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Abstract

The third article of the “Naming game...” series presents the issues of naming elements
discovered and synthesized in the twentieth and twenty-first centuries. Based on the source
data, the publication time of the names of the last 35 chemical elements was identified.
In the case of discoveries from the end of the twentieth century and the beginning of the
twenty-first century, the principle was adopted of the priority of information about the syn-
thesis of a new chemical element in scientific journals or conference reports. However,
when the same information was published earlier in the news sections of scientific journals,
in articles in popular science journals, and (in modern times) on the websites of interested
research institutes, such an info is presented as well. It turned out that in some cases this
information is very complex as the names of some elements were changed several times
and published in different media in the same period. Therefore, this article is an attempt to
sort out the issue of first publishing of the names of the last known 35 chemical elements.

Keywords Chemical elements - Naming history - History of chemistry - Radioactive
elements

Introduction

By the beginning of the twentieth century, all elements with stable isotopes had already
been discovered. The last 4 were discovered and named until 1925. Therefore, the twen-
tieth and twenty-first centuries can be called the centuries of unstable—radioactive ele-
ments in terms of discoveries, synthesis and nomenclature. The described period can be
divided into the following (overlapping) stages: discovery of the last elements with stable
nuclei, discovery of elements with unstable isotopes (protactinium, francium), and finally
the synthesis of elements — first those that can still be detected in the environment, and then
the synthesis of elements artificial—not naturally occurring. The syntheses were possible
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because of the invention of the cyclotron in 1932. Thanks to this, physicists also entered
the stage of elements’ naming.

From europium to oganesson—nomenclature history of twentieth
and twenty-first century

The following paragraphs discuss 35 chemical elements discovered and named in the nine-
teenth century. The discussed elements are distinguished in the periodic table of elements
in Fig. 1.

Two last stable rare earth elements—europium and lutetium

Europium

The discovery of europium is credited to Eugéne Anatole Demargay, who already in 1896
suspected that samples of samarium were contaminated with an unknown element and iso-
lated it in 1901. He named the new element europium in the note: Sur un nouvel élément
I’europium published in Comptes rendus hebdomadaires des séances de I’Académie des

sciences (Demargay 1901). Thus, europium was the first element described and named in
the twentieth century.

Lutetium

Lutetium was the last discovered stable rare earth metal. It was separated from “ytterbia”
by Georges Urbain in 1907. The new discovery was named “lutecium” and described in the
paper Un nouvel élément: le lutécium, résultant du dédoublement de I'ylterbium de Marig-
nac printed in Comptes rendus hebdomadaires des séances de I’Académie des sciences

E II‘II--JI

Fig.1 Elements discovered, synthesized and named in twentieth and twenty-first century
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(Urbain 1907). In 1949 IUPAC changed the name of the element #71 into lutetium (Kop-
penol 2005).

Protactinium

Protactinium was discovered and named at least twice. First time in 1913, by Kasimir
Fajans and his assistants Paul Beer and Otto Gohring, who called it “brevium” due to the
short half-life of the studied isotope *** Pa (Fajans and Beer 1913; Fajans and Gohring
1913). However, 5 years later Otto Hahn and Lise Meitner duet (and independently Fred-
erick Soddy and John Cranston) discovered more stable isotope of this element and named
it protactinium (not protoactinium, as suggested in many sources). The discovery and the
name were presented by Hahn and Meitner in Physikalische Zeitschrift, in the article Die
Muttersubstanz des Actiniums, ein neues radioactives Element von Langer Lebensdauer,
as well as by Meitner in Zeitschrift fiir Elektrochemie und angewandte physikalische Che-
mie under the same title (Fajans and Morris 1973; Meitner 1918; Meitner and Hahn 1918;
Sime 1986; Soddy and Cranston 1918).

Hafnium

The story of searching and naming the element #72 is complex and full of tensions between
scientists (Fernelius 1982; Scerri 2013). Finally it was Dirk Coster and Georg von Hevesy
who managed to confirm the discovery of a new element in zircon mineral in 1922. The
first announcement of the discovery was unusual, as Niels Bohr mentioned it in his Noble
lecture in Stockholm on December 111 in 1922 (Bohr 1922). The first note with proposal
of name “hafnium” was published in January 1923 in Nature in the letter entitled On the
Missing Element of Atomic Number 72 (Coster and Hevesy 1923). Assuming the discov-
ery of rhenium took place in 1908, hafnium was therefore the last stable element to be
discovered.

