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Background

The first ionization potential (IP) reflects the stability of an
outermost electron.
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== Electronic structure of heavy element atoms

La Ce Pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb Lu

Lu: [Xe]4fl46s25d

Lr: [Rn]5f147s%7p, ),

4.89 eV [A. Borchevsky et al. (2007)]
4.78 eV [x. caoand M. Dolg (2003)]
4.55 eV [w. Liu et al. (1998)]

L anthanides Calc. a 4.31 eV [T.A. carlson et al. (1970)]

Lo L
Handbook of Chemistry and Physics (2006).
Ac Th Pa U Np Pu AmMCm Bk Cf Es FmMd No Lr H. Bache et al. (2002).

Atomic number

Purpose: determine the first ionization potential of Lr



Experimental technique

Heavy elements with Z > 100

- Low production rates IPs must be measured on
- Short nuclear half-lives an atom-at-a-time scale.

4

We employed a surface ionization
comparison technique.

G. R. Hertel, J. Chem. Phys. 48 (1968) 2053, and references therein.



Surface-lonization comparison technique

Saha-Langmuir equation
lonization yield

NA+ ¢ — 1P,
@ =0 =P (7
A
{C{ —N—g—ex ((p_IPB)
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N* N9 Number of ions and neutral atoms.
/- Work function of a surface material.

IP: IP of an atom of interest. k: Boltzmann
constant. T: Surface temperature

Ratio of ionization yields

aq  Ni/Np (IPB — IPA)

dp Ng/Ng exp k
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Difference between the IPs of the two elements
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[ Calculated value

IP(Lu) = 5.4 eV
N, %N, ° = const.
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Experimental setup
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transport Of |SOtOpeS S. Ichikawa et al., Nucl. Inst. and Meth. measu rement

in Phys. Res. B 187 (2002) 548.




Production of 22°Lr
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Excitation functions
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a-particle from 2°°Lr* ~ 300 events / day



Experimental condition

Beam Targets Produced isotopes
11p4+ 140 143

20 Eﬂev 136C€, natpr, natTh 142_52;[] 1685r$l’3
1205+ 143 143,145

90 |(\:/|eV 136C€, natpr, natTh 1488’[?9’1_[0 166(53’
12C5+ 149,150Dy 154'155EI'

142 147 nat J J

90 MeV Nd, #75m, "Eu 158,160y

19F7+ nat,144,149Sm 159-168|_u

122 MeV




