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Superheavy Element Atomic Science Opened-up by the First lonization Potential
Measurements of Element 113, Nihonium

Sato, Tetsuya
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It has been pointed out that the atomic structure and chemical properties of
superheavy elements with atomic numbers above 100 may change relative to predictions from the
periodic table due to strong relativistic effects. In this study, in cooperation with research
groups of Switzerland and Russia, we aimed to establish an experimental chemical method using
single-atom ion beams and molecules for superheavy elements up to element 113, nihonium. As a
result, the conditions for producing ion beams with a gas-jet coupled plasma ion source were
determined, and it was shown that this ion source is useful at the end of the periodic table with
large atomic numbers. In addition, volatile molecules of the superheavy element dubnium were
synthesized, and their volatility was clarified.



2016

(NF) 13
[Rn]5f7s%6d'°7p
6d
1P,
100
1P,

103
113 Nh

(JAEA)

(PSI)
(ISOL)
Nh
Nh
ISOL
ISOL
105
(Db)
Db
SHE Factory
Nh
(Th
)
1P,

EBGP

103

(IPy)

1

103

Lr

7p

p

1Py

(Lr)

(Ln[1]

(FLNR)

PSl

FLNR

PSl

1. EBGP

FLNR

(EBGP, Electron Beam Generated Plasma)

113

JAEA

Nh

T

|1
/ [

7
hi
]

Nh

1Py



10° IP=14.0eV Kr(Z=36)

Anode Cathode
Cathode
2 Filament 10¢ IP =15.8 eV Ar(Z=18)
Anode . eI T
3 7 —_
< 7 Tip=216ev Nei2210)
g 1 » «" " He(z=2)
= 7
i € ' e
Filament s 10 /“1IP=24.6 eV
Cathode @ /
Cathode 1 U —
f 50 100 150 200 250
Cathode-Anode 107 ’
Anode lonization voltage / V
2. He, Ne, Ar Kr
Anode
(He, Ne, Ar, Kr)
(Cathode-Anode
) O04A (Cathode-
Anode )
2
(2]
EBGP
Beam Quartz wool Aerosol inlet
l e plug Quartz column Water-cooled aerosc:)II(::tl:III‘ector
¥ { | l / cluster chamber
Carriergas | | ,MMM? %

h v v

’r,-rJ Capillary
1 T ‘ T EI 25m
Target chamber Reaction I Isothermal ovens
oven Aerosol inlet .
Chlg;t‘::ing Vacuum pump  Exhaust
3.
2
4 5 6 (Rf)
(Db) (So) (Hf) (Ta)
(W)
Hf
2800 K 99%
105 (Db)

3 (3]



(1%)

(150 ~600 )
(Nb) Ta Db
- 4
Nb Ta Db
Nb Ta 150
250 300 400
Db 350 500
240 1 _AH_ . (NbOCIL,) = 102 + 4 kJmol ™
220 1 _AH 4, (TAOCI;) = 128 + 5 kdmol”
Nb, Ta 2001 _AH,,, (DbOCL,) = 130 + 6 kJmol !
Db T 180
102, 128 130 P
kJ/mol Ta Db o
o 120
> 100 4
80 T
Nb > Ta > Db o
40 -
Nb > Ta= Db 20 ] [ | 68%ec.i.
0 T I. T T T T
Db 100 200 300 400 500 600
Temperature, °C -
4. -
[4]
(©)
PSI 2020 PSI
Nh COVID-19
FLNR
PSI FLNR Tl Nh
2022 FLNR
PSI FLNR
2023 ( 5 ) PSI
Nh
COVID-19
Nh
< >

[1] T. K.Sato et a. Nature 520 (2015) 209-211.

[2] G. G. Raju, Proc. ISEIM 2005, pp. 95-98.

[3] N. M. Chiera, T.K.Sato et d., Inorg. Chim. Acta 486 (2019) 361-366.

[4] N. M. Chiera, T.K.Sato et al., Angew. Chem. Int. Ed. 60 (2021) 17871-17874.



Chiera Nadine M. Sato Tetsuya K. Eichler Robert Tomitsuka Tomohiro Asai Masato Adachi 133
Sadia Dressler Rugard Hirose Kentaro Inoue Hiroki Ito Yuta Kashihara Ayuna Makii

Hiroyuki Nishio Katsuhisa Sakama Minoru Shirai Kaori Suzuki Hayato Tokoi Katsuyuki

Tsukada Kazuaki Watanabe Eisuke Nagame Yuichiro

Chemical Characterization of a Volatile Dubnium Compound, DbOCI3 2021

Angewandte Chemie

18015 18018

DOl
10.1002/ange . 202102808

Nagame Yuichiro Sato Tetsuya K. Kratz Jens V.

Actinides and Transactinides

2020

Kirk- Othmer Encyclopedia of Chemical Technology

DOl
10.1002/0471238961.0103200919050102.a01. pub3

10 7 7

JAEA-1SOL

2021

Tetsuya K. Sato

Current Status of Atomic/Chemical Studies of Heavy and Transactinide Elements at JAEA

Atomic Structure of Actinides & Related Topics

2021




T. K. Sato

Current status of atomic/chemical studies of heavy and trans-actinide elements at JAEA

57th Annual Convention of Chemists 2020

2020

T. K. Sato

Chemical characterization of the heaviest elements

The 19th CNS International Summer School (CNSSS20)

2020

T. K. Sato

Chemical & Atomic Studies of the Heaviest Elements with JAEA-1SOL

The 19th CNS International Summer School (CNSSS20)

2020

2020




EBGP

101 (2021)

2021

T. K. Sato, M. Asai, Y. Kaneya, A. Toyoshima, Y. Ito, K. Tsukada, K. Tokoi, T. Tomitsuka, H. Suzuki, H. Makii, A. Osa, Y.
Nagame, M. Sakama, S. Ichikawa, T. Oonishi, A. Borschevsky, Ch. E. Duellmann, J. V. Kratz, M. Schaedel, T. Stora, V.
Pershina, and R. Eichler

Atomic and Chemical Properties of Lawrencium (Lr, Z = 103) and an Outlook to the Transactinides

6th International Conference on the Chemistry and Physics of the Transactinide Elements (TAN19)

2019

T. K. Sato, M. Asai, Y. Kaneya, A. Toyoshima, Y. Ito, K. Tsukada, K. Tokoi, T. Tomitsuka, H. Suzuki, H. Makii, A. Osa, Y.
Nagame, M. Sakama, S. Ichikawa, T. Oonishi, A. Borschevsky, Ch. E. Duellmann, J. V. Kratz, M. Schaedel, T. Stora, V.
Pershina, and R. Eichler

Atomic and Chemical Properties of the Heaviest Actinide Element, Lawrencium (Lr, Z = 103)

Mendeleev Congress XXI

2019

Tetsuya K. Sato

Atomic/Chemical Properties of the Heaviest Actinide Element Lawrencium

ARCEBS2018

2018




(Ito Yuta)

(30711501) (82110)
(Goto Shin*ichi)

(70334646) (13101)




