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Why do we need Radiochemistry?
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The Laboratory of Radiochemistry
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Isotope and Target 
Chemistry

The Laboratory of Radiochemistry at PSI

02.07.202412

Radionuclide 
Development

Pictures from: https://www.llnl.gov/; title page of the European Physical Journal Plus (vol. 131, no. 7, 2016) with a picture showing the MEGAPIE -target

Heavy
Elements

https://www.llnl.gov/


The Laboratory of Radiochemistry at PSI
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Electrochemistry with transactinide elements

Targets for heavy ion beam irradiations

Detector development for extreme conditions

Isotope and Target 
Chemistry

Radionuclide 
Development

Gas adsorption chromatography with transactinide elements

Heavy
Elements

Daniell cell adapted from http://en.wikipedia.org



Isotope and Target 
Chemistry

The Laboratory of Radiochemistry at PSI
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Waste treatment and isotope reclamation

Isotope extraction and target manufacturing

Improvement of nuclear physics data

Liquid metal chemistry

Heavy
Elements

32Si

53Mn

https://www.psi.ch/en/lrc and https://www.nucleonica.com

Radionuclide 
Development

https:///
https://www.nucleonica.com/


The Laboratory of Radiochemistry at PSI

02.07.202415

Theragnostics

Chemical separation and processing

Target Development

Production of new radionuclides

Radionuclide
Development

https://www.radiopharmaceutical-science.ethz.ch und https://www.psi.ch/

Heavy
Elements

Isotope and Target 
Chemistry

https://www.radiopharmaceutical-science.ethz.ch/
https://www.psi.ch/de/lrc
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Radionuclide Production at PSI
(and elsewhere)



Radionuclide Production at PSI (and elsewhere)
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> Long-lived radionuclides (h/d)

> Offline separation procedures

> Short-lived radionuclides (s)

> Online separation procedures
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Radionuclide Production at PSI

Why is our group at PSI?
• Proton irradiation (72 MeV)

© PSI
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Radionuclide Production at PSI
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Two irradiation positions for longer irradiation times 
(PNA; up to 1000 h) and one for shorter irradiations 
(NAA; up to 2 h). 

Radionuclide Production at PSI
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Why is our group at PSI?
• Proton irradiation (72 MeV)
• Neutron irradiation service NIS
• Fission products from 235U

Radionuclide Production at PSI

G. Tiebel et al., Nucl. Instrum. Methods Phys. Res., Sect. A 1041 (2022) 167360© PSI



Thermal neutron-induced fission of 235U
• Volatile fission products transported with 

a suitable carrier gas (e.g., N2 or Ar).
• Non-volatile fission products transported 

with a aerosol-loaded (e.g., KCl) carrier gas.
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Radionuclide Production at PSI

G. Tiebel et al., Nucl. Instrum. Methods Phys. Res., Sect. A 1041 (2022) 167360



Why is our group at PSI?
• Proton irradiation (72 MeV)
• Neutron irradiation service NIS
• Fission products from 235U
• Spallation products

Radionuclide Production at PSI

G. Tiebel et al., Nucl. Instrum. Methods Phys. Res., Sect. A 1041 (2022) 167360© PSI
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Chemistry Experiments with 
Superheavy Elements



What name was given to the chemical element with atomic number 110 in 2003?

B  BonniumA  Darmstadtium

C  Oldenburgium D  Frankfurtium

250.000 €
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Group 13 of the periodic table and the influences 
of relativistic effects (𝑛𝑠-Orbitals).

02.07.2024Orbital pictures: O. L Keller, Radiochimica Acta 37 (1984)28

Relativitic effects
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Group 13 of the periodic table and the influences 
of relativistic effects (ns-Orbitals).

02.07.2024Graph (right side): P. Schwerdtfeger, Heteroatom Chemistry 13(6) (2002)29

Relativitic effects
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We differentiate between different 
relativistic effects; these are:



Group 13 of the periodic table and the influences 
of relativistic effects (ns-Orbitals).

02.07.2024Graph (right side): P. Schwerdtfeger, Heteroatom Chemistry 13(6) (2002)30

Relativitic effects
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Group 13 of the periodic table and the influences 
of relativistic effects (ns-Orbitals).

