Ultra-Selective Ligand-Driven Separation of Strategic Actinides

Deblonde et al.



Supplementary Information

Page 2 of 8



Supplementary Tables

Supplementary Table 1. List of ligands and extractants mentioned in this study.
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Supplementary Figures
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Supplementary Figure 1. Stability constants of the complexes of 343HOPO against the ionic radius
of the metal ions (for a coordination number, CN, of 8). lonic radius values were taken from Shannon
(1976) and Lundberg and Persson (2016). Since no ionic radius value for a CN of 8 has been
published for Ac®*, and Cm?®", ionic radius values for a CN of 9 were used and plotted for comparison
purposes (empty symbols). The uranyl ion is arbitrary placed at 0.8 A for comparison.
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Supplementary Figure 2. Additional comparisons of ligand selectivity between Th** and Gd**, Ce**
and Lu*", Th* and Am** as well as Gd** and Cd?*. See Table S1 for the full names of the ligands. The
line y = x corresponds to no selectivity. Log g values were taken from the National Institute of
Standards and Technologies database (NIST46 - NIST Critically Selected Stability Constants of Metal
Complexes: Version 8.0).
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Supplementary Figure 3. General process flowsheet proposed for the purification of actinium
isotopes using 343HOPO and HDEHP.
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Supplementary Figure 4. Conceptual flowsheet for the modification of the PUREX method allowing
the recovery and separation of uranyl and Pu** ions without using a reductive striping step for Pu. FP

= Fission product.
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Supplementary Figure 5. Proposed flowsheet for the flash and redox-free purification of Pu from

uranyl and fission products (FP).
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Supplementary Figure 6. Extraction profile of 2Bk by HDEHP in the absence (dotted line) or
presence (solid line) of 343HOPO. Aqueous phase: 0 or 1 mM 343HOPO in 0.1 M HNO3; and 1.9 M

NaNOs. Organic phase: HDEHP in kerosene. O/A = 1. T = 25°C. One contact.
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Supplementary Figure 7. Extraction profile of 1*3Gd, 2*2Pu, 24°Bk, and 2*°Cf by HDEHP as a function
of the acidity and in the absence (dotted line) or presence (solid line) of 343HOPO. Aqueous phase: 0
or 1 mM 343HOPO in HNOs (0.1 to 6 M). Organic phase: 0.75 M HDEHP in kerosene. O/A=1.T =

25°C. One contact.
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Supplementary Figure 8. Left: Extraction profiles of Y’Lu (crosses), Gd (squares), ?**Am
(diamonds), 2*°Bk (triangles), and 2Es (vertical crosses) as a function of the volume phase ratio.
Right: Corresponding separation factors. Aqueous phase: 1 mM 343HOPO in 0.1 M HNOzand 1.9 M
NaNOQOs. Organic phase: 0.75 M HDEHP in kerosene. T = 25°C. One contact. See Fig. 5 for
corresponding data as a function of the extractant concentration.
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Supplementary Figure 9. Extraction profiles of 2%Bk (triangles), and 22Cf (circle) and
corresponding separation factors (dotted line) as a function of the extractant concentration. Aqueous
phase: 1 mM 343HOPO in 3 M HNOs. Organic phase: TODGA in kerosene. O/A = 1. One contact. T
= 25°C. Separation factor values are lower limits due to the quantitative extraction of Cf under these
experimental conditions.
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Lu/Bk and Gd/Bk obtained with the

TODGA/343HOPO-HNO3 extraction system. Aqueous phase: 1 mM 343HOPO in HNOs. Organic
phase: 0.1 M TODGA in kerosene. O/A = 1. One contact. T = 25°C. Arrows indicate lower limit due
to either the total extraction of Lu** and Gd*" or the total scavenging of Bk in the aqueous phase.
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