Rhenium

In 1908 Masataka Ogawa announced the discovery of the element #43, which he named
“nipponium”(Ogawa 1908). The Ogawa’s results were later called into question because the
experiment could not be repeated. However, the recent analysis of the discovery depicted
that he in fact discovered the element #75 (Yoshihara 2004). Due to Ogawa’s mistake the
discovery of the element #75 was credited to Walter Noddack, Ida Tacke, and Otto Berg,
who detected a new element in platinum ore, columbite and some other minerals. They
announced their discovery and the element name proposal in the article Die Ekamangane,
published in Naturwissenschaften in 1925 (Noddack et al. 1925).

Francium

Francium was the last element found in nature before it was synthesized. The element
was discovered by Margaret Perey in 1939. She published her discovery, naming the
new element “actinium K” (Perey 1939a, b). On March 21st, 1946 she defended her doc-
toral thesis entitled L’élément 87: Actinium K (Perey 1946a). In the last line of the work
one reads: “The name Francium, Fa, is proposed for box 87" (Adloff and Kauffman
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2005; Preston 2018). Based on her thesis three articles were published in the Journal
de Chimie Physique in 1946 (Perey 1946b, c, d). The name proposal appeared at the
end of the second paper: "Propriétés chimiques de I’élément 87: actinium K". However,
it should be noted that the nomenclature proposal, presented in the above mentioned
article, sounded slightly ambiguously, as if Perey wanted to keep the name “actinium
K” and symbol AcK for the result of the actinium decay (according to the tradition of
that time), but at the same time to call it "francium" in order to put that name in a vacant
place #87 in the periodic table of elements. Namely, Perey wrote: “I propose to leave
to the first element 87, derived from actinium, whose physical and chemical properties
have just been described, the name of actinium K AcK, but to give to box 87 the name
Francium with symbol Fa” (Perey 1946c¢).

The synthesized elements

The following five elements (Tc, At, Pm, Np, Pu) were artificially synthesized before being
found in nature, as their abundance is extremely low, due to the lack of stable isotopes.
What they have in common is the fact that the discoverers did not immediately suggest the
names. One of the reasons was the difficult period of the World War II, when the nuclear
discoveries were kept in secret, another one was that an element created synthetically in
practically invisible quantities, that had not yet been discovered in nature, was not seen
as a completely valid one, especially if it was an unstable radioactive isotope. The situa-
tion changed in 1947, after publishing of the article in Nature by one of the most recog-
nizable chemists of that time—Friedrich Paneth. He managed to establish a new order in
the chemical nomenclature—regarding both naming of isotopes and the procedure of nam-
ing the new elements, including those man-made. In the paper entitled The making of the
missing chemical elements he called to finally recognize synthetic elements and asked his
colleagues “creators-discoverers” of the still unnamed elements to name them (Koppenol
2005; Paneth 1947).The moment of artificial synthesis of the first element in the cyclotron
also symbolically marks the moment when physicists enter the scene of discovering subse-
quent elements of the periodic table.

Technetium

Technetium was the first element produced artificially. Element 43 was first obtained by
Perrier and Segre in 1937 by bombarding molybdenum with deuterons or with neutrons in
cyclotron. They announced their discovery in the meeting of the Reale Accademia Nazion-
ale dei Lincei on 4 June 1937. The communication was read under the title "Alcune pro-
prieta chimiche dell’elemento 43" and subsequently published under the same title in the
Rendiconti della Reale Academia Nazionale dei Lincei (Perrier and Segré 1937). The inter-
national announcement appeared in Nature on July 31, 1937 (De Jonge and Pauwels 1996;
Perrier and Segre 1937). However, they officially named the new synthesized element not
earlier than ten years later, in the article Technetium: The Element of Atomic Number 43,
published in Nature (Perrier and Segré 1947). In 1961 Kenna and Kuroda reported the first
isolation of natural isotope of technetium **Tc in Belgian Congo pitchblende as a result of
natural fission of 2**U (Kenna and Kuroda 1961).
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Astatine