02.07.2024Graph (right side): P. Schwerdtfeger, Heteroatom Chemistry 13(6) (2002)31

Relativitic effects
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Relativistic effects
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Chemical plant? Fusion reactions.

Pictures: Adobe Stock, Science Magazine
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The Alchemist’s Cookbook



3 ∙ 1012 s-1

2 ∙ 1018 atoms/cm2

Atoms per day
Nucear reaction cross section

© Kaufmann/Steinegger



289Fl

285Cn

281Ds212 MeV
15.4 s



© Kaufmann/Steinegger
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Fundamentals of Superheavy Element Chemistry

Classical Chemistry Chemistry with 
Superheavy Elements

❑ Low production rates (≈ 1 week-1)
❑ Short life-times (≈ 1 second)

K → Concentrations K → Probabilities

The Chemistry of Superheavy Elements, 2nd edition, Springer Heidelberg
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Thermochromatography

Negative temperature gradient
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Rf – Hs as halides, 
oxyhalides, and oxides + Cn, 
Fl, and Nh (elemental?)

Detector channel
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Isothermal chromatography

Heat source (e.g. resistance oven)

300 350 400 450 500 550 600 650 700 750 800 850 Temp.,  ⁰C

-Hads = 150 kJ / mol

-Hads = 170 kJ / mol

-Hads = 160 kJ / mol

Escape detector

Read-out
electronics
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Rf – Bh as halides and 
oxyhalides



02.07.2024The Chemistry of Superheavy Elements, 2nd edition, Springer Heidelberg | L. Trombach et al., Phys. Chem. Chem. Phys. 21 ( 2021 ), pp. 18048 – 1805841

From single atoms to macroscopic amounts

Correlations include
relativistic effects!
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Example: Adsorption of Cn on Au

-200

-150

-100

-50

0

50

-200

-150

-100

-50

0

50

-200

-150

-100

-50

0

50

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0

10

20

30

 

icegold

283
Cn

283
Cn

283
Cn

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0

10

20

30

ice

 

 

R
e

l.
 y

ie
ld

 /
 d

e
te

c
to

r,
 %

gold

 T
e

m
p

e
ra

tu
re

, 
°C

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0

10

20

30

 

Detector #

icegold

-200

-150

-100

-50

0

50

-200

-150

-100

-50

0

50

-200

-150

-100

-50

0

50

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0

10

20

30

40

50

 

icegold

219
Rn

185
Hg

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0

10

20

30

40

50

ice

219
Rn

185
Hg

 

 

R
e

l.
 y

ie
ld

 /
 d

e
te

c
to

r,
 %

gold

 T
e

m
p

e
ra

tu
re

, 
°C

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0

10

20

30

40

50

 

Detector #

icegold

219
Rn185

Hg

−∆𝑯𝒂𝒅𝒔
Au Cn =

𝟓𝟐−𝟑
+𝟒 kJ/mol

RESULTS (68% c.i.): Cn (𝑍 =

112) is very volatile and, 
unlike Rn, reveals a metallic 
interaction with Au (typical 
group 12 element).

R. Eichler et al., Nature 447 ( 2007 )
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The Chemistry of Gen IV 
Nuclear Reactors
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The Chemistry of Gen IV Nuclear Reactors

Characteristics of MYRRHA: 

• 600 MeV / 4 mA proton beam
• Sub-critical 65 – 100 MWth 
• LBE as coolant/spallation target
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The Chemistry of Gen IV Nuclear Reactors

Characteristics: 

• 600 MeV / 4 mA proton beam
• Sub-critical 65 – 100 MWth 
• LBE as coolant/spallation target

Main problem: Chemistry

E.g., Po as large radiological risk

Same experimental
gas-phase techniques

as used for SHEs
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The Chemistry of Gen IV Nuclear Reactors

Characteristics: 

• 600 MeV / 4 mA proton beam
• Sub-critical 65 – 100 MWth 
• LBE as coolant/spallation target

Main problem: Chemistry

E.g., Po as large radiological risk

Segregation

Ivan

Same experimental
gas-phase techniques

as used for SHEs

Publication in preparation; preliminary data available in our annual reports: https://www.psi.ch/en/lrc/annual-reports 
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The end.
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Superheavy
elements

© Kaufmann/Steinegger



Video: https://www.psi.ch/en/lrc/heavy-elements
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