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Why we study super-heavy elements?

* How many elements can exist? chemical restrictions

« How relativistic effects can affect the chemical properties
of elements

 Construction of the periodic table
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Relativistic effects in chemistry

Noble gold [Xe]5d1V6s?
Liquid mercury [Xe]5d'96s?
Yellow color of gold and cesium
Anion Au’

Low oxidation states

TI*, [Xe]5d'°6s%6p, ,
Pb?*, [Xe]5d*%6s%6p?, ,
Bi*, [Xe]5d'°6s°6p?;/,6p3);

Po** [Xe]5d*°6s°6p?, ,,6p°3),
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1 Periodic Table of the Elements
H 2 13 14 15 16 17
A IVA VA VIA VIIA
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B Ca Nu O
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B VB VB viB ViiB Vil IB 1B Silicon
3B 4B 58 68 78 ¥ 8 v 1B 28 28 G ' soe7a 2086
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Sc Ti V Cr Mn Fe Co Ni Cu Zn Ge As Se
i il i il Iron Cobalt Nickel Copper Zine Germanium Selenium
44.956 47.88 50.942 51.996 54.938 55.933 58.933 58.693 63.546 65.39 72.61 ?4 922 78.09 A
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Y Zr Nb Mo Tc Ru Rh Pd Ag Cd Sb Te
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“Hf Ta W Re Os Ir Pt Au “Po

Hafnium i Osmium Iridium Platinum Gold B Polonium
178.49 180.948 183.85 186.207 190.23 19222 195.08 196.967 [208.982]
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1 PERIODIC TABLE OF THE ELEMENTS
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Rutherfordium

Dubnium
Seaborgium
Bohrium
Hassium
Meitnerium

Darmstadtium

Roentgenium

Copernicium

Nihonium
Flerovium
Moscovium

Livermorium

Tennessine

Oganesson

267 Rf

268Db
ZGBSg
27OB h
270Hs
278Mt
281 Ds
282 Rg
285cn
286N h
289F|
290M C
293 Lv

294Ts

2940 g

2.5 hours

29 hours

14 minutes

1 minute

10 seconds

7.6 seconds

9.6 seconds

1.6 minutes

29 seconds

9.5 seconds

1.9 seconds

650 milliseconds

57 milliseconds

51 milliseconds

0.69
milliseconds!

Criteria for chemical studies to
be carried out on a transactinide,

at least four atoms must be
produced,

* the half-life of the isotope must
be at least 1 second,

* rate of production must be at
least one atom per week.


https://en.wikipedia.org/wiki/Rutherfordium
https://en.wikipedia.org/wiki/Dubnium
https://en.wikipedia.org/wiki/Seaborgium
https://en.wikipedia.org/wiki/Bohrium
https://en.wikipedia.org/wiki/Hassium
https://en.wikipedia.org/wiki/Meitnerium
https://en.wikipedia.org/wiki/Darmstadtium
https://en.wikipedia.org/wiki/Roentgenium
https://en.wikipedia.org/wiki/Copernicium
https://en.wikipedia.org/wiki/Nihonium
https://en.wikipedia.org/wiki/Flerovium
https://en.wikipedia.org/wiki/Moscovium
https://en.wikipedia.org/wiki/Livermorium
https://en.wikipedia.org/wiki/Tennessine
https://en.wikipedia.org/wiki/Oganesson
https://en.wikipedia.org/wiki/Island_of_stability

Partition

technique
Solid state—gas
liquid — liquid

liquid — solid state
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One atom chemistry

Kd :j =5
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Techniki badan

N -Cooling
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Termochromatography
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Liquid chromatography

ARCA
AIDA
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Automated lon exchange separation apparatus coupled w:th the

uayalicer valies Detection system for Alpha spectroscopy (AIDA)

for eluent flow

>0 20 P

2 x 20 chromato-
graphic columns
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>0~ >

§ He ring-shaped
1 nozzle
_~300°C

Heat plate ]
~100 °C

AIDA: CzeehoJ. Phys. 53 (2003) A299.



Tne Cn and Fl experirments

242py (8Ca,3n)%8’Fl - 3.5 pb

Beam (%8Ca)

Teflon
Window/ capillary
-(r%%izpu SiO,-Filter Cryo On-line Detector (4r COLD)
Ta metal (32 pairs PIN diodes, one side gold covered)
850°C
j/:/| L| : *oo| : *’i"
. Hg 112 1147 Rn  Loop
Recoll Quar 5 £ Temperature gradient: 35°C to — 180 °C
chamber Beam inlay Quartz
stop column T T[_

Carrier gas \
He/Ar (70/30) R
-
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Aclsorotion of Cn on gold surface
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Cn is similar to Hg but more volatile
R.Eichler et al. Nature 447 (2007) 72-75
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A. Yakushev et al. Inorg. Chem. 2014, 53, 1624-1629



Fl gas chemistry

COMPACT I (IC) COMPACT Il (TC)

A. Yakushev et al. Inorg. Chem. 2014, 53, 1624-1629



H lonic radius - [
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Rf4+ >Hf4+ > Zr4+ > Ti4+
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Hydrolysis in Group 4 Ti>Rf>Zr>Hf



State hydrolizy

Grupa 11
o | PRy,
kation | pm
Cu* I -
Agt | 115 | 12
Aut | 137 | 3.8

Grupa 13
o | PRy,
kation | pm
Ga’* | 62.0| 3.6
In3* | 80.0 | 4.0
TI* | 885 0.6

Grupa 12
gt PKy;
kation | pm
Zn2* 4 8.96
Cd? 95 10.08
Hg2* 102 3.40
Grupa 2
kation | r; (pm) | pKy;,
(CN=8)
Cat | 112 13,22
Sr2+ | 126 13,83
Ba** |142 14,07
Ra?* | 148 14,07

M.Barysz, J.Leszczynski, A.Bilewicz, PCPC




Perspectives of SHE research in Poland

1. Studies on Cn?* hydrolysis
2. Termochromatography studies of chelates Rf, Db, Fl

3. Electrochemical studies of Cnh and Fl