Astatine was discovered in 1940. Dale Corson, Kenneth Ross MacKenzie, and Emilio
Segre isolated the element by its creation. They bombarded 2*°Bi with a particles in a
cyclotron to produce synthetic 2!'At (Corson et al. 1940). They named the element in
1947, publishing the note Astatine: The Element of Atomic Number 85 in the periodical
Nature (Corson et al. 1947). Regardless of the research in Berkeley, the search for ele-
ment #85 in nature was carried out. It turned out that it may be formed in trace amounts
in natural decay chains. The first confirmed report of the discovery of natural astatine
was published in 1943 in Die Naturwissenschaften by the duo Berta Karlik & Traude
Bernert (Karlik and Bernert 1943). However, according to modern studies, it is proba-
ble, that the spectral lines of astatine may have been observed by Hulubei and Cauchois
already in 1939 (Hulubei and Cauchois 1939; Thornton 2010).

Promethium

Promethium was the final lanthanide to be discovered. In 1945 Jacob Marinsky, Law-
rence Glendenin and Charles Coryell acquired its undeniable evidence. They worked
for the Manhattan Project at Oak Ridge and identified '¥761 in the by-products of ura-
nium-235 fission. They announced their discovery in 1947 in the Journal of the Ameri-
can Chemical Society, but no name was proposed at the time (Marinsky et al. 1947).
The official name proposal first appeared in 1948 in Chemical & Engineering News
Archive in the note A Proposal of the Name Prometheum for Element 61(Marinsky and
Glendenin 1948). In 1950, the International Atomic Balance Commission gave the mod-
ern name “promethium” to the element 61 (Elkina and Kurushkin 2020).Traces of pro-
methium were found for the first time in nature by Olavi Erdmetsé in 1965, who sepa-
rated out '**Pm from a rare earth concentrate (Eriimetsi 1965).

The“War elements”: Np, Pu, Am, Cm
Neptunium, plutonium

The first transuranium element was observed and isolated in 1940 by scientists from
Berkeley: Edwin McMillan and Philip Abelson, in fission products of uranium-238,
although some scientists credit the team of Enrico Fermi with the earlier discovery of
the element #93—already in 1934 (Fermi 1934; Sime 2000). Scientist from Berkeley
announced their discovery in the paper Radioactive Element 93 in the Physical Review,
but they did not propose the name (McMillan and Abelson 1940). They soon decided to
name it neptunium. In 1941 Glenn Seaborg, together with Arthur C. Wahl and Joseph
W. Kennedy, produced and identified the second known transuranium element, pluto-
nium (atomic number 94). However, all the reports from 1941-1945 about newly dis-
covered radioactive elements became classified due to secrecy about nuclear reactions
and were not published until the end of 1945. Therefore it is extremely difficult to deter-
mine the moment of revealing of the first information about the element names to the
public. It is worth emphasizing that even in the declassified technical reports of June

@ Springer



240 P. Miskowiec

1942 concerning, among others, of these elements, their names do not appear, but only
their atomic numbers (Kennedy et al. 1942).

Officially, the history of discovery of elements 93 and 94, including the origin of their
names, was announced by Glenn T. Seaborg at the Technical Conference of the Chicago
Section of the ACS at Northwestern University, on November 16, 1945. His announcement
was printed in Chemical & Engineering News under the original title The Chemical and
Radioactive Properties of the Heavy Elements on December 10 (Seaborg 1945). A few
days earlier, his announcement about the discovery of subsequent elements #95 and #96,
with an annotation about plutonium-239, was printed in Science (Seaborg and Hamilton
1945). However, the information about new elements had been made public at least a few
months earlier, after dropping atomic bombs by US on Hiroshima and Nagasaki in August
1945. According to the author’s best knowledge, the first popular-science (excluding daily
newspapers) information about both the atomic bombs and two transurans (neptunium and
plutonium) can be found in a series of three notes in The Science News-Letter from 18th
August 1945, entitled: a) Rapid Assembling, b) Idea for Plutonium Bomb Credited to Dr.
Lawrence and c¢) Made to Order (The Science News Letter 1945a; The Science News Let-
ter 1945b; The Science News Letter 1945c). It should be noted that plutonium was found
in nature by Glenn Seaborg and Morris Perlman already in 1942, but their research was
classified as well and not published until 1948 in JACS (Seaborg and Perlman 1948). Small
quantities of neptunium were found in nature for the first time in 1952 (Peppard et al.
1952).

