seriously.

Do you think this orientation towards practical application is
somewhat because the real world out there is very close in
chemistry?

That's right. Most chemists take an interest in applications of
their work even if they don't do the applying themselves. They're
much more in contact with applications. In part, the applications
appear in the form of chemical engineering, but a lot of them do
not. A lot of them appear in more or less direct applications of
chemistry. ’

Most applications in physics, of course, occur through
engineering, and engineering is frequently applying parts of
physics that were discovered centuries earlier. But engineers
also apply very recent discoveries. That is, computer science is
[taught) along with electrical engineering in most schools, and
most of electrical engineering is now microelectronics, not the
electrical end of a steam turbine generator. The one part of
physics that tends to go more or less like chemistry, I would say,
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is solid state physics, where the physicists do get off into
applications. 1It's much more like chemistry in this regard.

To a degree, then, does potential application determine your
choice of a scientific problem?

Sodium Chloride at High Temperatures

Oh, yes. It does with me, for example. Well, I was mentioning
this very recent paper on sodium chloride at very high
temperatures, as a vapor. In terms of the science of it, any
alkali halide, in other words, lithium, sodium, potassium,
rubidium, cesium, fluoride, chloride, bromide, iodide--what's
that, twenty different molecules?--would all have essentially the
same quality and character and the same possibly interesting
features.

But in the real world, sodium chloride is so much more
abundant that it is much more likely to be of practical applied
interest. My choice in this last paper of sodium chloride rather
than one of these other alkali halides was based in part on this
fact that it is likely to be of more practical interest. You've
got to start with one if you're going to get into detail, and I'm
leaning on published literature, both recent and back a good many
years, in terms of the experimental basis, and there's more
thorough experimental coverage of sodium chloride, too.

Now, whether I ever get around to doing some other alkali
halides with respect to this same quantity or not is rather
doubtful. The novelty has pretty well worn off, and if anyone is
enough interested in one of these others, it will be fairly
straightforward to apply the same methods to it.

I understand your choice of sodium chloride within the halides,
but to choose the problem at all, was that determined by its
application?

Not primarily. That is, I don't know of any practical appearance
of sodium chloride at those very high temperatures. The practical
aspect is indirect there. There is a two-volume set of
thermodynamic tables that goes under the name JANAF--Joint Army
Navy Air Force Tables. The Defense Department financed these, a
collection from the literature, an organization of convenient
formulations, and among other things they chose sodium chloride as
being of sufficient interest to include. They include a few other
alkali halides; I think maybe only potassium chloride.
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Some years ago, I used their treatment to extrapolate upward
in temperature and predict the properties of sodium chloride
vapor-liquid equilibrium, and where a critical point would occur
when the liquid expands and the vapor becomes denser and they
become the same. I predicted [a critical point] about 3800 or
3900 Kelvin.

Some calculations were made with a pretty good model for
sodium chloride by a French pair, V. Guissani and B. Guillot.
They came out lower, around 3200. So I thought I'd better take
another look at that situation, and in fact they were right. For
the JANAF tables, the authors had in a perfectly plausible manner
assumed that the dimeric sodium chloride species--two sodiums, two
chlorides; they're ions--are in essentially a square geometry with
attraction across each edge and repulsions across the diagonals.
They ignored the possibility of a linear geometry, and at larger
species, trimers and so on. That was a good approximation up to
about 1300 Kelvin, but not for these other, looser, floppier,
higher-entropy species which become important at higher
temperatures. When I correct for that, I agree pretty well with
the Frenchmen; around 3200 is about right.

Now, why do it for sodium chloride? Well, because the
Frenchmen did it for sodium chloride, because JANAF had tables for
sodium chloride, because some people would be interested in sodium
chloride. You might as well start with the species with the most
known about it. The same story can be told for others that I
haven't gotten around to doing and probably won’'t.

Participant in Latimer's Research Program

Well, should we move to ring molecules?

No, there’'s one other topic I'd like to take up. I was a student
of Latimer's, and his personal interests were in the entropies of
aqueous ions for use in aqueous inorganic chemistry, shall we say.
I want to acknowledge that I was a part of that program, too. In
all, there were eleven papers in 1937-38, maybe into ’'39, that
concerned this work. I was a co-author with Latimer and other
Latimer students on more than half of these direct investigations
of particular substances, getting information about particular
ions.

The most important co-author was Wendell Smith, with I think
five or six of the papers. There were three names on them
[Latimer, Pitzer, Smith]. So a very appreciable amount of my time
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was spent, actually, on Latimer’s particular interest. His
interest wasn’'t short-changed at all. There were two papers that
were a little different than that general pattern but still fitted
in, and those two are in the Selected Papers, but only those two.

Heats of Ionization

Pitzer: One concerned the heats of ionization of weak acids and bases,! in
which I set out to put together a simple calorimeter myself and
measured heats in mixing of either the acid with sodium hydroxide
or something equivalent to that. I came up with not only precise
numerical data for quite a number of examples, but then
generalized to the change of entropy and of heat capacity with
ionization, which in turn determines the change of the ionization
constant with the temperature. Out of that, I proposed a
generalized approximation where, with much less detailed
information, people could use the properties that were more widely
measured at room temperature to make good estimates both at lower
temperatures and at higher temperatures. This pattern that I came
up with was presented as a major improvement over one which was in
common use and had come out of Harned's laboratory at Yale.

