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nuclear point charges
interacting with
electron charge distribution

1-electron equations (Kohn Sham)
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exchange and correlation effects,

EchA OCIP(V) Flp(r),Vp(r)] dr GGA - but approximately

New (better ?) functionals are still an active field of research

Slide by K. Schwarz



Definition :

hyperfine interaction

all aspects of the
nucleus-electron interaction
that go beyond
the nucleus as an electric point charge.
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How to measure hyperfine interactions ?

* NMR

* NQR

e Mossbauer spectroscopy
e TDPAC

e Laser spectroscopy

* |ITNO

* NMR/ON

 PAD

This talk:
e Hyperfine physics
* How to calculate with WIEN2k

NOT :
e \What are these useful for ? (touched in final slides)
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Classical Quantum
(=quantization)
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Classical Quantum
(=quantization)

1.5
m =-1
11 |
=
= 0.5
£ — m =0
[
S 0 T T T T
> ) 30 60 90 120 150 180
oo |
2 0.5
& -
S I m =+1
-1
-1.5
e.g. l=1

Hamiltonian : H = I,



nuclear property electron property

(vector) (vector)

Interaction energy (dot product)
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Source of magnetic fields at the nuclear site in an atom/solid

Btot = Bdip + Borb T Bfermi + BIat

> B,. = electron as bar magnet > B_.. = electron as current loo
dip orb

> B = electron in nucleus

o=

Fermi
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How to do it in WIENZ2k ?

Magnetic hyperfine field

In regular scf file:
- HFFXxXxX (Fermi contact contribution)

After post-processing with LAPWDM :

- orbital hyperfine field ("3 3" in case.indmc)
» dipolar hyperfine field ("3 5" in case.indmc)

In case. Scfdmup o o OfEille;ufii?iiiﬁg; ___________________
1 umber of ato for which density matrix is calculated
1 1 2 index of 1st atom, number of L’ Ll
0 0 r—indesx, {l,s)—incllc_elzz ________________________

After post-processing with DIPAN : more info:

* lattice contribution UG 7.8 (lapwdm)

in case.outputdipan UG 8.3 (dipan)
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* Force on a point charge:

F — QE

e Force on a general charge:
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nuclear property electron property

(tensor —rank 2) (tensor —rank 2)
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How to do it in WIEN2k ?

Electric-field gradient

In regular scf file:

I EFGXxxx -
- ETAXXX ; fegr'egs
Main directions of the EFG OT Treedom

Full analysis printed in case.output2
if EFG keyword in case.in2 is put (UG 7.6)

(split intfo many different contributions)

more info:
* Blaha, Schwarz, Dederichs, PRB 37 (1988) 2792
- EFG document in wien2k FAQ (Katrin Koch, SC)
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EA(0) = Eq(0)




EA(0) = Eq(0)




nuclear property electron property

(scalar) (scalar)

(F?)

Interaction energy (dot product)

E o« (R?) - p(0)



How to do it in WIENZ2k ?

Isomer shift calculations
In regular scf file:

- RTOXXX = electron density near the nucleus of atom xxx
(i.e. at the first radial mesh point, typically 0.0005 au)
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How to measure hyperfine interactions ?

* NMR

* NQR

e Mossbauer spectroscopy
e TDPAC

e Laser spectroscopy

* |ITNO

* NMR/ON

* PAD
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rank| nuclear property .« electron property
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Experiments :

T. Klas et al., Surf. Science 216 (1989) 270-302
G. Krausch et al., Hyp. Int. 78 (1993) 261-280
H. Haas, Z. Naturforsch. 50a (1994) 407-417
... and many others

WIEN2k calculations :
PRB 70 (2004) 155418
PRB 70 (2004) 155419

PCCP

Cite this: Phys. Chem. Chem. Phys.,, 2012,14,11308-11317

WWW.ISC.Org/pcep PA PE R

Classical toy models for the monopole shift and the quadrupole shift
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