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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Nuclear Science and Engineering at Berkeley: The Early Days

Remarks by Glenn T. Seaborg
at the Symposium Honoring Thomas H. Pigford

Berkeley, CA
December 1, 1989

As an undergraduate | majored in chemistry at UCLA. For my
graduate work there could be no piace but the University of California,
Berkeley. The very name, Berkeley, was a magic, a distant and aimost
unattainable mecca. The chemistry staff at Berkeley was legendary,
having written the textbooks from which we took our courses at
UCLA. There were names such as Joel H. Hildebrand, Wendell M.
Latimer, William C. Bray, C. Walter Porter, G. Ernest Gibson, Gerald E.
K. Branch and, of course, the great Gilbert Newton Lewis, dean of the
College of Chemistry. The name of the rising young nuclear physicist,
Ernest O. Lawrence, was beginning to ring through the world of
science. | wanted to work as near as possible to Lewis (the great "G.
N."--"The Chief") and to Lawrence. And the absence of a tuition fee
was consistent with the state of my finances.

Reaching this mecca was not necessarily simple. Not everyone
was admitted, and so the custom was to apply to a number of
graduate schools. Moreover, | had not only to be accepted but to be
granted a teaching assistantship (at a salary of $50 per month) to
support me through my graduate studies. Professor Ramsey, who
had done his graduate work at Berkeley, assured me that there was
no need to apply to alternate institutions, that Berkeley would grant
me both my wishes. And so it did, to a lingering disbelief on my part
despite Professor Ramsey's reassurances.

It is difficult to describe the exciting, glamorous atmosphere that
existed at the University of California at Berkeley when | entered as a
graduate student in August 1934. |took formal courses in chemistry
from such eminent men as Professors Axel R. Olson and William F.
Giauque, and in ﬁhysics from Raymond T. Birge and Robert B. Brode.
Probably the high point of each week was the Tuesday afternoon
Research Conference held in Gilman Hall, at which graduate students
presented a research paper on a current topic from the literature,
which was followed by a faculty member, postdoctoral scientist or
advanced graduate student describing his or her own recent research.



This latter was always in the forefront of scientific research in an
interesting area. Here we saw G. N. at his best, sitting at the head of
the table which dominated the center of the room, chain-smoking his
huge black cigars. He asked questions and stimulated discussion
over the whole wide range of chemistry and physics in a manner
which | have never seen equaled.

Another high point was the weekly evening Nuclear Seminar,
covering recent articles from the scientific literature and the current
work in the College of Chemistry in the area of nuclear science; this
seminar was run by Willard F. Libby and Robert D. Fowler, who helped
guide my research until he left. G. N. also always attended these
seminars, which added considerably to the excitement. In LeConte
Hall on Monday evenings, there was the Physics Journal Club,
presided over by Lawrence, including the brilliant galaxy of J. Robert
ngenheimer [Figure 1], Edwin M. McMillan, Luis W. Alvarez, Philip H.
Abelson, Emilio Segré, Martin D. Kamen and John J. Livingood, just to
mention a few.

Following the discovery of fission by O. Hahn and F.
Strassmannt! Edwin M. McMillan [Figure 2] showed that a beta
radioactivity of half-life of about two days did not separate by recoil
from thin layers of uranium, as did the energetic fission products,
when uranium was bombarded with slow neutrons.2 Along toward the
spring of 1940, McMillan began to come to the conclusion that the 2.3-
day activity might actually be due to the daughter of the 23-minute
uranium-239 and thus might indeed be an isotope of element 93 with
the mass number 239 (93-239). Phil Abelson joined him in this work in
the spring of 1940, and together they were able to separate chemically
and to identify and thus discover3 element 93. They showed that
element 93 has chemical properties similar to those of uranium and
not similar to those of rhenium predicted by the periodic table of that
time.

Immediately thereafter, during the summer and fall of 1940,
McMillan started looking for the daughter product of the 2.3-da
activity, which obviously would be the isotope of element 94 with
mass number 239 (94-239). Not finding anything he could positively
identify as such, he began to bombard uranium with deuterons in the
60-Inch Cyclotron in the hope that he might find a shorter-lived
isotope--one of higher intensity of radioactivity that would be easier to
identify as an isotope of element 94. Before he could finish this
project, he was called away to work on radar at M.L.T.



During this time my interest in the transuranium elements
continued. Since McMillan and I lived only a few rooms apart in the
Faculty Club, we saw each other quite often, and, as I recall, much of
our conversation, whether in the laboratory, at meals, in the hallway,
or even going in and out of the shower, had something to do with
element 93 and the search for element 94. | must say, therefore, that
his sudden departure for M.I.T. came as something of a surprise to
me--especially since | didn't even know when he had left.

