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@ Definition of Hyperfine Interactions TU

hyperfine interactions

all aspects of nucleus-electron interactions which go
beyond an electric point charge for a nucleus

and Is
measured at the nucleus
(affects the nucleus)

==== information about nucleus and the electron (spin)
density around it



@ description of the nucleus:

> — &

electric point charge (Z/r) /X

&

nucleus with volume, shape and magnetic moment

S




@ How to measure hyperfine interactions ?

sNMR

=NOR

sMOssbauer spectroscopy
a [DPAC




@ Electric Hyperfine-Interaction U

WIEN

= between nuclear charge distribution (o) and external potential
E :jan(x)V(x) dx
= Taylor-expansion at the nuclear position

E=V,<Z ( Voo(r) on(Xx) )

+ Z 8\(;50) j o(X) x. dx

(monopole interaction)

@2\/ (O) J‘J‘G(X) X X dx electric fieldgradient x

5X OX; nuclear quadrupol moment Q

g

nucleus with charge Z, but not a sphere (I>1/2)



—I
-
L

Mossbauer effect:

WIEN

e Recoil-free, resonant absorption and emission of y-rays by a nucleus.
1958 by Rudolf MoBbauer ( Nobelprice 1963)

eThe decay of a radioactive nucleus produces a highly excited isotope of
a neighboring element (Z-1).

eThis isotope can get into its ground state by emission of y-photons
(recoil-free, otherwise E-loss; requires a “solid”, no phonon excitation; the
“source”) I.

eThe nucleus in the “probe” can absorb this photon (of eg. 14.4 keV), but
the nuclear level splitting will be slightly modified by the chemical
environment of the probe (only by ~ 10 neV 1), Bring them in resonance
with the Doppler effect (mm/s) !

eThe most important isotopes are: »>’Fe, Sn, Sb, Te, I, W, Ir, Au, Eu and Gd.



a MOssbauer Isomer Shift &:

Electric monopole interaction
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s integral over nuclear radius of electron density x nuclear charge
s nuclear radii are different for ground and excited state

o =AE, —AE ~ neV ~mm/s

LT TR

= (pa(0) - (0))(R2
= (A (0) - py (0))

a (°’Fe)=-0.24 mm/s a,3

- large p,(0)-> neg. IS
Fe+, Fe3+,...

‘RTOxxx = p(0)
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Quadrupole interaction NTER

1
E = EZVU- Q  Q(’Fe)=0.16 barn
]

V;;+ traceless 3x3 tensor of electric field gradient EFG

ati oV (0
(2 derivative of V(0)) V; =\
similarity transformation OX{OX
Vaa VabVac Vxx 00 VXX +Vyy —|—VZZ — O X | :];2
VbaVbebC — O Vyy O Wlth /,—{:\ cl:)s
Vca Vcb Vcc 0 0 sz |I/ZZ| = ||/yy| 2 |I/XX| w3 —— /'Y 172
EFG characterized by principal component V,, - et 2
i aufspaltun
and asymmetry parameter n N -1V, verschisbung paltung
(VA +
QS =—eQV 1+ el
2 Zz 3 s
=) 0 ) \.f.e'mm:;;:1



First-principles calculation of EFG TU

WIEN
VOLUME 54, NUMBER 1T 1192 PHYSICAL REVIEW LETTERS 18 MARCH 1985
First-Principles Calculation of the Electric Field Gradient of Li;N
P. Blaha and K. Schwarz
Institur fiir Technische Elekerochemie, Technische Universuat Wien, A-1060 Vienna, Austria
and
P. Herzig
[nsiitut fiir Physikalische Chemie, Universitar Wien, A-1090 Vienna, Ausiria
(Received 5 December 1984)
ij N TABLE 1. Electric field gradient & in 109V m~2
7 @ Li(1)
O Li(2) Model for @ Li(l) Li2 Li(1/Li(2) N
Fig. 1. Crystal structure of Li,N with increased ¢ dimension Point charge 22037 9.01 126 0.33
E Muffin-tin LAPW =747 3.72 2.00 3.41
—p Present work -6.94 341 2.04 =—>11.16
= Experiment -587 288 2.04 w1304

