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Can not be found in nature 

Must be produced in 
Nuclear power plant, 
Accelerators
Or retrieved from 
radioactive waste 

Rare and very Costly

Samples of Exotic RadionuclidesSamples of Radioactive Material
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Samples of Exotic Radionuclides

Sources 

α- and γ- standard Interaction of radiation with matter
Nuclear industry 
Nuclear medicine 

Radiations 

Radioactive beam
Radioactive Samples 

Targets
Radioactive Ions

Nuclear data measurements:
Half-life measurement
Decay branching fractions
Emission intensity 
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Samples of Exotic Radionuclides

Sources Targets
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Cross section measurement
Nuclear astrophysics
Nuclear industry 

Nuclear structure
Fundamental Science  
Nuclear physics

Synthesis of new elements
(Super Heavy Elements)
Nuclear physics/ chemistry

Samples of Exotic Radionuclides

Targets
Detector

Particle beam

Synthesis radionuclides for 
Nuclear medicine applications
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Target production: Molecular Plating 

Electrochemical window
From +1.229 to -0.829



Target production: Molecular Plating 
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Platinum Wire Anode (+)

Copper Cathode (-)

2 H2O(l) + 2e− → H2(g) + 2 OH−
(aq)

x OH−
(aq) + Mex+

(aq) → Me(OH)x (aq) ↓

 organic solvent,
 starting material: neutral salt, 

such as Me(NO3)x
 high voltage (100–600 V), low 

current (few mA) 
 90-95% yield

but…
Me3+ can also react with other anionic species resulting from electrolysis of the 
organic solvent resulting into a complex speciation 

 Co-deposition of other elements



Page 8

ISB_x600 magnification IPR_x150 magnification

ACE_x150 magnification DMA_x600 magnificationDMF_x600 magnification

Flaking and peeling offisland structure

Target characterization: SEM

 Less volatile solvent allow obtaining more uniform and thinner targets

5 µL of natHo(NO3)3・5H2O in 0.01 M HNO3 [0.128 mg/µL]
5 µL 330 Bq of 166mHo diluted in 0.01 M HNO3

Dr. E. Müller Manager of Electron Microscopy Facility at PSI (EMF)



Targetry production: Molecular Plating + 
Coupled Reduction
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T > 1100 °C

Many advantages over molecular plated samples

 High thermal conductivity

 High electrical conductivity

 High chemical stability

 High mechanical stability

….for samples that need to withstand high stress level
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Top

Sample before CR

Sample after CR

149Tb (10 MBq) as alpha emitting tracer

Before CR (Exp_5min) After CR (Exp_5min) 

x650 magnification x350 magnification

x3500 magnification

Target characterization: SEM/ α-spectroscopy/ 
Auto-radiography
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Transmission XRD at SLS-PSI

Dr Grazyna Makowska Material Scientist, microXAS group & Advanced Nuclear Materials group

Transmission XRD at SLS

• Pd XRD pattern visible over whole thickness

• Additional XRD pattern  possibly caused by intermetallic
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gamma spectroscopy

alpha spectroscopy liquid scintillation counter

Inductively coupled plasma 
mass spectrometry (ICP-MS)

Inductively Coupled Plasma Optical 
Emission spectroscopy (ICP-OES)

Target characterization at PSI

Element 2, Thermo Fisher Scientific,

HPGe detector Canberra GmbH

TriCarb CA2110 scintillation counter
Neutron Activation Analysis 
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Target characterization at PSI

Scanning Electron Microscopy/EDX Transmission Electron Microscopy Focused ion beam

Secondary Ion Mass-Spectrometer

Electron Probe Microanalysis
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Wir schaffen Wissen – heute für morgen

Thanks to Dorothea Schumann for paving the way for 
recognition of  targetry and, more generally, of  chemistry in 

a “physicists world” 
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