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Glenn Theodore Seaborg was born on April 19, 1912, in Ishpeming, Michigan. The

family moved to California in 1922. He graduated from the University of California at

Los Angeles in 1934 and went on to earn his doctorate at the University of Cali-

fornia at Berkeley in 1937. He maintained a teaching and research relationship at

Berkeley throughout his career, though much of his time was spent working on

projects for the United States government and serving on numerous commissions.

For three years after getting his doctorate Seaborg did research to discover new

isotopes of common elements. In 1940, with Edwin McMillan and coworkers, he

began work on the production of transuranic elements. McMillan had already

isolated neptunium by bombarding uranium in a cyclotron.

From 1940 to 1958 they identified nine new elements, encompassing the atomic

numbers 94 to 102. The best known of the new elements is plutonium (94), be-



cause it is used in nuclear explosives and as fuel for nuclear reactors. The first in-

dustrial production of plutonium took place in the laboratory in Chicago under the

guidance of Enrico Fermi. The other new elements were americium (95), curium

(96), berkelium (97), californium (98), einsteinium (99), fermium (100), mendele-

vium (101), and nobelium (102). The prediction of the chemical properties and

placement of these and heavier elements in the periodic table was aided by a prin-

ciple known as the actinide concept, proposed by Seaborg in 1944. The principle

specifies that actinium and the 14 consecutive elements heavier than it belong in a

separate group in the periodic table, now called the actinide series.

Edwin McMillan, June 8, 1940

In 1946, following World War II, Seaborg returned to Berkeley as professor of chem-

istry and director of nuclear chemical research at the Lawrence Radiation Lab-

oratory. He became associate director of the laboratory in 1954. From 1958 to 1961

he served as chancellor at Berkeley. President John F. Kennedy appointed him

chairman of the Atomic Energy Commission in 1961. He was the first scientist to

serve in that position. He left the commission and returned to Berkeley in 1971 as

university professor and was again director of the nuclear chemical research

laboratory from 1972 to 1975.



In addition to the Nobel prize in 1951, Seaborg won many other awards and com-

mendations. He was given the Enrico Fermi award in 1959. Other prizes included

the John Ericsson gold medal from the American Society of Swedish Engineers, the

Order of Vasa, and the order of the French Legion of Honor. He was named

Swedish American of the Year in 1962.

Glenn T. Seaborg speaks for himself:

Discovery of Plutonium

My co-workers and I (Edwin McMillan, Joseph Kennedy and Arthur Wahl) first

synthesized and identified, that is, discovered, plutonium (atomic number 94, sym-

bol Pu) at U.C. Berkeley on the night of February 23-24, 1941. We found this pluto-

nium in the form of isotope 238Pu. This isotope was produced by the bombardment

of uranium with deuterons in the 60-inch cyclotron at U.C. Berkeley.
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Plutonium in G. N. Lewis' cigar box.



Kennedy, Wahl and I were soon joined by Emilio Segrè. Together we discovered

the isotope 239Pu, produced by the bombardment of uranium with neutrons. We

demonstrated that this isotope was fissionable with slow neutrons on March 28,

1941.
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Pu-239 was first isolated in visible amounts (the first such observation from a trans-

mutation reaction) on August 20, 1942 and first weighed on September 10, 1942 in

my laboratory at the wartime (WWII) Metallurgical Laboratory of the University of

Chicago. While working there I was responsible for devising the multi-stage

chemical process for the separation, concentration and isolation of plutonium,

which was successfully used at the pilot plant, the Clinton Engineer Works, in

Tennessee and the production plant, the Hanford Engineer Works, in the state of

Washington.

Pu-238 has become the energy source powering satellites and other projects of our

national space program. Pu-239 is the main explosive ingredient for nuclear bombs

and an important energy source of nuclear power reactors.

Actinide Hypothesis and Periodic Table Reconstruction

In 1944, I formulated the “actinide concept” of heavy element electronic structure.

This concept predicted that the fourteen actinides, including the first eleven trans-

uranium elements, would form a transition series analogous to the rare-earth series

of lanthanide elements and therefore show how the transuranium elements fit into

the periodic table.

I was warned at the time that it was professional suicide to promote this idea, which

has since been called one of the most significant changes in the periodic table

since Mendeleev’s 19th century design. Luckily, I stuck to my guns and have seen

the actinide concept become the foundation for many significant discoveries in

heavy element research.

First Medical Isotope Discoveries

During the late 1930’s, my co-workers and I discovered a number of radioisotopes

that have become the workhorses of nuclear medicine.



John J. Livingood and I discovered radioisotopes, including I-131 and Co-60, that

are crucial to the diagnosis and treatment of many life-threatening diseases. For

example, treatment with I-131 made possible my mother’s complete recovery from

thyroid disease. Former president George Bush and first lady Barbara Bush both

were successfully treated for Graves’ Disease with this isotope.

Seaborg with J. J. Livingood

Emilio Segrè and I discovered Tc-99m, which is used in nearly ten million medical

diagnostic procedures every year. Margaret Melhase and I discovered Cs-137,
which has found substantial use as a γ-ray source in a variety of medical applica-

tions, similar in practice to that of Co-60.

In all, eight radioisotopes used in nuclear medicine were discovered by my co-

workers and me. They are: Cs-137, Co-57, Co-60, I-131, Fe-55, Fe-59, Tc-99m, and

Zn-65. Use of these isotopes for medical purposes has saved many thousands of

lives. I am proud my work has proven to be such a benefit to society.

