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The History of Uranium and Nuclear Power, 2021
What are the Safest and Cleanest Sources of Energy?, 2020
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Why Nuclear Power?
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Used Nuclear Fuel (UNF) Composition Radiotoxicity of Long-lived Isotopes in UNF

Normalized to radiotoxicity of natural uranium ore

*

*

Aloise, G. Nuclear Fuel Cycle Options. 2011. DOE, GOA-12-70
Taiwo, T.A., et al. Nucl.Technol. 2006. 155, 34-54

Problems with Used Nuclear Fuel
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J.K. Conrad, et al., Chem. Phys. Chem. 2022, 24, 

Challenges with Separation and 
Reprocessing
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S. A. Ansari, et al., Chem. Rev. 2012, 112 3, 1751-1772

Diglycolamides (DGA)
Advantages:
• High affinity towards trivalent lanthanides 

and actinides
• Easy tunability through modification of the 

R groups
• Follows the C, H, O, N principal

Disadvantages
• Still relatively understudied
• Organic phase DGAs can be susceptible to 

third phase formationCommon diglycolamides:
−Tetramethyldiglycolamide (TMDGA), R = CH3

−Tetraethyldiglycolamide (TEDGA), R = C2H5

−Tetraoctyldiglycolamide (TODGA), R = C8H17

−Tetra-2-ethylhexyldiglycolamide (TEHDGA), R = C8H17 

Properties and Advantages:
• Water Soluble
• Most simplified DGA structure
• Can be crystallized
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How Do Radicals React With 
TMDGA Complexes?

Mn+
R•

A. Wilden, et al., Solvent Extr. Ion Exch. 2018, 36, 347-359 
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Lanthanide TMDGA Crystals

Formula: [Ln(TMDGA)3][Ln(NO3)6]
• Ln = La, Ce, Pr, Nd, Sm
• Crystallizes in P1
• Cation geometry: C4v

• Spherical capped square antiprism
• Anion Geometry: Ih

• Icosahedron

B.M. Rotermund, et al., Cryst. Growth Des. Under Review 

LnONC

*Hydrogen removed for clarity
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Lanthanide TMDGA Crystals
Formula: [M(TMDGA)3][M(NO3)5(H2O)]1-x[M(NO3)4(H2O)2]x(NO3)1+x 
• Ln = Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb
• Crystallizes in P1
• Cation geometry: C4v

• Spherical capped square antiprism
• Anion Geometry: C2v

• Sphenocorona J87

B.M. Rotermund, et al., Cryst. Growth Des. Under Review 
LnONC

La

Pr

Nd Sm

*Hydrogen removed for clarity
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Lanthanide TMDGA Crystals

Formula: [Ln(TMDGA)3]2[Ln(NO3)4(H2O)2]0.75[Ln(NO3)5(H2O)]1.25(NO3)2.75
• Ln = Lu
• Crystallizes in P1
• Cation geometry: C4v

• Spherical capped square antiprism
• Anion Geometry: C2v

• Sphenocorona J87

B.M. Rotermund, et al., Cryst. Growth Des. Under Review 

LnONC

La

*Hydrogen removed for clarity
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Lanthanide Geometry Across the Series

B.M. Rotermund, et al., Cryst. Growth Des. Under Review 

Optimal Geometry Score Vs. Ionic Radius
Tricapped trigonal prism 
scores
Spherical capped square 
antiprism scores View of the three-fold rotation 

axis for the tricapped trigonal 
prism geometry

View of the four-fold rotation 
axis for the spherical capped 
square antiprism geometry

M. Llunell, D. Casanova, J. Cirera, P. Alemany, S. Alvarez, SHAPE 2.1
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Pu TMDGA Crystallization

B.M. Rotermund, et al., Inorg. Chem. 2023, 62, 12905-12912 
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Plutonium(III) TMDGA Crystals
Formula: [Pu(TMDGA)3][Pu(NO3)6]
• Crystallizes in P1
• First isolation of plutonium(III) 

diglycolamide and plutonium(III) 
hexanitrato

• Cation geometry: C4v

• Spherical capped square antiprism
• Anion Geometry: Ih

• Icosahedron

B.M. Rotermund, et al., Inorg. Chem. 2023, 62, 12905-12912 

PuONC

*Hydrogen removed for clarity
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Plutonium Crystal Oxidation 

B.M. Rotermund, et al., Inorg. Chem. 2023, 62, 12905-12912 

Exposed to air overnight

Oxidation of Plutonium (III)

Recrystallization 
to plutonium (IV) species

O2
24 h
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Plutonium(IV) Crystals
Formula: [Pu(TMDGA)3][Pu(NO3)6]2

• Crystallizes in P21/n

• Coordination environment 
remains consistent across 
multiple oxidation states

• Cation geometry: D3h

• Tricapped trigonal prism
• Anion Geometry: Ih

• Icosahedron

*Hydrogen & Lattice methanol removed for clarity
B.M. Rotermund, et al., Inorg. Chem. 2023, 62, 12905-12912 

PuONC
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Geometries of Pu(TMDGA)3

B.M. Rotermund, et al., Inorg. Chem. 2023, 62, 12905-12912 

A) [Pu(TMDGA)3]3+ C4v B) [Pu(NO3)6]3− Ih

C) [Pu(TMDGA)3]4+ D3h D) [Pu(NO3)6]2− Ih

M. Llunell, D. Casanova, J. Cirera, P. Alemany, S. Alvarez, SHAPE 2.1
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Americium(III) TMDGA Crystals
Formula: [Am(TMDGA)3][Am(NO3)6]
• Crystallizes in P1
• Same structure type as early Ln’s
• Cation geometry: C4v

• Spherical capped square antiprism
• Anion Geometry: Ih

• Icosahedron

B.M. Rotermund, et al., Inorg. Chem. 2023, 62, 12905-12912 

AmONC

300 Days

*Hydrogen removed for clarity
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Berkelium(III) TMDGA Crystals
Formula: [Bk(TMDGA)3]2(NO3)6

• Crystallizes in P1
• Cation geometry: C4v

• Spherical capped square antiprism
• Nitrates do not coordinate
• High disorder from radiation damage

B.M. Rotermund, et al., In Preparation

BkONC• 15 minute time-lapse of [Bk(TMDGA)3]2(NO3)6  degrading under a 
microscope

*Hydrogen & lattice water removed for clarity
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Californium(III) TMDGA Crystals

• Crystallizes in P21/c
• Cation geometry: C4v

• Spherical capped square antiprism
• Anion Geometry: Td

• Tetrahedral

B.M. Rotermund, et al., In Preparation

Formula: [Cf(TMDGA)3][Na(NO)4]

Na CfONC

*Hydrogen removed for clarity
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Summary

B.M. Rotermund, et al., Inorg. Chem. 2023, 62, 12905-12912 

• Lanthanides show continued 
steric strain in the anionic 
environment across the Ln 
series

• Early actinides closely follow 
structural behavior of the 
early lanthanides

• Late actinides don’t follow 
expected bonding behavior

La-Sm

Eu-Yb

Lu
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Questions?

Mn+

B.M. Rotermund, et al., Inorg. Chem. 2023, 62, 12905-12912 

R•


