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The rarest element on Earth: Astatine

missing

• Most abundant isotope 218At, (t1/2 = 1.5 s)
• I.Asimov: 1st mile of earth’s crust : 70mg (~3.5 atoms/ kg)
• Artificial production:209Bi(a,2n)210At, Corson et al. (1940) 
• Physical and chemical properties hard to investigate
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Astatine for targeted alpha therapy (TAT)
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• Cancer cells have specific receptors
• Can be targeted by antibodies which carry radionuclides
• Alpha particles have ideal range to kill individual cancer 

cells

• Astatine is a good candidate for TAT (half life, a-energy)
• But At behaves sometimes like a metalloid sometimes 

like halogen  - a chemical hybrid
With material from U.Köster, INPC 2013
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Astatine biochemistry studies

in vivo 
M. Zalutsky et al., J. Nucl. Med. 49 (2008) 30.

in vitro
S.H. Cunningham et al., Br. J. Cancer 77 (1998) 2061.
S.H.L. Frost et al., Cancer 116 (2010) 1101.
J. Champion et al., J. Chem. Phys. A114 (2010) 576.

With material from U.Köster, INPC 2013

in silico
J. Champion et al., PCCP 13 (2011) 14984. 

• ‘In silico’ calculations can predict behavior of 
compounds before synthesis

• Needs experimental references: 
such as the IP and EA

• Slow process due to absence 
of a long lived tracer

73 MBq 211At-ch81C6
g ray image of full body
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Electronegativity

• Electron Affinity (EA)
=  Binding energy of the negative ion

• Ionization Potential 
=  Binding energy of the positive ion

• IP + EA determine the chemical reactivity 
type of chemical bonds.

Mulliken electronegativity scale

Can be connected to Pauling scale: 
DOI: 10.1021/ct049942a

Pauling scale
(empirical)
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Contents

Measurement of the IP(At)1

9 Measurement of the EA of radiogenic iodine

2 First results for astatine
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The ionization potential of astatine

IP (At) = 9.31751(8) eV
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The electron affinity of astatine

• No experimental value for EA(At) yet

• Scattering of all theoretical 
predictions and extrapolations  ~1 eV
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The Method: Collinear laser photodetachment

At - + hn  At + e-

Wigner law:

s = k ( E-E0 ) 
l+1/2

Iodine

l = 0 for s-wave outgoing electron
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The neutral atom detector
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A new apparatus: GANDALPH 2015
Gothenburg ANion Detector for Affinity measurements by Laser PHotodetachment

• Built in spring 2015 in Gothenburg
• Moved to ISOLDE, June 2015
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GANDALPH 2015

08/12/2016 Sebastian Rothe        |         ISOLDE Workshop and Users Meeting  2016 12



The signal

08/12/2016 Sebastian Rothe        |         ISOLDE Workshop and Users Meeting  2016 13



Results 2015: photodetachment of stable 127-iodine

• First photodetachment signal of I- at ISOLDE
• Threshold still measurable at very low ion rates (<1 pA, FC noise)
• No radiogenic iodine or astatine beams for LOI  I-148
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Upgraded GANDALPH 2016 vs 2015
2015 2016

Baking no yes

Vacuum 2 x 10-8 mBar <10-10 mBar

DAQ Lecroy SRS Photon Counter

Transmission 8% 25%

Frame Bricolage ITEM profiles
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2016 – first affinity measurement on radioactive ions

128I

• Ion rate:  35 000 s-1

• Measurement time: 39 min
• Extracted EA: 3.059 052(38) eV
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2016 - astatine yields

• 1.6uA p on target
• Signal = secondary electrons from ion 

beam on glass plate
• Increased background

• 211 At most intense beam
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First photodetachment signal of astatine

• Ion rate  (211At-):  6 200 s-1

• Measurement time: ~1 h
• Upper limit for EA(At): < 3.06 eV
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Conclusion

• GANDALPH has been upgraded – better vacuum better ergonomics

• First electron affinity measurement on a radioactive ion performed

• First laser photodetachment of astatine negative ions achieved
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Outlook: GANDALPH 201x

• Improved beam diagnostics

• Dedicated ion detector for tuning

• Segmented collimators

• Re-condition the ion pump

• Fix broken vacuum feed-troughs

• File a beam time request for P-462
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Astatine EA team (2015)
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I-148 Collaboration

Submitted to J. Phys. G 
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Thanks

• Isolde technical team for intense ion source tests and swapping 
ISOLDE to negative mode

• ISOLDE experimental setups (CRIS,COLLAPS,ISOLTRAP,SSP, …) for 
helping out with equipment – especially for GANDALPH 1.0

• Vacuum group for assistance with baking of GANDALPH 2.0
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