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The sole chemical element discovered in Italy was iden-
tified by Emilio Gino Segre (a physicist) and Carlo Perrier (a
chemist) at the University of Palermo. It happened in 1937,
but this story begins long before. To recall all the stages that
led to the discovery, it is useful to show how, at the begin-
ning of the 20th century, by only changing its search strat-
egy chemistry could increase the number of elements in its
store.

This discovery, in 1937, represented a turning point in
the history of chemistry: for the first time, an element that
could not be found in minerals was produced by man in a
laboratory. Accordingly, chemists had to change their men-
tal habits and their criteria to recognize new elements: not
only could elements be created by man, starting from those
already known, but the analytical signals they provided with
the most advanced instrumental techniques could be accepted
as a proof of existence. Previously detectable quantities had
to be produced before the discovery could be acknowledged.
New elements need not be discovered by lengthy and tradi-
tional analytical operations, such as dissolution, precipitation,
fractional crystallization, filtration, solvent extraction, and
distillation since their existence could be verified with spec-
troscopic or radiochemical analysis. Because unweighable
quantities of new elements gave faint emission lines or iden-
tifiable radioactive emissions, successful detection of new el-
ements could be accomplished by collaborations between
physicists and chemists.

The story began in Palermo, where Stanislao Cannizzaro
(later professor of chemistry and dean of the University of
Palermo) was born; he rose to international reputation dur-
ing the first International Congress of Chemistry, held at
Karlsruhe (Germany) in September 1860. During its final
session, he provided congressmen with a simple criterion to
distinguish between atoms and molecules and to correctly
assess the atomic weight of each element. This was a distress-
ing problem that chemists had unsuccessfully been trying to
solve since the beginning of the 19th century, when John
Dalton (1766-1844) had first proposed his atomic theory.
Despite the high quality of analytical data, from which re-
searchers such as Berzelius determined accurate atomic
weights, the chemical formulas of compounds were in dis-
pute. Dalton used the simple criterion that a single atom
bonded with a single atom in a chemical reaction. This led
him to assume, for instance, a formula as “HO” for water;
moreover, the difference between atomic and equivalent
weight (proposed by Wollaston) was not well understood. As
an attempt to clarify the matter, Friedrich August Kekulé von
Stradonitz (1829-1896) organized the Congress.

Cannizzaro approached the problem along the same ex-
perimental lines he used in teaching chemistry to his class:
analyzing many gaseous substances, of known vapor density
and percent composition, he had found that the quantities

of a given element, held in equal volumes of the free element
or of its compounds, were always a multiple of the same value,
which corresponded to the presence of a single atom in a com-
pound. In this way, according to the hypothesis of Avogadro
(1811), it was possible to establish the correct number of at-
oms of each element in a compound and to correctly deter-
mine its atomic weight.

According to Julius Lothar Meyer (1830-1895),
Cannizzaro’s simple and convincing arguments removed “the
scales that covered the eyes” of the audience (1a), especially
the younger ones. Prominent among these people was the
English chemist John Alexander Reina Newlands (1837-
1898), who was looking for a pattern to classify chemical el-
ements. He had arranged elements according to their
increasing atomic weights, without noticing any regularity.
However, when he used weights determined according to
Cannizzaro’s methods, he found what he called the law of
octaves, “the eighth element, starting from a given one, is a
kind of repetition of the first, like the eighth note in an oc-
tave of music” (14). Newlands gave each element a serial num-
ber, corresponding to its place in the ordered array, which
was thereafter called the ordinal number. Many chemists were
sceptical about this claim, as only a limited number of rep-
etitions were found; others such as Meyer and Dmitri
Ivanovich Mendeleev (1834-1907), tried to improve upon
it.

Mendeleev used Newlands ordering criterion, but chose
the chemical valence of elements to establish a relationship
between them. Following what he called the “natural law of
periodicity” (2), he ultimately arranged elements in rows,
placing in the same column those elements having the same
valence and similar chemical behavior, to obtain an ordered
pattern. He was so confident of the correctness of this intu-
ition that he left empty spaces, where he could not fit any
known element. He boldly postulated that these places would
be filled from elements yet to be discovered, assigning them
provisional names and foreseeing their chemical properties.
Vindicating his confidence, eka-aluminium, eka-boron, and
eka-silicon were identified as gallium (1875, P. M. Lecoq de
Boisbaudran), scandium (1879, L. E Nilson), and germanium
(1886, C. A. Winkler) (3) within a few years of Mendeleev’s
proposal. Two further elements, called eka-manganese and
dvi-manganese as, according to Mendeleev, they should be
placed beneath manganese (4), showing, like it, a series of
colored compounds, were not so easily discovered.

