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Objectives

Long-term radiotoxicity of spent nuclear fuels is governed by plutonium and minor
actinides (Np, Am, Cm). Separation of An(lll) from Ln(lll) is a crucial step for P&T

and P&C strategies. Rational design in ligand development for liquid-liquid extrac-
tion Is desirable.
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Zeit nach der Reaktorentiladung

Fundamental understanding on a molecular level of the origin of the selectivity of
extracting ligands is necessary in order to develop new or further improve already
established extraction systems.
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NMR theory

Separation of all contributions to the observed chemical shift of certain ligand nuclei.
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Paramagnetic contributions can be separated from the overall observed chemical
shift by referencing to a isostructural diamagnetic complex. Subsequent splitting into

a FERMI contact (6"®) and a pseudo contact or dipolar part (67¢) can be achieved by
application of variable temperature measurements.
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BLEANEY methodology separates contact from pseudo contact contributions by extra-
polation to infinitely high temperatures. The axis intercept is a measure of the cova-
lency in the ligand metal bond, the slope is a measure for the dipolar interaction be-
tween ligand and paramagnetic metal ion.
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Results

Contributions to paramagnetic shift via temperature dependent measurements
following BLEANEY methodology of complexes of the form [Ln(nPrBTP);](NO;).
Error bars are smaller than the depicted symbols.
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1/T[0°K] 1/T[10°K]
H Europium [ppm] Samarium [ppm] Ytterbium [ppm]
Position 5FCS (5PCS 5FCS 5PCS 5FCS 5PCS
4 1,92 -1,66 — — 1,24 -6,23 N 1 R, 18
3,5 -4,56 -1,24 0,17 0,33 -1,52 -7,11
13a -0,20 1,78 -0,55 0,20 1,94 4,78 ‘ ‘
13b -0,16 0,93 -0,89 0,37 -2,78 8,73 0 P
14a -0,01 2,41 -0,54 0,20 1,50 4,81 N 13 15
14b 0,57 1,43 -0,51 0,03 4,83 1,15
15 -0,40 2,32 — — -1,66 7,75
16a 1,69 0,97 0,21 -0,25 0,20 3,29
16b — — 0,05 -0,21 0,58 0,69 Eu:
17a 0,13 0,16 -0,12 -0,11 0.53 0,40 . . .
18 — — 0,09 0,05 — —  stronger than pseudo contact part
13¢ Europium [ppm] Samarium [ppm] Ytterbium [ppm] Sm:
Position ~ FCS  4PCS 5Fes 5PCS gFes s°¢s  Qverall small contributions
) 12,0 9,9 2,8 =1l 16 108 FERMI contact and dipolar
3.9 -38,1 5,0 3,1 3,8 -6,5 -11,9 ] ] p
2,6 187  -164 9,5 4,6 — — contribution are equal
7 -38,0 7,3 1,5 2,9 — —
10 -30,8 10,6 5,7 4.2 -0,8 11,0
11 14,5 -1,7 1,3 -1,5 1,6 4.5 Yb:
13 33 1,4 0,3 -0,1 1,9 9,9
14 1.4 2,5 1,0 0,3 0,4 66  Only small FERMI contact but strong
15 -0,5 2,3 0,6 0,2 -1,1 19 . . .
ie 58 20 P 12 02 /s  dipolar contribution detectable
17 37 1.2 0,2 0,2 — —  PRE effects in core structure
18 — — 0,2 0,1 — —
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