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Introduction

♦ L3 edge: 2p → 6d
E = 17166 eV (uranium)

♦ M4,5 edges: 3d → 5f
E = 3552 eV (uranium)

Multiple edge XANES measurements

♦ seuil K : 1s → 2p                   
E = 543, 410, 284 eV

Ligand K edges (O, N, C…)

Energy

Dipolar transitions for actinide ions

♦ N4,5 edges: 4d → 5f
E = 778 eV (uranium)
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Simulation of the uranium M5 edge

FDMNES code: non self consistent

uranyle nitrate UO2(NO3)2.6(H2O)
molecular solid

U : 7s2 6d1 5f3

O : 2s2 2p4

N : 2s2 2p3

3d → 5f

formal electronic configuration

simulation: U0

X ray diffraction
2 O @ 1.75 Å
2 O @ 2.40 Å 4 O @ 2.52 Å
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Simulation of the uranium M5 edge

Mulliken population analysis
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fdpschargeatom

DFT

3d → 5f
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Simulation of the uranium M5 edge

Calculation of the 5f density of states (DFT)

DOS

3d → 5f

U N4,5 edges
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Oxygen K edge in UO2I2(py)3

UO2I2(py)3
molecular solid

XRD : 2O @ 1.75 Å
3N @ 2.56 Å
2 I @ 3.10 Å

J. C. Berthet et al.

Experimental spectrum

1s → 2p

Energy (eV)
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UO2I2(py)3

E0 = 543 eV

1s → 2p

Quantum chemistry

fdpschargeatom

0.05.41.90.4-I

0.14.62.00.7-O

0.13.81.60.5-N

2.71.65.80.21.8+U

Mulliken population analysis

FDMNES calculation

Oxygen K edge in UO2I2(py)3

experiment
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DOS calculation (FDMNES code)

Oxygen K edge in UO2I2(py)3

G → M.O. 2pO + 6dU π*

H → M.O. 2pO + 5fU + 6dU σ*

I → M.O. 2pO + 6dU π*

1s → 2p

(FDMNES)

experiment
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ππππg 6dU - 2pO

ππππu 5fU - 2pO

σσσσg 6dU - 2pO

σσσσu 5fU - 2pO

σσσσu* 5fU - 2pO

ππππu* 5fU - 2pO

σσσσg* 7sU - 6dU - 2pO

δδδδu 5fU

φφφφu 5fU

δδδδg 6dU

σσσσg* 7sU - 6dU - 2pO

ππππg* 6dU - 2pO

empty
occupied

E
ne

rg
y

Oxygen K edge in UO2I2(py)3 1s → 2p

πu*
πg*

σg*
σu*

(FDMNES)

experiment
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Conclusions and perspectives

♦ L3 edge: 2p → 6d
E = 17166 eV (uranium)

♦ M4,5 edges: 3d → 5f
E = 3552 eV (uranium)

♦ K edge: 1s → 2p                   
E = 543, 410, 284 eV

Dipolar transitions, ligand central atom

Dipolar transitions, actinide central atom

♦ N4,5 edges: 4d → 5f
E = 778 eV (uranium)

♦ 4f orbitals

Coupling with MD and/or QC.
scattering features

Photoemission techniques
probe the occupied states

Coordination sphere
Oxidation state

Spin orbit analysis

Population  analysis

Molecular orbital approach

Energy


