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DFTcalculation of electronic structure :
an introduction

Applicationto K-edge XAS
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About XANES spectroscopy at the K -edge
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About XANES spectroscopy at the K -edge
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XANES modeling
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Part 1
Infroduction to electronic structure
calculation using DFT




Basic issue
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Born-Oppenheimer approximation
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Born-Oppenheimer approximation
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Multielectronic Schrodinger equation

wn — wn(rlv rs,...,rn,; 81,82, ..., SN)
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Multielectronic Schrodinger equation
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Slater Determinant
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Multielectronic Schrodinger equation
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Mean-field approximation
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Mean-field approximation
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Mean-field methods: examples
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Hartree (H) - 1927

—h*V? i fF o eff
o 4 Via(e) 4 Vgl 657 (x) = & 6o
T./2.+8™ )#01)".,"
A 8#)O##, . #" #2#1)*.,0,-"
r —r/| )&HH2H1)*., -#,%")5
—hQVZ ff ff 2 > |¢§ﬁ( )|2 ! eff ff ff
e O 0) Va0 () + ¢ Y [ FE () = e o)
j=1
\ J
Y
', 12/-#%0'self-interaction )#*+ >'(f = jB
SO*)*##" product

+2)#2#1) 'L 7 .("+., #H2#1)*.'1 » exchange not taken into account
Q0K#(/,1)"., 90K#(/,1)'.,%



Hartree-Fock (HF) - 1935
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Density functional theory (DFT): definition

exact theory
for systems of IV interacting electrons

within an external potential
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DFT. Hohenberg and Kohn theorems (1964)

The (non-degenerate) ground state electron density
uniquely determines (to a constant)

the external potential Pes () m— et (r)
(and thus all the properties of the system).
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There is a universal density functional F|p],
not depending explicitly on V*'(r), defined as :
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DFT:Hohenberg and Kohn (1964)
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DFT: Kohn and Sham (1965)
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DFT: Kohn and Sham (1965)
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DFT: Kohn and Sham (1965)
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DFT: Kohn and Sham (1965)
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DFT: Kohn and Sham (1965)
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DFT: Kohn and Sham (1965)
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DFT: exchange and correlation  functionals

The Local Density Approximation (LDA)
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DFT: exchange and correlation  functionals

Generalized Gardient Approximation (GGA)
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DFT: exchange and correlation  functionals

Hybrid functionals (H-GGA)
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DFT: SCF cycle

15t step
=#C7('8 0).+'1"1021/20)".,
%)*/1)/*# = 0).+'1"!

~N

M/T#%+7.%")".,".("0).+'1" |

[ | 1*5%)02X ]




DFT: SCF cycle
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DFT:softwares
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DFT:softwares the main differences between them
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DFT:sofwares the main differences between them
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DFT:sofwares the main differences between them
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XANES modeling
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Interaction operator between x  -rays and electrons
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Interaction operator between x
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XANES and DFT
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Note: muffin-tin (MT) potential
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XANES and DFT: the calculation codes
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cluster, real space
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XANES and DFT: periodic boundary conditions and core hole
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XANES and DFT:periodic boundary conditions and core hole
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XANES and DFT: the drawbacks

well identified
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XANES and beyond DFT

| G! + Bethe-Salpeter equation (BSE)
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3d elements
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Tt in octahedral site

single-particle picture
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Tt in octahedral site

Absorption (arbit. units)
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Tt in octahedral site

single-particle picture
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Tt in octahedral site
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Cr3* in octahedral site

Absorption (arbit. units)

Absorption (arbit. units)
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V3* in octahedral site

single-particle picture
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Angular dependence of core hole screening in LiCoO ,
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LICoO, : the Co K pre-edge
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Co absorber
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Summary
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Summary
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Thank you for your
attention.

Thanks to Delphine Cabaret for slide courtesy
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