Atomic Number

Mendeleev ordered the elements following an empirical
criterion, which needed a sounder basis; for instance, it had
to be determined how many empty spaces existed and where
they should be placed in the periodic table. In January 1913,
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5Antonius Johannes van den Broek (1870-1926), a Dutch
lawyer fond of science, suggested a relationship between the
atomic number of each element and the number of positive
charges in the nucleus of its atoms (5): the charges of two
adjacent elements must differ by exactly one unit. van den
Broek used these charges to fix their position in the periodic
table (6).

It was the young Henry Gwyn-Jeffreys Moseley (1887—
1915) who gave experimental support to van der Broek’s hy-
pothesis. Working at laboratories at Oxford, he set up a
method to record, on a photographic plate, X-ray spectra of
different elements to measure the frequencies of their K and
L lines. Moseley calculated Q for the K and L lines as,

4-v 36 - v
L \3 - v R \/5-v0
where vy is the fundamental Rydberg constant (1.097373 x
107 m™) (7), and plotted them against &V, the atomic num-
ber, as in Figure 1.

He found that, in both series, if elements were placed
in the same order as in Mendeleev’s periodic table, Q increased
by a constant quantity upon passing from an element to the
next one (6). Moseley inferred that, in each atom, there was
a fundamental quantity, which increased by regular steps,
passing from one element to the next, and that this quantity
could only be the positive charge on the nucleus of their at-
oms (8). Accordingly, “if either the elements were not char-
acterized by these integers, or any mistake had been made in
the order chosen or in the number of places left for unknown
elements, these regularities would at once disappear” (8).

Although Moseley had thus showed that the ordering
criterion of elements was their atomic number, representing
the positive charge of their atomic nucleus, instead of their
atomic weight, most of Mendeleev’s forecasts were proved:
the order of the elements, including inversions of places, and
empty spaces for missing elements, which Moseley defini-
tively stated to correspond to atomic numbers 43, 61, and
75 (9), to which were later added 72, 85, 87, and 91.

These hints opened a clear road to researchers, which,
instead of proceeding by blind attempts, could plan their
hunting strategy, focusing their attention on those minerals
that contained elements chemically similar to those being
sought. This research strategy proved to be successful: in 1917
Lise Meitner (1878-1968) and Otto Hahn (1879-1968) in
Germany and Fedrick Soddy (1877-1956) and John Arnold
Cranston (1925-1980) in England independently discovered
protactinium (Z = 91) in pitchblende (710); in 1923 Georg
Charles von Hevesy (1885-1966) and Dirk Coster (1889-
1950), after repeated crystallizations, obtained hafnium (Z
= 72) from zirconium ores (10); and in 1925 Ida Eva Tacke
(1896-1978), Walter Noddack (1893-1960), and Otto Carl
von Berg isolated rhenium (Z = 75) from columbite.

The search for new elements would have ended at this
stage, because despite a great deal of intensive research, ele-
ments 43 and 61 could never be found in nature. Instead,
further elements could be created only through radioactive
decay or nuclear fission, thus realizing the old alchemists’
dream of changing one element into another.
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Masurium

Element 43 was a particularly troublesome element.
Despite decades of search, it could not be positively identi-
fied until it was artificially created by a joint effort of the
University of California—Berkeley and the University of
Palermo. Its deliberate and systematic search was started in
1924, when C. Bosanquet and C. Keeley, following
Mendeleev’s hypothesis, analyzed, by X-ray spectroscopy, re-
siduals from several manganese ores. Although unsuccessful,
they judged their strategy so promising that they proposed
the name of moselium for this previously undiscovered ele-
ment (4, 9). Further observations suggested that, in many
instances, chemical similarity was shown by elements in a row,
rather than in a column (Figure 2). Thus, Gerber thought
that elements 43 and 75 should resemble molybdenum and
tungsten better than manganese, the lighter element of their
group. Accordingly, he proposed the names of neo-
molybdenum and neotungsten for the elements (71).

Similar lines of thought motivated two German research-
ers working at the Imperial Physico—Technical Research Of-
fice in Berlin: Ida Tacke and Walter Noddack (chief of the
chemistry laboratory) who would eventually marry. They
looked for these elements in ores containing their horizontal
neighbors, such as molybdenum, tungsten, ruthenium, and
osmium, rather than elements of the same group. They ob-
served that niobium (called columbium outside of Europe)
and tantalum were found in the same ores, as were molyb-
denum and tungsten; moreover, platinum ores usually con-
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Figure 1. Moseley diagram.
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Figure 2. Neighbors of element 43 in the periodic table.
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tained elements from 44 to 47 and from 76 to 79, while
columbite, a black ore consisting of iron, manganese, nio-
bium, and tantalum, also contained elements from 39 to 42
and from 71 to 74 (9). Attempts to isolate new elements from
platinum ores were unsuccessful, but a columbite sample from
Norway proved to be more promising. After a series of chemi-
cal treatments, in 1925 Tacke and Noddack separated a resi-
due, analyzed with the help of Berg at Werner-Siemens A.
G. Laboratories. In its X-ray spectrum, they believed they
identified weak K and L lines, from which they argued the
presence of both elements 43 and 75. Their estimated con-
centrations in the residue were 0.5 and 5%, respectively, cor-
responding to initial concentrations of 10® and 107 (12).

