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How can we improve coupling theoretical chemistry with X-ray absorption spectroscopy ?



Introduction

Multiple edge XANES measurements

Dipolar transitions for actinide ions

¢ L;edge: 2p — 6d
E =17166 eV (uranium)

¢ M, edges: 3d — 5f
E = 3552 eV (uranium)

¢ N,;edges: 4d — 5f
E =778 eV (uranium)

Ligand K edges (O, N, C...)

¢ seuilK:1s —2p
E =543, 410, 284 eV
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Simulation of the uranium Mg edge 3d — 5f
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Simulation of the uranium M edge

3d — 5f

"A

T T T [
simulation U%* (7s%" 6p°7 6d'° 5f27)

simulation U° (7s? 6d" 5f°)

experiment

/5:\ | —
e ]
DFT -
Q
§ gl ‘
S| ]
Mulliken population analysis 8
atom | charge| s P d f i |
U 2.0+ 0.1 5.7 15 2.7 |r .
O1 0.6— 2.0 4.6 0.0 B |
| | I | I |
02 | 06- | 19 | 46| 01 20 0 0 20
O3 | 04- | 19 | 44| 01 E-E, (eV)
N 1.0+ 1.0 2.7 0.3
04 0.5- 1.8 4.6 0.1
H 0.3+ 0.6 0.1
4

How can we improve coupling theoretical chemistry with X-ray absorption spectroscopy ?



Absorbance (a.u.)
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Simulation of the uranium Mg edge 3d — 5f
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Calculation of the 5f density of states (DFT)

1.8

16

1.5 +

14 L

1.3

700

= | ' 57 U (100%)
" - “"" 51U (97%) + 2p Oos)(3%)
‘ | 5f U (850/0) + 2p O(NO3)O(H2O) (150/0) |
Sl 5fU (72%) +2p O, (28%) m ]
©
T | T T T T C |
ke
=3
s i
@ | 5f U (35%) + 2p O, (64%) o
i J U u experiment |
DOS
-20 0 20 40
U N, 5 edges E-Eq (eV)
72I0 74IfO 7(I30 7é0 860 820
Energy (eV)

How can we improve coupling theoretical chemistry with X-ray absorption spectroscopy ?



Oxygen K edge in UO,l,(py) 1s — 2p

Experimental spectrum
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Oxygen K edge in UO,l,(py) 1s — 2p

E, = 543 eV

FDMNES calculation
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Oxygen K edge in UO,l,(py)

1s — 2p

DOS calculation (FDMNES code)
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Energy

Oxygen K edge in UO,l,(py)
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Energy

Conclusions and perspectives

Dipolar transitions, actinide central atom _ _
4 Coupling with MD and/or QC.

scattering features

¢ L, edge: 2p — 6d
E = 17166 eV (uranium) / ﬂ

¢ M,. edges: 3d — 5f Coordination sphere
4,5 ' .
E = 3552 eV (uranium) Oxidation state

¢ N, edges: 4d — 5f _ — Spin orbit analysis
E = 778 eV (uranium) @

Population analysis

probe the occupied states

¢ Af orbitals

Dipolar transitions, ligand central atom

¢ Kedge:1s — 2p
E =543 410, 284 eV ————————— Molecular orbital approach
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