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Outline of the lecture

¶Basic introduction to DFT
¶Hartree-Fock versus DFT

¶Application : (mono-metal) g-tensors
¶Relativistic origin

¶Perturbative & self-consisten approaches

¶When it does not work ...

¶Polymetallic complexes
¶Spin-coupling

¶g-tensor (dimer)

¶Hyperfine couplings (dimer)
¶More complex systems : hyperfine & Mössbauer

¶Conclusions 
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Chemical shifts : NMR

g-tensors : EPR

Hyperfine couplings: NMR/ EPR

But also

Mössbauer, etc

Crystallography

(X-rayx)

Solution NMR

Redox potentials

Electron transfer

Magnetism

DFT & (metal) spectroscopies :



r(r)

Density function        r(r) = Y²(r)  

of charge : re(r) = ra(r) + rb(r) 

of spin :     rs(r) = ra(r)  - rb(r) 

Walter Kohn
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+ « home-made» codes (spectroscopies)

Density Functional Theory
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Charge (diamagnetic)

re(r) = ra(r) + rb(r)

Spin (paramagnetic)

rs(r) = ra(r)  - rb(r) 

diamag. NMR param. NMR (hyperfine)

EPR (g-tensors, hyperfine)

UV-vis

IR spectra

Mössbauer (d, DEQ) Mössbauer (hyperfine)

SQUID (exchange J)

Redox potentials

etc. etc. etc.

Density Functional Theory
What can we compute ? 



Practical implementations

+ Solvent effects



Schrödinger equation
(classical & time-independant)
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HTY= E Y

HelecYelec= EelecYelec
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Etest²E0=min E[Ytest]
{Y}

Y(xi,xj)=-Y(xj,xi)

Etot= Eelec+Enuc

Schrödinger equation
(classical & time-independant)



Hartree-Fock & Slater determinant
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Hartree-Fock equations
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Case of 2 electrons : triplet state (S=1)
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Case of 2 electrons : singlet state (S=0)
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Exchange term

1221   KhhEHF ++=ab

121221   JKhhEHF -++=aaTriplet state 

Singlet state 
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What about electronic correlation ?
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Dynamic correlation :

Instantaneous repulsion

Static correlation :

Orbital degenerescence



Basis of DFT
(Density Functional Theory)

Y(r,s) not observable,
in contrast to
r(r,s) = Y(r,s)²
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Thomas-Fermi model (1927)

Kinetic energy:

ñ drr )(²)3(
10

3 3/53/2 rp

Electron-nucleus :

ñ- dr
r

r
Z

)(r

Electron-electron :

ññ 21

12

21 )()(

2

1
drdr

r

rr rr

Basis of DFT
(Density Functional Theory)



Slaterôs model (1951) HFS (Xa)

Goal : simplify Hartree-Fockôs exchange
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Basis of DFT
(Density Functional Theory)



Existence theorem :
Hohenberg-Kohn (1964)

The external potential Vext is a unique functional

of the density r(r). Since Vext determines the

hamiltonian Helec, the fundamental state is a

functional of the density.

extee VVTH ++=
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Basis of DFT
(Density Functional Theory)



Basis of DFT
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Kohn-Sham (1965)

Reference : non-interacting electrons (Slater  determinant)
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Basis of DFT
(Density Functional Theory)



Practical implementations
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Practical implementations
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Practical implementations



Practical implementations
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Comparaison between HF and  DFT

2)( HFHF Y=r

YHF contains no correlation

rHFis not the ótrueô density rCI

KSKS r«Y

YKS is not the wave function

rKS close to the ótrueô density rCI

ä Y+Y=Y
k

kkcc 00CI

2

00CI ö
÷

õ
æ
ç

å
Y+Y= ä

k

kkccr



Case of 2 electrons : triplet state (S=1)
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Case of 2 electrons : singlet state (S=0)

)2()()1()(

)2()()1()(

2

1

2212

2111

2
bb

aa

rr

rr

FF

FF
=Y

)2()()1()(

)2()()1()(

2

1

2212

2111

3
aa

bb

rr

rr

FF

FF
=Y

[ ][ ])2()1()2()1()()()()( 21122211 abba -FF+FF rrrr

2

32 )(~ Y-YHFr ( )2KSKS Y=r
MO

VB VB



Organic molecules versus (poly)metallic complexes 

H2ª 2H+ + 2e-

Hydrogenases

charge : re(r) = ra(r) + rb(r) 

spin :     rs(r) = ra(r)  - rb(r) 



Outline of the lecture

¶Basic introduction to DFT
¶Hartree-Fock versus DFT

¶Application : (mono-metal) g-tensors
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¶Perturbative & self-consisten approaches
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¶Polymetallic complexes
¶Spin-coupling

¶g-tensor (dimer)

¶Hyperfine couplings (dimer)
¶More complex systems : hyperfine & Mössbauer

¶Conclusions 



S I

EPR

v0

NMR

2/1+

2/1-

2/1+

2/1+

2/1-

2/1-

Zeeman interactions

Between nuclear spins {I}

and the magnetic field H

 NMR : chemical shifts

Between electronic spins S

and the magnetic field H

 EPR : g tensors
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The « g » tensor
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Introduction to the spin

(Dirac theory for one electron

Non linear

Linear

Linearized
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McWeeny & Sutcliffe

Methods of Molecular QM

Academic Press (1969)

Introduction to the spin

(approximated Diracôs theory : Breit equation)

Electronic terms