Tacke and Noddack proposed to call element 43
masurium (Ma), from the Masurian marshes district in east-
ern Prussia where Noddack was born. They proposed rhe-
nium (Re) as the name of element 75, from
Rhenany—Reinland, Tacke’s birthplace (10, 13). The Rhine
River and Masurian lakes were on the western and eastern
Germany borders; unfortunately, during World War I, P. L.
von Hindenburg’s German troops had defeated the Russian
army in a series of bloody battles at Masurian marshes. So,
scientists from other countries severely criticized this choice,
as “a stupid psychological blunder, which no civilized scien-
tist should make” (14).

On June 19, 1925, the Noddacks patented a method to
extract and concentrate rhenium and masurium from their
ores: after the ore dissolution, they were precipitated as sul-
fides, reduced by gaseous hydrogen, and then gently heated
in an oxygen stream. The first portion of the sublimate was
rich in rhenium, which could be concentrated by further sub-
limations (75). In 1928, they were successful in increasing
their rhenium stock up to 1 g, by treating about 660 kg of
Norwegian molybdenite (MoS,) (16). With this quantity,
they were able to investigate its chemical and physical prop-
erties (17), so that their discovery of rhenium was accepted
by the scientific community.

Conversely, the identification of masurium could not be
confirmed, either by the Noddacks or any other research
group. As a consequence, many began to cast doubt on its
existence. The Noddacks” evidence rested on X-ray lines, but,
at that time, this was not considered a sufficient proof to con-
firm a claim if not matched with the production of appre-
ciable quantities of the element or its derivatives. The
influential analytical chemist Wilhelm Prandtl (1878-1956)
denied the Noddacks’ discovery supposing that zinc and tung-
sten spectral lines could have led them to wrong conclusions
(4).

In 1934, Josef Mattauch (1895-1976) published a se-
lection rule (78) that stated that stable isobar pairs (having
the same atomic mass) could not exist if they differed by only
one charge unit. For molybdenum and ruthenium, their clos-
est neighbors in the periodic table have stable isotopes show-
ing all the possible mass values for element 43; therefore,
Mattauch’s rule definitively ruled out the possibility of
masurium’s existence in the earth crust. The Noddacks’ claim
of its recovery from ores was then ridiculed and they were
scientifically discredited. This general discredit likely played
a role in the general dismissal of Tacke’s work on nuclear fis-
sion (19). Five years before the classic Meitner paper (20),
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she suggested that, in Fermi’s experiments on neutron bom-
bardment, uranium nuclei broke down and no heavier ele-
ment was formed.

A New Mine: The Cyclotron

The second act of this story took place at the Physics
and Mineralogy Institutes of Palermo University (Figure 3).
Its chief character was Emilio Gino Segre (1905-1989), one
of Fermi’s co-workers, who in 1935 had won the chair of
experimental physics in Palermo. During the following sum-
mer holidays (1936), Segre went to Berkeley to visit the ra-
diation laboratory of the University of California. The
laboratory chief was Ernest Orlando Lawrence (1901-1958),
who in 1930 had developed the cyclotron, a device that gen-
erates beams of subatomic particles, such as protons, deuter-
ons, and alpha particles. The beams are accelerated to high
energies along a circular path and then are directed to strike
targets of different materials, generating radioactive isotopes.
Thus, the cyclotron was a useful tool to study nuclear reac-
tions and the stability of atomic nuclei.

Segre obtained from Lawrence some broken or worn out
parts from the cyclotron. He hoped to use them as radioac-
tive sources for his experiments in Palermo, where the fund-
ing shortage was chronic (21). So Segré brought home some
small brass and copper plates. To separate and analyze their
radioactive components, he looked for the help of Carlo
Perrier (1886—1948), who was well-suited for this task: after
obtaining a degree in chemistry at Turin University, he had
worked at Zurich Polytechnic (Switzerland) with the great
analytical chemist, Frederick Pearson Treadwell (1857-1918)
(22). From 1935 Perrier held the chair of mineralogy at
Palermo University and was the chief of the Mineralogy In-
stitute, in the same building where the Physics Institute was
located (23).

The analysis of the brass and copper specimens revealed
the presence of many radioactive elements. Most of this ra-

Figure 3. A recent photo of the building on Archirafi Street, seat of
physics (ground and first floor) and mineralogy (second floor) de-
partments; the building appeared the same in 1936.
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dioactive material was *2B, which Perrier and Segre (Figure
4) used to investigate phospholipid metabolism, in collabo-
ration with Camillo Isracle Giuseppe Artom (1893-1970),
professor of physiology at the same university (24).