In the meantime, | had asked Arthur Wahl, one of my two
graduate students, to begin studying the tracer chemical properties of
element 93 with the idea that this might be a good subject for his
thesis. My other co-worker was Joe Kennedy, a fellow instructor at
the University, also very interested in the general transuranium
problem.

When | iearned that McMillan had gone, | wrote to him asking
whether it might not be a good idea if we carried on the work he had
started, especially the deuteron bombardment of uranium. He readily
assented. '

Our first deuteron bombardment of uranium was conducted on
December 14, 1940. What we bombarded was a form of uranium
oxide, U303 which was literally plastered onto a copper backing plate.

From this bombarded material Wahl isolated a chemical fraction of
element 93. The radioactivity of this fraction was measured and
studied. We observed that it had characteristics different from the
radiation from a sample of pure 93-239. The beta-particles, which in
this case were due to a mixture of 93-239 and the new isotope of
element 93 with mass number 238 (93-238), had a somewhat higher
energy than the radiation from pure 93-239 and there was more
gamma radiation. But the composite half-life was about the same,
namely, two days. However, the sample also differed in another very
important way from the sample of ‘fure 93-239. Into this sample there
grew an alpha-particle-emitting radioactivity. A proportional counter
was used to count the alpha-particles to the exclusion of the beta-
particles. This work led us to the conclusion that we had a daughter
of the new isotope 93-238--a daughter with a half-life of about 50 years
and with the atomic number 94. This is much shorter-lived than the
now known half-life of 94-239, which is about 24,000 years. The
shorter half-life means a higher intensity of alpha-particle emission,
which explains why it was so much easier to identify what proved to



be the isotope of element 94 with the mass number 238 (94-238).
(Later it was proved that the true half-life of what we had, i.e., 94-238,
is about 90 years and that its mass number is 238.)

On January 28, 1941, we sent a short note to Washington
describing our initial studies on element 94, this communication also
served for later publication in The Physical Review under the names
Seaborg, McMillan, Kennedy and Wah! 4 We did not consider,
however, that we had sufficient proof at that time to say we had
discovered a new element and felt that we had to have chemical proof
to be positive. So, during the rest of January, and into February, we
attempted to identify this alpha activity chemically.

Our attempts proved unsuccessful for some time. We did not
find it possible to oxidize the isotope responsible for this alpha
radioactivity. Then | recall that we asked Wendell Latimer, whose
office was on the first floor of Gilman Hall, to suggest the strongest
oxidizing agent he knew for use in aqueous solution. At his
suggestion we used peroxdisulfate with argentic ion as catalyst.

On the stormy night of February 23, 1941, in an experiment that
ran well into the next morning, Wahl performed the oxidation that
gave us proof that what we had made was chemically different from
all other known elements. That experiement, and hence the first
chemical identification of element 94, took place in Room 307 of
Gilman Hall, the room that was dedicated as a National Historic
Landmark, 25 years later [Figure 3]. Thus, we showed that the
chemical properties of element 94 were similar to those of uranium
and not like osmium.

The communication to Washington describing this oxidation
experiment, which was critical to the discovery of element 94, was
sent on March 7, 1941, and this served for later publication in The
Physical Review under the authors of Seaborg, Wahl, and Kennedy.5

How element 94 eventually got the name plutonium is an
interesting story and one worth telling. This work was carried on
under self-imposed secrecy in view of its potential implications for
national security. Following the discovery in February 1941 and well
into 1942, we used only the name "element 94" among ourselves and
the few other people who knew of the element's existence. But we
needed a code name to be used when we might be overheard.
Someone suggested "silver” as a code name for element 93, and we
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decided to use "copper" for element 94. This worked fine until, for
some reason | cannot recall now, it became necessary to use real
copper in our work. Since we continued to call element 94 "copper™
on occasion we had to refer to the real thing as "honest-to-God-
copper.”

The first time a true name for element 94 seemed necessary was
in writing the report to the Uranium Committee in Washington in
March of 1942, which was published iater under the authorship of
Seaborg and Wahl.6 | remember very clearly the debates within our
small group as to what the name should be. It eventually became
obvious to us that we should follow the lead of McMillan, who had
named element 93 neptunium because Neptune is the next planet after
Uranus, which had served as the basis for the naming of uranium 150
years earlier. Thus we should name element 94 for Pluto, the next
planet beyond Neptune. But, and this is a little-known story, it
seemed to us that one way of using the base name Pluto was to name
the element "plutium.” We debated the question of whether the name
should be "plutium" or "plutonium,” the sound of which we liked
much better. We finally decided to take the name that sounded better.
I think we made a wise choice, and | believe it is also etymologically
correct.