Previous: point charge model and
Sternheimer factor to experimental value




£ L

VOLUME 75, NUMBER 19 |, 3545 PHYSICAL REVIEW LETTERS 6 NOVEMBER 1995

Determination of the Nuclear Quadrupole Moment of 57Fe

Philipp Dufek, Peter Blaha, and Karlheinz Schwarz

Institut fiir Technische Elektrochemie, Technische Universitit Wien, A-1060 Vienna, Austria
(Received 17 July 1995)

1
. E=-SV.
Theoretical and experimental Fe-EFG in Fe-compounds 2 ZJ: . Q
= , . = From the slope between
Qpwet = 0.16
15+ Qpas ot <0082 b - y T8 « the theoreical EFG and
- T s s experimental quadrupole
. LSDA™Y" iy
o J . splitting 4, (mmy/s)
& = the nuclear quadrupole
N . Fe,N
£ % 'Ziiifféf;”“f e moment Q of the most
T B Y our M o LSDA important Méssbauer nucleus
o is found to be about twice as
he By large (Q=0.16 b) as so far in
T 7 R T literature (Q=0.082 b)



@ theoretical EFG calculations Y,

WIEN

We write the charge density and the potential inside the atomic spheres in
a lattice-harmonics expansion

p(r) = ZIOLM (MY (); Vi(r) = J- P(r;’)’ ar’

o (DY, Y
s (D POz 4o,

3

d3r
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@ theoretical EFG calculations

WIEN

W= L L e

V,2? oc<r—13>p[%(px +p,)-p,)

Vo <r_13>d ol

* EFG is proportial to differences of orbital occupations ,
e.g. between p,,p, and p..

« if these occupancies are the same by symmetry (cubic): V,,=0

» with “axial” (hexagonal, tetragonal) symmetry (p,=p,): n=0

In the following various examples will be presented.



@ EFG (102! V/m?) in YBa,Cu;0,

= Site Vxx Vyy Vzz M
n Y theory -0.9 2.9 -2.0 0.4
0 exp. - - - -
= Ba theory -8.7 -1.0 9./ 0.8

o exp. 8.4 0.3 8.7 0.9
= Cu(l) theory -5.2 6.6 -1.5 0.6
o exp. 7.4 7.5 0.1 1.0

= O(1) theory -5.7 17.9 -12.2 0.4

= exp. 6.1 173 12.1 0.3
= O(2) theory 12.3 -7.5 -4.8 0.2
o exp. 10.5 6.3 4.1 0.2
m O(3) theory -7.5 12.5 -5.0 0.2
o exp. 6.3 10.2 3.9 0.2

O(4) theory -4.7 -7.1 11.3 0.2
exp. 4.0 7.6 11.6 0.3

K.Schwarz, C.Ambrosch-Draxl, P.Blaha, Phys.Rev. B42, 2051 (1990)
D.].Singh, K.Schwarz, K.Schwarz, Phys.Rev. B46, 5849 (1992)




EFG in YBa,Cu,0,

= Interpretation of the EFG at the oxygen sites

Py py P Vaa Vbb VCC
O(1) |1.18 |0.91 [1.25 |-6.1 |18.3 |-12.2
0(2) [1.01 [1.21 [1.18 [11.8 |-7.0 |-4.8
0(3) |1.21 [1.00 [1.18 [-7.0 |11.9 [-4.9
0(4) |1.18 [1.19 [0.99 [-47 |-70 |11.7 -
F N
Asymmetry count  EFG (p-contribution) iCu,-d
1 1 | |
Anp:pz—a(px+py) VzEOCAnp<_3>p ——
' O1-Py

