








intellectual community in the discussion, and to help
establish an official LANL position on the minimum
pit lifetime based on sound scientific understanding.
These workshops laid the groundwork for the joint
2006 lifetime assessment submitted by the two labs.

An induction furnace that might be used to heat a pluto-
nium alloy.

The pit-lifetime assessment has been used to make
national policy decisions on pit reuse, pit-fabrication
facilities, and the Reliable Replacement Warhead. The
assessment contributed to NNSA’s decision to forego
construction of a modern pit facility and designate Los
Alamos as the “preferred alternative” for maintaining a
small-capacity pit-manufacturing capability.

Plutonium Oxides and Disposition of

Weapons-Usable Plutonium
Binary actinide oxides such as PuO are of
tremendous technological importance with
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widespread application as nuclear fuels, long-term
storage forms of surplus weapons materials, and
power generators (plutonium-238) for interplanetary
exploration. They are also of great importance in
corrosion reactions (uranium and plutonium) in
nuclear weapons and in the migration behavior of
plutonium in the environment.

Scientists widely held that oxidation of plutonium to
compositions with an atomic oxygen to plutonium
ratio higher than 2.0 was not possible. Therefore, PuO
became the generally accepted chemical form for long-
term storage of excess weapons plutonium and the
established form of plutonium in the environment.
This belief was shaken when Los Alamos scientists
reported the formation of PuO  through the reaction
of PuO with water vapor in 2000. This reaction was
accompanied by evolution of H gas, which initiated
intense interest surrounding gas generation during
storage and transport of excess weapons plutonium.

The Los Alamos Seaborg Institute organized a series
of workshops to discuss the status of the structure,
properties, and reactivity of PuO and other oxides.
Subsequent workshops discussed how the new data
and a strong technical understanding ensure the safe
and proper stewardship of actinide oxide materials.
Although originally controversial, the formation of
PuO is now widely accepted by the international
actinide-science community, and its formation is
included in modern thermodynamic models. The
structural arrangement of atoms, the role of impurities
in gas generation, and the role of radiolysis are still
important topics under study today. A summary

of important findings is described in the Actinide
Research Quarterly 2nd and 3rd quarters 2004.

Postdoctoral Fellows Program

The Institute’s Postdoctoral Fellows Program provides
a broad intellectual community for actinide science
in support of Laboratory missions and creates a
mechanism to attract and retain a future generation
of actinide scientists and engineers. The program also
fosters sustained excellence and enhanced external
visibility in actinide science.

Seaborg postdoctoral fellows perform research
that supports new actinide science at the single-
investigator or small-team level in the areas of
actinide physics, chemistry, metallurgy, sample
production, experimental-technique development,
theory, and modeling. Funded by the Laboratory
Directed Research and Development Program,

Los Alamos National Laboratory



These photos show a wide variability in color and general appearance for samples of plutonium dioxide. This variability in the
appearance of plutonium dioxide samples is well known, and while the material is normally olive green, samples of yellow,
buff, khaki, tan, slate, and black are also common. It is generally believed that the color is a function of chemical purity,

stoichiometry, particle size, and method of purification.

Seaborg postdoctoral fellows are selected in a highly
competitive process and are supported half time by the
Institute and half time by program support provided by
their mentors.

Recent Seaborg postdoctoral fellows have conducted
research in several LANL divisions, including
Materials Science and Technology, Earth and
Environmental Science, Theoretical, Chemistry,
Nuclear Materials Technology, and Materials Physics
and Applications. Their research has included studies
of electron correlations in neptunium, the synthesis
of actinide organometallic

The actinide series marks the emergence of 5f electrons
in the valence shell. Whether the 5f electrons in
actinide molecules, compounds, metals, and some
alloys are involved in bonding has been the central and
integrating focus for the fields of actinide chemistry
and physics. In the pure elements, those to the left

of plutonium in the periodic table have delocalized
(bonding) electrons and elements to the right of
plutonium are localized (non-bonding). Plutonium

is trapped in the middle, and for the delta-phase
metal, the electrons are in an exotic state of being
neither fully bonding nor localized, which leads to

compounds (compounds
with metal-carbon bonds),
phase transformations and
energetics in plutonium,
covalency within f-element
complexes, radiation-
damage effects in uranium-
bearing delta-phase

The purpose of the Institute is to provide a focus for
transactinium science, to develop and maintain US
preeminence in transactinium science and technology,
and to help provide an adequate pool of scientists and
engineers with expertise in transactinium science.

oxides, thermodynamic
measurements of actinides,
and structure and
property relationships in actinide intermetallic alloys
(alloys with a super-lattice crystal structure, unlike
conventional alloys).

