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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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Modeling of XANES spectroscopy
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Part 1
Introduction to electronic structure
calculation using DFT
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Basic issue"
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Born-Oppenheimer approximation
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Born-Oppenheimer approximation
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Multielectronic  Schrsdinger equation

H!' =E,!,
H:' !!2",2+' | 7, €2 .
Iri! Ry
| #_?gt_%_& P )
T (i
Vnucl
! N || n(rl,rz,...,rN ;81,52,...,S|\|)

L %&'79(884'2THA-4*2,&9%24"54287,&9B"

H$%&'(")*+,,-". /10"




Multielectronic  Schrsdinger equation
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Slater Determinant
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Multielectronic  Schrsdinger 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"
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Hartree-Fock (HF) - 1935"
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Density functional theory (DFT): definition

exact theory

for systems of N 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 L gs(r) e \/ XU (1)
(and thus all the properties of the system).
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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) "

What we can write as a functional of the electron density in V _ :
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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
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DFT: exchange and correlation  functionals
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DFT: exchange and correlation  functionals
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DFT: SCF cycle"

Crystal
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DFT: SCF cycle"
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DFT:softwares "
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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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DFT:sofwares " the main differences between them
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Part 2
Introduction to the calculation
of X-ray absorption spectra

X-ray Absorption Near-Edge Structure

Near- Edge X-ray Absorption Fine Structure
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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-rays and electrons
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XANES and DFT
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XANES and DFT: the calculation codes "
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Note: muffin-tin (MT) potential
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XANES and DFT: the calculation codes "
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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 "
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3d elements in ocfahedral site
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T In octahedral site

&34#"50+*' &%#")0&%"-*"
ofc)

M7r"2$'7-4D"M7"97'4:"*4&'2,9(884'27*"

L 124<4624N"F" Wi 4.
| //[001]
A2 A3
w 0%4=&K>
= "m0 2%&97'7 ST
s AL ‘ 0%A4=8KV&
g "L ORNVI"206897'7, &S T4
-% E1+E2 IllllII|llllII|IlllllIIllllIIllIllIl|IIllIIII|llllIIIIlllllIIIIIIIIIlIllII|IllllIIFII!III
= WI"206&97'7, &3 B+ (3276E" A B™
0
@)
) _Elj\/\ 0%4=8K@&&
o &
E2xB | ] W!"2%6&97'7, &g B (327 6 "4 K A 7 >+B"™
0 5 10
Energy (eV) a%3%24t"al."S+(9E"a+48E"a+48E"SHQRI0"A.///B"

H$%&(")*+,,-" 110" %



T In octahedral site
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T In octahedral site

Absorption (arbit. units)
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T In octahedral site
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Cr3* in octahedral site
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V3t in octahedral site
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Fe2* in octahedral site
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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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LICoO, : the Co K pre-edge

Co absorber

Co 2"n.nin plane

—
O
-~

DOS (states / eV / spin / atom)

DOS (states / eV / spin / atom)

0.07

0.06 |

0.05

0.04 |

0.03

Norm. Absorption

0.02 |

0.01

0

Co absorber

-4 -2 0 2
E-E., (V)

Co2"n n in plane

C(:.' n. n'in pla'ne ’

S4%B":"1% C6"Aa,yB™
S4%b™:"1% N1"F'rA.1B"F"a,"AQER"7&"1-%&4"
S4%PE"1% N1"F'rA.1B"F"I7"A.1BFa,'@EBBS",5"1-%&4™ V"

124<4634'W."&,&-,*%"W!"

Con.nin plane

Con.n out of plane



Summary

_&+A24&*4654'=, " 5"LIM<ILITAMI'S, 2"IX W) *%-*$-%'7,&"
{-!‘4-4*‘2,&7"‘241$-97,'&,64-7&>"

of*,24"+ -4<4-4%'2 &7 &'4A2%*" T RO4- 1 &>
) \\/!'%&BV!"2%&97'7,89%26CH" Ao3M&+%: 4+#'4"" && (( &AH#<B02%* &

G "AMTB"|?" &% i&fukeed to O using BSE of E. Shirley
G?')"AK3arD"J4)B"|?"a&% &
C°'A2<917814842%-B>&b% &
G "l)"AK3aXB"$rc&% &
CIC'RI3B" N &G "AD<>2,995B%Eb% &

MIF U246%$*49"V &Y—8"2&%5L2 TV X 7rB",$>,$997 %t al."SsdtQ/N;IV"AL//VB"
! ! &&&ENVNEEEZNC&YD ' TITN)"Al7a,r Bh$+7& alE"Ssd>:!1;11;"A/1/B"

TDDFT+hybrid functionals in Fe complexes : DeBeer et al. J.Phys.Chem.A 667:12936 (2008)

#3%&'(")*+,,-"./10" ;0"



Summary

_&+A248&4654'=, " 5"LIM<ILITAM"S, 2"tIXW)"*%-*$-%'7,&"
{-M-4*'2,&7"‘241$-97,'&,64-7&>"

o A" -A<4-4%'2 &T&'A2%* TRB4-T&S
m—) \\/"06&BV!"206&97'7, §19% 260" AbIME+Vo: 4+ A" &G (( &H<R62%* &

Z, HA\42 DIH&#2&J/IKeNNK&#, &), 96R)" &
12):5%* &(TBY68%$EY%4=814-2412, 6$*46
00" 4+H AP0 2 HEARS&O(,#+#(P8&0'+42,,6"%>244848M17'+4G142784&'

1978&>-4<1%2"BH@271'7,&" 5" 2%& I THI&T"
" PWITWH06206*42
" 1$0<*0BADE"('4"&A24EB" (‘4" & -5*HSHFA+ER
" 19178&"-%277%'7,&

17812 \46'H7'+%6678&*'X7rD"I7a,r D"QB"