On January 6, 1937, Segre received a Christmas card
from Lorenzo E. Capodilista, working at Berkeley, contain-
ing a molybdenum plate that had been part of the cyclotron
for a long time. The opposite sides of the plate showed dif-
ferent quantities of radioactivity, apparently owing to the
beam of charged particles that affected the sides of the mo-
lybdenum plate (25). Segre waited until January 30 to start
the analysis to allow short-lived isotopes to completely de-
cay. Segre and Perrier wanted to ascertain which element
caused the long-lasting radioactivity. Segre and Perrier di-
rected their attention to only a few elements that most prob-
ably could have been generated from bombardment with
deuterons. Beside molybdenum, these elements were zirco-
nium, niobium, and element 43. They dissolved the specimen
in aqua regia and, in order to recover very small quantities
of the sought elements, they added, step-by-step, salts of nio-
bium, zirconium, and manganese. None of these three, nor
molybdenum, showed any appreciable radioactivity after their
recovery (25).

As this radioactivity had a different character from that
of 2P, Segre and Perrier supposed it could be element 43. In
any case, this was likely present in such unweighable quanti-
ties (they estimated it was less than 107'% g; ref 26) that all
the most accurate chemical analysis procedures would be
unable to reveal it. To increase the quantity of matter to be
recovered, they added, as a carrier, small quantities of non-
radioactive rhenium, as it would likely show a chemical be-
havior similar to that of element 43. A flow diagram of their
recovery procedure is shown in Figure 5.

By boiling the molybdenum plate in dilute ammonia,
Segre and Perrier dissolved its surface layer, where most of the
radioactivity was confined. By the addition of 8-hydroxy-
quinoline, molybdenum was precipitated and filtered off. The
solution was made acidic with hydrochloric acid, and rhenium
and manganese were added, respectively, as HReOy4 and
MnSO,. Addition of H,S gave a radioactive black precipitate
and an almost inactive solution. Manganese was dissolved with
diluted HCI, while the black sulfide still carried all the radio-
activity. The sulfide was then dissolved in hydrogen peroxide,
heated to dryness, and then dissolved in 80% sulfuric acid.
After heating this solution at 180 °C in a current of moist gas-
eous hydrochloric acid for half an hour, rhenium was distilled
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Figure 5. Flow diagram of element 43 separation.

and collected, and showed no activity. The identity of rhenium
was confirmed by precipitation with hydrogen sulfide.

On the contrary, the activity was entirely left in the sulfu-
ric acid solution, so it was assigned to element 43. In this way,
the element’s presence was inferred by the process of elimina-
tion without any of the generally accepted proofs. Neither could
appreciable quantities of this new element be separated, nor
could its X-ray spectrum be observed. Segre continued in his
investigation and, with the help of Bernardo Nestore Caccia-
puoti, in November 1937 reported the decay curve of the ac-

Figure 4. Emilio Gino Segré (left)
and Carlo Perrier (right, courtesy of
Family Bellanca).
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tivity of rhenium sulfide, containing element 43. From the
analysis of these curves, they found three radioactive isotopes
of element 43, having half-lives of 90, 50, and 80 days (27).

It now had to be determined whether Perrier and Segre
had obtained element 43 for the first time or whether they
had simply confirmed the Noddacks™ earlier results. Segre
asked to see the Noddacks” X-ray spectra to compare with
his own results; the Noddacks refused, saying that photo-
graphic plates had been irremediably lost. Segre started doubt-
ing, but was not yet ready to claim his priority based only
on tracer analysis (21, 24). In the summer 1938 he went again
to Berkeley to investigate the shorter-life isotopes that would
have decayed during the journey from the United States to
Italy. (Significantly, this research project eventually saved his
life because the simultaneous promulgation of racial laws in
Italy convinced him never to return. Eventually his German
wife Elfriede and his newborn son Claudio moved to the
United States ).

At Berkeley, together with the young chemist Glenn
Theodore Seaborg (1912-1999), Segre discovered a nuclear
isomer of element 43, whose activity had a half-life of 6.6
days. It decayed to the ground state and its Kot line was as-
cribed to element 43 (28). These last results, especially the
X-ray spectrum, convinced Segre to claim his priority on the
assumption that the Noddacks were thoroughly wrong in
their approach. The Noddacks would never have succeeded
in isolating element 43 from natural ores, as Segr¢ and col-
laborators had definitely shown that element 43 could only
be obtained by a transmutation, which these new alchemists
carried out by means of neutron bombardment. In a 1939
article (26) Segre wrote that, together with Seaborg, he had
first observed an X-ray spectrum containing a line of a new
element, artificially obtained in the only mine from which it
could be extracted, the cyclotron.

Looking for a Name

Once it was demonstrated that element 43 could effec-
tively exist and show a well-defined chemical behavior, it had
to be named. This too was a troublesome process (4) that
had progressed through many different suggestions, follow-
ing claims that later proved to be incorrect. These concerned

Chemistry for Everyone

an element showing a chemical character similar to that of
manganese and intermediate between those of molybdenum
and ruthenium. The first claim was due to Gottfried Wilhelm
Osann (1797-1866), who in 1828 believed that he identi-
fied it in the insoluble residue of a platinum ore. He pro-
posed the name of polinium, from the Greek word mohoo
meaning gray (29), but, in a short time, realized that he had
actually obtained impure iridium (4).

