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IUPAC ANNOUNCES THE NAMES OF THE ELEMENTS 113,
115, 117, AND 118

30 November 2016

W fl3 fin]+!

Elements 113, 115, 117, and 118 are now formally named nihonium (Nh), moscovium

(Mc), tennessine (Ts), and oganesson (Og)

Research Triangle Park, NC: On 28 November 2016, the International Union of Pure and Applied Chemistry (IUPAC)
approved the name and symbols for four elements: nihonium (Nh), moscovium (Mc), tennessine (Ts), and oganesson (Og),
respectively for element 113, 115, 117, and 118.

Following a 5-month period of public review, the names earlier proposed by the discoverers have been approved by the
IUPAC Bureau. The following names and symbols are officially assigned: * \ whin \ iy
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Nihonium and symbol Nh, for the element 113, 8 4
Moscovium and symbol Mc, for the element 115, d

Imium 'mﬁm '(m
Tennessine and symbol Ts, for the element 117, and 24 14 P Ty wa

4
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Oganesson and symbaol Og, for the element 118.
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1 IUPAC Periodic Table of the Elements 18
1 2
H He
hydrogen hefium
L)
||.wr‘s. 1.0082] 2 Key: 13 14 15 16 17 40028
3 4 atomic numbar 5 6 T 8 ] 10
Li Be Symbol B Cc N (o] F Ne
Iithium beryllium name beron carbon nitrogen ciygen fuorine neon
L) Gvertanal dnme weg't 1w 120 wmr L0
6938, 6007 | 00122 standard stomic weight 110806, 10.621] | 12008, 12.012) | (14008, 14.008] | [15.990, 16.000) | 16.008 20,180
11 12 13 14 15 16 17 18
Na M Al Si P S Cl Ar
sodium magnesium aluminium silicon phosphorus sulfur chioring argon
2000 24304, 26307 3 4 5 & 7 8 9 10 1 12 2082 | paoes seoes)| st |pooss seore | (3seds sssn|  semee
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \") Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
potassum | caicium scandium titanium iron covalt nickel copper zinc galium | germanium |  arsenic selenium bromine krypton
30,068 40.078(4) 44956 47,067 50042 51006 54438 55.045(2) 56,633 56603 63.548(3) 65.36(2) 60.723 72630(8) 74922 i) | (10901, rason|  eaoez)
v 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
rubidium | strontium yiirium zirconium | niobium i i thodium | palladium sitver cadmium indium tin antimony | tellurium iodine weron
85468 8782 88,906 91224(2) 2,908 95,95 101.07(2) 102.91 108,42 107.87 1241 11482 1871 12178 127.80(3) 126,90 1M
55 56 57-T11 72 73 74 75 76 77 78 79 80 81 &2 83 84 85 86
Cs Ba | . .| Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At Rn
caesium barium hafnium tantalum tungsien rhenium osmium Iridium platinum gold mercury thallium lead bismuth polonium astatine radon
13291 137.33
87 88
Fr Ra
francium radium
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm | Sm Eu Gd Th Dy Ho Er Tm Yb Lu
lanthanum carum Iy P P terblum dysprosium hhalmium arblum thullum yiterbium lustetium
136.91 14012 14091 14424 150.36(2) 15196 157.2503) 15693 16250 16493 167.26 166.93 173.05 17497
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e Artificial elements 10° yo—————
. 1 m*¥(Ca ® (old fusion reactions
— Not observed in nature so far 10°4 O Hot fusion reactions
m"é 5
— Production: heavy-ion-induced fusion reactions 10°4 .
* Hot and cold fusion reactions ~ 10°] Actinide
; = nuclei
* Cross sections: nb to pb & B ]
= Record: 20%Bi(79Zn, n)278Nh > = 222 fb Ui & ﬁﬁ
(3 observed atoms in 553 days of beam time) ; %\
= «Standard» projectile: 3Ca 107 :
107 3 1
— Production rates: atoms/min to atoms/month (or less) 10’

102 104 106 108 110 112 114 116 118 120

— Short half-lives: single hours to microseconds Atomic number

— Currently: 111 isotopes of 15 elements

[1] Morita, K. et al. J Phys Soc Jpn 2012, 81 (10), 1-4 Page 4
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Speed

High efficiency

Sensitive detection of radioactive decay
Formation of defined chemical states
Excellent separation of interfering by-products

«One-atom-at-a-time» chemistry:
— Single atoms: probabilities instead of equilibrium concentrations
— Multiple interactions in «chromatographic» systems

TAN research: gas chromatography to investigate adsorption properties (A_ .H)

ads
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Isothermal Vacuum Chromatography
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(IVAC)

Heat source (e.g. resistance oven)
Particle detector
Read-out
()
ﬁ electron.
N
100 % =+ g e L
° -2 -A4H =150 kJ / mol
= -A,4H = 160 kJ / mol
> / -A4H =170kJ / mol
0% =+ e ==
1 1 1 1 1 1 1 1 1 1 1 1 »
1 1 1 1 1 1 1 1 1 v

1 1 1
350 400 450 500 550 600 650 700 750 800 850

Temperature, °C
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Detector incased in
water-cooled Cu-block

70 °C

Radionuclide source 950 °C

End oven
(ca. 400-1000 °C)

