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Abstract:
Separation of neighboring lanthanide elements has historically proven difficult owing to the similarity in their chemical behavior. Two such separations of interest in the context of radiopharmaceutical research and development are terbium from dysprosium and neodymium from praseodymium, for reasons discussed further below. One promising method for the separation of these elements is Centrifugal Partition Chromatography (CPC), which is a liquid-liquid chromatography method that does hundreds of automatic successive extractions within small, engraved cells or chambers on a rotating disk. By pumping the mobile phase from cell to cell through the stationary phase, which is held in place by centrifugal force, no solid support is needed and separations of nuclides/molecules with similar chemistries can be achieved with minimal solvent volumes, thereby reducing waste generated, and good throughput times, increasing productivity and lowering cost. Additionally, the use of CPC could also potentially be used to improve current separation processes performed at BNL. One example of this would be to aid the future scale up of the actinium process to thorium target masses of 100g which is of interest to the DOE Isotope Program in order to meet the potential demand of Ac-225.
Terbium-161 (t1/2 = 6.89 d, β- 100%, Eβmax 594 keV) is a highly promising radioisotope for targeted cancer treatment due to its emitted radiation, which consists of both Auger electrons and short-range beta particles. Similarly, neodymium-140 (t1/2 = 3.37 d, e− capture 100%) has also gained increasing attention for clinical applications as its daughter praseodymium-140 (t1/2 = 3.39 min, β+, Eβavg = 1067 keV) is a rapidly decaying positron emitter useful for PET imaging. These radioisotopes can be produced through proton irradiation of dysprosium and praseodymium respectively. Purification of useful Tb/Nd isotopes from the Dy/Pr target material would require efficient chemical separation. Currently, effective research into and use of these isotopes is hindered due to the difficulties present in separation of adjacent lanthanides owing to the similarity in chemical behavior of the lanthanide elements, with separation methods utilizing slight differences in ionic radii between adjacent lanthanides. Work proposed herein will therefore focus on the investigation and optimization of the separation of Tb and Nd from Dy and Pr respectively by CPC, with the potential of extending research to its use in the Ac/Th process in future.
