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DDistinction noble gas istinction noble gas ↔↔↔↔↔↔↔↔ metalmetallic lic →→→→→→→→ gas adsorptiongas adsorption ttechniquesechniques
behaviour of E112 and E114behaviour of E112 and E114 oon n cleanclean metal surfacmetal surfaceses

(e.g. no oxides, no ice)(e.g. no oxides, no ice)

Adsorption propertiesAdsorption properties →→→→→→→→ gas chromatographygas chromatography
→→→→→→→→ thermochromatographythermochromatography

→→→→→→→→ Vacuum thermochromatographyVacuum thermochromatography
(G. Rudstam and B. Grapengiesser 1973)(G. Rudstam and B. Grapengiesser 1973)

Advantages:Advantages:
+  no carrier gas = less surface contamination+  no carrier gas = less surface contamination
+  fast separation+  fast separation
++ good heat isolation at low temperaturesgood heat isolation at low temperatures
++ good good αααααααα--resolutionresolution
+  comfortable coupling to physical separators+  comfortable coupling to physical separators

MethodMethod



measurement of measurement of 212212Pb or Pb or 211211Bi: HPGeBi: HPGe--γγγγγγγγ--detectordetector / collimator/ collimator
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ResultsResults

∆∆∆∆∆∆∆∆HHadsads== -- 21 kJ/mol21 kJ/mol
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ResultsResults

∆∆∆∆∆∆∆∆HHadsads== -- 4400 kJ/molkJ/mol
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−−−−−−−−∆∆∆∆∆∆∆∆HHadsads
kJ/molkJ/mol

AgAg 2233±±±±±±±±22

AuAu 2929±±±±±±±±22

PdPd 3355±±±±±±±±33

NiNi 3838±±±±±±±±33

Cu Cu 3939±±±±±±±±33

Radon Adsorption Radon Adsorption ResultsResults



�������� ∆∆∆∆∆∆∆∆HHMM
adsads(Z) = C(Z,Xe)* (Z) = C(Z,Xe)* ∆∆∆∆∆∆∆∆HHMM

adsads (Xe)(Xe)

Empirical modeEmpirical modell
A.R. Miedema, B.E. Nieuwenhuys Surf. Sci. 104, 491-509 (1981).

Description of ∆Hads proportional to the enthalpy of adhesion:

∆γad(A,B) = -2 Φ (γ0(A) γ0(B))1/2

Φ ... dissimilarity parameter (calculated)                            
γ0... surface energy at T=0 K                                     
F ... geometrical factor (empirically 0.31)                     
VA ... Volume of the spherical adsorbate atom                     

∆Hads = 0.71*109 F Φ VA
2/3 (γ0(A) γ0(B))1/2

ZZ NeNe ArAr KrKr XeXe
C(Z,Xe)C(Z,Xe) 0.170.17 0.520.52 0.720.72 11



Empirical correlation of C(Z, Xe)Empirical correlation of C(Z, Xe)
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Radon AdsorptionRadon Adsorption
Experimental RExperimental Resultsesults⇔⇔⇔⇔⇔⇔⇔⇔ModelModel

−−−−−−−−∆∆∆∆∆∆∆∆HHadsads −−−−−−−−∆∆∆∆∆∆∆∆HHMM
adsads

  kJ/molkJ/mol

  AgAg 2233±±±±±±±±22 2626±±±±±±±±22

  AuAu 2929±±±±±±±±22 3333±±±±±±±±33

  PdPd 3355±±±±±±±±33 3535±±±±±±±±33

  NiNi 3838±±±±±±±±33 3737±±±±±±±±33

  ((Cu Cu 3939±±±±±±±±33 2525±±±±±±±±22))



Prediction of the adsorption behavior of E112 and E114Prediction of the adsorption behavior of E112 and E114
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OnOn--line Vacuumline Vacuum thermochromatographythermochromatography

Advantages: Advantages: 
+  no carrier gas = less surface contamination+  no carrier gas = less surface contamination
+  fast separation+  fast separation
+  good heat isolation at low temperatures+  good heat isolation at low temperatures
++ good good αααααααα--resolutionresolution

Problem:Problem:
-- transfer of recoils transfer of recoils 

Solutions:Solutions:
A  hot catcher systemA  hot catcher system
B  coupling to physical separatorB  coupling to physical separator
C  C  adsorberadsorber system (batch wise)system (batch wise)



Vacuum Thermochromatography without RnVacuum Thermochromatography without Rn--Suppression: Suppression: 
Rotating Target Wheel (GSI)Rotating Target Wheel (GSI)

Vacuum: 10-5 mbar

1-100 mbar He cooling

Beam



1h 400 pnA 1h 400 pnA 4040Ca:    Ca:    vacuum 2vacuum 2··1010--55 mbarmbar

800 µg/cm2  lanthanide targets:   2.2 mg/cm2 (5µm) Ti backing



Vacuum Thermochromatography at a Recoil SeparatorVacuum Thermochromatography at a Recoil Separator

Vacuum

CHEMSEPCHEMSEP

Actinide target technology development!!!Actinide target technology development!!!

to vacuum thermochromatography



Adsorber System (114Adsorber System (114--Chemistry)Chemistry)
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112/114112/114--ChemistryChemistry

Au covered
Ni-tape?


