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Theory:	
  
-­‐	
  ask	
  the	
  right	
  ques=ons	
  

Adequate	
  technique	
  for	
  	
  
single	
  atoms:	
  	
  
-­‐	
  mulitstep	
  processes	
  	
  
-­‐	
  separa=on,	
  detec=on	
  
-­‐	
  model	
  experiments	
  
-­‐	
  kine=c	
  &	
  thermodynamic	
  
	
  	
  model	
  descrip=on	
  

SHE	
  

Detec0on	
  

SHE	
  

SHE	
  Experiment:	
  
-­‐	
  data	
  analysis,	
  results	
  
-­‐	
  thermodynamic	
  &	
  kine=c	
  models	
  

Constraints	
  are:	
  
-­‐	
  short	
  half-­‐lives	
  1	
  min-­‐1	
  s	
  and	
  below	
  
-­‐	
  low	
  produc0on	
  rates	
  

Outline SHE Chemistry 
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Eichler, B.: Kernenergie 19, 307 (1976).  

Metallic character 
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48Ca 

T=35°C 
liq. N2 

Getter Pump 

Sicapent® 

Drying- 
unit 

Recoil- 
chamber Aerosol 

filter 
+ getter 
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COLD 

Gas flow 
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Reaction chromatography with SHE 
using covered detectors  
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Reaction chromatography with SHE 
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Se columns and PIN diodes 

Seite 8 

197Hg	
  
from	
  neutr.	
  irr.	
  Tl	
  @	
  PSI	
  SINQ	
  

N.	
  Chiera	
  (2014)	
  
Experiment	
  in	
  collabora0on	
  with	
  FLNR	
  scheduled	
  April	
  13.-­‐26.2015	
  @FLNR	
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Stability Trends Hydrides of Groups 14-16 
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Observation of volatile 
PoH2  and BiH3 
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Interesting Organo-Metal Chemistry 
 Prediction	
  of	
  properties	
  of	
  alkyl	
  compounds	
  of	
  the	
  elements	
  112,	
  114,	
  astatine	
  and	
  117
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Isothermal Vacuum Chromatography IVAC 
 

Transfer 
hot catcher Chromatography  

column and oven Detection  
site 

Patrick	
  Steinegger	
  
Dave	
  Piguet	
  

Design of a Vacuum Experiment 

Successful	
  Proof-­‐of-­‐principle	
  experiment	
  in	
  2014	
  collabora0on	
  with	
  ASRC	
  @	
  JAEA!	
  



Hot	
  Catcher	
  -­‐	
  Release	
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Release Kinetics E113 

D. Wittwer et al., Radiochimica Acta 101 ( 2013 ) 4 

[1] 

Prediction for the thermal release of E113 from various metal matrices 
acting as hot catcher. 
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COMSOL Multiphysics® 
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T05=0.1	
  s	
  

Adsorption 
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Diamond detector assembly 

9 m
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-­‐  Gas	
  phase	
  chemical	
  systems:	
  
	
  	
  	
  	
  	
  	
  	
  *	
  classical	
  gas	
  chromatography	
  

	
  -­‐	
  reac0ons	
  with	
  H2,	
  H2O,	
  O2,	
  S,	
  Se,	
  F2,	
  Cl2	
  
	
  -­‐	
  organometallic	
  chemistry	
  (groups	
  12-­‐14)	
  

	
  	
  	
  	
  	
  	
  	
  *	
  	
  vacuum	
  chromatography	
  	
  
	
  	
  	
  	
  	
  	
  	
   	
  -­‐	
  element-­‐metal/element-­‐quartz	
  interac0on	
  
	
  	
  	
  	
  	
  	
  	
   	
  -­‐	
  high	
  temperature	
  detectors	
  

Rf	
  Db	
   Sg	
   Bh	
  Hs	
  

Future Transactinide Chemistry 
Summary s- and p- elements 
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Carbonyl Chemistry with Transactinides 
Dirac Orbitals 

relativistic 
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I.Usoltsev	
  et	
  al.,	
  Radiochim.	
  Acta.	
  2015	
  in	
  prep.	
  

desorp0on	
  

adsorp0on	
  

τads ~exp(-­‐ΔHads/RT)	
  

2-Step Decomposition for M(CO)6  
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  accepted	
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  RIKEN	
  ML-­‐PAC	
  	
  Jan.	
  2015	
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  2015	
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  prep.	
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Exciting Future Carbonyl Chemistry 

-­‐  Carbonyl	
  chemistry	
  
•  What	
  are	
  the	
  vola0le	
  complexes	
  observed?	
  
