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Radiochemistry at lowa — Interdisciplinary and Collaborative
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Forbes Research Group — Department of Chemistry, University of lowa

Characterizing adsorption of actinides onto colloidal

_ ~ particles _
Colloidal particles contain small nanodomains of

structural coherence that can be characterized by
comparing synthesized geochemical model
compounds to PDF analysis of high energy X-ray

scattering
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Forbes Research Group — Department of Chemistry, University of lowa

Characterizing uranium complexation with naturally occurring organic molecules

We use single-crystal X-ray diffraction, NMR, UV/Vis, and other techniques to
characterize large molecular species present in aqueous solutions.

Nanometer sized uranyl citrate A novel uranyl trimer complexed
complex that forms in solution at pH 6 with iminodiacetic acid
Unruh, Gojdas, and Forbes, In preparation Unruh, Gojdas, and Forbes, In preparation

Future plans include neptunium complexation and characterization in aqueous solutions




Biogeochemistry of the Actinides

Pond B

Seasonal Anoxia

Redox cycling and colloidal associations of natural/anthropogenic U, Th, Am, Pu?



Biogeochemistry of the Actinides
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Biogeochemistry of the Actinides

Redox Active Mn and Fe

Pond B

Seasonal Anoxia

Redox cycling and colloidal associations of natural/anthropogenic U, Th, Am, Pu?



Biogeochemistry of the Actinides

Seasonal [O,]
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Figure 5.12 Dissolved oxygen concentration with depth for cach of the sampling
year 2000 samplings. Water column is well mixed in winter and
stratified in summer.

Redox cycling and colloidal associations of natural/anthropogenic U, Th, Am, Pu?



Biogeochemistry of the Actinides
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Redox cycling and colloidal associations of natural/anthropogenic U, Th, Am, Pu?



U, Th, Am, Pu In the presence
of high [Fe/Mn]
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Why Gallium-68?

No need for on-site cyclotron
Still need PET/CT!

Half Life = 68 minutes
v Matches peptide pharmacokinetics

B* Emission Intensity = 88% (°8Zn, stable)
v 84Cu = 18% (®4Ni)

f* End Point Energy = 1.8 MeV
v 18F =634 keV
v 84Cu = 653 keV

“Surrogate” for therapeutic radionuclides
v 90y 213Bj 177

Generator technologies have matured.

GSGa
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Parent/Daughter Relationships

Germaniigiis

& 271 days

Short lived daughter

il _ _ T,/ = 68 minutes
Periodic Use/Continuous Basis



Impurities and Interferences

Eluant

68 e Radiolysis
Breakdown
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Zn2+ Cd3*
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[68Ga]DOTATOC Imaging

ldentifying an unknown primary tumor.

Ga-68 DOTATOC

Gallium-68
DOTATOC

PET

In-111 DTPA QOctreotide
Indium-111
Octreoscan
SPECT

Not identifiable by SPECT.




New Separations Technologies

Linchpin for coupling to new chelator technologies for separations radiochemistry

COM F Reactive Variants
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Schultz MK, Parameswarappa SG., Pigge FC, 2010 Org. Let., 12(10).
Martin et al., (Pigge, Schultz), Bioorg. Med. Chem. Let., 2010, 20(16).
Baumhover et al. (Schultz), Bioorg. Med. Chem. Let., 2011.




New Separations Technologies

Supremely selective highly stable coupling for separations technology development

fused

) Ga-68 labeling
triazole

Biotin-DOTA

Regioisomers?

68Ga labeling

e

RT (min.)

Radioactivity

Potential for adapting these approaches
for separations technologies is largely
unexplored. (new chelators for actinides)

Schultz MK, Parameswarappa SG., Pigge FC, 2010 Org. Let., 12(10).
Martin et al., (Pigge, Schultz), Bioorg. Med. Chem. Let., 2010, 20(16).




Proposed Radiochemistry Degrees

at lowa
BA Track
5 Yr Professional MS
PhD

Radiopharmaceutical Sciences
Environmental Monitoring
Homeland Security/Safeguards
Nuclear Energy

Academic Geochronology
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