In 1846 R. Hermann, in some niobium and tantalum
ores from the Ilmenian Mountains in the southern Urals,
found very small quantities of what he thought to be a new
element (4). He called it ilmenium, but the discovery could
not be confirmed as Hermann lacked any X-ray technique
of identification. Heinrich Rose (1795-1864) contradicted
Hermann’s claim, suggesting he had obtained impure nio-
bium; Rose in 1847 found something resembling tantalum
and niobium, which Hermann showed to be impure niobium
(4). Rose had proposed the name of pelopium, after Pelope,
son of Tantalus, brother of Niobe.

Thirty years later, Sergei Kern claimed (30) to have
spectroscopically identified a new element in platinum ores:
he reported some of its reactions and determined an atomic
weight of 154 for this element. He proposed to call it davyum,
after Sir Humphrey Davy (4). It could be Mendeleev’s eka-
manganese, but its atomic weight was largely different from
the value of 100, calculated by the Russian chemist in 1881.
In 1898 J. Mallet accurately repeated Kern’s analysis, and
showed that he had obtained a mixture of iridium, rhodium,
and traces of iron (29).

In 1896 M. Barriere claimed spectroscopic identification
of lucium (atomic weight of 104), but William Crookes
(1832-1919) showed that the lines were due to yterium and
traces of didymium, erbium, and ytterbium (4). Finally, in
1909 M. Ogawa found in thorionite, reinite, and molyb-
denite a new element whose chemical properties closely cor-
responded to those anticipated by Mendeleev: he proposed
the provisional name of nipponium and determined an
atomic weight of 100, but his identification could not be con-
firmed (4). In recent years, researchers from Tokyo Univer-
sity have analyzed Ogawa samples and found they actually
contained rhenium (31). Names and chemical symbols pro-
posed for element 43 are listed in Table 1.

Table 1. Names Proposed for Element 43

Name Csifmmkl:;?l Origin Proposer Year aggﬁ
Polinium - TOALOO = gray G. W. Osann 1828 -
lImenium - limenian mountains R. Hermann 1846 -
Pelopium Pe Pelope H. Rose 1847 -
Davyum Da Humphry Davy S. Kern 1877 154
Ekamanganese Em - D. I. Mendeleev 1881 100
Lucium - - M. Barriere 1896 104
Nipponium Np Nippon = Japan M. Ogawa 1909 100
Neomolybdenum - - Gerber 1917 -
Moselium - H. G. J. Moseley C. Bosanquet and C. Keeley 1924 -
Masurium Ma Masurian marshes I. Tacke, W. Noddack, and O. Berg 1925 —
Trinacrium - Trinacria = Sicily - - -
Technetium Tc Texvroo = artificial C. Perrier and E. Segré 1947 99
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Technetium

In 1937, Perrier and Segre’s claim of the identification
of element 43 gave rise to a widespread enthusiasm in Italy,
and many suggested that they connect the discovery to the
place where it had been realized (for instance, trinacrium af-
ter the ancient name of Sicily) or to the Italian ruling party.
These suggestions were not accepted, both because Perrier
and Segre were not sure of the novelty of their discovery and
because they did not share these regionalist, political feelings.
Coming from northern and central Italy, Perrier and Segre
were not strongly tied to Sicily; concerning politics, they never
approved fascist government ruling in Italy, which, moreover,
persecuted Segre for his Jewish origins.

The naming of element 43 was thus delayed until the
end of World War II. By then, the international scientific
community accepted the possibility of acknowledging the ex-
istence of new elements, even if they could not be found in
nature, but could only be produced artificially. Austrian
chemist Friedrich Adolph Paneth (1887-1958) suggested this
change of mental attitude and proposed to give the right to
name an element to the first researcher that had given defi-
nite proof of the existence of one of its isotopes (32). At the
same time, all the previously proposed names, bound to un-
confirmed claims, should be deleted. Segre and Perrier ac-
cepted Paneth’s suggestion and, being at last confident of the
priority and certainty of their discovery, proposed the name
of technetium, symbol T¢, from the Greek word teyvntoo
that means made by art, artificial, to underscore the fact that
it was produced in laboratory by men, by molybdenum neu-
tronic bombardment (33).

Nemesis

The story ends with the Noddacks’ rehabilitation.
Throughout the years, their scientific reliability had been
compromised, not only by the lack of agreement on their
masurium identification, but also by their stubborn and last-
ing claim of the discovery. Joined by their strong national-
ism and enthusiasm for the Nazi regime, this led to their
scientific ostracism. Regarding their firm faith in masurium,
Paneth tells an episode told to him by J. Gueron (32). During
World War II, Walter Noddack won the chair of inorganic
chemistry at University of Strasbourg in occupied France.
When in 1945 French chemists returned to Strasbourg, they
found that the symbol Ma for masurium had been painted
on a large representation of the periodic table hanging in the
main chemistry lecture room. In later years these quarrels were
overcome by strictly scientific interpretations.