Free Energy of Hydration

Pitzer: The second paper I want to mention involves Latimer and his
student, ([Cyril M.] Slansky, and myself.? [looks at Selected
Papers] This is '39, so I was on the faculty by then. It
concerns the free energy of hydration of a gaseous ion or a
gaseous pair of ions. It uses a very simple equation of Max Born,
which is in the physics literature widely familiar to many people,
which gives that quantity as a function of the radius of the ion.
It’s a simple calculation. You treat the water as a dielectric
and the ion as a rigid sphere of a certain radius. For real water

1 K.S. Pitzer. The heats of ionization of water, ammonium hydroxide,
carbonic, phosphoric, and sulfuric acids, Journal of the American Chemical
Society, 1937, 59, 2365. Selected Papers, pp.477-484.

2 .M. Latimer, K.S. Pitzer, and C.M. Slansky. The free energy of
hydration of gaseous ions, and the absolute potential of the normal calomel
electrode, Journal of Chemical Physics, 1939, 7: 108. Selected Papers, pp.
485-489.
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and for real iomns, it's an approximation, primarily because the
dielectric constant of the water doesn't remain constant up to the
surface of the ion.

But it’'s also a matter of what's the effective ion radius,
and if you use crystallographic radii, which have now been pretty
well standardized by Pauling, you don't get the right answer.

What we showed was that if you added an increment to the radius of
the ion, and the same increment for all positive ions, and a
different increment but the same for all negative ions, you fitted
the data pretty well. The physical picture was that the
dielectric constant arose from the orientation of the water
molecule in its dipole, or its positive hydrogen atom parts of the
water, and that will orient with a hydrogen next to a negative
ion. On the other hand, for a positive ion, the electron pair on
the other side of the water molecule will be next to the positive
ion. But we evaluated those increments and got really quite good
results. This [paper] again keeps coming up in the literature.

Within the past ten years, two men, Alexander Rashin and
Barry Honig, who are interested really more in biological systems,
have refined this treatment a little bit. I'm not sure whether
they really improved it or not. As I say, this paper keeps
getting cited. It captured the essence of the problem in a very
simple way, and to do much more about it is terribly complicated.
So it's been fun to watch it and to see that it's still useful.

I'm sure Slansky was just being carried along in doing the
details. This was classical physics, and Latimer was fully in
command of the classical physics of it and familiar with ion radii
and so on. So it undoubtedly came out of a conversation with
Latimer, Wouldn't it be interesting to see if something like this
could be worked out?

Latimer as a Research Director

Would it have been politically inexpedient if you had pursued only
the internal rotation problem which was not directly in Latimer's
sphere?

Well, that’s a good hypothetical question.

#H

If I had had a research director who had much more strict ideas
about what he wanted his students to do, it could have become a
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very uncomfortable situation, and I don’t know what I would have
done then. Fortunately, I had a research director who was very
flexible, who was interested in seeing his student succeed more
than he was worried about how much credit he got and under his own
name. We would have been perfectly happy if Latimer had wanted to
put his name on the Kemp and Pitzer paper. We even offered it,
but he always said no to anything like that. He said, "If I
haven't really contributed, leave my name off."

But that would be in keeping with protocol in the field, that
because it was happening in his laboratory, he could have been an
author, regardless of his input?

Yes. Even if his input was negligible, I don't think it’s very

appropriate, but it happens. Some of the controversies you read
about in the literature I think happen because somebody insisted
on having their name on a paper even though they didn't know too
much about it, and then it turned out there was something wrong

with it. They're embarrassed then.

But Latimer was very generous about that sort of thing, more
so than some other people even within the department, and the
department here was, I'm sure, quite flexible and generous about
that sort of thing. I don't recall Giauque having many students
who published things separately except for this Kemp case. But he
was, I'm sure, also quite generous about that if a student had
gone off on some other activity that he thought was significant
and important and valuable but that he had very little to do with.

Well, I suspect there was another element and that is Latimer's
assessment of Kenneth Pitzer. If he had not felt you capable of
pursuing this problem, he would have reined you in somehow.

That’'s exactly right; he thought that I had a high probability of
coming up with the right answer.

And having the skills to get there as well.

Right.

More on Quantum Mechanics

Did Latimer recognize a young man with a facility in quantum
mechanics, and why not let him loose on this problem?
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Well, I think that's correct. He recognized that quantum
mechanics was going to become much more important to chemistry in
the near future, and no reason why he shouldn’'t encourage somebody
that seemed capable of moving the process along.

Did people see quantum mechanics as opening up an exciting new
vista? Was it that dramatic?

I think so. Various people saw it more clearly or sooner than
others, but by the mid-thirties, quantum mechanics itself had
become well enough established that it was recognized as
important. He made the statement that quantum mechanics contains
something less than all of physics, and all of chemistry.
(laughter]) [Paul A.] Dirac? Yes, I'm sure it was Dirac. 1
probably haven't got the quotation quite right, but it's something
like that. People realized that if one became capable enough with
quantum mechanics, that one could solve a great deal of chemistry.
Of course, there were sort of waves of this, really as
computational capacities improved. The basic possibility was
there, but certainly with the calculational capacity of the mid-
thirties, you couldn't go very far, but you could go further than
you could have earlier.

Electronic Computation in Chemistry

But there was no significant advance in calculation until after
the thirties; I guess that's fair enough to say. It was quantum
mechanics itself that improved in its connection to things of
chemical interest. It was only later with electronic computation
that the field really opened up much more widely.

Was that predictable in the 1930s?

Only in the most general way, that once there was an interest in
this sort of thing--and not just for science necessarily; maybe
for financial and business matters, improved typewriters maybe,
and so on--technology would improve; it would make calculation
much better.