Heavy Element Chemistry

The Institute leads the DOE Office of Basic Energy
Sciences Heavy Element Chemistry Program at Los
Alamos. The central goal of this program is to advance
the understanding of fundamental structure and
bonding in actinide materials.
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novel electronic interactions and unusual physical

and chemical behavior. The issues surrounding
localized or delocalized 5f electrons pervade the
bonding descriptions of many actinide molecules

and compounds, and the degree to which 5f electrons
participate in chemical bonding in molecular
compounds is unclear. In the normal nomenclature of
chemistry, the delocalized electrons are those involved
in covalent bonding, while the localized electrons give
rise to ionic behavior.

25



The Los Alamos approach
to understanding covalency
and electron correlation

in actinide molecules and
materials is to combine
synthetic chemistry,
sophisticated spectroscopic
characterization, and
advanced theory and
modeling to understand
and predict the chemical
and physical properties of
actinide materials. This
multidisciplinary approach
is an established strength at
Los Alamos and provides
the scientific means

to formulate rational approaches to solve complex
actinide problems in a wide variety of environments.

Seaborg points to the
element 106, seaborgium,
on the periodic table of the
elements. He is the only
person to have a chemical
element named for him
during his lifetime.

Nuclear Energy

Plutonium is the linchpin of any future nuclear-energy
strategy. It is a byproduct from “burning” uranium in
a nuclear reactor. Next-generation nuclear fuel cycles
are designed to safely use and recycle nuclear fuels to
enhance energy recovery and dispose of waste more
efficiently. Safety and waste management, as well as
robust safeguards to limit proliferation, are issues

that will be addressed internationally to enable long-
term sustainability of nuclear power. A combination
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of technologies is currently being developed to achieve
these long-term goals, and further efforts are required
in fundamental research, particularly in the scientific
fields related to the light-actinide elements, which
make up the first half of the actinide series.

The Seaborg Institute has formally contributed to
the development of nuclear-energy programs at Los
Alamos and nationally since 2001.

The Future of Los Alamos as a Center of

Excellence

Los Alamos will remain the center of excellence for
nuclear-weapons design and engineering as well as
plutonium research, development, and manufacturing
under NNSA’s complex transformation. As NNSA’s
weapons-complex transformation reduces the size of
the nuclear-weapons program, the Laboratory must
maintain the breadth of capabilities that support
stockpile stewardship and nuclear deterrence. At the
same time, Los Alamos must also produce innovative
discoveries that will lead to new missions in plutonium
science and engineering and provide the capabilities to
address future technological challenges. T

Points of contact:

David L. Clark, 505-665-6690, diclark@lanl.gov
Gordon D. Jarvinen, 505-665-0822, gjarvinen@lanl.gov
Albert Migliori, 505-667-2515, migliori@lanl.gov
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Glenn T. Seaborg

The 1930s and early 1940s were exciting times on
the University of California’s Berkeley campus.
Ernest O. Lawrence and M. Stanley Livingston
invented the cyclotron there in 1931, giving
researchers a tool with which to bombard various
elements with intense, high-energy beams of
neutrons or deuterons in order to produce nuclear
reactions. Before the cyclotron was invented, only
very weak beams of subatomic particles—produced
by natural sources, e.g., radium—were available for
such research.

The nuclear reactions produced by the cyclotron’s
intense beams produced many new elements and
isotopes. Nearly all were radioactive.

Glenn T. Seaborg was inspired to enter the new
field of transuranium elements—whose purview is
elements heavier than the heaviest known natural
element, uranium (atomic number 92)—soon
after he arrived at Berkeley for graduate studies
and heard of Enrico Fermi’s 1934 experiments

in Rome in which uranium was bombarded with
a weak beam of high-energy neutrons. Fermi’s
group thought the radioactive products of these
experiments were isotopes of transuranium
elements, which had never been seen before. In
1939, Otto Hahn and Fritz Strassman showed
that the products were in fact two approximately
equal-sized nuclear fragments, certainly not
transuranium elements. These German scientists
provided the first experimental evidence that
these nuclear fragments were instead the result of
nuclear fission—and reason to think an atomic
bomb could be built.