Americium, curium

The production of elements #95 and #96 in 1944 by the group of Glenn T. Seaborg from
Berkeley was classified and only released to the public in November 1945. Officially, the
discovery was announced by Glenn T. Seaborg at the already mentioned Technical Con-
ference of the Chicago Section of the ACS at Northwestern University, on November 16,
1945, and his announcement was printed in the above cited papers, in Science and Chemi-
cal & Engineering News, but no name was proposed (Seaborg 1945; Seaborg and Hamilton
1945). Unofficially, Glen Seaborg unveiled the secret of the discovery of elements #95 and
#96 unintentionally, during the radio broadcast for children called Quiz Kids on November
11 1945 (Still 2017). Finally, the names americium (#95) and curium (#96) were suggested
by Glenn Seaborg at the annual Spring Meeting of the American Chemical Society in
Atlantic City on April 10, 1946, and published in Chemical and Engineering News on May
10, 1946, under the title The Impact Of Nuclear Chemistry (Seaborg 1946). However, once
again the first mention of the names of new elements had been printed three weeks earlier
in Science on 19" of April 1946, in the chapter U. S. News and Notes (Science 1946).

Berkelium

Element 97 was first intentionally synthesized and identified in December 1949 in Berke-
ley by Glenn T. Seaborg, Albert Ghiorso and Stanley G. Thompson. They announced the
new discovery in the letter to editor in the March issue of the Physical Review, entitled Ele-
ment 97 (Thompson et al. 1950a). However, similarly to the case of previous transuranes,
the first short note about new element had already been published in January 1950 in The
Science News-Letter, under the title No. 97 Dubbed Berkelium (The Science News Letter
1950a).
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Californium

Californium was at first synthesized at the beginning of 1950 by the team from Berke-
ley. They announced the new discovery in the letter to Editor of the Physical Review
in the May issue, entitled Element 98 (Thompson et al. 1950b).In this case, again, the
first short note about new element and its name proposal had already been published in
March 1950 in The Science News-Letter, under the title Californium Element 98 (The
Science News Letter 1950b).

Einsteinium, fermium

Einsteinium and fermium were discovered in 1952 by the team from Berkeley in the
debris from the explosion of the first successful test of a hydrogen bomb “Ivy Mike”.
The discovery of new elements was, however, kept secret until 1955 due to Cold War
tensions. Finally, the article was published almost three years after the discovery, in
August 1955, in Physical Reviews under the title New Elements Einsteinium and Fer-
mium, Atomic Numbers 99 and 100 (Ghiorso et al. 1955b).

Mendelevium

Mendelevium was synthesized in 1955 in Berkeley—3 years after the discovery of ein-
steinium and fermium, but the element’s name was published slightly earlier then the
names of two previous ones. The letter of the Berkeley team was published in Physical
Review in June 1955, under the title New Element Mendelevium, Atomic Number 101
(Ghiorso et al. 1955a). However, already in May 1955 there was a short note about the
discovery (including the name) of mendelevium in The Science News-Letter, entitled
Element 101 Discovered (The Science News Letter 1955).

Nobelium and the transfermium wars

At least three groups of researchers claimed to have synthesized and detected the ele-
ment 102. The first one—international—from the Argonne National Laboratory, USA,
the Harwell Atomic Energy Research Establishment, England and the Nobel Institute
of Physics, Sweden, the second one from Berkeley (Lawrence Radiation Laboratory)
and the third one—Joint Institute for Nuclear Research (JINR) in Dubna, USSR. The
first group published their results in Physical Review in 1957 and proposed the name
nobelium in the note Production of the New Element 102 (Fields et al. 1957). Again,
the short note (including the name proposal) about the discovery had been published
slightly earlier in The Science News-Letter in July 1957, under the title Make New Ele-
ment 102 (The Science News Letter 1957). The proposed name was immediately recog-
nized by IUPAC. However, the American and Soviet groups did not manage to repeat
the experiment, so the claiming priority to the international group by IUPAC turned
out to be premature. The Berkeley team claimed to have synthesized element 102 two
years later, but decided to keep the name. The Soviet team questioned the discovery of
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Americans and Swedes, announcing that it was the group from Dubna who conclusively
synthesized the element 102 between 1963 and 1966 and named it “joliotum”.