Just after World War II, of course, there were the vacuum
tube computers, the Eniac at the University of Pennsylvania. The
trouble there was that they were unreliable. Tubes burned out or
didn't function adequately, and you had to have all manner of
checks. Even with all the checking within the computer, the only
safe thing to do was to do the calculation all over again a month
later and see if you got the same answer. It was only with the
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solid state electronics plus improved error-checking circuitry
that computations became so reliable that one seldom even thinks
about being given a mistaken result. You might program it wrong,
but the idea that the computer gets it wrong has almost
disappeared.

More On Internal Rotation in Ethane

[Interview 3: June 5, 1996] ##

Dr. Pitzer, I believe you wanted to add a bit of clarification to
our discussion of internal rotation last time.

Yes, in particular I wanted to make a little clearer the quantum
theory calculations related to internal rotation, and why some of
them became feasible to do accurately only many years later than
the time we were first working on this in the mid-1930s.

For a molecule such as ethane, with thirty particles all
together, counting electrons and nuclei and in three-dimensional
space, ninety coordinates, it's impossible to do a truly rigorous
quantum mechanical calculation. The general pattern of
approximation involves one stage in which the heavy particles are
fixed, and one attempts to solve the electronic motion--
[interruption]) One assumes fixed positions for the nuclei and
attempts to solve the electronic motion, and as a result of many
such calculations for different locations of the nuclei, one gets
the energy as a function of the nuclear coordinates.

Then the second stage in the calculation is to get the actual
energy levels for the molecule, including nuclear motion subject
to this potential energy calculated from the electronic side.

Well, in 1936, the electronic calculation simply had not been
done with sufficient accuracy to get the potential barrier at all.
In effect, the potential barrier had been approximated out, and
the net result was that the estimated value of the potential
barrier was essentially zero. At that time, it was feasible to
calculate the final energy levels on the basis of an assumed
potential. That's what we did with respect to ethane and found
the potential barrier of about three kilocalories.

With advance of electronic computers, it became feasible to
do the problem of electron motion reasonably satisfactorily. The
electron calculation was feasible in the early 1960s, and that's
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what Bill Lipscomb suggested as a problem for my son when he was a
graduate student at Harvard.

Ring Molecules

Relationship to Research on Ethane

Well, let's advance to ring molecules. In the Ridgway interview,
you said that after the work on internal rotation, "...I turned to
the more general question of unusual motions in organic molecules,
particularly ring molecules."! Could you explain why this was
what I'm assuming to be a natural transition?

Yes. 1If one can calculate the energies involved in internal
rotation, which is a matter of change of angle of the groups at
opposite ends of a chemical bond, and can calculate all the other
energy terms in connection with the geometry of a molecule, which
had been pretty well established earlier, then one can, in
principle, calculate the entire energy pattern for a molecule as a
function of its geometry. For the rotation about a double bond,
it had been known for some time that there was a severe
restriction and the vibration frequency had been observed
spectroscopically. For single bonds, which as I said before had
been assumed to have no potential, we obtained for ethane, and in
the few years thereafter for other open-chain molecules, the
potential barriers which were really quite similar for single
bonds from one case to another.

In a ring molecule, if there were only single bonds going
around the ring, then the geometry of the ring, including the
substituent atoms outside the ring attached to the ring atoms,
involves, in pieces, the same geometry as that of ethane or
slightly larger molecules such as propane. So one can transfer
the knowledge of ethane to calculating the energy for the ring.
This was clear enough in principle in the late 1930s, but I didn't
get around to doing much about it until later. One recalls that
World War II was on, and I was distracted very strongly by other
obligations at that time.

I received the American Chemical Society award in pure
chemistry in 1943, and I did mention this matter with respect to
ring molecules in my award address, and then in 1945 published a

! Ridgway interview, p. 220.
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short note in Science magazine for cyclopentane and cyclohexane,!
and I think maybe one other molecule, but not anything about the
substituted cyclohexanes.

Related Research by Others

In the meantime, O. Hassel in Oslo, Norway, had measured the
substituted cyclohexane molecules by electron diffraction and had
published in a rather obscure Norwegian journal some very
interesting conclusions about the structures of the disubstituted
cyclohexanes. He was aware of our work on the potential barrier
in ethane and simple open-chain hydrocarbons, and interpreted very
correctly the results for the substituted cyclohexanes. His first
publication was in 1943 in this relatively obscure journal, and 1
was only aware of it some few years later. This, of course, was
the basis for his eventual Nobel Prize.

Before going further, I need to say a word about bond angle
strain, or as it’s sometimes called, Baeyer strain, which says
that if all the bonds around a carbon atom are single bonds, the
bond angles will tend to be the tetrahedral angle. If you run
tetrahedral angles around a ring, it comes out about right for a
five-membered ring, which would be cyclopentane. But, if you look
at the torsional orientation about those ring bonds in
cyclopentane, they have the hydrogens all lined up, which we had
every reason to believe was not the potential minimum in ethane
but was rather the top of the potential barrier in ethane. So
there would be a torsional strain energy in planar cyclopentane
the equivalent to five times the ethane barrier, and that
conclusion was stated in my 1945 Science paper.

Pseudorotation

Actual cyclopentane is not planar, and it has a very interesting
property which I called pseudorotation in the later, more detailed
paper.? That implies that there is no single preferred location

! R.S. Pitzer. Strain energies of cyclic hydrocarbons. Selected
Papers, pp. 70-72.

2 J.E. Kilpatrick, K.S. Pitzer, and R. Spitzer. The thermodynamics
and molecular structure of cyclopentane. Selected Papers, pp. 74-79.
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of the nonplanarity of the puckering around the five-membered
ring, but instead it can rotate around the ring with essentially
no change in potential energy. This is a very mnovel motion which
has appeared for a few other molecules through the years, but I
think this is the first example.

We worked this out in considerable detail, and actually in
the later paper, refined the numerical calculations and I think
corrected an error that was significant numerically but not in
terms of the general picture.

