
R. Eichler @ Tan 2011, Sochi, Russia 

Robert Eichler  
Laboratory for Radiochemistry and Environmental Chemistry 

Paul Scherrer Institute and University of Bern 

 

 

First foot prints of chemistry on the shore 

 of The Island of SHE 

for a collaboration of  

with  



R. Eichler @ Tan 2011, Sochi, Russia 

R. Dressler, R. Eichler, H.W. Gäggeler, D. Piguet,  

P. Rasmussen, A. Serov, A. Türler, A. Voegele, I. Usoltsev, D. Wittwer 

PSI and University Bern 

 

F.Sh. Abdullin, N.V. Aksenov, Yu.V. Albin, A.V. Belozerov, G.A. Bozhikov,  

V.I. Chepigin, S.N. Dmitriev, V.A. Gorshkov, M.G. Itkis, V.Ya. Lebedev, 

Yu.V. Lobanov, O.N. Malyshev, Yu.Ts. Oganessian, O.V. Petrushkin, 

A.N. Polyakov, A.G. Popeko, R.N. Sagaidak, I.V. Shirokovsky, S.V. Shishkin, 

A.M. Sukhov, A.V. Shutov, A.I. Svirikhin, E.E. Tereshatov, Yu.S. Tsyganov,  

V.K. Utyonkov, G.K. Vostokin, A.V. Yeremin 

FLNR Dubna 

  

R.A. Henderson, A.M. Johnsen, J.M.Kenneally, K.J. Moody,  

D.A. Shaughnessy, M.A. Stoyer,  N. J. Stoyer, P. A. Wilk 

LLNL Livermore 

  

S. Hübener 

FZD Rossendorf 

 

M.Wegrzecki 

ITE Warzaw 

PSI-University of Bern-FLNR-LLNL-ITE collaboration: 



R. Eichler @ Tan 2011, Sochi, Russia 

Fe 

Ru 

Os 

Ti 

Zr 

Hf 

V 

Nb 

Ta 

Cr 

Mo 

W 

Ce 

Th 

Pr 

Pa 

Nd 

U 

Pm 

Np 

Sm Eu 

Am 

Gd 

Cm 

Tb 

Bk 

Dy 

Cf 

Ho 

Es 

Er 

Fm 

Tm 

Md 

Yb 

No 

Lu 

Lr Pu 
* 

** 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

H 

Li 

Na 

K 

Rb 

Cs 

Fr 

Be 

Mg 

Ca 

Sr 

Ba 

Ra 

Sc 

Y 

La* 

Ac** 

Co 

Rh 

Ir 

Ni 

Pd 

Pt 

Cu 

Ag 

Au 

C 

Si 

Ge 

Sn 

Pb 

B 

Al 

Ga 

In 

Tl 

He 

Ne 

Ar 

Kr 

Xe 

Rn 

N 

P 

As 

Sb 

Bi 

O 

S 

Se 

Po 

F 

Cl 

Br 

I 

At 

Te 

Chemistry of Transactinides 

Zn 

Cd 

Hg 

Hs Rf Db Sg 

Mn 

Tc 

Re 

Bh Mt Ds Rg 114 113 118 115 Cn 114 Cn 113 117 117 115 116 116 



R. Eichler @ Tan 2011, Sochi, Russia 

48Ca 

T=35°C 
liq. N2 

Getter Pump 

Sicapent® 

Drying- 

unit 

Recoil- 

chamber Aerosol filter 

+ getter 

Buffer 

COLD 

made by ITE (Poland) 

Gas flow 

Thermochromatography of SHE  

Hg ( ) Rn ( ) 

Actinide  

Target 

Model experiments! S. Soverna et al. Radiochim. Acta 2005 



R. Eichler @ Tan 2011, Sochi, Russia 

283Cn 

4 s 

9.54 MeV 

287114 

0.51 s 

10.02 MeV 

279Ds 

0.18 s 

SF(>90%) 

205 MeV 

291116 

6.3 ms 

10.7 MeV 

The Observation @ FLNR 1999-2004 

242Pu(48Ca,3n) 
(4 pb) 

248Cm (48Ca,2n) 
(2 pb) 

238U(48Ca,3n) 

 (1 pb) 

Oganessian, Yu. Ts. J. Phys. G 34, R165 (2007).  



R. Eichler @ Tan 2011, Sochi, Russia 

-200

-150

-100

-50

0

50

 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 #

219
Rn

185
Hg

 

 

R
e

l.
 y

ie
ld

 /
 d

e
te

c
to

r,
 %

Hg and Rn 
Deposition of 185Hg and 219Rn along COLD 

142Nd(48Ca,5n)185Hg 

admixture natNd (50 g/cm2) 
From multinucleon  

transfer reactions 



R. Eichler @ Tan 2011, Sochi, Russia 

-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

 Detector #

219
Rn

185
Hg

 

 

R
e

l.
 y

ie
ld

 /
 d

e
te

c
to

r,
 %

 T
e

m
p

e
ra

tu
re

, 
°C

Hads> 47 kJ/mol 

Hads= 19 kJ/mol 

Hg and Rn ? 
Deposition of 185Hg and 219Rn along COLD 

 

Monte Carlo Simulations of TC 

gold ice 

~ -100 °C 



R. Eichler @ Tan 2011, Sochi, Russia 

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

20

40

 

 
re

la
ti
v
e

 y
ie

ld
, 
%

Length, cm

 PSI Rectangular Simulation Hg/Au 90kJ/mol

 GSI Rectangular Channel Simulation 

 PSI Experiment Hg-185 @ 850 ml/min

Temperature Gradient from 24-->-182°C



R. Eichler @ Tan 2011, Sochi, Russia 

283Cn 

 

9.52 MeV 

279Ds 

: 0.088 s 

SF 
94+51 MeV 

283Cn 

 

9.52 MeV 

279Ds 

: 0.072 s 

SF 
112+n.d.  MeV 

283Cn 

 

9.38 MeV 

279Ds 

: 0.592 s 

SF 
108+123 MeV 

283Cn 

 

9.47 MeV 

279Ds 

: 0.536 s 

SF 
127+105 MeV 

283Cn 

 

9.35 MeV 

279Ds 

: 0.773 s 

SF 
85+12 MeV 

Observed in Chemistry: 

283Cn 

4 s 

9.5, 9.3MeV 

287114 

0.51 s 

10.02 MeV 

279Ds 

0.18 s 

SF(>90%) 

205 MeV 

Reported at FLNR: 
Oganessian et al. 2004 

291116 

6.3 ms 

10.7 MeV 

The Observation @ FLNR 2006/2007 

242Pu (48Ca, 3n) 287114 
 

Energy: 224-244 MeV 

 

6.2•1018 48Ca during eff. 32 days  

(8 weeks absolute) 

NR =5E-2 NR <1E-5 

Confirmed 114 and 116 discovery. 

First confirmation of the FLNR-Results 



R. Eichler @ Tan 2011, Sochi, Russia 

Results 
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Results Cn+114 (2006-2011) 
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On the revival of an “old” compound class 
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Correlation to Dew point and Getter 
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Thermochromatograms of  

PoH2  and BiH3 
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On the empirical correlations 

of microscopic to macroscopic data 
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Volatility of Cn 
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Empirical Correlations !  
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Empirical Correlations for Group 13 !?  
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Chemistry has arrived on the Island! 
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Empirical correlations are important and useful, but dangerous. 
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