The Soviet naming declaration created an element naming controversy manifested by
the mutual lack of recognition of the discoveries of successive super-heavy elements by
rival groups of scientists. This period in the history of the discovery of elements is called
the transfermium wars. Conflicts were not resolved for several decades till the late 90’s,
when TUPAC and TUPAP started to cease the fire. The controversy about the naming was
complex, there were no strict rules about recognizing the priority of naming, as scientists
started to synthesize new elements instead of their discovering. However, the presentation
of the history of these changes in nomenclature goes much beyond the scope of the arti-
cle, therefore only the short information and the articles with proposals of new elements’
names accepted nowadays are presented. Readers interested in detailed history of naming,
renaming, and compromises in naming of the elements #102—#110 may read about them
elsewhere (Cartlidge 2018; Kragh 2018; Robinson 2021).

Lawrencium

The name Lawrencium was proposed by the group from Berkeley in 1961. The article
entitled New Element, Lawrencium, Atomic Number 103 was published in May 1961 in
the Physical Review Letters (Ghiorso et al. 1961). The short note about the discovery had
already seen the daylight in April 1961 under the title Element 103 Created and Identified
by Berkeley Research Group in the section News Notes of the periodic Science (Science
1961).

Ruthefordium

The element #104 was first detected by Soviet team from Dubna in 1964 (Flerov et al.
1964) and named “kurchatovium”, but it was the American proposal of the name ruth-
efordium that was finally ratified by the IUPAC Council meeting in 1997 (IUPAC 1997).
The names of the elements #104 and #105 were in general the biggest bones of contention
among scientists and changed most often during the period of transfermium wars. The first
time officially name ruthefordium appeared in the second note about American detection of
the element #104 in 1970, under the title 26 /Rf; new isotope of element 104 published in
Physics Letters B (Ghiorso et al. 1970a).

Dubnium

In 1968 scientists from JINR obtained isotope of the element #105. This experiment was
published at the beginning of 1971 in the Nuclear Physics A (Flerov et al. 1971).Surpris-
ingly, a name of the element was not proposed in the report. Meanwhile, the American
group also observed element #105, but in a different reaction. Thus, they named the ele-
ment “hahnium” (Ghiorso et al. 1970b). The naming controversies lasted till 1997, when
the compromise about the elements 101-109 was finally proposed and accepted by
the main players—scientists from the USA, Russia and Germany. The ITUPAC recom-
mended the name dubnium for the element #105 in the announcement published in Pure
and Applied Chemistry entitled Names and symbols of transfermium elements (IUPAC
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Recommendations 1997) and this was in fact the first official assignment of this name to
this particular element (IUPAC 1997).

Seaborgium

The element #106 was synthesized in 1974 both by Russians and Americans (Ghiorso et al.
1974; Oranecss et al. 1974). However, the naming controversy lasted for more than twenty
years. In this case it was not only the question of a priority, but also of the honoring of a
living person—Glenn Seaborg (Rayner-Canham and Zheng 2008). The name was not pro-
posed until so called Transfermium Working Group recognized the American group as the
official discoverers in 1993 (Barber et al. 1993). The proposal of the name “seaborgium”
was announced at the 207th National Meeting of the American Chemical Society in San
Diego in March 1994. The announcement results in the short notes in Science News from
March 19th (Element 106 Takes the Name Seaborgium) and in Chemical & Engineering
News from March 21% (Element 106 name to honor Glenn Seaborg), which are in fact the
first notes about seaborgium (Lipkin 1994; Dagani 1994). The name was finally widely rec-
ognized and accepted in 1997 (IUPAC 1997).

Bohrium,

The element #107 was synthesized without much controversy by Gottfried Miinzen-
berg and his co-workers from the Centre for Heavy Ion Research in Darmstadt in 1981
(Gesellschaft fiir Schwerionenforschung—GSI) although the Soviet team had claimed the
synthesis five years earlier, which was unconfirmed by other groups (Miinzenberg et al.
1981; Oganessian et al. 1976). Germans first proposed the name “nielsbohrium”, however,
IUPAC finally proposed (and somewhat imposed) the name bohrium. This proposal was
primarily published in Pure and Applied Chemistry in 1994 in the paper entitled Names
and symbols of transfermium elements (IUPAC Recommendations 1994) (IUPAC 1994).