The cyclohexanes are actually of more general interest.
There, if the molecule were planar, the bond angle would be 120
degrees, which is too large. The tetrahedral angle was a little
less than 110. Therefore, it had been understood certainly since
the 1920s that cyclohexane would be nonplanar, would be puckered,
and that there were two plausible geometries, which had been named
in English the "chair" and the "boat". The chair had three carbon
atoms [above] and three below, and if you looked at it the right
way, it did look like a chair with one atom down in the front and
one atom up which would be the back of the chair, with respect to
the other four. And the boat has the two odd atoms both up or
both down for a capsized boat.

These, in the absence of torsional strain or internal
rotation potential, would have the same energy, and that had been
the accepted picture.

When was that data worked out? Prior to your entry into the
field?

The Baeyer strain, that is, the bond angle strain, had been worked
out in the 1920s, in large measure by Baeyer in Germany, but it
was in all the organic textbooks by the 1930s.

Did your colleagues accept the concept of pseudorotation?

Well, it was accepted I think with very little controversy. And
as I say, a few similar cases have come up for which the term
pseudorotation has been adopted, even though they are not exactly
the same as the cyclopentane case. The five substituted
molecules, like phosphorous with five chlorines, nominally has a
structure with three of them in a plane and one chlorine above and
one below. But it turns out with very little extra energy that
molecule can rearrange itself so that a different atom is in this
polar or axial position. Now, this is a more complex thing, but
the term pseudorotation has been used for that peculiar type of
rearrangement. In that case, it is not completely free. There is



Hughes:

Pitzer:

Hughes:

Pitzer:

Pitzer:

83

a potential barrier between the different positions, but it's
pretty low.

You don't mind the term being used that way, even though you
didn’t conceive it for that instance?

No, I don’t mind, as long as they call it type II or something
like that. [laughter]

So type II tells you that there is a potential barrier?

No, a substituted cyclopentane will have a potential barrier. The
PCl, or "type II" is just geometrically different--similar in a
very broad sense, but not in a more detailed sense.

Determining the Structural Pattern

Now, if you put two substituents, two methyl groups or two
chlorine atoms, on the cyclohexane molecule in a chair
configuration, it turns out that one of these substituents on a
given carbon atom is--well, if one defines an approximate plane
for the six-carbon atoms that are actually puckered up and down
from the plane, then one of these substituent atoms is more or
less in that plane, but not exactly. The other atom is
perpendicular to the plane, with that substituent for three of the
carbon atoms of the cyclohexane ring up, and the other three down.
In other words, one set of three is above the plane and the other
set of three below the plane.

Well, these conclusions essentially followed from the idea
that there was a substantial ethane-like potential barrier for the
six-ring bonds in the cyclohexane. In the boat geometry, two of
those bonds are at their maximum in energy for an ethane-like
potential, and thus one would expect the boat form not to be
present in any appreciable amount, because for the chair form, all
of those bonds are in their staggered or potential minimum
orientation. So actual cyclohexane molecules are going to be
predominantly in the chair geometry and their substituents will be
located as I outlined a minute ago.

Hassel in his electron diffraction work verified this or
found this structural pattern; if you wish, verified the
predictions which I had not explicitly made but could have made,
and others could have made after our work of 1936 and ’37. Our
more detailed calculations verified this and worked out in some



Pitzer:

Pitzer:

84

detail the more precise energies that might be expected for these
various substituted cyclohexanes.

Labeling the Substituents

There were two or three interesting sidelines that arose. One, it
turned out that the labeling of some disubstituted cyclohexanes as
accepted in the literature were wrong. They had been labeled as
if the cyclohexane ring was flat, planar, which it isn't.
Therefore, cis and trans disubstitutions, in other words, the two
substituents, were both above the plane, or one above and one
below for trans, [and] the labeling would follow the cis and trans
similarities for as detailed, similar measured properties.

It turns out that the important question for these properties
that were the basis of labeling the substituents were whether the
substituted atom, say a methyl group, was in an equatorial
geometry or in the polar or axial geometry. That was one rather
interesting development, and there is a brief publication about
that.!

Terminology

Long after the structural facts had been accepted, a question
arose as to what the terminology should be. There is a brief
paper in 1954 on that subject which has four authors.? Hassel had
used some Greek names and Greek letters for the geometry of the
substituent that is more or less in the plane, or more or less
along the axis perpendicular to the plane. I had preferred
"polar" for the ones along the axis and "equatorial” for the ones
more or less in the plane. But other people didn't like my choice
of polar, because polar is also used to mean electrical polarity,
with positive and negative partial charges.

K. S. Pitzer and C. W. Beckett. Tautomerism in Cyclohexane
Derivatives; Reassignment of Configuration of the 1,3-Dimethylcyclohexanes.
Selected Papers, p. 73.

2 D.H.R. Barton, O. Hassel, K.S. Pitzer, and V. Prelog. Nomenclature
of cyclohexane bonds. Selected Papers, p.88.



Pitzer:

Hughes:

Pitzer:

85

At an international chemical meeting in Stockholm in 1954,
Professor Vladimir Prelog, who had not been involved initially in
the work on these molecules but was very much aware of it, was at
the meeting. He was a professor at Zurich in Switzerland. We
happened to be staying in the same hotel and riding a bus to the
meeting site, and in the course of those bus rides, he suggested
that he take the lead in putting together a publication which
would recommend my term, equatorial, rather than Hassel's Greek
term, but would recommend the word "axial" instead of "polar" for
the other position. He thought everybody would be happy with
that, and I certainly was happy with it. I realized that it was a
better choice.

