


Chemistry of Spherical Superheavy

Elements — The Road to Success
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Evidence for long-lived isotopes
from 48Ca induced fusion VA
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- Half-lives of primary evaporation
residues and their progenies: ms to h
(Chemistry needs 2 s)

- Decay properties: mostly a-decay chains
ending in a SF-nuclide

(Problem: No fink to known nuclides)

- Maximum production cross sections = 1
to 5 pb (3n and 4n channels). For 1

mg/cm? targets and 0.5 puA beam
approx. 0.6 to 3 atoms/day produced
(Problem: UNILAC duty cycle, cw beam
would enable approx. factor of 3 higher
intensity at equal peak current)



The missing link:
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Periodic table of the elements
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Extrapolation of the standard enthalpies for SHE
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Atc:mlc number B. Eichler, 1676
Conclusion: Elements 112 to 117 should be volatile noble
metal-like elements
Problem: Influence of relativistic effects?




Predictions for element 112 =91
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Extrapolations
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K.S. Pitzer, V. Pershina et al., Karneanargie 10, 307 (1976 )
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How to experimentally determine a metallic
character at a single atom level?

— Determine interaction energy (adsorption

enthalpy) wit!

1 (noble™) metals, 1.¢. measure

retention tem:

berature

* Easier to keep clean surface during experiment



isothermal chromatography
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Correlation of AH! with Al
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Current interest: element 112
— Behaves E112 similar to Hg 7
— Production: 238UJ(#8Ca;3n)285112 (SF;T,, = 3 min)

— 2 chemistry experiments performed with evicence
for:

At FLNR: Isothermal chromatography on Au: E112
does not adsorb at room temp. AH, < 60 kJ/mol (A.
Yakushev et al.)

At GSI: Thermochromatography: E112 does not
deposit on Au down to -90 °C AH, < 48 kJ/mol (S.
Soverna et al.)
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Chemical isolation of Element 112
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Experiment GSI February-March 2003
23B1J(#8Ca, 3n)*3*112 (SF, Imin)

ice coverage

2831 12

# Events
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Both experiments not conclusive,
because

— Detection of SF activity not specific to
assign it to a given (isotope of an)
element.

— Fission fragment energies too low

(FLNR: ilon. chamber; GSI: PIN-
diodes)




Current effort; focus on o-
decaying nuclides
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Device 2004

Ar/He carrier gas loop (v=101)

Recoil chamber

1802 DOAIT m— '. (volume approx.10 cc

e _

( _ FPressure gauge / MFC

oA
T — Ar- refill

-

All metal Mass flow controller




Requirements for future SHE chemistry
experiments (e.g. Z=114)

- Fast (separation time approx. 1 s)

- Separation of transfer products prior to
chemistry set-up: ChemSep

- Chemistry behind a ChemSep

- Beam dose of = 10"° required for approx.
1 month experiments: 1 ppA average beam
iIntensity! cw-LINAC; Novel target
technology (stable compounds, liquid metal
targets)



DGFRS 242Py(48Ca,3n)287114 244Py(48Ca,5n)287114
16 X 1% 1%

E* 35 MeV

25Cm(*8Ca,2n)?116



Regiurements for future SHE chemistry
SEnERIE

- Fast (separation time approx. 1 s)

- Separation of transfer products prior to
chemistry set-up: ChemSep

- Chemistry behind a ChemSep

- Beam dose of = 10'° required for approx.
1 month experiments: 1 ppA average beam
intensity! cw-LINAC; Novel target
technology (stable compounds, liquid metal
targets)



Transfer reaction productsl

I HWY. Gagoeler et al, Phys Rew C33, 1983 (1986)
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Reguirements for future SHE chemistry
experiments

- Fast (separation time approx. 1 s)

- Separation of transfer products prior to
chemistry set-up: ChemSep

- Chemistry behind a ChemSep

- Beam dose of = 10"° required for approx.

1 month experiments: 1 ppA average beam
intensity! cw-LINAC;

- Novel target technology (stable compounds,
liguid metal targets)



A recoil/gas chemistry chamber at the
Berkeley Gas-fllled Separator (BGS)
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Hot-catcher coupled to vacuum
thermochromatography set-up

Induction

heating | R. Eichler,
Qin Zhi .

SHE@CHEMSEP



Hot Targets

Intermetallic compounds with Rh

o actinides
O light elements, groups 12-16
@ transactinide elements
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Reguirements for future SHE chemistry
experiments

- Fast (separation time approx. 1 s)

- Separation of transfer products prior to
chemistry set-up: ChemSep

- Chemistry behind a ChemSep

- Novel target technology (stable compounds,
liguid metal targets)

- Beam dose of = 10"° required for approx.

1 month experiments: 1 ppA average beam
intensity! cw-LINAC;



Release enthalpy of transactinides from molten uranmum

1600

AH' A (verfl)  (kJ/mol)

102 104 106 108 110 112 114 116
Ordnungszahl Z,
B. Eichler, PSI-03-01

Suggested application: liquid U/Mn (80/20) at 700 °C



Reguirements for future SHE chemistry
experiments

- Fast (separation time approx. 1 s)

- Separation of transfer products prior to
chemistry set-up: ChemSep

- Chemistry behind a ChemSep

- Novel target technology (stable compounds,
liguid metal targets)

- Beam dose of 2 10" required for approx.

1 month experiments: 1 puA average beam
intensity! (cw-LINAC)