EFG is proportional to asymmetric charge distribution

_ partly occupied
around given nucleus



@ Cu partial charges in YBa,Cus0, TU

| p Py P: dz

X

Cu(1) | 0.03 0.07 10.10 1.41

Cu(2) |10.07 |0.07 |0.03 1.76 144 |1.85 1.82 1.82

V;Z“An,,figp An, =12(p,*p) P, dote VP =0.038 x 250 = 9.5 (10?' V/m?)
—— ——EEE—
V;aﬂi %% Ang=(d +d2_2)-112(d+d,) - d,s Vo, = -.288 x 47 = -13.5

a transfer of 0.07 e into the d,? would increase the EFG from -5.0 by

ng = _14x 47 = -6.6 brlngl!wg it to -11.6 inclose to the
— S Experimental value (-12.3 1021 V/m?)




@ Cu(2) and O(4) EFG as function of r

TU

WIEN

= EFG is determined by the non-spherical charge density inside

sphere

0.2

0.1

p(r)= ZIOLM ()Y,

1 pylr)e?
0.0+

r)Y
V. oc_[p(rz 2dr = _[pzo(r) rdr

-15-

n .
-5
-10- Voo(z)

S
s final E%G
9.0 VyolT)
6.0

3.0- Vp,(T)
oodr




@ EFG contributions: WT U

= Depending on the atom, the main EFG-contributions come
from anisotropies (in occupation or wave function)
s Semicore p-states (eg. Ti 3p much more important than Cu 3p)

=« valence p-states (eg. O Z2p or Cu 4p)
s valence d-states (eqg. TM 3d,4d,5d states; in metals "small”)

=« valence f-states (only for “localized” 4f, 5f systems)

L U — usually only contributions within the first node
e or within 1 bohr are important.

Cu(z) 1.8

_10_ ......... ;&.c.a;.....x..g.o. ------------

v
1z

(10 2v/m?)
=
,_f"-(
(ad
o
s s
-
r R(r)
o
o
w
< a
w
by )
-
b o)

-
———

valence d-d Cu (2)

"'20 T T T =4i. T T T
1 2 0.0 0.5 1.0 1.5 2.0
r (ow) r (au.)




@ LDA problems in Cuprates TU

WIEN

= Undoped Cuprates (La,CuO,, YBa,Cu;0,) are nonmagnetic
metals instead of antiferromagnetic insulators

= Both, doped and undoped cuprates have a “planar Cu” — EFG
which is by a factor of 2-3 too small

= We need a method which giver a better description of
correlated 3d electrons: can LDA+U fix these problems ??
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WIEN

AMF La,CuO, FLL
o gzl 1 g4 | LDA+U gives AF
— 06] :"//57 ] s ,-'f?./ 1 insulator with
2 s .? ] ] s L ] reasonable moment
o 041 P e : _
03] 7 11 4 1 U of 5-6 eV gives
£ o9 —=&—LDA+UAFM)] ] ] —=— DA + U(FLL)] ] exp. EFG
3o -- PBE + UAMF)| | | -- PBE + UFLL)|] =*F"
O.O @ EV + U(AMF) ] @ EV + U(FLL)

'- GGAs "mimic"a U
of 1-2 eV

18 4
+ 1 (EV-GGA more effective
< 164 _-72% 7 than PBE, but very bad
§ 14- ,'/ ] E-tot )
py exp. exp. _4.:""'" ]
o 124 PRI
= o W,__:../
o 1ol o | L |
I g ~1#— LDA + U(AMF) L7 oA+ UL
m ,// -1 - PBE + U(AMF) "V. PBE + U(FLL)|]
O ¢ = @ EV + U(AMF . EV + U(FLL)
o 2 4 6 & 10 o 2 4 6 8 10

U (eV) U (eV)



EFGs in fluoroaluminates
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10 different phases of known structures from CaF,-AlF;,
BaF,-AlF; binary systems and CaF,-BaF,-AlF; ternary system

