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AMERICIUM - FROM DISCOVERY TO THE
SMOKE DETECTOR AND BEYOND#*

Keith Kostecka, Columbia College-Chicago

Introduction

Figure 1. (left to right). Glenn Seaborg, Albert Ghiorso,
Ralph James and Tom Morgan.

Since its isolation by Seaborg and his colleagues in 1944,
americium has proven to be an element that is quite
useful. Discussion of the discovery, announcement of
and naming of this element, its characteristics, isotopes,
applications [including in smoke detectors], use as a
portable gamma ray source, and as a fuel for spacecraft
will be described. The chemistry of americium and
also work being done to reduce the radio-toxicity of the
waste from the reprocessing of used nuclear fuel will
also be noted.

Discovery, Announcement, and Naming

Discovery

In late 1944, in what was the University of Chicago’s
wartime Metallurgical Laboratory [now Argonne Na-

tional Laboratory], Seaborg, Ghiorso, James, and Morgan
(Fig. 1) were the first to “produce” the synthetic element
number 95 (1 - 3). This was accomplished through the
reaction seen in Figure 2

Figure 2. Seaborg led preparation of Americium-241.

239 py + neutron -> 240 py
240 py + neutron -> 241 py
#Pu (t, =132years) > Am + B

[it is now known that Plutonium-241 has a half-life of
14 .4 years (4)]. This discovery was verified by using
tracer techniques, given that there were only a few billion
atoms available of this new element to study (2). Element
95 was the fourth transuranium element to be discovered,
and it was only isolated in amassable quantities in the fall
of 1945 (5). Itis fascinating to note that the method used
to isolate this element warranted a patent in 1964 (6).

Announcement

Given that much of the work of Seaborg and his col-
leagues during WWII was directly related to the war ef-
fort, announcement of important discoveries such as new
elements in the periodic table had to be delayed until after
the war ended before the work could be de-classified.

This was done informally and unintentionally on live
radio on the NBC game show “Quiz Kids” on November
11,1945 (7). Seaborg, appearing as a guest on the show
[which featured children with high 1Qs and included
future (1962) Nobelist James D. Watson], was asked by
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Richard Williams whether any new elements, in addi-
tion to plutonium and neptunium, had been discovered
at Seaborg’s laboratory during the war.

This question was very appropriate since the discov-
ery information had been “’prepared” for announcement
at an American Chemical Society meeting on November
16. Seaborg answered Williams’s question by saying
that two new elements with atomic numbers of 95 and
96 had been discovered (8).

Naming

Element 95 was included in one more radio appearance
before it finally received a name. Seaborg, appearing
on the December 15, 1945 airing of the radio program
“Adventures in Science,” responded to the announcer’s
question as to whether elements 95 and 96 had been
named by stating “..naming one of the fundamental
substances of the universe is, of course, something that
should only be done after careful thought” (7). The an-
nouncer then suggested that listeners should submit their
ideas to the program. Those who sent in ideas received a
free issue of Chemistry magazine that included Seaborg’s
technical paper and a newly revised periodic table. Ideas
received by the program and submitted to Seaborg are
shown in Table 1.

Table 1. Selected Proposed Names for Element 95
Big dipperain
Sunonium
Artifium
Artifician
Cyclo
Mechanicium
Curium
Americium

Ultimately, because of the position of element 95 in the
periodic table and since its lanthanide homolog, euro-
pium, was named after Europe, it made perfect sense to
Seaborg that element 95 be named “americium.” Thus,
it was so named!

Characteristics

Americium, the 95™ element in the periodic table, is a
synthetic solid metal having a silver and white luster
that tarnishes slowly in dry air at room temperature (3).
It is fairly malleable and has a relative atomic mass of
243. Selected properties of this element are listed in
Table 2 (9 - 12).

Table 2. Selected Characteristics of Americium.

Density 13.69 glem’

Melting point 1449 K

Boiling point 2284 K

Oxidation states 4 (+3, +4, +5 and +6)
Atomic radius 173 pm

Crystal structure Hexagonal

Molar volume 17.78 cm’/ mol

Heat of fusion 144 kJ/ mol

Heat of vaporization  238.5 kJ/ mol

Cost, pure $160/mg (Am-243)

Isotopes

Eighteen isotopes of the element have been characterized,
the most stable [and useful] having masses of 243 and
241. Am-243 has a half-life of 7,370 years but has no
broad commercial use. Am-241, termed the “most useful
actinide isotope” by Navratil, Schulz, and Seaborg, and
now available in kilogram quantities, has a half-life of
432 years (5, 13). It has an alpha activity approximately
three times that of radium. When it is handled in gram
quantities, it exhibits intense gamma activity but has not
been found to cause cancer in humans (14). In addition,
although it is fissionable, its critical mass of about 60 ki-
lograms is much higher than that of isotopes of plutonium
and uranium; and therefore Am-241 is a poor choice for
use in a nuclear device.