So Prelog apparently obtained Hassel's agreement, and Barton
in England had been interested in the same topic and disliked my
polar term, but was quite happy with equatorial. Barton
eventually shared the Nobel Prize with Hassel. So in due time, in
Science and in at least one German journal, this brief
recommendation about nomenclature was published.

Decision to Leave the Ring Molecule Problem

This whole question of calculating the energies of ring molecules,
including more complex structures, was one that developed quite
rapidly in the 1950s, and Barton was very active in these more
complex structures. I was not enough of an organic chemist to
feel anywhere near as much at home with that work as he did, and
Prelog did, and others. So I essentially watched that with
interest but didn't participate in it further.

I gathered from your explanation of the move from internal
rotation to the consideration of ring molecules that the same sort
of approach in a more fragmented way could be applied to ring
molecules. So what was your hesitation about going further with
ring molecules and organic molecules in general?

Well, I think it was the type of information that was available.
That is, for ethane and for the simple open-chain molecules, we
had essentially physical chemical data--low temperature heat
capacities leading to entropy values, measured heat capacities,
spectra in sufficient detail to determine all of the vibration
frequencies, or at least all those of low enough frequency to be
important thermodynamically. For hydrocarbons, electron
diffraction was not useful. In those days, electron diffraction
didn't pick up the hydrogen locations. But once one went to
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substituting chlorines for hydrogens, then electron diffraction
was useful in determining structures.

This sort of information was also becoming available with
Hassel's work, for example, for the cyclohexane molecules with as
many as two substituents, and various people were making the more
detailed thermodynamic measurements, and we did some of that
ourselves. For the more complex condensed ring molecules and so
on, this type of physical information was not available or was too
complex. The overall situation was too complex to interpret it.
Barton and Prelog were interpreting the sort of measurements that
organic chemists make in a manner that was undoubtedly correct
most of the time, but it involved different types of reasoning as
well as different types of measurements that other people were
just more expert at than I was. And I found other interesting
things to do, so I left it to them. N

Hassel and Barton are organic chemists?

Barton and Prelog. No, Hassel was just as much a physical chemist
as I was. And he didn't pursue it into more complex structures.

Other Aspects of Ring Molecules

I should add a few more words about other aspects of ring
molecules. Cyclobutane is a case like cyclopentane, except that
you would expect it to be strongly planar, on the basis of the 90-
degree bond angles being much less than tetrahedral. On the other
hand, it is true that the hydrogen atoms are lined up in the
opposed geometry in the planar configuration just like
cyclopentane, so there would be four times the ethane barrier in
the first approximation as the strain energy there.

One of my very first graduate students, William Gwinn, who
was on the faculty by that time at Berkeley, took up the question
of was cyclobutane really planar or not and its whole array of
properties. He started this work roughly in the '49-'51 period
when I was with the AEC (Atomic Energy Commission], but I was
aware of it. It was completed after I was back at Berkeley, so
they were kind enough to put me on as the co-author, along with
[G.W.]) Rathjens and [N.K.] Freeman.!

! G.W. Rathjens, Jr., N.K. Freeman, W.H. Gwinn, and K.S. Pitzer.
Infrared absorption spectra, structure and thermodynamic properties of
cyclobutane. Selected Papers, pp.89-97.
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It turned out that cyclobutane is not planar. As the paper
shows, there is a lot of detailed vibrational spectra, and when
the strain energies are calculated out, with considerable
uncertainty, it's consistent with the idea that the cyclobutane
molecule is not flat.

As I mentioned earlier, in 1959 we did refine the
cyclopentane calculations a bit, but that didn’t really change
things in any very significant manner.

Structure of the Cyclopentane Molecule

Did the earlier work change things in a significant manner for
cyclopentane?

Oh, yes. In other words, it had been thought to be planar, and
it's puckered--but in this very interesting way that the pattern
around the ring that goes out of the plane is not localized.

There are two somewhat simple types of puckering that you can
suggest for cyclopentane. One, put four atoms in the plane, and
the fifth one either above or below. Or, you can define the plane
with three atoms, and then the other two adjacent to one another
you can twist, with one above the plane and the other below the
plane.

It turns out that the release of internal rotational strain
and the addition of bond angle strain for the two is exactly the
same, to within a relatively high accuracy. You can define a more
general type of puckering of cyclopentane in which the departure
from some sort of an average plane rotates around the ring. It
turns out that this is essentially a free rotation, not of a
physical particle, but of a geometrical anomaly, if you wish. And
that's what I called a pseudorotation. Its quantum mechanics and
statistical mechanics are essentially that of a rotation. There
is a pseudo-moment of inertia or mass factor in the potential
function for the amplitude of the puckering, and no potential
energy associated with the location. So there is an effective, as
I say, moment of inertia or mass for this otherwise free
rotational motion.
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Using Others’ Data

I'm wondering how much of this data you had to create, you had to
innovate, and how much of it existed prior to your entry into the
field.

Well, for the most part, our own measurements were thermodynamic,
measurements of the heat capacity in the condensed phase from
roughly 15 degrees Kelvin up to whatever temperature the material
melted, say, and then its heat of fusion, and then the heat
capacity of the liquid, and then the heat of vaporization.
Sometimes there were solid transitions that had thermal effects
too. We also measured heat capacities in the gas phase. If I
remember rightly, Gwinn's thesis involved in part building a
calorimeter and measuring gas heat capacities. He did a lot of
theoretical calculations too.

We did not ordinarily make spectroscopic measurements, either
infrared spectra or Raman spectra, but we made full use of them
and regarded ourselves as capable of judging the correctness of
the interpretation that the original author had given for the
measurements, or of resolving differences between different
interpretations or different sets of measurements that might be in
the literature, and we were in communication with people that were
currently making those spectroscopic measurements.