In the 1950s, it was a generally shared opinion that pri-
mordial technetium could not have survived on the earth’s
crust; nevertheless, in 1952 P. Merrill (34) detected fairly
strong Tc(I) lines in the spectra of light from various class S
stars. This prompted new efforts to find naturally occurring
technetium formed, for instance, by nuclear fission of iso-
topes of elements already found on the earth: in 1940 Segre
had identified technetium among uranium fission products

(35).
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By improving search strategies and analytical techniques,
very small quantities of technetium were finally identified in
naturally occurring ores: in 1962 Kuroda and Kenna isolated
about 1 x 10? g of #Tc by chemical treatment of 5.3 kg of
pitchblende from the Belgian Congo (36). In 1988, minute
quantities were detected in ores from a deep molybdenum
mine in Colorado (37). These findings were quite credible
assuming that extremely small quantity of technetium could
have been naturally created by self-sustained nuclear reactions.
From the isotopic U /238U ratio and the decay rate of the
radioactive isotopes, it can be argued that in the past some
nuclear fission reactions have been spontaneously occurring
in some natural uranium ore deposits, as that of Oklo
(Gabon) and a few other locations (38). In these sites, natu-
rally occurring 2°U has had a concentration high enough to
self-sustain its fission reaction, as confirmed from the pres-
ence of its fission products in the sites. As the ores studied
by the Noddacks may have contained as much as 10% ura-
nium, in recent years, John T. Armstrong of the NIST, tried
to duplicate their experiments. Using a sophisticated X-ray
database and spectral analysis software, Armstrong found that
the spectral lines attributed to masurium appear consistent
with element 43 (39) and that Noddacks™ instruments were
sufficiently sensitive to detect less than a billionth of a gram
of this element (13).

In conclusion, it took about 75 years to remove the
doubt cast on the Noddacks’ results and to finally agree on
the reliability of their scientific results. It is an irony of fate
that nuclear fission, whose existence was firstly suggested by
Ida Tacke Noddack, was used to vindicate them.

Current Technological Uses of Technetium

Known isotopes of technetium, all of them radioactive,
range from mass number 90 to 111 (40): the most represen-
tative are reported in Table 2. Today technetium is produced
by bombarding molybdenum-98 with deuterons, which cap-
tures a neutron giving molybdenum-99. This has a half-life
0f 65.94 hours and undergoes beta decay, giving technetium-

99 (41).

Table 2. Representative Technetium Isotopes

Isotope Halflife

Te 20.0 hours

95mTe 61.0 days

%Tc 4.28 days

7émTe 51.5 minutes
Tc 2.60 x 10° years
7mTe 90.0 days

%Tc 4.20 x 10° years
Te 2.13 x 10° years
99mTe 6.0 hours

10071¢ 14.2 minutes

Norte: Data from ref 40.
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Among its isotopes, ™ Tc, where m stands for meta-
stable, is largely used as radionuclide for diagnostic nuclear
medicine. Through an isomeric process, it decays to stable
PTc, emitting low-energy gamma rays and electrons. Its
physical properties are almost ideal for a medical diagnostic
use, as its half-life of 6 hours is long enough to ensure an
accurate screening of metabolic processes, but short enough
to minimize the radioactive exposure of the patient. More-
over, emitted gamma rays can easily escape human body and
be revealed by a scintillation camera that provides maps of
its radioactive distribution in the body with great anatomic
detail (42). During these diagnostic investigations, the radio-
active exposure of the patient is generally lower than for other
radiographic procedures, such as, for instance, X-ray imag-
ing; ?™Tc that remains in the body soon loses its activity
and is quickly excreted through the kidneys (43).

From a chemical point of view, this element forms sev-
eral compounds that concentrate in different tissues or or-
gans, so that they can be observed by medical scintigraphy
(44). For instance, pyrophosphate derivatives are absorbed
into the bone structure (43), while the complex with diethyl-
enetriamine pentaacetate (*™TcDTPA) collects in kidneys
(44) and brain (43); other #™Tc derivatives are easily ad-
sorbed into heart, spleen, lungs, and blood.

Literature Cited

1. (a) Partington, J. R. A Short History of Chemistry, 3rd ed.; Do-
ver Publications Inc.: New York, 1989; p 256. (b) Partington,
J. R. A Short History of Chemistryy, 3rd ed.; Dover Publica-
tions Inc.: New York, 1989; p 235.

. Mendeleev, Dimitri L. /. Chem. Soc. 1889, 55, 635-656.

. Ringnes, Vivi. jflity. 1989, 66, 731-738.

. Kenna, B. T. jonfiitelay. 1962, 39, 436-442.

