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SEPARATION LIGANDS

Rationalizing the driving forces for actinide selectivity
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Ln/An SEPARTION =

fundamental viewpoint

Rationale

. tsrl:a(:]rlii;als radially more exposed HARD S SOFT(ER)
Metal - 34

 5f shell softer than 4f center -1 An

e Softer-donor ligands would... Preferred

Ligand (L) LO LN LS LSe

ONIC IS COVALENT

« Enhance selectivity for actinides
over lanthanides

* Increase covalency with the metal
center

Radial Density (a.u)
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Ln/An SEPARTION =~

fundamental viewpoint
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Enhancing Actinide(lll) over Lanthanide(lll) Selectivity through M I ss I N G m
Hard-by-Soft Donor Substitution: Exploitation and Implication of 0
Near-Degeneracy-Driven Covalency =

Biswajit Sadhu*"® and Michael Dolg*’i ratl o n a I e 0.2
Health Physics Division, Health Safety & Environment Group, Bhabha Atomic Research Center (BARC), Mumbai 400 085. India
*Institute for Theoretical Chemistry, University of Cologne, Greinstrasse 4, 50939 Cologne, Germany

r(A)

* Softer-donor ligands DO increase Ligands have to "deal” with the semi-

covalency : . : _
 BUT...thev also decrease core shells prior to interacting with

electrostatic interaction the metal center
 MAY lead to a weaker complex
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[UO,(NO,)]+ and chalcogenide systems
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EXPERIMENT AND THEORY

determining bonding properties and energies

Collision-induced [UO,(TPh,PO)(TPh,PS)(NO,)I*
dissociation [UO,(TPh,PO)(TPh,PSe)(NO,)I*
Complexation free [UO,(TPh,PE)(NO,)J* + TPh,PE
energies [UO,(Me,E)(NO,)I* + Me,E

Energy | -

decom OSition Pauli + Electrostatic + Orbital +
. Dispersion
analysis

Electron density

Topolog alof the
electron ensity of _
the bond Total energy density
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Energy

H'H Pauli + Electrostatic + Orbital +
decgrlig y%?étlon - Dispersilon
Topolog 3/ of the
electron ensrt of Pauli — Antisymmetrization of wave functions
the bond Electrostatic — Coulomb interaction between nuclei and electrons

Orbital — Covalency through orbital mixing

Electron density Dispersion — Non-bonding attractive forces

Total energy density

2 Total energy density
g (1) Orbital overlap v -0 - I

X Eond Critical i Accidental degeneracy

5l _Point (ecP) Electrostatic Kinetic

L v g"ergaty

— ensity

Bond path

COLORADOSCHOOLOFMINES MINES.EDU

) EARTH ENERGY ENVIRONMENT



MOLECULAR SYSTEMS

Triphenyl phosphine chalcogenide Dimethyl chalcogenide

[UO,(TPh3PE),(NO,)T* [UO,(Me,E),(NO,)]*
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COLLISION INDUCED DISSOCIATION

Chris Zarzana, Brittany Hodges, JungSoo Kim - INL

+ +
[UO,(TPhsPO)(TPh;PS)(NO,)] [UO,(TPh;PO)(TPh;PSe)(NO,)]
30eVe® 30eVe
[(TPhF’O)NOSUOZ]+ b [(TPhPO)NO,UO,]*
610.109 [(TPhPO)(TPhPS)NO,UO,]* 610.109 [(TPhPO)(TPhPSe)NOZUO,]*
100 + 904.172 100 + 952.118
— @) —_ @)
X 80 - X 80+
;’ B 294.063 ® 342.009
= (CeH)sPS) = (CeH)sPSe)
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COMPLEXATION FREE ENERGIES

[UO,(TPh;PO)(TPh,PS)(NO,)]* ) «— [UO,(TPh3PO)(NO,)I*, + TPhesPS
[UO,(TPh,PO)(TPh;PSe)(NO,)]* ;) «— [UO,(TPh,PO)(NO,)I*, + TPhe,PSe,

AH -ATS AG
[UO,(TPh,PO) (TPh,PO)(NO,)]* -50.2 16.2 -34.0
[UO,(TPh,PO) (TPh,PS)(NO,)]* -45.0 16.4 -28.6
[UO,(TPh,PO) (TPh,PSe)(NO,)]* -46.5 16.4 -30.0
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COMPLEXATION FREE ENERGIES

[UOZ(TPh3PE)2(NO3)]+(g) ¢ [UOZ(TPh3PE)(NO3)]+(g) + TPhe3PE(g)
[UO,(Me,E),(NO;y)]*, < [UO,(Me,E)(NO;)I* 4 + Me,E

AH -ATS AG
- N - [UO,(TPh,PO),(NO,)J* -50.2 16.2 -34.0
- 8 .. l [UO,(TPh,PS),(NO,)J* -44.0 15.3 -28.7
T o S [UO,(TPh,PSe),(NO)J* -45.1 15.5 -29.7
) [UO,(Me,0),(NO,)]* -37.9 11.7 -26.3
[UO,(Me,5),(NO,)]* -37.4 11.5 -25.9

[UO,(Me,Se),(NO,)]* -38.2 11.9 -26.3
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COMPLEXATION FREE ENERGIES