So you decided that there was no point in recreating the data?

Yes. That is, I had no opposition to making such measurements,
but there's a limit to how much you can do. Likewise, if electron
diffraction would clarify something, other people were measuring
electron diffractions so we didn't get into that ourselves.

So you did what needed to be done.

Yes. And we selected problems where, with our measurements plus
what was already available, one could do a quite complete
description of the structure and properties of the molecule. One
of the things one can do is calculate properties at higher
temperatures or other conditions where there hasn't been any
measurements. And as 1 say, I was in communication with other
people, so that if we were interested in and had a relatively good
information basis but something was missing, I could frequently
persuade somebody else to measure it fairly promptly.
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Quantum Mechanical Calculations

From what I gathered from your discussion today about internal
rotation, there had been a problem with the approximations which
did not pick up the potential barrier. So in that particular
case, it was not a question of coming up with more accurate data;
it was a question of missing important information. Now, was that
a danger here too, that it wasn't just a matter of having a more
refined picture of what was going on, you could actually be
missing phenomena?

##

The quantum mechanical calculations for the first stage, starting
with electronic motion, which were not yet feasible for ethane,
although people thought they might have drawn some conclusions for
them, were just completely impossible for even slightly more
complicated molecules. In other words, for things like
cyclopentane or cyclohexane, it was completely out of the question
in those years to do those electronic calculations. Even today,
you'd need a supercomputer, and it would strain it to get
meaningful accuracy.

So once one had gotten away from the simplest structures that
had a certain characteristic situation, one was dealing totally
with an experimental database, and an interpretation of it in
terms of the potential for motion of nuclei of the atoms as a
whole inferred from either the experiments on that molecule or
from simpler molecules, and that's what we've been talking about.
In other words, if one assumed that if the atomic situation was
about the same as in ethane or propane, where you put in one extra
carbon atom and extra hydrogens, but along either of the single
bonds, it's mostly hydrogens, and one found experimentally that
the potential barrier was about the same as it was in ethane. One
solved the quantum mechanical problem for the heavy atom motions
for these more complex molecules, but that was mainly an
insistence in interpreting the spectrum.

Then for thermodynamic purposes, if you had the complete set
of energy levels experimentally from spectral measurements, or
inferred from heat capacity and entropy measurements, you had
essentially a complete picture for statistical thermodynamic
purposes.
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Corresponding States

Background

Do you want to talk about corresponding states?

Well, the first paper on corresponding states, so far as I was
concerned personally, goes back to '39.' The concept is more than
100 years old now. It goes well back into the 19th century.

Explain what it is, please.

It concerns the properties of a fluid that has both gaseous and
liquid states. The properties of such fluids are such that if you
heat them, under some confinement, eventually the difference
between the vapor and liquid states disappears at a critical
point. Where 1f you heated it along a path where both liquid and
vapor are present, the vapor gets more dense and the liquid
expands and gets less dense, and eventually at the critical point,
they have the same density, and there's no difference any more.

If you compare the properties of fluids on what we call a
reduced basis, in other words, at temperatures the same ratio to
the critical temperature and at pressures or densities at the same
ratio as the critical density or pressure, the idea of
corresponding states is that the properties would all be the same.
And of course, qualitatively, they are the same, and semi-
quantitatively, they are, but the accuracy to which they’'re the
same is not very high. These are properties that can be measured
rather easily with rather high accuracy, and so it was very soon
recognized that the corresponding states concept was not an
accurate general principle.

Nothing much changed between about 1890 and around 1930, in
this regard. But with the development of quantum theory and more
detailed structural information, quantum theory for intermolecular
forces--in other words, forces between molecules--it became
feasible to examine that situation further. That 1939 paper was
based on the idea that by now one could say from this structural
background that the inert gas elements, at least the heavier ones,
say argon, krypton, xenon, maybe neon, and probably methane, which
is not strictly spherical but where the average external
interaction is essentially spherical, should show "corresponding

! K.S. Pitzer. Corresponding states for perfect liquids. Journal of
Chemical Physics 1939, 7: 583-590.
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states" behavior. Methane, for example, begins to rotate in the
crystal way down at around l4 degrees Kelvin, and by the time
you're talking about 200 or 300 degrees Kelvin, any nonspherical
aspect of methane is pretty trivial.

I set helium aside and maybe neon, because even for
translational motion, there are quantum effects. For helium, this
is a major effect. The properties of liquid helium have
peculiarities because of quantum mechanical effects. For argon,
these have become completely negligible, and the translational
motion is a classical matter with some interacting potential when
the atoms get too close together. For neon, there is some quantum
mechanical correction needed, and so it was best to leave neon
out, but for the additional reason there was less known about it
anyway. [laughs]

Substances Following Corresponding States

So with this much background--which was not background at that
time; it was put together from recent knowledge--1 decided that
there was enough information on--at least, as I recall, it was
those three. Let's see here. [refers to paper] Oh, xenon, not
krypton. That was just a matter of was there available
information? Argon, xenon, and methane ought to show
corresponding states of behavior, and so I got the data out. Oh,
I did include krypton. It's not on one graph, but it's in the
table. Neon is in the table too.

The data were consistent with corresponding states of
behavior, with a small departure for neon, so it was best to make
it a special case. This was true for a number of properties: the
reduced densities, entropies of vaporization, the whole series of
properties. And I did discuss this question of quantum mechanical
correction effects and showed that they were appreciable for neon
but not large, were large for either hydrogen or helium, and were
pretty much negligible for methane and anything heavier.