Meitnerium, hassium

Elements #109 and #108 were synthesized in Darmstadt in 1982 and 1984 respectively
(Miinzenberg et al. 1984, 1982). The original German proposals of their names—meit-
nerium and hassium respectively were finally accepted by IUPAC and other competing
groups after the confirmation of the discovery priority. Those proposals were revealed for
the first time in 1993, in the article published in Progress in Particle and Nuclear Phys-
ics, entitled Response to the report of the transfermium working group (Armbruster et al.
1993).

The synthesis of new elements in the era of information boom
and the development of the internet

Ten years gap between elements synthesis performed after the element #108 and the fin-
ish of the Cold War resulted in the fact that subsequent elements, starting with #110, were
already named without larger controversy. However, due to the fast development of the
internet and social media, publishing of names proposals by institutes and single scientists
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became much easier and faster. That is why in case of the nine following elements, also the
information from the official websites of the institutes were taken in consideration.

Darmstadtium

The element #110 was synthesized by the group of Sigurd Hofmann from Darmstadt in
1994, and the achievement was published in 1995 (Hofmann et al. 1995a). In 2001 IUPAC
claimed the priority of discovery of the German team and invited them to propose the
name (Karol et al. 2001). Since I have not found the official response of the Hofmann’s
group for that invitation, the first official presentations of the name of the element #110
were probably three notes in Nature and Pure and Applied Chemistry, published just before
and after council of [UPAC in Ottawa in August 2003. The title of the short note in Nature
was: Element 110 to be named tomorrow. The papers in Pure Applied Chemistry were enti-
tled: On the claims for discovery of elements 110, 111, 112, 114, 116 and 118: (IUPAC
Technical Report) and Name and symbol of the element with atomic number 110: (IUPAC
Recommendations 2003)(Ball 2003; Corish and Rosenblatt 2003; Karol et al. 2003).

Roentgenium

The first report on the discovery of element #111 was published by the team from Darm-
stadt in 1995. After the skeptical opinion of IUPAC, the synthesis was repeated in 2002
(Hofmann et al. 2002, 1995b). The second experiment convinced IUPAC, which claimed
the right to name the element to the German team. The proposal of the name roentgenium
was published by IUPAC in 2004 in Pure and Applied Chemistry under the title Name and
symbol of the element with atomic number 111 (IUPAC recommendations 2004) (Corish
and Rosenblatt 2004).

Copernicium

Copernicium, similarly to two previous elements, was first created in Darmstadt in 1996
(Hofmann et al. 1996). IUPAC officially recognized the discovery in 2009 (Barber et al.
2009). This decision opened the way to naming of the new element. The first information
about the name appeared at the GSI website on July 14 2009, in the short note entitled
Element 112 shall be named “copernicium" (GSI 2009). This information was immedi-
ately reprinted in a few popular-science journals. According to the author’s studies, the
first scientific magazine, publishing this information, was Nature, in a short note from
July 22 2009, entitled Copernicus honoured in periodic-table addition (Nature 2009). The
IUPAC’s official recommendation was published in the February 2010 issue of the journal
Pure and Applied Chemistry, entitled Name and symbol of the element with atomic number
112 (IUPAC Recommendations 2010)(Tatsumi and Corish 2010).

Flerovium, Livermorium

Elements #114 and #116 were synthesized by Joint Institute for Nuclear Research in
Dubna (JINR), with some collaboration of the scientists from Lawrence Livermore
National Laboratory in 1998 and 2000 respectively (Oganessian et al. 2001, 1999).
The discovery of these elements was recognized by IUPAC in June 2011 (Barber et al.
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2011). The names were proposed by Russians and presented at the Closing Ceremony of
the International Year of Chemistry in Brussels on December 1st 2011. The first writ-
ten information about the proposals of names flerovium and livermorium can be found
in the note at the JINR website from 2nd of December 2011, entitled Names Proposed
for Elements of Atomic Number 114 and 116 (JINR 2011). This information, as in the
previous case, was immediately reprinted in newspapers and popular science magazines.
The official recognition of those two names took place in 2012 in the article Names
and symbols of the elements with atomic numbers 114 and 116, published in Pure and
Applied Chemistry (Loss and Corish 2012).

