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PUREXIn current reprocessing strategies spent nuclear BTP ligands lead to sterical hindrance in direct proximity to the central metal ionU, Pu (+ Np) separationPUREXIn current reprocessing strategies, spent nuclear 

f l i di l d i it i id Th f li d f
BTP ligands lead to sterical hindrance in direct proximity to the central metal ion
A i t i t N d li dfuel is dissolved in nitric acid. Therefore ligands for Anions compete against N-donor ligands

all partitioning steps need a certain stability againstall partitioning steps need a certain stability against 
idi diti T f ilit t t ti l SANEX Lutetium complexes:acidic conditions. To facilitate a potential SANEX Lutetium complexes:

An(III) + Ln(III) co-ext’nDIAMEXprocess co-extraction of nitrates is desirable as Lutetium is the smallest metal ion( ) ( )process co extraction of nitrates is desirable, as 
th i h ti li hili i
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otherwise charge compensating lipophilic anions g p g p p
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NO3 increase of electron density in 
th li d i t d l i t thAn(III)/Ln(III) separationSANEXLiquid-liquid extractions with BTPs from nitric acid the ligand, inserts deeply into the q q

solutions give outstanding separation factors of ac- pockets while displacing BTPsolutions give outstanding separation factors of ac-
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pockets while displacing BTP
Cl- d i l t d ittinides over lanthanides. Previous studies showed Cl- – decrease in electron density, 

UCAstrong dependence on charge compensating ions
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more efficient complexation ofAm(III)/Cm(III) separationLUCAstrong dependence on charge compensating ions, more efficient complexation of 
li d titi ibut direct correlation to the hardness or size of the ligands, competition anion 
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increase solubilityTRLFS studies of Eu and Cm BTP complexes with increase solubilityp
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geometry slightly overestimate bond lengths [Å]. However, trends for distances of 
th i t th t l t d l i it di ti l th l th idthe anion to the metal centre develop in opposite directions along the lanthanide p pp g
series while ligand-metal distances follow the cation sizeseries, while ligand-metal distances follow the cation size.  

Paramagnetic lanthanidesParamagnetic lanthanides
I dditi t th ff t i th L l ti hift i fIn addition to the effects in the Lu complexes paramagnetic shifts arise from p p g
different PCS isosurfaces for different distances of the observed nuclei to thedifferent PCS isosurfaces for different distances of the observed nuclei to the 

t l imetal ion.

NMR thNMR theoryNMR theory
T f ll d ib th t ib ti t th ll h i l hift f l iTo fully describe the contributions to the overall chemical shift of a nucleus in a 
complex knowledge about solvent and anion effects on the structure is necessarycomplex, knowledge about solvent and anion effects on the structure is necessary.

Samarium and Europium complexes:Samarium  and Europium complexes:
Comple es ha e appro the same si eComplexes have approx. the same size,
paramagnetic effects are very smallparamagnetic effects are very small, 

d t ll PCS f S /E
Di ti l

corresponds to small PCS of Sm/Eu.
Diamagnetic complexes:g p
Direct influence on electronical structure of the ligand in the complex is accessible Ytt bi lDirect influence on electronical structure of the ligand in the complex is accessible 
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Ytterbium complexes:

by subtraction of chemical shifts of two samples which only differ in the anion. 
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Effects are more pronouncedy p y Effects are more pronounced,
NO h hi h hift t d itiP ti l NO3

- shows higher shift towards positive Paramagnetic complexes: 3 g p
values than Cl-

Observed changes in chemical shifts depend
values than Cl .

Observed changes in chemical shifts depend 
dditi ll th PCS i f hi hadditionally on the PCS isosurface on which a Conclusion

nucleus is located Small structural changes
Conclusion
For a full description of all influences on the electron density distribution on the ligandnucleus is located. Small structural changes 

l d t l t d ff t th h i l hift
For a full description of all influences on the electron density distribution on the ligand

lead to elevated effects on the chemical shift. and in consequence for the description of all contributions to the chemical shifts of all
To quantify this paramagnetic effect precise

and in consequence for the description of all contributions to the chemical shifts of all 
NMR active nuclei a concise knowledge of all anion and solvent effects is necessaryTo quantify this paramagnetic effect precise 

k l d b t th l ti t f PCS
NMR active nuclei a concise knowledge of all anion and solvent effects is necessary.

knowledge about the relative amount of PCS S ti f ti t f th dditi l h i l hift ill h l tg
to FCS in the observed complex is necessary Separation of paramagnetic components of the additional chemical shifts will help to to FCS in the observed complex is necessary. 
Ch ill b tt ib t d t di t measure distance effects of certain anions with even better accuracyChanges will be attributed to distance measure distance effects of certain anions with even better accuracy.g
dependent PCS FCS is estimated to bedependent PCS. FCS is estimated to be 
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