Well, this was a significant advance. An Englishman, E. A.
Guggenheim, did much the same thing at about the same time. I
think my work preceded his by a little, but I could even be wrong
about that. But that was a beginning. You knew what substances
were supposed to follow corresponding states, but that wasn't much
of what you were interested in. You were interested in a lot more
substances that didn't quite fit.
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One or more chemical engineers actually suggested that a
third parameter, a third coordinate, for a family treatment of
fluid properties could be based on the properties at critical
point. It could be the ratio, the PV [pressure volume] over T
[temperature] ratio, for example, which would be the same for any
group that was following corresponding states. And indeed, that
pressure times volume divided by temperature ratio does decrease
as you go from argon even to nitrogen, and certainly to carbon
dioxide or water or anything else.

The trouble with that is that the critical volume is not
accurately measurable. [laughs] The critical pressure and
critical temperature are measurable quite accurately, but the
volume is the thing which has just become the same from the liquid
side to the vapor side, and it has zero slope at that point, and
measuring something that has zero slope is very difficult.

Paired Theoretical and Empirical Papers

Pitzer: That’s about the situation at the time I proposed the acentric
factor approach in about the mid-fifties. And as I’'ve done in
some other cases, the initial publication involves two papers.!
There is one in which I examine pertinent theory and theoretical
calculations that seemed to illuminate the subject, and then in
the second paper, I adopt some definite but empirical definitions,
and then treat the data for a large number of systems. In the
first paper, I make use of a number of concepts about what are the
essential differences in molecular structure, interactions of
molecules, that would affect this pressure-volume-temperature
relationship. I describe how it would affect the intermolecular
potential, in other words, the energy, depending on how far
molecules are apart, and how it would be affected if it isn't a
simple distance question but also if the molecules are
nonspherical, their angular orientation.

The number of possible causes for departure from
corresponding states are multiple. In other words, it could be
nonspherical shape, or it could be a sort of globular shape in
which the attracting centers are out on the periphery rather than

! K.S. Pitzer. The volumetric and thermodynamic properties of fluids.
I. Theoretical basis and virial coefficients, and II. Compressibility
factor, vapor pressure and entropy of vaporization. Journal of the
American Chemical Society 1955, 77: 3427-3433; and 3433-3440. Selected
Papers, pp. 296-302 and 303-310.
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in the center of the molecule. Or it could be electrical
polarity, or it could be any combination of those, or maybe
something else. Hydrogen bonding such as occurs in water and so
on is an extreme polarity type.

It's hard to do the calculations even now, but they’'re quite
feasible now, but at that time, it was impractical to do detailed
calculations for the entire pressure-volume-temperature behavior
for a more complex type of molecule. What was feasible was to
calculate what's known as the second virial coefficient, which was
the first order departure from the ideal gas law, which is caused
by intermolecular interactions.

I found in the literature very interesting calculations of a
Japanese, [looks through papers] T. Kihara. These calculations
had just been published in the preceding two or three years. He
assumed molecules of different shapes, but with a simple potential
applying to the shortest distance between these shapes rather than
to the center of the molecules. And then you could have linear
molecules, or you could have spherical molecules of some size, or
you could have other shapes--squares, rectangles, whatever you
wished. And he worked out a number of these as far as the second
virial coefficient was concerned.

I found that the effect on the second virial coefficient for
these different shapes was essentially the same, or let's put it
this way: they fell on a single line going away from the spherical
simple molecule origin. If it was length, why, you had one
departure; if you had a different shape, the amount of deviation
from a point would be different; but they would all fall in a
single family. By that time, there was also some information on
electrically polar molecules, even without regard to other change
in shape, and although that didn’'t follow on exactly the same
family, it was pretty close.

So arguing then just from the second virial coefficient
behavior, it seemed as if the deviation from corresponding states
could fall into a single family with a single third coordinate or
third parameter. That's the first and theoretical paper.

For the second paper, I enlisted several students, including
Robert Curl, to do the numerical work with data from the
literature about properties of various substances of potential
interest. And the question was, What should be chosen as the
measure of departure from corresponding states? It seemed to me
that the vapor pressure properties were much more accurately
measurable than the PV/T at the critical point, which had been
used in this respect. The vapor pressure is one of the most
easily and most accurately measurable quantities. So I proposed
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this definition involving the logarithm of the vapor pressure at a
given ratio of temperature to the critical temperature, and as a
departure from that quantity for the simple argon-methane pattern.
So this was defined as the third parameter for fluid properties.

Actually, as I recall, it was some time before I decided on
what to call this parameter. Somebody suggested this acentric
factor name, which I adopted and has been widely used in the
profession since. It was defined in terms of the standard
distance from the critical point, but actually, the vapor pressure
property all the way from the critical point down in temperature
is very relatively simple and clear-cut, and a measurement
anywhere along that range is adequate to determine the acentric
factor.

Then we went over the various types of experimental data.
The second paper involved, in addition to the vapor pressures, the
compressibility factor--in other words, pressure times volume
divided by temperature. The result was a whole series of tables
for the compressibility factor for the simple fluid, the argon-
methane fluid, and another table of the departure or change in
that factor per unit of acentric factor.

This was worked out in considerable detail and with some
special considerations in the region which is close to the two-
phase region, with both liquid and vapor present, as well as the
properties with two phases actually present, in addition to the
vapor pressure, and the entropy of vaporization, and so on.

In a third paper with Robert Curl! we gave further
consideration to the second virial coefficient with an empirical
equation which was to be more useful than the Kihara formulation,
although the territory was somewhat the same. And then in a
fourth paper? the enthalpy and entropy properties were dealt with.
There was enough experimental information for a number of
substances so that good tables and graphs could be worked out.

So that this became a body of simple equations and rather
extensive tables to give the properties of almost any fluid, gas

or vapor in a reasonably accurate manner.