Isolated octahedra

Rings formed by four
Isolated chains of

“Te A octahedra sharing
octahedra linked by —» b corners
corners

Ba+2]
©AI+3
L Ca+2
@ F-1

°EB:|;‘:'FSB «-BaCaAlF,
a-LaAlFs, p- . Ba-Al,F
CaA|F5, Ca2A|F7, Ba3A|F9 3F)8 12

R RaAIE . Ib’



Experimental v, (Hz)

vo and g, calculations using XRD data

vo = 4,712.10°16 |V,,| with R2 =

1,8e+6

1,6e+6

14e+6

1,2e+6 A

1,0e+6

8,0e+5 4

¢ 4 >0 O @ &< P RO

AlF,
a-CaAlF,
g-CaAlFg
CaAlF,
o-BaAlF
B-BaAlF,
y-BaAlF,
BaALF,,
Ba,AlF,-Ib
g-Ba,AlF,
o-BaCaAlF,

—— Régression /

6,0e+5 -

40e+5 +

2,0e+5 -

0,0

0.77

4@
O 0

)

0,0

1,0e+21

were determined from X-ray powder diffraction data

2,0e+21

Calculated|v_| (v.m?)

3,0e+21

Experimental 1,

1,0

NN

0.8 1

0,6 1

0.4 1

¢ 4 >0 C @ &< RO

s

AlF,
a-CaAlF,
p-CaAlF,
CaAlF;
a-BaAlF
B-BaAlF
1-BaAlF,
BaAlF,,
Ba,AlF-Ib
p-Ba,AlF,
a-BaCaAlF,
Regression
Names. MNa, cal

[

TU

WIEN

= 0,803
NQ,cal RZ =

04

0,6 08

Calculated n,

Important discrepancies when structures are used which

1,0




v and n, after structure optimization |TU

WIEN

Experimental v, (Hz)

1.8e+6 10 -
’ — '16 fd %
VQ 5,85.10 sz y NQ, exp 0,972 NQcal Jﬁ
1,6e+6 2 { y
— 7
R==0,993 } R2 = 0,983
S, 08
1,2e+6 _ %
' < 06
1,0e+6 - y = ® AlF,
Y AIF: % ] a-CaAlF;
m  o-CaAlF, E A B-CaAlF,
8.0e+5 + % A B-CaAlF, § v CaAlF,
v CaAlF, w 04 'S o-BaAlF,
6.0e+5 - ¢ o-BaAlF, % ® B-BaAlF,
; o B-BaAF, , ° 1-BaAlF,
e yBaAF, S o Ba,ALF,,
4,0e+5 - ’ @ BaALF, e ; A Ba,AlF;-Ib
_, A BaAF b ; v g-Ba,AlF,
2 0e+5 &¥ v B-BaAlF, "\ ' ® o-BaCaAlF,
= ¢ o-BaCaAF, 0 Regression
.'* —— Regression T © Moep Mo, ca
0.0 T T T T T 00 & T T T T
0,0 50e+20  10e+21  15e+21  20e+21  25e+21  30e+2 0.0 02 04 06 08 10
2
Calculatedlvzkv.m ) Calculated n,

Very fine agreement between experimental and calculated values

M.Body, et al., JPhys.Chem. A 200/, 111, 11873
(Univ. LeMans)



EFG: Sensitivity to the DFT-functional

TU
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» GLLB-SC is the most accurate method (for this set of compounds)

» mBJLDA is not recommended

» Stiandard PBE is inaccurate for CuO and Cuz:0O

EFG in 1027 Wim2. Very inaccurale values are in red.