Start oven Isothermal oven
(ca. 1000 °C) (ca. 300-900 °C)
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e Withstand high temperatures

e Work in high temperature environments
— Peak shape
— Energy resolution

* No excitation by UV/vis/IR-radiations
— Emitted by high temperature heating devices

e Limitations for Si detectors:
— Complete darkness
— Temperature ca. 35-40 °C

energy
E /eV

(== Requirements for Sensor Material

A

3.5 =
3.0 =

2.5 =

2.0 5

1.5 =

— 350
= 400
= 450
= 500
— 550
= 600
— 650
= 700
= 750
= 800

V

wavelength

A /nm
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(compared to Si)

asica | st

Bandgap (eV)
Breakdown field (MV / cm)
Density (g / cm3)

e-h creation energy (eV)
Electron mobility (cm? / Vs)
Hole mobility (cm? / Vs)

Saturated electron velocity
at 300 K (10’ cm / s)

Max. Temperature (°C)

[2] Nava, F. et al. Meas. Sci. Technol. 2008, 19.

[3] Steinegger, P. et al. Nucl Instrum Meth A 2017, 850, 61-67.

[4] Kumar, A. et al. Nucl Instrum Meth A 2017, 858, 12-17

[5] Vescan, A. et al. IEEE Electronic Device Lett. 1997, 18, 556-558
[6] Kalinina, E. V. et al., TePhL 2008, 34, 210-212.
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e Diamond sensors in hot

environment:
— high temperature (HT) resistant
PCBs

* |nvestigation:

— Transient current technique (TCT)
measurements 1 - 2%1Am source (ca. 25 kBq), 2 — heat shield & collimator,
3 — heat spreader & collimator w/ heating cartridges,
4 — PCB w/ diamond sensor

— Behavior of e and h* depending on
temperature

Page 10
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* Amount of charge carriers (e/h*) should be constant
— a-particles of same energy (***Am: 5486 keV) &

* Room temperature:
— Short transport times
— Slow lattice vibrations (less hindrance for charge carriers)

* High temperature:
— Longer transport times
— Faster lattice vibrations
— Lower resistance, faster electron transport
— Recombination of e and h* more frequently
— Dark current contributes e to recombination

BS Expected Behavior at High Temperatures

b

u
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Pos. HV Bias
(ca. 1 V/um)
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* TCT Measurements: 12 —
— Temp.: 20 °Cto 200 °C 1 ——70°C
— C2HV0224 Amplifier O
(43.7 dB = amp.-factor 153.2) | —;gg g
e Electrons: 3
— nearly rectangular signals %
— broadening w/ higher ©
temperature
— area is stays nearly constant
5 EI) é 1]0 1[5 o 20

Time, ns
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* TCT Measurements:
— Temp.: 20 °Cto 200 °C
— C2HV0224 Amplifier
(43.7 dB = amp.-factor 153.2)

* Electrons:
— nearly rectangular signals
— broadening w/ higher
temperature
— area is stays nearly constant

e Electron holes:

— signal form similar to electrons
— a bit higher and faster

BE Preliminary Results — TCT
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Current, pA

—20°C
—70°C

=150 °C
—180°C

120 °C

200 °C

Time, ns

Page 13



b

u

PAUL SCHERRER INSTITUT

BS Preliminary Results — Charge Yields &
Amplitude
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e Constant behavior up to 200 °C:
— Charge yields (h*, ) (C2 amp.)
— Mean amplitude (Cx amp.)
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(= Results — Comparison of Two Sensors
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e Charge yield comparison of two sensors (S61, S190):
— Slight differences (<10 %) in the temperature interval up to 200 °C
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Further investigation of escCVD diamonds from 200 °C to 500 °C

Comparative study of escCVD diamond vs. SiC
— Improving detector design for high temperature

Envision wide-area detectors for IVAC setups
— Based on P. Steinegger’s previous work

Replacing current Si detectors with wide band gap detectors
— Upgrade to work at higher temperatures (goal: 600 °C to 800 °C)
- thermochromatographic seperator detector array (e.g. COLD)

Page 16
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* For online measurement of TANs in IVAC:
— Detector needed to work in vicinity of high temperature and strong IR/vis/UV-radiation

e Wide band gap materials for a-detectors
— Si requires total darkness (small bandgap: 1.12 eV)
— Diamond is a wide band gap semiconductor (5.5 eV)

— SiC also a possible wide band gap semiconductor (3.27 eV)

- Advantage of SiC: production of electronic grade material
and much cheaper (ca. 1/1000 of escCVD diamonds)

Page 17
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BS Implications for TAN Chemistry
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e For TAN chemistry: thermochromatographic separator detector arrays

— PSI: Cryo On-Line Detector (COLD)
— GSI: Cyro-Online-Multidetector for Physics And Chemistry of Transactinides (COMPACT)

— LBNL: Cyro-Thermochromatographic Seperator (CTS)

* With higher temperatures: less volatile elements and compounds accessible

Page 18
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e «One-atom-at-a-time» chemistry possible due to state-of-the-art detection

systems
— Diamond-based detectors enable high-temperature measurements

e High temperature a-spectroscopy

— All tested diamonds performed well up to 200 °C
— Improving detector design for higher temperatures

e Possible explanation for waveform changes:
— Increased lattice vibration hinders charge carrier transport

Page 19
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