229Th/25Ac Separation Study – Phase 1: Non-Radioactive Polyoxometalates
VFP
· Location of experiments: Chemical fume hood in lab 2-37, backup lab 2-60
· No radioactivity will be used in this phase.
· All metals to be used will be in their most oxidized state, as a nitrate, bromide, or chloride salt (Th(NO3)4), (LaCl3), etc.

Phase 1 – Non-Radioactive – Polyoxometalate based separation
Polyoxometalates (POMs) are metal-oxygen clusters.  This study will use POMs in general for bulk Thorium and Actinium separations.   The POMs that will be used are comprised of tungsten-oxygen bonds.  The “Wells-Dawson” POM will be used and the “Keggin” POM will be used.  
1. [bookmark: _GoBack][image: ]Keggin POMs to be used are of formula [(XO4)[Y]W12O36][Y], where X is either P, Si or Al and Y is the concomitant charge of the internal [XO4]. Species.  The Yellow Ball represents either P, Si or Al. The Blue balls represent W and the red, oxygen.
[image: ]The Lacunary keggins has an anion formula [(XO4)[Y-3]W12O36][Y-3]. The difference between these and our safety data sheet (SDS, see appendix) molecule is that one {W=O}4+ unit has been removed from the structure leaving a vacancy for binding metal ions. We will be using K7PW11O39, K9SiW11O39 and K10AlW11O39.
2.  Wells Dawson POMs to be used are heteropolyanions of the general structure [α-P2W18O62]6- in which eighteen Tungstate polyanions (WO42-) are linked together with one oxygen in between. In the center of these self-assembling structures are two phosphorus atoms, which are good characteristic indicators of structure using 31P NMR. Using bases, two lacunary structures (removal of WO4+) are producible in either the side ([α1-P2W17O61]10-), or the top ([α2-P2W17O61]10-) positions.
The ‘lacunary’ Wells Dawson POMs have an anion formula of [P2W17O61]10-. These are related to the keggin structures and require safety and handling precautions for Na3PW12O40 (See appendix.) The structures of the molecules are shown below. The same coloring as the previous figures apply. The vacancies are highlighted by aqua-colored balls, indicating O- atoms. The structural differences arise from where the vacancy is located. In α1-[P2W17O61]10- a {W=O}4+ is removed from the ‘belt’ region and in α2-[P2W17O61]10- the {W=O}4+ is removed from the ‘cap’ region. The salts we will be handling are of the following formulas K10(α2-[P2W17O61]), Li7Na3(α1-[P2W17O61]). 
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α1-[P2W17O61]10			α2-[P2W17O61]10-


Non-Radioactive Procedure:
3. Initially, the stability of the three lacunary POMs must be assessed in low pH ( 0-7, the medium in which the thorium targets are dissolved) by dissolving (50-250 mg) of (keggins, α1, α2) in (1-10 mL) of (10 M HCl or, 8 M HNO3), and collecting aliquots over multiple hours. D2O will be added to these aliquots, and using 31P NMR, the structural integrity of the POMs will be assessed. 
4. Extraction Studies
a. Log P/D studies will be performed by preparing a solution (1– 100000ppm metal in 0.1 – 5 M HNO3) containing non-radioactive (cold) Transition Metals (especially Rh, Ag), Lanthanides (including La up to Lu) as well as Actinides no heavier than Th. To the reaction solution will be added (100-150 mg) of (keggins, α1, α2).  (5-15 mL) of (3% octylamine/chloroform[footnoteRef:1], 3% decylamine/chloroform[footnoteRef:2]) will be used as the extraction solution. A (50-150 uL) aliquot of reaction solution will be added to ( 100-300 uL) of the extraction solution, then vortexed to facilitate mixing. These mixtures will be allowed to separate and samples from each layer will be collected. These cold samples will be analyzed for metal contents using ICP-OES, and FTIR (Ln-O, An-O have characteristic stretches[footnoteRef:3]). [1:  Burton-Pye, B. Inorganica Chimica Acta, Volume 380, 15 January 2012, Pages 236-243]  [2:  Milyukova, M.S. et al., J. Radioanal. Nucl. Chem. Let, 105 (1986) pp. 249]  [3:  Humelnicu, D et al., Rev. Chim. 59, Nr. 8, 2008, pages 920 -925] 

b. Kd studies will be performed by adsorbing POMs on a resin (Cation/Anion) using an ion exchange column. The resins will be characterized using FTIR, Raman, and solid-state 31P NMR. These POM-resins will be evaluated as a column for separating lanthanides and actinides in the same metal solution used in 4a. The contents will be measured using ICP-OES.
5. Purification Studies
a. Use of column chromatography (Ion exchange, alumina oxide, silica, affinity) will be employed in order to assess its usefulness in separating lanthanides. Through these columns will run (50-200 mL) of organic solvents and various aqueous buffer solutions. Solvents to be used include Chloroform, Methanol, Ethanol, Methylene Chloride, Hexanes, Ethyl Acetate, Diethyl Ether, Water (pH 0-12, with use of buffer solutions), Acetonitrile, Octylamine, Decylamine.
6. ICP-OES
a. All samples for ICP-OES will be analyzed after collecting solids from organic solutions, then dissolving them into a 2% HNO3 solution.
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