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Morita et al., JPSJ 73, 2593 (2004).

?
A1,11.68 MeV
344 us
?
a,
11.15 MeV
9.26 ms
?
% N DI%TE
10.03 MeV —
— 266
26681 7.16 ms 107 = o.e?sh
a4 a 9.29
9.08 MeV 1R+
247 s 1058 T 262
o (~67%)
8.67 (1,=9%)
204.1 MeV 8.53 (/,=16%)
40.9 s 8.45 (I.=75%) SF (~33%)

Wilk et al., PRL 85, 2697 (2000).
Table of Isotopes, 8t ed. (1996).
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109 + 2 = 111 344 ys
/ ”./7 L%jj_ ﬁ 274Rg "
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BENA+4 & 107 +2 =109 996 ms
96 27001t
X } a
) 3 ‘;j;
g, 1003 My AADEIS
o & - 7.16 ms 107&5753% [%°Bh
a: “He® Bh L0009 083
% a -
RF&ES Z Jiﬂz 76,08 MeV 1RF
L B2 A A=4 247 s 1058t [
a (~67%)
Z\S\ {55 IR 8.67 (1,=9%)
BRROREE (SF) 204.1 MeV 8.53 (1,=16%)
40.9 s 8.45 (I,=75%)  SF (~33%)

Morita et al., JPSJ 73, 2593 (2004).

Wilk et al., PRL 85, 2697 (2000).
Table of Isotopes, 8t ed. (1996).
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Experiment on the Synthesis of Element 113 in the Reaction **Bi("’Zn,n)*’%113

Kosuke MORITA!*, Kouji MORIMOTO!, Daiya KAn', Takahiro AKTYAMA'Z, Sin-ichi GOTO?,
Hiromitsu HABA', Eiji IDEGUCHI*, Rituparna KANUNGO!, Kenji KATORI', Hiroyuki KOURA?,
Hisaaki KUDO®, Tetsuya OHNISHI', Akira OZzAWA’, Toshimi SUDA'!, Keisuke SUEKI’,
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®Department of Chemistry, Niigata University, lkarashi, Niigata 950-2181
7Univ€rsiry of Tsukuba, Tsukuba, Ibaraki 305-8571
8Institute of Modern Physics, Chinese Academy of Science, Lanzhou 730000, China
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The convincing candidate event of the isotope of the 113th element, ?®113, and its daughter nuclei,
274111 and ?"°Mt, were observed, for the first time, in the 2*’Bi 4+ 7°Zn reaction at a beam energy of
349.0 MeV with a total dose of 1.7 x 10'. Alpha decay energies and decay times of the candidates,
28113, #7111, and 2Mt, were (11.68 =0.04 MeV, 0.344ms), (11.15=+0.07MeV, 9.26 ms), and

(10.03 = 0.07 MeV, 7.16 ms), respectively. The production cross section of the isotope was deduced to
be 55133° tb (107% cm?).
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2005F442H 3
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+ BT DADDAIEE EER /1168 Mev /11 52Mev
— \ NS . ms
¢ EE%DH’_(ZGGBI‘I, 262Db‘c.¥”l¥ 274Rg 214Rg
s s
11.15 MeV 11.31 MeV
9.26 ms 34.3 ms
270Mt 270Mt
o s
10.03 MeV 2.32 MeV (escape)
2668 7.16 ms 266G 1.63 s
oy Oy MDY A
9.08 MeV 9.77 MeV 266Bh
247 s 1.31s 49.29 0.6s
a (~67%) 1R+
8.67 (I,=9%) po
204.1 MeV 192 MeV 222 (;of;gif)
SE 409 g 0.787s 45 (1,=75%)
Morita et al., JPSJ 73, 2593 (2004). Morita et al., JPSJ 76, 045001 (2007).
SF (~33%)

20065, 1M13BITROFERZIUPACL .
IUPAPDEREIHEESS (JWP) [CEIE  Tavior kotopes, 8"ed. 1996),




1132

SMIEDOFTRARICRENDDIFARSS

ERFTIE « AEEES (IUPAC) #ES5E Pure and Applied Chemistry

Pure Appl. Chem., Vol. 83, No. 7, pp. 1485-1498, 2011.
doi:10.1351/PAC-REP-10-05-01
© 2011 IUPAC, Publication date (Web): 1 June 2011 2011FE651H

Discovery of the elements with atomic nhumbers
greater than or equal to 113 (IUPAC Technical
Report)*

Robert C. Barber!, Paul J. Karol2+8, Hiromichi Nakahara3,
Emanuele Vardaci®, and Erich W. Vogt®

"Department of Physics and Astronomy, University of Manitoba, Manitoba, R3T
2N2, Canada; 2Department of Chemistry, Carnegie Mellon University, Pittsburgh,
PA 15213, USA; 3Chemistry Department, Tokyo Metropolitan University, Tokyo
192-03, Japan; 4University of Naples “Federico II” and Istituto Nazionale di Fisica
Nucleare, Napoli, Italy; °TRIUMF, Vancouver, BC, V6T 1W5, Canada

Abstract: The TUPAC/IUPAP Joint Working Party (JWP) on the priority of claims to the dis-
covery of new elements 113—116 and 118 has reviewed the relevant literature pertaining to
several claims. In accordance with the criteria for the discovery of elements previously estab-
lished by the 1992 IUPAC/IUPAP Transfermium Working Group (TWG), and reinforced in
subsequent ITUPAC/IUPAP JWP discussions, it was determined that the Dubna-Livermore
collaborations share in the fulfillment of those criteria both for elements Z= 114 and 116. A
synopsis of experiments and related efforts is presented.