Stepwise Discoveries of Americium to Seaborgium (95 to 106)

My co-workers and I discovered nine additional transuranium elements (besides

plutonium) during the years 1944-1974. They are: americium (95), curium (96),

berkelium (97), californium (98), einsteinium (99), fermium (100), mendelevium

(101), nobelium (102) and seaborgium (106).



Heavy Element Chemistry

For the past half-century, my colleagues and I have investigated the chemical

properties of the heaviest elements, called transuranium elements. The synthetic

transuranium elements beyond the heaviest naturally occuring element, uranium

(atomic number 92), were all produced and identified by the use of nuclear reac-

tions. The first eleven such elements, neptunium (93) through lawrencium (103)

have electrons added to the inner “5ƒ shell” and are members of a second fourteen-

member rare earth type series, the actinide elements, chemically analogous to the

naturally occuring fourteen-member lanthanide series, cerium (58) though lutetium

(71), in which the “4ƒ shell” is being filled. Thus the element curium (96) is

chemically homologous with gadolinium (64) and lawrencium (103) with lutetium

(71).

The synthetic elements beyond atomic number 103, the transactinide elements, i.e.,

rutherfordium (104), hahnium (105), seaborgium (106), etc., are expected to be

analogous in chemical properties to the elements beyond atomic number 71, that is,

hafnium (72) tantalum (73), tungsten (74), and so forth.

The elements 93-99 were first studied chemically by the tracer technique and then

later by work with macroscopic quantities. To date, (1997) the elements 100-106

have been studied chemically by the tracer technique; those experimental obser-

vations indicate that these elements generally have the expected chemical pro-

perties.

Work with the Father of Physical Chemistry - G.N. Lewis

I worked with the great physical chemist, Gilbert Newton Lewis, at U.C. Berkeley

from 1937-1939. I published three papers (1939-1940) with him on the generalized

concept of acids and bases with emphasis on his new theory of primary and

secondary acids and bases.

This theory suggested there is a large group of acids and bases, called primary,

which require no energy of activation in their mutual neutralization. There is another

group called secondary. A secondary acid does not combine, even with a primary

base, nor does a secondary base combine with a primary acid, except when

energy, and frequently a large energy of activation, is provided.

The signficant papers Lewis and I did together include:



Primary and secondary acids and bases. G.N. Lewis and G.T. Seaborg. J. Am

Chem. Soc. 61, 1886 (1939).

Trinitrotriphenylmethide ion as a secondary and primary base. G.N. Lewis and G.T.

Seaborg. J. Am Chem. Soc. 61, 1894 (1939).

The acidity of aromatic nitro compounds toward amines. The effect of double

chelation. G.N. Lewis and G.T. Seaborg. J. Am Chem. Soc. 62, 2122 (1940).

G.N. Lewis

First Tables of Isotopes

In 1940, my colleague Jack Livingood and I published the first Table of Isotopes, a

total of 17 pages. This edition was followed by another in 1944 (32 pages); again in

(1948), this time published with Isadore Perlman (83 pages); in 1953 with Perlman

and J.M. Hollander (183 pages) and in 1958 with Hollander and D. Strominger (319

pages). In the 1953 Table we first introduced the superscript “m” following the mass

number to designate the metastable excited state.

The Table of Isotopes has continued to be produced at Lawrence Berkeley National

Laboratory by the Isotopes Project group. The data evaluation and dissemination

activities of the group are coordinated with other national and international data

efforts. The most recent edition of the Table of Isotopes (the 8th), published in 1996,

fills two large volumes numbering over 3,000 pages altogether and contains

nuclear structure and decay data for over 3100 isotopes and isomers. This edition



was also published on CD-ROM, initiating a new electronic era. The CD-ROM

edition provides considerably more data in a very compact format and can be easily

updated from the underlying databases. In addition, the Table of Isotopes data are

also available on the World Wide Web:

(http://isotopes.lbl.gov/isotopes/toi.html)

Fission

My stay in Washington, D.C. during the 1960’s only temporarily interrupted the work

I began in this field ten years earlier. When I returned to Berkeley I worked with my

students and other co-workers, including Walter Loveland, Darleane Hoffman and

David Morrissey. This research employed radiochemical methods to study the

mechanisms of heavy ion induced nuclear reactions over a broad range of bom-

barding projectiles and energies.

We studied low energy, deep inelastic reactions with special emphasis on charge

equilabration, the properties of heavy residues in intermediate energy nuclear

collisions and target fragmentation in relativistic and ultrarelativistic reactions. We

also made attempts, so far unsuccessful, to synthesize and detect superheavy

nuclei in the “Island of Stability” postulated to center around the element with the

atomic number 114.

For example, in the low energy reactions we identified the relative yields of quasi-

elastic scattering, deep inelastic scattering, fusion-fission, and fission de-excitation

of transfer and deep inelastic products from the fragment mass distributions. The

multi-nucleon transfer reactions were used as effective tools to synthesize many

new heavy nuclei.

Spallation

In the 1940's and 1950's, my co-workers and I made chemical identifications of the

products from the first bombardments with light projectiles (protons, deuterons and

helium ions) in the 100 MeV energy range using the then new 184-inch cyclotron at

Lawrence Berkeley Laboratory.

We observed in each case a large number of radioactive product isotopes ex-

tending over an atomic number range of 10 or 15 or 20, corresponding to the ejec-

tion of a large number of particles.



In order to distinguish these reactions from the then ordinary nuclear reactions in

which only one or two particles are ejected, in 1947 I coined the term “spallation”

reactions. This term has since become standard in the field.


