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Gas Phase Chemistry of TAN |
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Gas Phase Chemistry: Present |

Simple inorganic
compounds: e.g. HsO,

Accelerato

Presented on the "Workshop on Recoil Separator for Superheavy
\ Element Chemistry'. March 20-21, 2002, GSI, Darmstadt, Germany




Gas phase chemistry: Future ?
Accelerator

Organometallic compounds of
transactinides: e.g. Hassocene?

No beam behind the target!! Separation @ BGS/ChemSep

Presented on the "Workshop on Recoil Separator for Superheavy
Element Chemistry'. March 20-21, 2002, GSI1, Darmstadt, German




Volatile Compounds of d Elements

Metallocenes M(cp).

Observed in solid phase:
Fe(cp),+U(Nn,f)Ru - Ru(cp),

(F. Baumgartner et al., Z. Naturforsch. 16a (1961) 374)

B-diketonates

(e.g. dpm=dipivaloylmethane):
Investigated with IC using

carrier-free Ru from 252Cf
(S. Ono et al., J. Radioanal. Nucl. Chem. 255 (2003) 57]3

Carbonyles M(CO),

Well-known, stable (e.g. group 8)

O=~~_ |
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Production Rates at 88‘‘ & BGS

Rutherfordium lsotopes

257Rf (T,,=4 s) ; 0.5 Atoms/min behind BGS
Reaction: 208Pp (50Tj, 1Nn)257Rf, 6 = 10-15 nb

(J.P. Omtvedt et al., J. Nucl. Radiochem. Sci. 3 (2002) 121)

Dubnium isotopes
258Db (T,,=4 s):  2°9Bi(3°Ti,1n)258Db, 6 ~ 3 nb

Heavier elements: no isotopes with T,,>0.5 s
that can be produced and separated with BGS




The Periodic Table of the Elements




Volatile Compounds of Group 4 Elements

B-diketonates:

acac: R, =R, =CH,

tfa: R, =CH;, R, =CF,
hfa: R, =R, =CF,

thd (=dpm): R, =R, =C(CH,),

hfa compounds:

(hfa=hexafluoroacetylacetonate)

Successful production of carrier-free Hf(hfa), is
reported. (T..— h). However, no separation was
achieved! Ty, In TC: 50-100 °C

(E.V. Fedoseev et al., J. Radioanal. Nucl. Chem. Lett. 119 (1987) 347)




Production of Short-Lived Zr and Hf Isotopes

Investigating homologue elements under identical
conditions is desirable.

When preseparation is employed, simultaneous
production is not possible (differing Bp).

~—> Employ a heavy-ion cocktail!

natGe(18O,Xn)85;85m;87m2r

112;116; 120;124Sn (50Ti . 4_5n) 158;162;165;169 HFf

lon

Q

M/Q

nat.
%

Abund.

Energy
(MeV)

MeV/n

Frequency
(MHz)

180

4+

4.50

0.2

83.6

4.64

14.3875

0T

11+

4.55

5.4

228.0

4.56

14.5162

Using the target ladder (max. 5 different targets),
switching between Zr and Hf takes a few min.




Thermochromatography |

Rel. yield [%)]

Temperature [°C]
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Experimental Set-Up

Ge and Sn Heated Teflon Thermochromatography

180 /50T targets on ladder tube (5 m) column (SiO,)

cocktail /
beam t

S To activated
7 . e = ——mm " Char coal trap

°, ] 1 and exhaust
\ detgctor COOIIng
He & hfa — water /LN,

Oven




Modified Recoil Transfer Chamber RTC I







Hf EVR residual energy after
passing through MYLAR
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SRIM2003 range
predictions:

169Hf: 12.40 um
8Zr: 6.64 um

However, using
a 6 um window
didn‘t allow for
the observation
of Zr.

Now in use:
3.6 um window

Pulse height defect corrected according to Moulton et al. NIM 157 (1978) 325




Hf Catcher-Foil: 124Sn(*°Ti;~5n)~169Hf

167Hf 169Hf : e Lu 169
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Zr Catcher-Foil: "atGe(180,xn)85/85m/87mzy
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Chemistry Results | — Influence of hfa
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Chem. Results Il — Yield vs. ...

Maximum Yyield is achieved at the following
experimental parameters:

oTrrc-Oven: 240 °C
® Tt 30 °C (yield high, consumption rate ok)

o“Age*“ of hfa: new!

Maximum yields for 1®°Hf (T,,=3.24 min):

Sample Position Yield

Catcher Foll at BGS Exit (100 %)
Formation of Hf(hfa), >95 %
Transport to Chemistry Setup >95 %
Overall Yield >90 %




Thermochromatography

I Experiment 1
I Experiment 2
—— Temperature [°C]
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Thermochromatography

No adsorption of Hf/Zr complexes at 50-100°C,
but deposition between 0 °C and -20°C was observed.

Due to traces of water in the carrier gas,
deposition of ice was observed below -10°C.

hfa and presumably hfa-complexes react strongly with
water — Did we observe chemisorption?

A substantial amount of Hf was found in the ACC after
the TC. — Is there more than one chemical species
present?

Macroamounts of hfa deposit at -65°C, preventing TC to
lower temperatures.

In experiments with Zr, a ACC trap was attached to the
TC column which covered a temperature down to -5°C. Zr
was observed in the trap, but no Y. — Good

separation Y/Zr

-AH_ . of (60=x3) kJ/mol was deduced using the model of
mobile adsorption.




What have we learnt? / Our problems...

It is Indeed possible to form volatile metal
complexes of reaction products of HI
induced reactions!!

- hfa complexes are very volatile.

-Question 1: What is the chemical state of our
observed Hf?

-Question 2: Does the system look promising for
a Rf experiment?

-Question 3: Should we rather investigate less
volatile compounds (e.g. tfa
complexes?)

-Main problem: macroamounts of hfa deposit at
higher temperature than microamounts of
M(hfa),.




Summary

The BGS should allow the production of
“fragile” compounds of TAN

First experiments aimed at the investigation
of hfa-compounds of the Rf homologs Zr and Hf

Short-lived isotopes of these elements are
produced with a 180/°°Ti cocktail beam

hfa compounds are formed in-situ in the RTC

with high yield. They are very volatile and can
be transported to a chemistry setup at room
temperature.

First TC experiments indicate the formation of
two different chemical species, both volatile.