There was also the matter of the need for a symbol. Here, too, a
great deal of debate was engendered because, although the symbol
might have been "Pl,"” we liked the sound of "Pu"--for the reason you
might suspect. We decided on "Pu," and, | might add, we expected a
much greater reaction after it was declassified than we ever received.

Almost concurrent with this work was the search for, and the
demonstration of the fission of, the isotope of major importance--
94-239, the radioactive daughter of 93-239. Emilio Segre played a
major role in this work together with Kennedy, Wahl, and me. The
importance of element 94 stems from its fission properties and its
capability of production in large quantities. This work involved the 60-
Inch Cyclotron, the Old Chemistry Building, the Crocker Laboratory,
and the 37-Inch Cyclotron, all of which have by now been removed
from the Berkeley campus. The 0.5-ug sample on which the fission of
94-239 was first demonstrated was produced by transmutation of
uranium with neutrons from the 60-Inch Cyclotron; it was chemically
isolated in rooms in Old Chemistry Building and Crocker Laboratory
and in Room 307 Gilman; and the fission counting was done using the
neutrons from the 37-Inch Cyclotron. |



A sample of uranyl nitrate weighing 1.2 kg was distributed in a
large paraffin block (neutron-siowing material) placed directly behind
the beryllium target of the 60-Inch Cyclotron (situated in Crocker
Laboratory) and was bombarded for two days with neutrons produced
by the impact of the full deuteron beam on beryllium. The irradiated
uranyl nitrate was placed in a continuously operating glass extraction
apparatus, and the uranyl nitrate was extracted into diethyl ether.
Neptunium-239 was isolated from the aqueous layer by use of the
oxidation-reduction principle with a lanthanum and cerium fluoride
carrier and was reprecipitated six times in order to remove all uranium
impurity. Measurement of the radiation from the neptunium-239 made
it possible to calculate that 0.5..g was present to yield plutonium-239
upon decay. The resuiting alpha activity corresponded to a half-life of
30,000 years for the daughter plutonium-239, in demonstrable
agreement with the present best value for the half-life of 24,360 years.

The group first demonstrated, on March 28, 1941, with the
sample containing 0.5 pg of plutonium-239, that this isotope
undergoes slow neutron-induced fission with a probability of reaction
comparable to that of uranium-235. The sample was placed near the
screened window of an ionization chamber that could detect the
fissions of plutonium-239. Neutrons were then produced near the
sample by bombarding a beryllium target with deuterons in the 37-
Inch Cyclotron of Berkeley's "Old Radiation Laboratory" (the name
applied to the original wooden building, since torn down to make way
for modern buildings). Paraffin around the sample slowed the
neutrons down so they would be captured more readily by the
plutonium. This experiment gave a small but detectable fission rate
when a 6-uA beam of deuterons was used. To increase the accuracy
of the measurement of the fission cross section, this sample, which
had about 5 mg of rare-earth carrier materials, was subjected to an
oxidation-reduction chemical procedure that reduced the amount of
carrier to a few tenths of a milligram [Figure 3]. A fission cross
section for plutonium-239 some 50% greater than that for uranium-235
was found, agreeing remarkably with the accurate values that were
determined later. This result was communicated to Washington on
May 29, 1941, and this served as the basis for the later publication of
an expurgated version by Kennedy, Seaborg, Segre, and Wahl.”

The story of how plutonium was developed to serve as the
explosive ingredient of the atomic bomb is beyond the scope of this
account. However, plutonium also serves as a nuclear fuel in the



nuclear reactors that have been developed and are being used to
produce electrical power. In the United States some 40% of the
electricity produced in nuclear reactors comes from plutonium-239
(the remainder coming from uranium-235). Thus more electricity is
produced from plutonium-239 as fuel than is produced from oil as fuel
in the United States.

So now I turn to Tom Pigford and the Department of Nuclear
Engineering here at Berkeley, i.e., to the area of the peaceful use of
atomic energy for the generation of electricity. .,

The Department of Nuclear Engineering was established earlier
in the 1950s, but it had somewhat of a rocky start and was in need of
new leadership when | assumed my role as Berkeley Chancellor in the
summer of 1958. | believe that | can best convey a pungent and even
dramatic description of that situation by quoting from the journal,
ggvferigg my Chancellor days, some of the 26 entries referring tc Tom

igford: | o

May 12, 1959: At 11 a.m. | had an appointment in my office
with Tom Pigford to try to convince him to accept the
position as Chairman of our Department of Nuclear. -