Keywords: atomic number 114; atomic number 116: discovery; new elements; IUPAC
Inorganic Chemistry Division; IUPAP; periodic table; trans-copernicium; transfermium.



Z=113

i 113; 01 The collaboration of Oganessian et al. [8,9]

In 2004, this collaboration studied the hot fusion reaction of #¥Ca with 2**Am and reported one four-
member o-decay chain commencing at 237115, passing through 283113 and then 27°Rg and 27 Mt lead-
ing to 271Bh whose o-decay was inferred to lead to 2°’Db which decayed by spontaneous fission (with
a 100 min lifetime). At a different bombardment energy. three chains beginning with 238115, continu-
ing sequentially to 284113, 280Rg, 276Mt, 272Bh, and terminating with spontaneous fission of 2°8Db with
mean lifetime of 23 h were observed with good internal agreement. None of the nuclides had been pre-
viously characterized.

® 113; 02 The collaboration of Morita et al. [10,11]

Production of two chains of o-emitting nuclides was reported by Morita et al. from the cold fusion reac-
tion of a bismuth target with a “Zn beam at the RIKEN heavy-ion facility in Japan, the first in 2004
[10] and the second in 2007 [11]. The former study reports the o-chain commencmﬂ with 278113 pro-

HRBTI—TDRRBIE, ETEEETHDID,
Eﬁ,,\.ggiﬂb")ﬁ< AN\ DIEE I D&EFE
<, BUASNZ2ESICR—HODD, R

DEFEZGIC U TLVEL,

by a 28 s a-decay, not by spontaneous fission. The latter observation is in contrast to the RIKEN result.
JWP ASSESSMENT: The work of the collaboration of Morita et al. is very promising but has not

met the criteria for discovery owing to the paucity of events, the absence of firm connection(s) to known
nuclides. and the inconsistencies noted above.

113; 03 The collaboration of Oganessian et al. [13]

In 2007, this collaboration investigated the hot fusion of 48Ca with 23’Np and reported two four-mem-
ber a-decay chains commencing at 232113, passing through 27®Rg, 27#Mt. and 27YBh, and leading. in
just one chain, to 2°°Db decay by spontaneous fission with a 32 min lifetime. The first two events in
each chain showed excellent mutual agreement for both decay energies and lifetimes. The third mem-
ber gave lifetimes of 470 and 810 ms. None of the nuclides had been previously characterized.

JWP ASSESSMENT: The collaborations of Oganessian et al. at Dubna were essentially contem-
poraneous with those of Morita et al. at RIKEN, The results are encouraging but do not meet the crite-
ria for discovery because of the paucity of events, the lack of connections to known nuclides, and the
absence of cross-bombardments.




Z=113
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® 113; 02 The collaboration of Morita et al. [10,11]

Production of two chains of o-emitting nuclides was reported by Morita et al. from the cold fusion reac-
tion of a bismuth tareet with a ’°Zn beam at the RIKEN heavy-ion facility in Japan, the first in 2004
[10] and the second in 2007 [11]. The former study reports the o-chain wmmenunﬁ with 278113 pro-
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by a 28 s a-decay, not by spuntdneuus fission. The latter observation is in contrast (0 the RIKEN result.
JWP ASSESSMENT: The work of the collaboration of Morita et al. is very promising but has not

met the criteria for discovery owing to the paucity of events, the absence of firm connection(s) to known
nuclides. and the inconsistencies noted above.
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248Cm + #Na — 2°°Bh + 5n

=157

9 + 11 = 107 266Bh
~1s 20045785238 200548528
a 8.82-9.23
20[RF 278113 278113
a ("‘67(70) 262 a o
ggg gﬁ?;/‘;/)) 1/11.68 MeV 1/11.52 MeV
29 Ma= 70 70 344 us 4.93 ms
a(97.4%) 845 (=75%) 214Rg 214Rg
g.g;t 8:25//)) 258 ¢|  SF (~33%) a, a,
2621 (1,72%%) | 35+ 11.15 MeV 11.31 MeV
295 (g=46%) 9.26 ms 34.3 ms
8.565 (/,=20%) 270\t ' 2701t '
254Md s a3
10.03 MeV 2.32 MeV (escape)
Morita et al., JSPS 78, 064201 (2009). 266gp| 10 MS 2eegp| 1038
G4 a4
9.08 MeV 9.77 MeV
247 s 1.31s
204.1 MeV 192 MeV
SF 409 s SF 0.787 s
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378 s Table of Isotopes, 8™ ed. (1996).
saggl 7 Morita et al., JSPS 78, 064201 (2009).
Morita et al., JPSJ 81, 103201 (2012). Haba et al., PRC 89, 024618 (2014).
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113, 115, 117, 118B T EDEBIIEET TR