Mathod T n £ Ic Hu Ld Lulh Cunl Lo g
LDA 1.80 3.50 421 -1.65 -1.50 Al -1.86 -0.2/ 5.0
PEE 1.73 348 419 -1.61 -1.46 754 -2.83 -5.54 570
EVaaPwWon 1.61 343 413 157 -1.33 763 317 -6.53 582
AK13 1.65 3.86 417 -1.28 -1.13 8.53 -3.56 -1.82 544
Sloc 1.44 3.03 27h 082 -0.35 8.01 397 11897 410
HLE1G 1.70 3.20 3.78 -0.95 -0.73 7.66 418 -10.10 -4 50
BJLDA 1.97 3.51 425 127 -1.16 761 542 -i.74 520
mBJLDA 1.99 3.35 433 120 -0.80 756 -13.683 -7.40 -4 80
LBO4 (.94 3.78 1.83 072 -1.05 T47 -1.23 -11.16 -4 GF
GLLB-SC 1.62 372 442 -1.66 -1_26 805 -4 65 -8.04 558
HSEDE 15 44 45 2.0 -1.3 0.4 -8.0 B3 -6.3
Expt. 1.57(12)  3.40(35) 4.30(15)  1.83(9) 087(11) 7BO(F5  755(52) 10.08(88) 5.76(39)

1 F. Tran et a. Phys. Rev. Matarials, 2, 023802 (2018)



@ Magnetic hyperfine interaction wl.g

= Zeman - interaction between magnetic moment I of the nucleus and the
external magnetic field B (at the nucleus, produced by the spin-polarized e

in a FM)

B0,V =0 B0,V =0 m,
ZZ ZZ
, - — — +312
B oc (4 (0) - p, (0))
L A A == 7 w— 3 +1/2
. =3/ Vauw v 'S
B proportional to the ~ =° - — »
spindensity at the \ e YR 312
nucleus
: —Y—y 1/2
B often proportional to y 7y 1 1
- - . / ~ \ [ .
the magnetic moment sombie- 11T R 2
. . verschiebung Zeemanaufspaltung | Zeeman-und Quadrupol-
of an atom in a solid. 4 ! VU aufspalung |\
| / RN
| ] ] 1 !

3
:

\.f.e'mms'1



@ magnetic fields at nucleus: TU

WIEN

Source of magnetic fields at the nuclear site in an atom/solid

Biot = Baip + Boro * Brermi t Blat

» Bgjp = electron as bar magnet » B, = electron as current loop

7 Bremi = €lectron in nucleus

4077
=z =0 orb
h=2 =1

Fafy)

I
WK
RO

20 fto T .2 I, o 2
- (e 1 ()] e, 1(0)7)



@ Magnetic fields at the nucleus: TU

= Magnetic Hyperfine fields: B,,=B.yntact + Borb + Baip

2 Boontact = /3 g [pup(0) — pan(0)] ... Spin-density at the nucleus
» __ S(r) -
Bory = 2pB(®| ‘,—5[ D) ... orbital-moment
S(r) - B

gdip = 21 p (P [‘3(? r) P .S} (D) ... spin-moment

£ — V('r)] -

S(r) is reciprocal of the relativistic mass enhancement S(r) = [1 L
zmc
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@ How to do it in WIEN2k:

WIEN

Magnetic hyperfine field

In regular scf file:
s HFF'xxx (Fermi contact contribution)

After post-processing with LAPWDM :

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

——————————————————— op of file: case.indm --———————-—-——-————-

ln Case SCfdep -9. Emi :ur;)ff energy

1 r‘umnl‘--‘—t' of atoms for which density matrix is calculated

1 1 2 index of l1lst atom, number of L’s, L1
0 ) w

After post-processing with DIPAN : more Tills:

* lattice contribution UG 7.8 (lapwdm)
in case.outputdipan UG 8.3 (dipan)



@ Verwey transition in YBaFe,O. TU

WIEN

charge ordered (CO) phase: valence mixed (VM) phase:
Pmma a:b:c=2.09:1:1.96 (20K) Pmmm a:b:c=1.003:1:1.93 (340K)

= Fe2* and Fe3* form chains along b

= contradicts Anderson charge-ordering conditions with minimal electrostatic
repulsion (checkerboard like pattern)