So you were systemizing a field?

lSelected Papers, pp. 311-312.

’Selected Papers, pp. 313-322.
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Yes. In other words, instead of having separate tables of
detailed properties of maybe fifty different substances, in
addition to the critical temperature and critical pressure, one
had this third property, the acentric factor, and this set of
tables, and you could calculate more or less whatever you wanted
to know.

There are at least two additional things I should say about
this. [refers to his Selected Papers]

L. Riedel’s Work on a Third Parameter ##

A man in Germany, L. Riedel [spells], published essentially
simultaneously, 1954 to '55, '56, a series of papers on
essentially the same idea of a third parameter or property that
would systematize fluid properties. Interestingly enough, there
was practically no duplication between the two.

Which was fortuitous.

At the early stages, at least. Instead of the vapor pressure on a
reduced basis at a substantial distance away from the critical
point, which I chose for the acentric factor, he chose the slope
of the vapor pressure curve at the critical point. Well, that's a
lot harder to measure. It's not only harder to measure, but in
terms of hundreds of different fluids, it's not in the books
already, whereas the vapor pressure down near the ordinary boiling
point, the one atmosphere boiling point, is in the books already.

So you deliberately chose that point.

I had deliberately chosen it that way so that it would be as
useful as possible. So the net result was that my recommendation
and term and so on was the one that was adopted by the community
generally. But his contributions, as I say, were all positive and
in the same general direction.

The key thing that made it so widely available and useful was
that the third property could be determined, literally if you only
had the boiling point temperature, provided you also had the
critical temperature. And the critical temperature is less
available than the boiling point temperature, but having those two
was enough to get the essential factor.

Why do you suppose that Riedel had used a point that was more
difficult, and also ultimately less useful?
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Well, the only thing I can say to that is, since the critical
point is the unique point in fluid properties, there was naturally
a tendency to look at things close to the critical point as you
started to generalize. You see, previous to either Riedel or
myself, there was a chemical engineer, I think in Wisconsin--I've
forgotten his name--and a few others, who used the compressibility
factor, the PV over RT factor of the critical point, as the third
parameter. Well, now, that is no harder to measure, but it's hard
to get it accurate.

Riedel's was an advance in that the slope of the saturated
vapor line close to the critical point was at least something that
could be measured much more accurately, if you had measurements in
that region. And, of course, having located the critical point,
you presumably had some measurements in that region. But again,
it was a less convenient measurement than the one that I found and
used and proposed.

And you chose to measure where you did precisely for those two
reasons?

I was working essentially with existing data. We didn't make many
measurements ourselves.

Yes, but you, like Riedel, could have chosen to measure at the
critical point. So my question is, you did not because it would
be less useful?

That's right. My first paper was exploring the theoretical side,
and I didn't adopt a working measurement there, a working
definition. It was only in the second paper where we were
actually dealing with a lot of examples that we adopted the
acentric factor definition.

The Acentric Factor and Chemical Engineering

As I said, this has been widely adopted by mainly the chemical
engineering community, and they invited me to review this. It was
published in '77, under the title "Origin of the Acentric
Factor.”! 1 guess the meeting might have been the year before.
This was the opening talk at a special meeting for the chemical
industry on phase equilibrium and fluid properties.

! Selected Papers, pp. 278-287.
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1f anyone wants an easier, more general discussion of that
subject, I put that paper at the beginning of this section [on
"Extended Corresponding States and the Acentric Factor" in
Selected Papers]). It's historically out of order, but I thought
it was useful. [moves to bookshelves]) But you take a book like
this one, Properties of Gases and Liquids [by Robert C. Reid), the
chemical engineers' book on the subject. 1It's a very widely used,
convenient book for the properties of liquids and gases for the
chemical engineering community, and here right at the beginning--
this is right out of our initial publication--the tables.

Verbatim.

Yes. Maybe not, but the acentric factor is in right at the
beginning. Long tables here of the pure component parameters for
large numbers of fluids. The critical temperature is the first
property given, and the acentric factor is the second property of
the table. And then more specialized properties come thereafter.

Detailed Numerical Equations

Well, anything more on corresponding states?
Yes, I could add a little more.

As the computer developed, quantitative detailed numerical
equations with many terms and many parameters, which are required
to quantitatively give the fluid properties within approximately
experimental accuracy, had now become reasonably convenient.
Those equations that many people developed frequently, more often
than not involve the acentric factor along with the temperature
and either the pressure or the density as variables, so that they
applied not just to one fluid but to a whole array of fluids. If
you want the maximum accuracy, of course, you have an equation for
each individual fluid. And one of the most important fluids,
water, [laughs], steam, doesn't fall within the acentric factor
family. It's too-polar. The water-water interaction is too
dominated by hydrogen bonding to fall within the acentric factor
family. But so many things do.

We have had some role in developing equations of this
moderately complicated type, but explicitly including the acentric
factors as one of the characteristics to be used. But many other
people have been involved in that at least to an equal degree, if
not more, so that I don't know that it's very useful to try to
discuss it further.
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IV POSTWAR EXPANSION OF THE DEPARTMENT OF CHEMISTRY

Wendell Latimer's Efforts

There's a subject which I think we should interject here, and that
is the attempts to expand the Chemistry Department after World War
II. I came upon a letter that Latimer wrote in 1945 to Robert
Gordon Sproul, who of course was president of the university at
that point, asking him to support departmental expansion.! He
placed it in the light of the development, which I assume was
somewhat accelerated by the war effort, of the chemical industry
and atomic energy. His argument was more or less along the lines,
"If we are going to continue to supply brainpower to these
efforts, then we've got to have a larger department in g<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>