. van Spronsen, Jan W. juislseisslyy 1981, 58, 790-791.

. Smeaton, W. A. Chem. Brit. 1965, 1, 353-355.

. Mills, I.; Cvitas, T.; Homann, K.; Kallay, N.; Kuchitsu, K.
Quantities, Units and Symbols in Physical Chemistry, 2nd ed.;
Blackwell Scientific Publications: Oxford, 1993; p 89.

. Moseley, Henry G. ionidbsbbdsg. 1914, 27, 703-713.

9. Rayner-Canham, G.; Pike, G. jisitminbgi. 1993, 12-14.

10. The Chemical Elements. http://homepage.mac.com/dtrapp/
Elements/elements.html (accessed Oct 2004).

11. Gerber, Mon. Sci. 5, 219. Chem. Abs. 1917, 11, 2745; quoted
by ref 4.

12. Berg, Otto; Tacke, Ida. Dk 1925, 13, 571-574. Chem.
Abs. 1925, 19, 3178.

13. Ida Tacke and the Warfare behind the Discovery of Fission.
hitp:/fwww.hypatiamaze.orglidaltacke. html (accessed Oct 2004).

14. Newton Friend, J. Man and the Chemical elements, 2nd ed.;
Charles Griffin: London, 1961; quoted by ref 9.

15. Noddack, Walter; Noddack, Ida. German Patent 483,495;
Chem. Abs. 1930, 24, 1188.

NN N A W N

(o]

www.JCE.DivCHED.org e

16

17.
18.
19.
20.
21.
22.
23.
24.

25.

26.
27.

28.

29.
30.

31.
32.
33.
34.
35.
36.
37.

38.
39.

40.
41.

42.

43.

44.

Vol. 82 No. 2 February 2005

Chemistry for Everyone

. Noddack, Ida; Noddack, Walcer. | RGN 1929,
183, 353-375. Chem. Abs. 1930, 24, 560-561.

Noddack, Ida. ptisessssieey 1928, 34, 629-631. Chem. Abs.
1929, 23, 1537.

Mattauch, Joseph. bk 1934, 91, 361; quoted by ref 4.

Noddack, Ida. pisinyiim. 1934, 47, 653.

Meitner, Lise; Frisch, Otto R. Nggae 1939, 143, 239, 471,
637.

Russo, Arturo. Laffermazione della fisica palermitana nel pan-
orama scientifico nazionale, 1935-1970. In Quaderni del
Seminario di Storia della Scienza di Palermo 1998, 7, 167—193.
Grill, E. La Chimica e I'Industria 1948, 7, 187.

Paoloni, Leonello. La Chimica. In Quaderni del Seminario di
Storia della Scienza di Palermo 1998, 7, 106.

Segre, Emilio. Aurobiografia di un Fisico; 11 Mulino: Bologna,
Italy, 1995; p 150.

Perrier, Carlo; Segre, Emilio. snfsiseniiipy. 1937, 5, 712—
716.

Segre, Emilio. Mgage 1939, 143, 460-461.

Cacciapuoti, Bernardo N.; Segre, Emilio. Rhueley 1937, 52,
1252-1253.

Seaborg, Glenn T.; Segre, Emilio. Rbuemies 1939, 55, 808—
814.

Griffich, W. . (iamitd. 1968, 4, 430—434.

Kern, Sergei. Compt. Rend. LXXXV (Juil-Déc 1877) 73, 623,
667.

Yoshihara, H. K. Segigebeig 2000, 42, 535.

Paneth, E A. Nz 1947, 159, 8-10.

Perrier, Carlo; Segre, Emilio. Magge 1947, 159, 24.

Merrill, P. diioibaenl 1952, 116, 21; quoted by ref 4.

Wu, C. S.; Segre, Emilio. Phys. Rev. 1942, 61, 603.

Kenna, B. T.; Kuroda, P K. | NERERJEEE. 1961, 23,
142-144.

Technetium. Attp://www.accuracyingenesis.com/technet. html
(accessed Oct 2004).

Cowan, G. A. Sgidag. 1976, 235 (1), 36.

Van Assche, P. H.; Armstrong, J. T. J. Res. Natl. Inst. Stand.
and Tech. (NIST) 1999, 104, 599.

Technetium Properties: Isotopes. http://nautilus.fis.uc.pt/st2.5/
scenes-elelem/e04390.html (accessed Nov 2004).

It’s Elemental. The Element Technetium. htep://
education.jlab.orglitselementallele043. html (accessed Oct 2004).
Mariani, G. The Impact of Technetium-99m on the Devel-
opment of Nuclear Medicine. In Technetium in Chemistry and
Nuclear Medicine; Deutsch, E., Nicolini, M., Wagner, H.
N., Jr., Eds.; Cortina Inernational: Verona, Italy, 1983; pp
131-144.

Technetium and Its Use in Nuclear Medicine. hzep://
www.chm. bris.ac.uk/webprojects2001/wigg/ (accessed Oct
2004).