Moscovium

The element #115 was successfully synthesized in JINR in Dubna in 2003 (Oganessian
et al. 2004). However, in December 2015, IUPAC/IUPAP Joint Working Party recognized
only the later works of the Dubna-Livermore collaboration (from 2009), and the right to
suggest a permanent name of the element, which was based on these works, was given
(Karol et al. 2016a). Russians had proposed the name moscovium at least a few months
earlier than the official recognition took place, traces of which can be found on Russian
websites and magazines. The first official note about the name moscovium came from the
website press release from Dubna, dated 6th of January 2016, entitled Discovery of the
new chemical elements with numbers 113, 115, 117 and 118 (JINR 2016). The official rec-
ognition of the name was published by IUPAC in December 2016 (Ohrstrom and Reedijk
2016).

Oganesson, Tennesine, Nihonium

Oganesson nuclei (Z=118) were synthesized in Dubna in 2002, and the synthesis was
repeated in 2005. The results were published in 2006, and officially recognized by IUPAC
in 2016 (Karol et al. 2016b; Oganessian et al. 2006).The synthesis of the element #117,
tennesine, in 2009 and 2010 was a great example of the international collaboration between
several laboratories. The results were published in 2010 (Oganessian et al. 2010). IUPAC
recognized the discovery in 2016 (Karol et al. 2016a).The synthesis of the element #113,
nihonium, became the leading idea of Japanese scientists from Riken Institute for some
time. The Japanese team managed to synthesize element #113 in 2003, and published their
results in the following year (Morita et al. 2004). IUPAC finally recognized (after some
troubles and criticism) the discovery in 2016 (Karol et al. 2016a).

The first official notes about the naming of elements #113, 117 and 118 has become
extremely difficult and, in fact, almost impossible to establish in the times of fast flow of
information on the internet, social media and in newspapers. In case of those three ele-
ments, the most reasonable official announcement may be the press release on the IUPAC
webpage from june 8th 2016, entitled: IUPAC is naming the four new elements nihonium,
moscovium, tennessine, and oganesson (IUPAC 2016), which was in fact the announce-
ment of the public review of the names. On the part of a regular paper, the recognition
appeared in December 2016 in the article entitled Names and symbols of the elements with
atomic numbers 113, 115, 117 and 118 (IUPAC Recommendations 2016) published in Pure
and Applied Chemistry (Ohrstrom and Reedijk 2016).

@ Springer



246 P. Miskowiec

Summary

The last 120 years in terms of discovering and especially synthesizing new elements
turned out to be no less turbulent than the nineteenth century. From the 1930s, physi-
cists from American laboratories took the lead in research. World War II accelerated
research into radioactive elements, mainly in terms of their military use. The nomen-
clature complications began in the 1940s, firstly due to the concealment of the results,
and secondly, due to the lack of naming procedures for artificially synthesized elements.
The Cold War between the USSR and the USA and its allies only deepened this naming
inconsistency. An example was the decades-long dispute over the names of elements
with atomic numbers 104 and 105, as a result of which they changed names at least four
times.

The end of the Cold War also resulted in the end of the naming war and the start of
wider cooperation between the centers. Work on the synthesis of the last, so far known,
9 elements was already conducted in the spirit of at most substantive competition.
Thanks to that fact, by 2016, the 7th period of the Periodic Table of the Elements was
completed. Work on the synthesis of further super-heavy elements is underway... (Ball
2019; Khuyagbaatar et al. 2020).

Conclusions

In the series of the three articles entitled “Name game...” the history of naming of all
the known chemical elements has been presented. 118 chemical elements have been rec-
ognized as a basic building block so far, including 24 (or according to some sources
only 20) non-existent in nature. Taking into consideration the assumptions, described
in the introductory part of the first article of the series, the nomenclature of elements is
based on more than two hundred publications, works and treatises, written in seven (or
possibly eight) languages, listed in descending order: English, French, German, Swed-
ish, Latin, Italian, Spanish and possibly Russian, as the language of the co-discoverers.
These works are a great reflection of several hundred years of scientific development.
The presented systematized list of naming-publications allows quick and relatively easy
find of the source texts dealing with the discoveries and naming of elements and thus
fills the information gap on this topic. Information scattered in many publications has
been collected and merged in this series of three papers divided chronologically. As a
result of the use of the source texts some inaccuracies (including dates and authors),
related to the nomenclature of elements, have been clarified. However, the presented
publications probably do not exhaust the subject of the nomenclature of chemical ele-
ments. Thus, the author hopes that it will be a kind of a stimulus for further discussions
and research.
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