= has to be compensated by orbital ordering and e -lattice coupling
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DOS: GGA+U vs. GGA
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GGA+U GGA
single lower Hubbard-band in VM splits in CO with Fe’* states lower than Fe*
' | CO ' — ,f:" ,;';I.;.s cO — th::aI DOS
- Fez| ||§ [ III| .-l |
@ f Fe1
E |'I,l,r||r”rI l |IJ
10 4 f ! i Ilh I""I
W “ U
|| I fy I II Ill L( f
S*r | ‘ﬂ: :fl. Fe2| | |
. ’ i f‘wqhuhl,'-‘r._ﬁ.__,_.
|. VM :I';::-:I ek
A0 Fel FE]I —-=0
g i mJ
20 - ] i LI: H
ﬁ il a A/ |‘1|ﬂ|| |
L :'I!._‘j" ] ;| ﬁ F U] . | |,||.'|
5 n"'lg:fi?.-:"fr""ll‘.ri.l J"fl M .-I"h"”l""“ """1 -*'-":r‘-.i"-v‘l

Energy [eV]

] Energy [eV]
insulator < | metal




@ Difference densities Ap=p . ¢pa°P TU

O CO phase

. = N
5, — *

N Fe2*: d-xz

R Fe3+: d-x2
] O1 and O3: polarized |
- toward Fe3+ &

&

!
hy
-
b
el
r




MoOssbauer spectroscopy

TU
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TABLE VIII: Hyperfine fields B (in Tesla). isomer shifts 4 (mm/s) and quadrupole coupling constants eQV:: (mm/s) for the
CO phase for varions exchange and correlation potentials and experiment® 7.

GGA+U LDA GGA

CO Uepr [eV] 5 8 7 8 - -
Baip -16.29 -16.49 -16.66 -16.83 -6.68 -12.67

Bows -6.73 -6.90 -8.26 -T7.65 -0.57 -6.34

Fe22t Brontaet 32.25 32.23 32.58 32.60 32.21 31.58
Bio 0.23 5.53 7.66 8.13 15.96 12.57

il 0.92 0.94 0.96 0.99 0.74 0.79

eV, . 3.66 3.74 351 3.50 -0.82 2.60

Baip = -0.67 -0.60 -0.52 -0.45 1.29 0.39

Bows — -0.52 -0.45 -0.37 -0.28 -7.96 -2.65

Fel®t Beontact - 37.65 38.28 38.15 37.86 20.64 31.63
Biot ~ Bl 36.46 a7.24 37.26 37.12 22.97 20.37

il r (4 0.33 0.30 0.25 0.25 0.50 0.47

eV 1-15" 1.46 1.50 1.51 1.52 1.04 -0.30

*depending on rare earth ion

V M GGA+U LDA GGA
Uerr [eV] 5 G 7 5 — —
Bap -3.00 -2.98 -2.95 -2.87 -2.13 -2.83

Bors -3.11 -2.09 -2.84 -2.74 -5.47 -4.56
Fe?5+ Boontact 41.17 40.96 41.45 41.17 33.10 36.36
Bioe 35.06 34.98 35.67 35.56 25.50 28.98

il (.53 0.52 0.51 0.49 .60 0.60

eV, 0.12 0.13 0.13 0.13 0.19 -0.27




Isomer shift: charge transfer too small in LDA/GGA TU

WIEN

TABLE VIII: Hyperfine fields B (in Tesla). isomer shifts 4 (mm/s) and quadrupole coupling constants eQV:: (mm/s) for the
CO phase for varions exchange and correlation potentials and experiment® 7.

