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Heavy Elements - The far end of the periodic table
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Stabilized from shell effects

Droplet Model (DM):
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Stabilized from shell effects

Additional stabilzation from nuclear shell effects
— - Area of enhanced stabilty around N~180
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Stabilized from shell effects

Additional stabilzation from nuclear shell effects Clection shel
- Area of enhanced stabilty around N~180 atomic structure
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Potential energy / MeV

Stabilized from shell effects

Additional stabilzation from nuclear shell effects

- deformation of ground state
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Stabilized from shell effects

Additional stabilzation from nuclear shell effects Electron shell
> deformation of ground state atomic siructure

chemical properties
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Heaviest Elements

Elements at the limits of nuclear stability

« Why do SHE exist at all ? ====2» Shell effects
How are they best produced in the lab ?

What is nuclear structure: binding energies, excitations, shape and sizes

How do their atomic and chemical properties compare to known (lighter) elements ?
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Accessing heavy elements

How to access the heaviest elements?

Information gets sparse when approaching the
upper end of the nuclear chart
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Accessing heavy elements

Spallation and Fragmentation
large isotope range of light elements
limited by target/beam element

e.g. ISOLDE/CERN

and many others Rf
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Accessing heavy elements

Spallation and Fragmentation
large isotope range of light elements

limited by target element e
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Accessing heavy elements

Fusion evaporation reactions JRHEE
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Accessing heavy elements

Fusion evaporation reactions TR
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Accessing heavy elements
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Accessing heavy elements

Fusion evaporation reactions
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Accessing heavy elements

Fusion evaporation reactions
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Heavy Elements - The far end of the periodic table

in-1
tons mg /ug /pg 50 atoms min
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Influence of Relativity on Atomic and Chemical Properties
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Chemistry with limited number of atoms

Classical chemistry << Atom-at-a-time

Macroamount Microamount
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Gas phase chromotography

Chromatography column
Strength of interaction is expressed by adsorption enthalpie AH_,. of Aon B

Mean time spent in adsorbed state: _AH a5

— R-T
Frenkel-Equation T=7,"-€

R: Gas constant; T: column temperature; t,=characteristic time of oscillation of the column material; e.g., SiO,: 2.2-1013 s
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Gas phase chromotography
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Experimental setup for Cn (Z=112) chemistry (PSI,FLNR)
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Volatility of Cn (Z=112)
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Fl (Z=114) chemistry experiments

PSI/Dubna (2007) serey | [228F1| [[222F 30 50
3 -50
e [0 [ o
-200
15 T T T T T T T T T T T T T T T T
- 12_: [ | [ [ [ | | | [ [ I [ | [ J_j go
: : : : 9 I . O
Conclusion: physisorption bond with Au o 64 1300 °
R. Eichler et al., Radiochim. Acta 98 (2010) 133 c:_ 34 ] -150 g
S0 — -200 £
B 15+ 5 8
O 12 0
2 9] { -50 5
2 6 1100
2 3] -150
= oA — -200
I 4]
AH_,(Au) & 157 1 50
. . 0
Theory Experiment 0 1 50
. 1 -100
Pb > 114 = Hg > 112 Hg > 112 > 114 1 ] -150
Fr* 1717 71T T 7T 7T 71 N L L D L
2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32
Detector #
R. Eichler et al Angew. Chem. 120 (2008) 3306 HIM === 1

. . HELMHOLTZ RESEARCH FOR
S. Raeder — 07.10.2021 — Lecture 1 - Joliot-Curie School — Isle d‘Oleron Helmholtz-Institut Mainz GRAND CHALLENGEs ‘onanves QIITENBERG



rans ctinide eparator and hemistry pparatus

Target wheel

A. Yakusr]ev et al-.
"o Beam Inorganic Chemistry
=

Trajectory
of EVR

Element 114 ‘4’ Beam / background

Trajectory
COMPACT 2 N ()

2x 32 PIN Diodes (AU covered) |cryostat
registering o’'s and SF

TS S S S " S = =
A 1\7

53 (2014) 1624

(-160°C)

N
AN

COMPACT 1
Recoil Transfer 2x 32 PIN ([:)O'?/gfes d()S'OZ I A
Chamber registering o’s and SF
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Pb Hg Rn
el +21° 421, -160°
/ L
& SiO_layer £—7 Aulayer
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L. Lens et al. Radiochim. Acta 106 (2018) 949 HIM === 1L
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Fl (Z=114) decay chains from chemistry experiments

PSI/Dubna (2007) serey | [228F1| [[222F
35 days -

283Cn

Conclusion: physisorption bond with Au
R. Eichler et al., RCA (2010)

GSI (2009) 288
28 days

289F|

Conclusion: metallic bond with Au
A. Yakushev et al., Inorg. Chem. (2014)
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Beyond Mc: Preparations for chemistry with 6Ly and 1/Ts

First test experiments: Coupling of BGC with COMPACT and miniCOMPACT FAIR
0 ::E g =8:::§:2: ;0: Cf 60 \-=Hg and At on SiO,-surface (volatile) |
o o e TS T SO T i g Fr on SiO2-surface (non-volatile)
] 124,6 ms 8
He ) -’ 8 w0 -
SOmbar g o : Eoxr (FI) = 24%
20 40 60 T?:ne of‘l::ght [:j(s)] 140 160 180 1 2 3 4 5 GDe'.;ectsor :un:::el:H 12 13 14 15 16
Old ,SHIP* Buffer N ~30ms S. Gotz et al., NIM A 165090 (2021)
gas cell MINICOMPACT extraction time S. Gétz et al., NIM B 507 (2021) 27-35
High-pressure UniCell project for faster extraction and higher efficiency
He _ He + reactive gas §lgg ©-0-0-0-0-0-09o9o--o=.
i_ - B : 80 lon mass ;\C\
.1 = 5 24 b -©-m =290
:)e::llmg i s e ﬂlullmﬂH /4 5 § ;3 —m = 100 \
/ £ so A-m =27 \
—_— v -7
B — o 40
— | o = g T=300K N
/ o Vo @ 20 L >
1 1 =1 = = = I:III"""”" P, P, = " L P T4 bar
] e = ® 7 Dcfield strenght [V/em]
L UniCell
V. Varentsov, A. Yakushev, NIM A 940 (2019) HIM === 1L
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Chemistry Is possible

with single atoms

Literature:
Schadel, Matthias, and Dawn Shaughnessy, eds.

The chemistry of superheavy elements. Springer Science & Business Media, 2013.
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