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Gas-phase chemistry of the SHE

• Very limited number of compounds

– Rf: RfCl4, RfBr4, RfOCl2
– Db: (DbCl5), DbBr5, DbOCl3
– Sg: SgO2Cl2, SgO2(OH)2
– Bh: BhO3Cl

– Hs: HsO4, Na2[HsO4(OH)2]

– Cn and E114 – in their elemental states

New compound classes, in which relativistic effects might 
be better visible, are of interest!



Limits of gas phase chemistry
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Binary Metal Carbonyl Complexes

Ir4(CO)12Os(CO)5Re2(CO)10W(CO)6

1098765

Hs(CO)5?Sg(CO)6?

Rh2(CO)8Ru(CO)5Tc2(CO)10Mo(CO)6

Ni(CO)4Co2(CO)8Fe(CO)5Mn2(CO)10Cr(CO)6V(CO)6

Relativistic effects might be visible

Highly symmetric complexes 
with zero valent central metal atoms



Classical syntheses of carbonyl complexes

• General: M + CO @ high pressure (~300 bar)

• Hot Chemistry: “Baumgärtner´s method”
235U(n,f)xMo + Cr(CO)6 →

xMo(CO)6

Not suitable for SHE-chemistry!!!!



Studied d-elements

235U fission 249Cf fission Nuclear fusion at TASCA
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Experiment @ the TRIGA Mainz reactor 
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Experiment @ the TRIGA Mainz reactor 
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Transport with pure N2
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Transport with N2 / CO mixtures 
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Transport compared to a N2/KCl cluster jet

249Cf(n,sf)104Mo

Total gas flow 
500 ml/min

0 10 20 30 40 50 60 70 80

0

20

40

60

80

100

 

 

Y
ie

ld
re

l 
/ 

%

CO / Vol%



Isothermal chromatography - IC
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IC of Mo(CO)6 on SiO2

Physisorption!!!

104Mo(CO)6 T50%: -47°C 

105Mo(CO)6 T50%: -42°C -∆Hads = 42.5 ± 2.5 kJ/mol

J. Even et al., Angew. Chem. Int. Ed. (submitted)



COMPACT @ TASCA 
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α-spectrum of 164,163W measured with COMPACT
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Thermochromatography

Os(CO)5

-∆Hads:

43.5      kJ/mol

W(CO)6

-∆Hads: 

46.5±2.5 kJ/mol

Physisorption

J. Even et al., Angew. Chem. Int. Ed. (submitted)

+2.5
-3.5

0

5

10

15

20

0 5 10 15 20 25 30
0

5

10

15

20

 

Y
ie

ld
 /
 %

.

 Measurement 

 Simulation 43.5 kJ/mol 

-100

-75

-50

-25

0

 Temperature

 

Detector pair

 Measurement 

 Simulation 46.5 kJ/mol  

T
 / °C

-100

-75

-50

-25

0

 Temperature



TAN-chemistry gains a new compound class

• Sg(CO)6 and Hs(CO)5 are now within reach

⇒⇒⇒⇒New compound classes of TAN 

are accessible, e.g., 

organometallic ones!



Isomeric states of 265Sg

Ch.E.Düllmann, A. Türler, Phys.Rev.C 77, 064320 (2008).

Dissagreement

with theory:

Different 

calculations 

predict different 

ground states:

(7/2+ ; 9/2+; 11/2+)

But 

None of these 

theoretical works 

predicts an 

occurrence of a 

long-lived 

isomeric state! 



248Cm(22Ne,5n)265Sg @ GARIS

265Sg

8.5 s |14.4 s

261Rf

68 s |2.6 s

257No

24.5 s

H. Haba et al., TAN11, Sochi 2011

248Cm(22Ne,5n)
σ = 180 /200 pb

8.84
(91/9)%

8.69
(21/79)%

8.51
(18%)

SF
82%

8.28

8.222 / 8.323
(83/17)%



ALpha-BEta-GAmma spectroscopy with 
chemically separated samples

A. Yakushev

~ 100% efficiency
for α and SF detection
(under development)

☺ Nuclear spectroscopy 
+

chemistry



Summary

• Carbonyl complexes of group 4-9 elements

• Fast, efficient, in-situ chemistry (yield > 50%) 

• Physisorption on SiO2 surface (-30°C to -70°C)

• Chemical and physical applications:

– Access to a new TAN-compound class

– TAN-carbonyl-chemistry opens the door for a 
new method in nuclear spectroscopy
(Rf, Db, Sg, Bh, Hs,(Mt))
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