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Motivation

 Detection of hot particles, radioactive

nanoparticles and colloids

 Distribution, migration and chemical

behavior of RN (or other pollutants) in

natural compartments and

geotechnical barriers

 Development of a measurement 

system for:

 Imaging of long- and medium-lived fission 

products and actinides at sub-ppb level

 Inspection and localization of particles on 

the submicron level

 Depth profiles of sorption layers

 Isotope ratios

 Applicable to basically all metals 
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TOF SIMS IONTOF 5
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TOF-SIMS (here: static SIMS)

total Mn+ Fe+

U+UOn Th+ThOn U+Th

Minus: 

• poor suppression of isobars

• Low selectivity

• Typ. >99% sputtered as neutrals

Plus: 

• Low sample consumption

• Detection of (organic) molecules

• Insulating samples can be measured

• All „masses“ at a time in one spectrum

• Spatial transversal resolution 70 nm

• Vertical: single atomic layers
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Solution:

SIMS + Laser Ionization (RIMS)

Secondary 

Neutral 

Mass 

Spectrometry

RIS laser system

Pu Ions

Acceleration grid

Pu atoms

Sample

Plus:

• excellent suppression of isobars

• high selectivity

• Post ionization of neutrals
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Mixed Oxide Fuel (MOX)

 Suppression of isobaric contamination
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U- atoms

Pu- atoms

238Pu 239Pu 240Pu 241Pu 242Pu

Lit. 2,57% 56,2% 26,5% 7,1 % 7,7%

Measured 2,8(8)% 58(3)% 25(2)% 6,7(10)% 7,1(10)%

Plutonium ratio:

235U 238U

Lit. 0,25% 99,75%

Oxide 0,22(7)% 99,8(17)%

Dioxide 0,27(2)% 99,7(5)%

Uranium ratio:
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Finding Particles in Nature

U, Pu, Cs-137, Sr-90, Tc-99

?

SEM BSE
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Ukraine excursion: 16. – 19.09.2014

Tschernobyl
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238U

236U

235U

234U

Particle in environmental sample

+   No sample preparation

- But high background
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238U

236U

235U

234U

Particle on tungsten needle

Using a micromanipulator
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Laser resonant on Pu

239Pu

241Pu
238Pu

 Almost no background

 Pu-238 to Pu-242 

resonantly ionized
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Elements detectable by SN MS

• No sample preparation needed

• Almost all substrates

possible including non-conducting

and organic matrices

• cold finger (liq. N2 temp)

• ppb / ppt concentration

• Spatial resolution 70nm

• Simultaneous multi element

detection

• Strong suppression of isobaric

interferences
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Thanks to ….
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The (growing) family