Applications

The use (and possible future use) of this element can
best be seen in four areas: a neutron source; alpha-ion-
izing radiation; gamma transmission properties; and as
a potential fuel for spacecraft.

Neutron sources containing Am-241 that furnish
alpha particles find use in oil well logging, determining
soil density and moisture content, measuring moisture
content of coke and concrete, and in the activation analy-
sis of a variety of materials
as well as for the testing of
neutron counters (5, 15).
Am-241 is also useful for
its alpha-ionizing radiation
ability. This is manifested
in its applications to deter-
mine gas density, serve as
an ionization detector in
gas chromatography, aid in
the preparation of luminous
paint, determine the unifor-

Figure 3. Residential
ceiling-mounted smoke
detector.
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Figure 4. Inside a smoke detector.

mity of thin films, and help to determine the relative
humidity of air (5).

Of all the applications of Am-241, however, there
is one most familiar to householders everywhere: the
smoke detector (Fig. 3 and 4). In a typical smoke de-
tector, americium oxide is bonded to a substrate and
exposed directly to the air inside (16, 17). In the sens-
ing chamber the americium oxide ionizes the air so that
it becomes a conductor of electricity. Electric current
then flows between the two electrodes in the unit; but
the electricity flow can be interrupted when tiny smoke
particles enter the detector’s chamber. If this occurs, the
alarm circuit is triggered (5). Anyone having a working
smoke detector in the home will have double the chance
to survive a fire.

Am-241 has also been used as a portable gamma
ray source in radiography. Possible uses are in medicine
where gamma emission of Am-241 has allowed the deter-
mination of mineral content of bones, lipid content of soft
tissues, and body composition (5). Other applications
in radiography abound in mineralogy, soil science, and
in hydrology (18). Of further interest is the use of this
isotope in industrial gauging of materials [for possible
internal defects] such as in analysis of metal castings and
welded joints (Fig. 5). Imperfections in brake liners and
in clutches in manual transmissions can also be detected
through this process.

Another use, though with a different isotope, could
be as an advanced nuclear rocket propulsion fuel through
use of the Am-242m isotope. This work, demonstrated
by scientists at Ben-Gurion University of the Negev,
may allow trips from Earth to Mars in as little as two
weeks (19)! This fairly rare nuclear material could likely
maintain nuclear fission existing as an extremely thin
metallic film while its high-energy, high-temperature
fission fragments escape from the fuel and can thereby
lead to faster interplanetary travel.

Chemistry of the Element

The chemistry of this element is best described through
its synthesized compounds of Am-241 and in efforts to
reduce radiotoxicity of spent nuclear fuel.

Compounds

The first compound of americium [Am(OH),] was iso-
lated in the fall of 1945 by Cunningham (5). A variety
of halides, oxides, carbonates and sulfates have been
prepared and are noted in Table 3 (20). It is apparent
that the “preferred” charge for Americium in these com-
pounds is +3.

Table 3. Selected Compounds of Americium

Oxides: AmO,, Am, O;, AmO, , , ,

Halides: AmF3, AmF4, AmOZFZ, AmClz, AmCl3,
AmOCl AmBr;, AmBr,, Aml,, Aml,,
AmOI

Carbonates: Am, (CO;) ;, MAmOCO;,

Sulfates: Am, (SO,) ;, MAm(SO,) ,

More recent work has led to the preparation and study of
nitrides, phosphides, sulfides, monochalcogenides, and
monopnictides of americium (21 - 24). This work has
included the study of how pressure affects the nature of
the element’s 5f electrons (25) and even the pressure ef-
fects on the superconductivity of AnTGag systems where
An = Np, Pu and Am, while T = Co, Rh and Ir (26).
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Figure 5. Gamma radiography.

Reducing Radio-toxicity

Given that americium and other transplutonium elements
are responsible for much of the long-lived radiotoxicity of
spent nuclear fuel, a great deal of work has [and is being]
done on the extraction of americium (3). If americium
and curium are so removed, the remaining spent fuel
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would thus re- —
quire a shorter
isolation time.
Efforts to ad-
dress this chal- i Co - OR
lenge have in- RO "(']' | T
volved the use
of triazines
and other
compounds as
potential ex-
traction agents
(27). The use
of 2,6-di(5,6-
dipropyl- Figure6. Structure of the Klaui ligand.
1,2,4-triazin-

3-yl)pyridine was reported to lead to a 99.95% removal of
americium from a feed phase, while a synergistic mixture
of di(chlorophenyl)dithiophosphinic acid and tri-n-octyl
phosphine oxide as extractants led to a 99.996% removal
(28). Researchers are also identifying molecules such as
the Klaui ligand, which has the ability to extract actinides
from the environment (Fig. 6). In fact, this compound
begs the question: Computational Actinide Chemistry:
Are we there yet (29)?

RO,

Conclusion

It has been clearly shown that americium is an element of
significant interest through a consideration of its history
from discovery to its applications and beyond.
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