_ GGA4U LDA GGA
CO Uers [eV] 5 § 7 8 - -
E.ﬂp -16.29 -16.49 -16.66 -16.83 -6.68 -12.67
Bows -6.73 -6.90 -8.26 -7.65 _0.57 -6.34
Fe22+ Beontact 32.25 32.23 32.58 32.60 32.21 31.58

8.83 7.66 12.57

B — -0.52 -0.45 -0.37 -0.28 -7.96 -2.65
Fel®* Beontaet —— 37.65 38.28 38.15 37.86 20.64 31.63
Biot ~ 50 36.46 37.24 37.26 37.12 22.97 20.37

eQV: 1. 1.46 1.50 1.51 1.52 1.04 -0.30

*depending on rare earth ion

VM £X GGA+U LDA GGA
Uerr [eV] 5 G 7 8 — —
Bap -3.00 -2.98 -2.95 -2.87 -2.13 -2.83
Bow -3.11 -2.99 -2.84 -2.74 -5.47 -4.56

2.8
FE T Bcanmcc




Hyperfine fields: Fe?* has large B, and By, TU

WIEN

TABLE VIII: Hyperfine fields B (in Tesla). isomer shifts 4 (mm/s) and quadrupole coupling constants eQV:: (mm/s) for the
CO phase for varions exchange and correlation potentials and experiment® 7.

GGA4U LDA GGA

Fe2?t

Fel®t
Biot = 5l 26.46 a37.24 37.26 arlz auay 20 37
) e 004 0.33 0.30 0.28 0.25 0,50 0.47
eV 1 1.0 1.46 1.50 1.51 1.52 1.04 -10.30

*depending on rare earth ion

VM

GCA+U LDA QCA
Uess [6V




EFG: Fe2* has too small anisotropy in LDA/GGA

TU
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TABLE VIII: Hyperfine fields B (in Tesla). isomer shifts 4 (mm/s) and quadrupole coupling constants eQV:: (mm/s) for the

O phase for various exchange and correlation potentials and experiment™ ",

GGA+4U LDA GGA
CO Uepr [eV] 5 6 7 8
Baip -16.29 -16.49 -16.66 -16.83 -6.68 -12.67
Borp -6.73 -6.90 -8.26 -T7.65 -0.57 -6.34
Fe22t Brontaet 32.25 32.23 32.58 32.60 32.21 31.58
Bio 0.23 5.53 7.66 8.13 15.96 12.57
il 0.92 0.94 0.96 0.99 0.74 0.79
eQV., 3.66 3.74 3.51 3.89 -[1.52 2.60
Baip i -0.67 -0.60 -0.52 -0.45 1.29 0.39
Borp = -0.52 -0.45 -0.37 -0.28 -7.96 -2.65
Fel®t Beontact i 37.65 38.28 38.15 37.86 20.64 31.63
Biot ~ 5l 36.46 a7.24 37.26 37.12 22.97 20.37
il ~ 04 0.33 0.30 0.25 0.25 0.50 0.47
el Vs 115 1.46 1.50 1.51 1.52 1.04 -0.30
*depending on rare earth ion
V M exXp. GGA+U LDA CGGA
Uerr [eV] — 5 6 7 5
Bap -3.00 -2.98 -2.95 -2.87 -2.13 -2.83
Bors -3.11 -2.99 -2.84 -2.74 -5.47 -4.56
Fe?5+ Boontact 41.17 40.96 41.45 41.17 33.10 36.36
Bioe 35.06 34.98 35.67 35.56 25.50 28.98
] (.53 .52 0.51 (.49 (.60 0.60
eV, 0.12 0.13 0.13 0.13 0.19 -0.27
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conversion of exp. data to EFGs

WIEN

a MOssbauer:
s A={eQV (1+n?/3)7?} /2, A=(E A)/c
«A,=(eQcV,)/2E, Q(*’Fe)=0.16 b, E, =14410 eV

o VZz [10°7 VP ] = 6 * A, [mm/s]

s NMR:
s Vo=(3eQV,)/{2hI(2I-1)} I .. nuclear spin gquantum n.

o V,, [10°7 V/nP] = 4.135 10 v, [MHz] / Q [b] O(*Ti)=0.247 b