[UOZ(TPh3PE)2(NO3)]+(g) ¢ [UOZ(TPh3PE)(NO3)]+(g) + TPhe3PE(g)
[UO,(Me,E),(NO;y)]*, < [UO,(Me,E)(NO;)I* 4 + Me,E

- AH -ATS AG
ol [UO,(TPh,PO),(NO,)]* -50.2 16.2 -34.0
[UO,(TPh,PS),(NO,)J* -44.0 153 -28.7
- [UO,(TPh,PSe),(NO,)]* -45.1 155 -29.7
0 [UO,(Me,0),(NO,)J* -37.9 11.7 -26.3
i [UO,(Me,5),(NO,)]* -37.4 11.5 -25.9
[UO,(Me,5e),(NO,)J* -38.2 11.9 -26.3

Energy (kcal mol ™)
o
S
|
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ENERGY DECOMPOSITION

[UO,(TPh;PE),(NO;)I* ;) «— [UO,(TPh;PE)(NO,)]* o + TPhe;PE
[UO,(Me,E),(NO,)]* 4 <— [UO,(Me,E)(NO,)I* () + MezE(g)

Pauli Electrostatic Steric Orbital Dispersion Total
[UO,(TPh,PO),(NO,)]* 73.38 -82.42 -9.04 -52.91 -12.41
[UO,(TPh,PS),(NO,)]* 63.38 -66.01 -2.63 -48.19 -12.08
[UO,(TPh,PSe),(NO,)]* 66.33 -68.63 -2.30 -51.15 -8.75
[UO,(Me,0),(NO,)]* 45.59 -53.48 -7.89 -34.67 -2.81
[UO,(Me,5),(NO,)]* 44.37 -46.39 -2.02 -36.28 -2.72
[UO,(Me,Se),(NO,)]* 42.88 -45.66 -2.78 -35.97 -2.91

Energy (kcal mol™)
| | |
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ENERGY DECOMPOSITION

[UO,(TPh;PE),(NO;)I* ;) «— [UO,(TPh;PE)(NO,)]* o + TPhe;PE
[UO,(Me,E),(NO,)]* 4 <— [UO,(Me,E)(NO,)I* () + MezE(g)

Pauli Electrostatic Steric Orbital Dispersion Total
[UO,(TPh,PO),(NO,)]* 73.38 -82.42 -9.04 -52.91 -12.41 -74.36
[UO,(TPh,PS),(NO,)] 63.38 -66.01 -2.63 -48.19 -12.08 -62.90
[UO,(TPh,PSe),(NO,)]* 66.33 -68.63 -2.30 -51.15 -8.75 -62.19
[UO,(Me,0),(NO,)I* 45,59 -53.48 -7.89 -34.67 -2.81 -45.37
[UO,(Me,5),(NO,)]* 44.37 -46.39 -2.02 -36.28 -2.72 -41.02
[UO,(Me, Se) (NO,)I* 42.88 -45.66 -2.78 -35.97 -2.91 -41.65

3

g

= [0 Total interaction
2 B Orbital interaction
>

5

g |

5}
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TOPOLOGICAL ANLAYSIS - QTAIM

p(r) G(r) V(r) H(r)
[UO,(TPh,PO),(NO,)]* 0.5181 351.57 -401.26 -49.69
[UO,(TPh,PS),(NO,)]* 0.3675 149.74 -193.07 -43.33
[UO,(TPh,PSe),(NO.)J* 0.3492 124.16 -165.23 -41.07
[UO,(Me,0),(NO,)]* 0.4019 260.18 -285.27 -25.09
[UO,(Me,5),(NO,)]* 0.3370 124.61 -161.37 -36.76
[UO,(Me,5e),(NO.)J* 0.2960 89.20 -120.72 -31.52
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TOPOLOGICAL ANLAYSIS - QTAIM

0.5

0.45 -

Pucp(® (€ A)

035

COLORADOES

EARTH ENERGY

OLOFMINES

ENVIRONMENT

400

200

S

—200

Energy Density (kcal mol™ A?)

—400

oF
S
S
,\0 X
& éol\
00 v NS
< ¢ ov
S O oY S y
<V % Q O »
= C ok
Q,&\“’ L) @
6 QX’V\’ 0, %@\"'
oY & N
\0 0Q " 0O N @@ Y
S S 0Q b
S
B H N N e
Kinetic
Potential
B Total

MINES.EDU




LIGAND POLARIZABILITY

Average Localized lonization Energies (ALIEs)

T — i pi(r) gl Quantification of how Inversely proportional to
p(1) loosely bound electrons are LOCAL POLARIZABILITY
ALIE (kcal/mol) Mulliken charge
E1 E2 E3 q(E)

TPh3P=0 207.5 207.6 207.6 TPh3P=0 -0.839
TPh3P=5 163.3 163.7 163.9 TPh3P=5 -0.566
TPh3P=Se 148.6 149.1 149.3 TPh3P=Se -0.669
Me,O 227.6 227.8 Me,O -0.546
Me,5 165.6 165.6 Me,5 -0.012
Me,Se 153.8 154.0 Me,Se -0.076
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SUMMARY AND OVERLOOK

TPh3P=0  HSAB theory is ONLY part

- More negatively charged of the equation for rational
oxygen atom design of ligands

» More polarizable than O * Expand this work to

atom in dimethvl ether different chalcogenide
/ ligands and trivalent transU

* Increased coulomb and actinides

covalent interactions
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