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This year: 2019 (150 years from Mendeleev)

PARTNERS CONTACT

T fg;,g;ﬁ%

United Natio Z International Yea
Educational, Scientific and - of the Penodlc Table
Cultural Organization . of Chemical Elements

The International .
Year of the Periodic
Table (proclaimed by UNESCO)

A Common Language for Science

The Periodic Table of Chemical Elements is one of the most significant
achievements in science, capturing the essence not only of chemistry, but also of
physics and biology.

1869 is considered as the year of discovery of the Periodic System by Dmitri
Mendeleev. 2019 will be the 150th anniversary of the Periodic Table of Chemical
6'\ Elements and has therefore been proclaimed the "International Year of the
Periodic Table of Chemical Elements (IYPT2019)" by the United Nations General

Assembly and UNESCO.
Y

Opening ceremony @Paris & Moscow, Jan.

= Woman and Chemical Elements @Murcia(Spain), Feb.
» |UPAC2019 @Paris, Jul.

» Mendeleevl50 @St. Petersburg, Jul.

» Closing ceremony @Tokyo, Dec. 5th

etc.




Dlscoverers of 7t period elements standing in a row
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70Zn + > 278113 + n

200359 A RERFIa

Zn E—L 2.8x10%2 {@#/s

11.68 = 0.04 MeV (PSD)
0.344 ms

"/ 11.15 + 0.07 MeV
6.15 + 5.00 (PSD + SSD)
9.26 ms

553H %
1.35x 102 & (1350 1&E)

11.52 + 0.04 MeV (PSD)
493 ms

“A10.03 £ 0.07 MeV
1.14 + 8.89 (PSD + 85D)
7.16 ms

T2 11A1 007 MeV
0.43 (PSD + SSD) 11.82 = 0.06 MeV (PSD)

0.667 ms

0.667ms

10,65 + 0.06 MeV (PSD)
9.97 ms

" /9,08 4+ 0.04 MeV (PSD)

204 MeV(PSD) _

4095 /077 £ 0.04 MeV (PSD)
1.31s 10.26 £ 0.07 MeV
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Periodic Table
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Super Heavy Elements -2 less stable



Elements & Country of Discovery
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UK Sweden Germany U. S A. France Russia Austria
23 19

::—H-I—I ne

Denmark  Spain Swit. Finland Italy Romania
2 2 2 1 1

22 Ti 23 V 24 25

40 2r |41 Nb | 42 Rh | 46 Pd

= | 1S
72 Hf 73 Ta 74

N - -

104 Rf 105 Db | 106 110 Ds 111 Rg 117 Uus | 118 Uuo

99 Es 100 Fm | 101 ™Md

Credit given to both where joint or independently discovered. IUPAC recognised only. CoOllated by Jamie Gallagher, @jamiebgall




Proton number

1. Introduction  Nuclear Chart and Stability of Nuclei
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Fusion process in Superheavy mass region

Nuclear Molecule
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Hot fusion adopted

I
« Combination of beam and target (48Ca+24°Cf for E118)
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Production rate:
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Production rate:

Hot fusion adopted 5N

I
« Combination of beam and target (5V+248Cm for E119)
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Fusion process in Superheavy mass region

Nuclear Molecule
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,Cold“ and ,,Hot“ Fusion Reactions

Cold Fusion — doubly magic target nuclei: Pb, Bi;
E*(CN) =10 - 20 MeV, evaporation of 1 — 2 neutrons;
up to now successful for Z <113

o ian(1975) o
"’("’é’,‘i’;f;:i;’;,m,)OO — @ @ 4 O

reaction Q-value large

LEREVEE

Hot Fusion — actinide targets (U, Cm, ...) and “8Ca projectiles;
E*(CN) = 30 — 40 MeV, evaporation of 3 — 4 neutrons;
up to now successful for Z < 118

Q-0 O

BEEE  reaction Q-value small




Synthesis of New Elements

1994
110
111

1996
112

1999
114

2000
116

2002
118

2003
115

2004
113

2010
117

Ds ©2Ni +
Rg ©Ni +

Cn 79Zn +

FI %8Ca +

Lv 48Ca +

BCa +

48Ca +

0Zn +

48Ca +

Reports of new elements

> 269110 +n  (GSI)
> 22111 +n  (GSI)

> 277112 + n (GSI) < named in Feb. 2010
> 289114 + 3n  (FLNR) < named in May. 2012
> 292116 + 4n  (FLNR) < named in May. 2012
> 294118 + 3n  (FLNR)
- 288115 + 3n > 284113 + o (FLNR)
- 28113+ n  (RIKEN)

> 294293117 + 3-4n (FLNR)
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Experimental setup for synthesis of SHE

Russia Dubna U400 DGFRS
i U400M VASSILISSA

Germany Darmstadt |UNILAC SHIP

5 TASCA

Japan Wako RILAC GALIS
@

USA Berkeley 88-inch Cyclotron BGS

France Caen SPIRALZs LINAC S3 (Super Separator
accelerator Spectrometer)




FLNR (Russia) GSI (Germany)
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Scanned at the American

G.N. Flerov ST B K. Morita
(1913 -1990) P. Armbruster G. Muenzenberg (1957-)
(1931-) (1940-)

Yu.Ts. Oganessian
(1933-)

S. Hofmann
(1943-)
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FLNR
(Flerov Laboratory of Nuclear Reactions)
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http://flerovlab.jinr.ru/flnr/index.html
http://jinr.ru/section.asp?sd_id=361&language=eng
http://litpage.jinr.ru/Default.aspx?language=eng
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“On the way to Super-elements”

1999
2000
2002
2003
2010

Yu. Ts. Oganessian (1933 -)

1986 Mir publishers Moscow

48Ca + 24Py > 290114 + 2n
®BCa + 2%8Cm - 294116 + 2n

60N + 238 > 298120
84Kr + 232Th - 316126
84Kr + 208Ph > 292118

238U + 238U > 476184 > 166Yb + 298114 + 12n
136)e + 238U > 374146 > 2%8114 + 72Ge + 4n

114
116
118
115
117

48Ca +
48Ca +
BCa +
8Ca +
8Ca +

> 289114 + 3n

> 292116 + 4n

> 294118 + 3n

> 288115 + 3n > 284113 +
> 294293117 + 3-4n
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Voyage to Superheavy Island
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Proton number
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proton number
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Dl'uj v(A=48)=0.11c¢
i q=16.5+

v (A=288)=0.017 c
q=6.2+

Dubna Gas Filled
Recoil Separator

Yu. Oganessian. 40th IUPAC Congress. August 14-19, 2005, Beijing, China
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beam stopper (Ta) gas inlet
LNy
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detection
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elastic scattering
monitor




Production of Berkelium in Oak-Ridge

The Bk-249 was produced

at ORNL (USA) by irradiation:
of Cm and Am targets for
approximately 250 days

by thermal-neutron flux of
2.5 x 10% neutrons/cm2:s

in the HFIR

(High Flux Isotope Reactor).

‘:"
Yu. Oganessian. “Status of the experiment on the synthesis Z=117". JINR SC, Feb.1819, 2010, Dubna



The purified product contained 22.2 mg of Bk-249,
approximately 1.7 ng of Cf-252, and no other detectable impurities.

Chemical isolation of the Bk-fraction
May 2009

Yu. Oganessian. “Status of the experiment on the synthesis Z=117". JINR SC, Feb.1819, 2010, Dubna



Target : 310 pg/cm? BKO,

w = 1700 rpm on 1.5 um-Ti foill

target-making
June 2009
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