118 7T3&: 249Cf + 48Ca (2006-2012, 4@%)““*_
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IUPAC Technical Report
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Discovery of the elements with atomic
numbers Z = 113, 115 and 117
(IUPAC Technical Report)
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Abstract: The fourth [UPAC/IUPAP Joint Working Party (JWP) on the priority of claims to the discovery of new
elements 113, 115, 117 and 118 has reviewed the relevant literature pertaining to several claims. In accordance
with the Criteria for the discovery of elements previously established by the 1991 IUPAC/IUPAP Transfermium
Working Group (TWG), and reinforced in subsequent [UPAC/IUPAP JWP discussions, it was determined that
the RIKEN collaboration has fulfilled those Criteria for element Z=113. The Dubna-Livermore—Oak Ridge
collaborations claims for 115 and 117 are also in compliance. The discussion of element Z = 118 will appear in
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Category: Press Releases
'”tef”a/f\‘ggs;g’giﬁgrﬁfsfr;r 8 and Discovery and Assignment of Elements with

Atomic Numbers 113, 115, 117 and 118
Highlights IUPAC announces the verification of the discoveries of four
new chemical elements: The 7th period of the periodic table
The IUPAC Network of elements is complete.

Periodic Table of the

Elements The fourth IUPAC/IUPAP Joint Working Party (JWP) on the priority of claims to the

discovery of new elements has reviewed the relevant literature for elements 113,

115, 117, and 118 and has determined that the claims for discovery of these
RIKEN RKEN [0 riken [l RIKEN elements have been fulfilled, in accordance with the criteria for the discovery of
elements of the IUPAP/IUPAC Transfermium Working Group (TWG) 1991
discovery criteria. These elements complete the 7th row of the periodic table of the
elements, and the discoverers from Japan, Russia and the USA will now be invited
to suggest permanent names and symbols. The new elements and assigned
priorities of discovery are as follows:

=*» Color Books

S 201 5i7(ﬂ§ B The RIKEN collaboration team in Japan have fulfilled the criteria for element Z=113

Element 113 (temporary working name and symbol: ununtrium, Uut)

and will be invited to propose a permanent name and symbol.
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INTERNATIONAL UNION OF
PURE AND APPLIED CHEMISTRY Advancing Chemistry Worldwide
President Vice President Secretary General
Prof. Natalia P. Tarasova (Russia) Prof. Qi-Feng Zhou (China) Prof. Richard Hartshorn (New Zealand)
Past President Treasurer Executive Director
Dr. Mark C. Cesa (USA) Mr. Colin J. Humphris (UK) Dr. Lynn M. Soby (USA)

For Release 8 June 2016 2016&6%88 5%%%

IUPAC is naming the four new elements nihonium, moscovium,
tennessine, and oganesson

Following earlier reports that the claims for discovery of these elements have been fulfilled [1, 2],
the discoverers have been invited to propose names and the following are now disclosed for public

review:
Nihonium and symbol Nh, for the element 113, —fi@%é/\ ( 1 1 IS% T )

Moscovium and symbol Mc, for the element 115,
Tennessine and symbol Ts, for the element 117, and
Oganesson and symbol Og, for the element 118.

The IUPAC Inorganic Chemistry Division has reviewed and considered these proposals and
recommends these for acceptance. A five-month public review is now set, expiring 8 November

2016, prior to the formal approval by the IUPAC Council. http'//WWW iu pac org/
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INTERNATIONAL UNION OF
PURE AND APPLIED CHEMISTRY Advancing Chemistry Worldwide
President Vice President Secretary General
Prof. Natalia P. Tarasova (Russia) Prof. Qi-Feng Zhou (China) Prof. Richard Hartshorn (New Zealand)
Past President Treasurer Executive Director
Dr. Mark C. Cesa (USA) Mr. Colin J. Humphris (UK) Dr. Lynn M. Soby (USA)

For Immediate Release 30 November 2016 201 6&1 1 E 30 B

IUPAC Announces the Names of the Elements 113, 115,117, and 118

Elements 113, 115,117, and 118 are now formally named nihonium (Nh), moscovium (Mc),
tennessine (Ts), and oganesson (0g)

nihonium
Research Triangle Park, NC (USA): On 28 November 2016, the International Union of Pure Sh=i

and Applied Chemistry (IUPAC) approved the names and symbols for four elements:
nihonium (Nh), moscovium (Mc), tennessine (Ts), and oganesson (0Og), respectively for

element 113, 115,117, and 118.

- TLERB s
RFES sen OAsE JTER50
113 nihonium 7 Ly WA Nh
115 moscovium TX3IED A Mc
117 tennessine TRIY Ts

118 oganesson AR Y Og
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