Seaborg received his doctorate in chemistry
from Berkeley in 1937 at age 25. His thesis
experiment provided what was probably the
first unequivocal evidence that neutrons could
lose energy when they scattered from atomic
nuclei. Remaining at Berkeley as Gilbert Lewis’
laboratory assistant, Seaborg collaborated with
physicists Jack Livingood and Emilio Segre to
discover several radioactive isotopes used by
other researchers to perform groundbreaking
biological and medical studies shortly after the
new isotopes were discovered.
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A portrait of Seaborg
in his laboratory at
Berkeley.

Seaborg and
Segre present
the one-half-
microgram
sample of
plutonium to
the Smithso-
nian Institution
in 1966.

Meanwhile, Lawrence had been steadily making
bigger and bigger cyclotrons to increase their

beam energy. The first working cyclotron, which
produced 80-keV protons, was 4 inches in diameter.
The 60-inch-diameter cyclotron, which began
routine operation in February 1939, produced
16-MeV deuterons. (A deuteron consists of a proton
bound with a neutron.) The 60-inch cyclotron

was used to make the first two transuranium
elements—neptunium and plutonium.

In 1940, Edwin McMillan and Philip Abelson
bombarded natural uranium—which is mostly
uranium-238—with neutrons from the 60-inch
Berkeley cyclotron. One product of these
experiments was an isotope with atomic number
93, atomic mass 239, and a half-life of 2.5 days
(later revised to 2.356 days). When an atom of
uranium-238 was bombarded with the cyclotron’s
neutrons, it sometimes absorbed one of them to
become uranium-239, which then decayed, with a
half-life of 23.45 minutes, by emitting an electron
to become the first known transuranium element.
McMillan named it neptunium, because Neptune
is the next planet after Uranus, after which
uranium had been named 150 years earlier.

McMillan then began looking for the decay
product of neptunium-239. According to
calculations, it would be an isotope with atomic
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number 94 and atomic mass 239. He didn’t find
anything, so he assumed (correctly) that the half-
life of the decay product he sought must be very
long. Hoping to find a short-lived isotope with
atomic number 94, McMillan began bombarding
uranium with deuterons from the 60-inch
cyclotron instead of neutrons. The experiment was
cut short when he was called to the Massachusetts
Institute of Technology to work on wartime radar.

Seaborg continued McMillan’s experiment,
along with Arthur C. Wahl, one of Seaborg’s
two graduate students, and Joseph W. Kennedy,
a fellow Berkeley instructor. The team soon
tentatively identified an isotope with atomic
number 94, atomic mass 238, and a half-life

of approximately 50 years (later revised to

87.74 years), but felt they didn’t
have enough proof to announce
the discovery of another new
element. However, in an
experiment that began the night
of February 23, 1941, and ran

well into the next morning, Wahl
confirmed that the isotope’s
atomic number was in fact 94. A
second transuranium element had
been found.

Thinking they’d reached the

end of the periodic table (which
turned out to be false), Seaborg’s
team considered naming the
new element “extremium” or
“ultimium,” but then decided to follow McMillan’s
lead and call it plutonium, for Pluto, which at

the time was thought to be the next planet after
Neptune. They chose “Pu” for the new element’s
symbol—for its obvious olfactory allusion—
although this prank later got much less of a rise
from their fellow scientists than they had hoped.

Plutonium-238 decays by emitting alpha particles,
which are self-absorbed by the plutonium-238
and heat it, making it an excellent heat source.
Plutonium-238 is commonly used to heat

a thermoelectric element, which converts

heat to electricity used to power equipment
onboard spacecraft. For example, the electrical
equipment on the two Mars Rovers is powered

This cigar box held a one-
half-microgram sample of
plutonium that Seaborg
produced at Berkeley in 1941.
Seaborg and Segre presented
the sample and its carrier to
the Smithsonian Institution.

by thermoelectric generators heated by
plutonium-238 produced at Los Alamos. However,
plutonium-238 cannot easily be made to fission
and therefore cannot produce the nuclear chain
reaction required for a power reactor or a bomb.

But Seaborg and his team also discovered

another plutonium isotope. Neptunium-239
decays by emitting an electron to become
plutonium-239, whose half-life of 24,100 years
explained McMillan’s failure to detect it. Early in
1941, Kennedy, Seaborg, Segre, and Wahl found
that plutonium-239 fissions when bombarded

by neutrons, like uranium-235 does. Thus,
plutonium-239 and uranium-235 could potentially
be used to make atomic bombs.

Seaborg’s team submitted their
results to Physical Review at the end
of May 1941. Because of the war
effort, however, the paper was not
published until 1946.