•  How	
  they	
  are	
  formed	
  most	
  efficiently?	
  
•  Their	
  vola0lity	
  and	
  thermal	
  stability?	
  

§  High	
  temperature	
  detectors!	
  

113	
   Lv	
   118	
  115	
   117	
  Cn	
   Fl	
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-­‐	
  Further	
  gas	
  phase	
  chemical	
  inves0ga0ons	
  
	
  	
  	
  	
  	
  	
  	
  *	
  low	
  oxida0on	
  states	
  oxides,	
  hydroxides,	
  chlorides	
  …	
  
	
  	
  	
  	
  	
  	
  	
  *	
  vola0le	
  organo-­‐metallic	
  compounds	
  
	
  

Future Transactinide Research 
Summary Transition Metals 

113	
   Lv	
   118	
  115	
   117	
  Cn	
   Fl	
  



R. Eichler @  SHE Symposium,  College Station, Texas USA ; March 30-April 1 2015 

SHE-Factory @ FLNR Dubna 

SHE Chemistry
beam lines
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Requirements for Future Chemistry  
with SHE 

Presepara0on	
  for	
  Chemistry:	
  
	
  
-­‐	
  	
  	
  	
  transmission	
  >50%	
  with	
  thick	
  targets	
  0.5-­‐1	
  mg/cm2	
  
-­‐	
  	
  	
  	
  small	
  focal	
  plane	
  image	
  2x2	
  cm2	
  

-­‐	
  	
  	
  	
  primary	
  beam	
  separa0on	
  
-­‐  ideal	
  for	
  chemistry	
  would	
  be	
  mass	
  <	
  240	
  separa0on	
  from	
  SHE	
  

à We	
  need	
  to	
  discuss	
  design	
  op0ons	
  and	
  start	
  the	
  real	
  project	
  soon!	
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    10-fold beam intensity = target problems ! 

C 	
  improved	
  the	
  target	
  techniques	
  needed	
  
	
  à	
  	
  intermetallic	
  targets	
  	
  (first	
  step) 	
  	
  

Problems	
  of	
  destruc0on:	
  
-­‐	
  	
  	
  	
  produc0on	
  (physics	
  and	
  chemistry)	
  
-­‐  beam	
  scamering/no-­‐stripping	
  (physics)	
  
-­‐  stopping	
  (chemistry)	
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Recoil range of SHE in plasma???  

Experiment	
  in	
  collabora0on	
  with	
  FLNR	
  scheduled	
  April	
  13.-­‐26.2015	
  @FLNR	
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Stern Gerlach - «fast chemistry» 
 

For:	
  Lr,	
  Rf,	
  Cn,	
  113,	
  115,	
  116,	
  117,	
  119	
  

Pixelated	
  	
  
par0cle	
  detector.	
  
e.g.	
  diamond	
  array.	
  

IVAC	
  as	
  atomic	
  beam	
  source	
  

Future Transactinide Research 
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Theory:	
  
-­‐	
  ask	
  the	
  right	
  ques=ons	
  

Adequate	
  technique	
  for	
  	
  
single	
  atoms:	
  	
  
-­‐	
  mulitstep	
  processes	
  	
  
-­‐	
  separa=on,	
  detec=on	
  
-­‐	
  model	
  experiments	
  
-­‐	
  kine=c	
  &	
  thermodynamic	
  
	
  	
  model	
  descrip=on	
  

SHE	
  

Detec0on	
  

SHE	
  
SHE	
  Experiment:	
  
-­‐	
  data	
  analysis,	
  results	
  
-­‐	
  thermodynamic	
  &	
  kine=c	
  models	
  

Constraints	
  are:	
  
-­‐	
  short	
  half-­‐lives	
  1	
  min-­‐1	
  s	
  and	
  below	
  
-­‐	
  low	
  produc0on	
  rates	
  

Summary 
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