- Engineering. He said that if he were to accept the position,
he would like eight faculty members, distributed among
Mechanical Engineering, Metallurgy, Electrical Engineering -
and materials work. | said that he could probably have -
those by 1960-61 or at the latest the next year, subject to
review of the budget. He would like about 14 teaching

_ assistants (about 7 FTE), which | said we could probably .
work out. He would also like four secretaries; | said this
would be very doubtful. He asked about space; |
mentioned Office of Architects and Engineers support :
eventually but said it would be tight for awhile. He wanted
to know who the new dean will be and | answered that we . .
don’t know yet but that it will be a scientifically-minded
person, as he would wish. He talked to Ken Pitzer this
morning and will talk with Mike O'Brien this afternoon. It
may be a joint appointment with Chemical Engineering, and
this is being discussed with both deans (who are both ‘
looking upon the appointment of Pigford very favorably, by
the way). Pigford might accept the position even before -
the new dean is appointed (as he would want to have a
hand in the selection of the staff). He may ask O'Brien to.




in order to produce something over 1019 neutrons per
second. | said that this creates a real health hazard and
that | agree with Hardin Jones that this has to be looked
into very carefully with respect to where such a linear
accelerator would be placed. It would require substantial
shielding and might not fit into Engineering Unit #1, but |
would require a separate building on campus.

November 21, 1960: At 3 p.m. | met with Bill Dauben,
Hardin Jones, Daniel Mazia, Burton Moyer, Thomas -
Pigford, John Whinnery and Sandy Elberg to discuss the
provisions for safety in the planned neutronics Iaboratory
in Engineering Unit #1. -

December 21, 1960: At 4 p.m. | called Tom Pigford to warn
him of the difficulties regarding the allocation of an :
additional 162 grams of Pu233, but | said that | am okaying
the letter and sending it out. Laughmgly, I told ' him that if
he has an accident with the stuff, there will probably be not

. only a new head of Nuclear Englneermg but also a new
chancellor.

January 27, 1961: [ finalized a memo to the AACon -
Nuclear Engineering (among others) as follows: | would
follow the program for the expansion of our Nuclear
Engineering Program along the lines of my conversation
and commitment with Chairman Thomas H. Pigford when I
convinced him to come with us (May 12, 1959, -
memorandum, and Pigford's letter of May 26, 1959) ‘These
include the estimation that he would need elght full-time
faculty members, distributed among mechanical, electrical
and chemical engineering, experimental and theoretical
physics, and materials work; about fourteen teaching and
research ass:stants and additional secretarial help "o

| left for Washington, D.C., four days later to serve as Chairman
of the Atomic Energy Commnssnon | returned to Berkeley to resume
my professorship in November 1971. | had continuing contacts with
Tom Pigford, in his various roles as advisor to the AEC during that
time. :

Perhaps it is appropriate to conclude these remarks w:th a fmal
quotation from my journal:



July 13, 1987: Leaving a little before 1 p.m. | drove down to
the campus and went to Room 721 in Davis Hall to attend a
meeting of the Search Committee for the Chairman of the
campus Department of Nuclear Engineering. As I was
approaching the meeting room, I ran into Dean Karl Pister
who expressed appreciation for my participation in this
endeavor. Present at the meeting were Joseph Penzien
(Chairman), L. M. Grossman, W. Kunkel (who arrived late),
E. C. Morse, T. H. Pigford, J. M. Prausnitz, V. E. Schrock
and A. W. Searcy. We met from about 1 p.m. until 3 p.m.
After much discussion we chose T. Kenneth Fowler as our
first choice....After the meeting I talked to Pigford, whom |
appointed as Chairman of the Nuclear Engineering
Department in 1959, who told me that he has served in that
capacity for 14 of the last 28 years.

I would like to conclude by expressing my admiration for the
consistent standard of excellence with which Tom Pigford has served
the University and the Department of Nuclear Engineering.
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E. O. Lawrence, Seaborg, and J. R. Oppenheimer, Berkeley, 1946.

Edwin M. McMillan, Berkeley, June 8, 1940.

Arthur C. Wahl and Seaborg in Room 307, Gilman Hall,

February 21, 1966. Seaborg is holding a sample of plutonium
(in the cigar box), upon which nuclear fission was demonstrated
in 1941.
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Figure 1: E. O. Lawrence, Seaborg and J. R. Oppenheimer, Berkeley 1946
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Figure 2: Edwin M. McMillan, Berkeley, June 8, 1940



Figure 3:
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Arthur C. Wahl and Seaborg in Room 307, Gilman Hall, _
February 21, 1966. Seaborg is holding a sample of plutonium
(in the cigar box), upon which nuclear fission was
demonstrated in 1941.
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