During World War II, Berkeley
gave Seaborg a leave of absence
from his job as a chemistry
professor to work at the Univer-
sity of Chicago Metallurgical
Laboratory. Seaborg led the
group of scientists that devel-
oped the chemical extraction
process to produce plutonium
for the Manhattan Project. The
Manhattan Project secretly
produced enough uranium-235 and pluto-
nium-239 to make the world’s first atomic bombs.

After World War II, Seaborg codiscovered
americium, curium, berkelium, californium,
einsteinium, fermium, mendelevium, nobelium,
and seaborgium. He is the only person for whom

a chemical element was named during his lifetime.
McMillan and Seaborg shared the 1951 Nobel
Prize in Chemistry for discovering the first two
transuranium elements.
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Backward

Glance

uring the Manhattan Project, the US Army
Corps of Engineers provided all support
services, including maintenance and utilities,
for the laboratory and the townsite. In 1946,
President Truman signed the Atomic Energy
Act, which established the Atomic Energy Commis-
sion (AEC), a civilian agency. Under the terms of
the 1946 act, the AEC was to be the “exclusive owner”
of production facilities, but could let contracts to
operate those facilities. At midnight on December 31,
1946, Manhattan Project assets transferred to the
AEC. In 1947, the AEC began oversight of the Los
Alamos Scientific Laboratory and the closed town of
Los Alamos.

When the Zia Company was organized in April 1946
to assume support operations for Los Alamos, security
was still very tight. Not only were badges required for
all office and laboratory workers, but every resident,
including children, needed a pass to get through the
main gate (formerly a restaurant named Philomena’s
and now De Colores on Route 502).

AEC officials decreed that employees of the new Zia
Company would be given badge numbers with the

The Origin of the Z Number

prefix “Z.” Until then, everyone had US Army security
credentials. The protective force badge office slipped
the letter Z and the number 00001 into its camera

and the word went out to the Zia office for employees
to report to the badge office and receive a new badge.
When US Army numbers were dropped, other Los
Alamos residents were given “Z” numbers too.

As the property management agent for the AEC, the
Zia Company furnished plumbers and other craftsmen
around the clock to repair furnaces, roof leaks, or
whatever else might go wrong. Among other services,
Zia workers installed clotheslines, planted trees, painted
rooms, and changed light bulbs. In 1966, all residences
were sold and then Los Alamos residents had to do
their own maintenance or call commercial craftsmen.

Los Alamos National Laboratory still assigns Z
numbers to employees. A “Z” number is a permanent
employee number assigned to only one person. This
number identifies the employee throughout his or her
career at the Laboratory and is the same number even
if the employee should return decades later. TT17]

MAIN GAT

PASSES MUST BE

The main gate as it appeared during the Manhattan Project.

Inset, the location of the former main gate as it appears today.

.\-‘)'- 4, o '____-'_"!_“'

F AR, e




/F} Presorted Standard
U.S. Postage Paid
° LOS AlamOS Albuquerque, NM

NATIONAL LABORATORY d
————— EST.1943 ———— Permit No. 532

Nuclear Weapons Journal
PO Box 1663

Mail Stop A142

Los Alamos, NM 87545

Issue 2 2009 LALP-10-001

Nuclear Weapons Journal highlights ongoing work in the nuclear weapons programs at Los Alamos National
Laboratory. NWJ is an unclassified publication funded by the Weapons Programs Directorate.

Managing Editor-Science Writer ~Editorial Advisor Send inquiries, comments, subscription requests,
Margaret Burgess Jonathan Ventura  or address changes to nwpub@lanl.gov or to the
Designer-Illustrator Technical Advisor Nuclear Weap 05 i ournal
Jean Butterworth Sieg Shalles Los Alamos National Laboratory
Mail Stop A142
Science Writers Printing Coordinator Los Alamos, NM 87545
Brian Fishbine Lupe Archuleta

Octavio Ramos

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, ﬁf‘ ' ,' D Q@i
is operated by Los Alamos National Security, LLC, for the National Nuclear Security iﬁ/’ ' mi
Administration of the US Department of Energy under contract DE-AC52-06NA25396. National Nuclasr Securlty Administration
This publication was prepared as an account of work sponsored by an agency of the US Government. Neither Los Alamos National Security, LLC, the US
Government nor any agency thereof, nor any of their employees make any warranty, express or implied, or assume any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed or represent that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise
does not necessarily constitute or imply its endorsement, recommendation, or favoring by Los Alamos National Security, LLC, the US Government, or
any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of Los Alamos National Security, LLC, the
US Government, or any agency thereof. Los Alamos National Laboratory strongly supports academic freedom and a researcher’s right to publish; as an
institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness.