Radionuclitides and Radiopharmaceuticals. hrp://
www.austin.unimelb.edu.auldept/nmpet/nucmed/detail/
radionuc.html (accessed Oct 2004).

Journal of Chemical Education 227


http://www.jce.divched.org/
http://www.jce.divched.org/Journal/Issues/2005/
http://www.jce.divched.org/Journal/
http://homepage.mac.com/dtrapp/Elements/elements.html 
http://homepage.mac.com/dtrapp/Elements/elements.html 
http://www.hypatiamaze.org/ida/tacke.html
http://www.accuracyingenesis.com/technet.html
http://nautilus.fis.uc.pt/st2.5/scenes-e/elem/e04390.html
http://nautilus.fis.uc.pt/st2.5/scenes-e/elem/e04390.html
http://education.jlab.org/itselemental/ele043.html 
http://education.jlab.org/itselemental/ele043.html 
http://www.chm.bris.ac.uk/webprojects2001/wigg/
http://www.chm.bris.ac.uk/webprojects2001/wigg/
http://www.austin.unimelb.edu.au/dept/nmpet/nucmed/detail/radionuc.html
http://www.austin.unimelb.edu.au/dept/nmpet/nucmed/detail/radionuc.html
http://www.austin.unimelb.edu.au/dept/nmpet/nucmed/detail/radionuc.html
http://pubs.acs.org/action/showLinks?coi=1%3ACAS%3A528%3ADyaC2cXhsFOmtQ%253D%253D
http://pubs.acs.org/action/showLinks?coi=1%3ACAS%3A528%3ADC%252BD3MXit12gu7s%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fed039p436&coi=1%3ACAS%3A528%3ADyaF38Xks1Orsbo%253D
http://pubs.acs.org/action/showLinks?crossref=10.1002%2Fange.19340473707&coi=1%3ACAS%3A528%3ADyaA2cXlvVWktg%253D%253D
http://pubs.acs.org/action/showLinks?crossref=10.1086%2F145589&coi=1%3ACAS%3A528%3ADyaG3sXjtlU%253D
http://pubs.acs.org/action/showLinks?coi=1%3ACAS%3A528%3ADyaE28Xks12gsr0%253D
http://pubs.acs.org/action/showLinks?crossref=10.1038%2F143460a0&coi=1%3ACAS%3A528%3ADyaA1MXjsVWqsQ%253D%253D
http://pubs.acs.org/action/showLinks?system=10.1021%2Fed066p731&coi=1%3ACAS%3A528%3ADyaL1MXmtFertb8%253D
http://pubs.acs.org/action/showLinks?crossref=10.1007%2FBF01342557&coi=1%3ACAS%3A528%3ADyaA2MXlsFeg
http://pubs.acs.org/action/showLinks?pmid=20279068&crossref=10.1038%2F159024a0&coi=1%3ACAS%3A528%3ADyaH2sXptFyi
http://pubs.acs.org/action/showLinks?crossref=10.1063%2F1.1750105&coi=1%3ACAS%3A528%3ADyaA2sXlsF2nsw%253D%253D
http://pubs.acs.org/action/showLinks?coi=1%3ACAS%3A528%3ADyaF1MXos12i
http://pubs.acs.org/action/showLinks?coi=1%3ACAS%3A528%3ADyaB1MXhtlGhtg%253D%253D
http://pubs.acs.org/action/showLinks?crossref=10.1016%2F0022-1902%2861%2980098-5&coi=1%3ACAS%3A528%3ADyaF38XksVOntbY%253D
http://pubs.acs.org/action/showLinks?coi=1%3ACAS%3A528%3ADyaK3sXktVyjs7c%253D
http://pubs.acs.org/action/showLinks?crossref=10.1038%2F159008a0&coi=1%3ACAS%3A528%3ADyaH2sXnsFKj
http://pubs.acs.org/action/showLinks?crossref=10.1103%2FPhysRev.55.808&coi=1%3ACAS%3A528%3ADyaA1MXktlCrsw%253D%253D
http://pubs.acs.org/action/showLinks?crossref=10.1002%2Fzaac.19291830126&coi=1%3ACAS%3A528%3ADyaA3cXkvFGh
http://pubs.acs.org/action/showLinks?system=10.1021%2Fed058p790&coi=1%3ACAS%3A528%3ADyaL3MXmtF2gtLY%253D
http://pubs.acs.org/action/showLinks?crossref=10.1038%2F143637a0&coi=1%3ACAS%3A528%3ADyaA1MXjslGqtw%253D%253D
http://pubs.acs.org/action/showLinks?coi=1%3ACAS%3A528%3ADyaB2MXisVCkug%253D%253D
http://pubs.acs.org/action/showLinks?crossref=10.1103%2FPhysRev.52.1252.3&coi=1%3ACAS%3A528%3ADyaA1cXhtFSlsw%253D%253D

