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Motivation
Goal: deeper understanding of the basic principles of
condensed matter

ga
m

ne
tis

m

n d u
c

s u

r
o

-

c

t i
v

i t
y

pe

e
l e

c
t r i c i yt

f e
r r o -

4/24



Motivation
Goal: deeper understanding of the basic principles of
condensed matter

ga
m

ne
tis

m

n d u
c

s u

r
o

-

c

t i
v

i t
y

pe

e
l e

c
t r i c i yt

f e
r r o -

experiment    theory

   property

EFG

= physical

4/24



Introduction: EFG

EFG due to deviation from spherical symmetry of the
charge distribution surrounding the nucleus

Vzz = 0 Vzz < 0 Vzz > 0
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Introduction: EFG

EFG due to deviation from spherical symmetry of the
charge distribution surrounding the nucleus

Vzz = 0 Vzz < 0 Vzz > 0

Quadrupole interaction:
² Experiment

(e.g. NMR, NQR)

) ¢ E = hº Q / QVzz

Q § ¢ Q from literature

² Theory

) Vzz
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Introduction: EFG

Electric Field Gradient: Vij =
µ
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density functional theory (DFT) based band structure
codes, e.g. WIEN2k and FPLO

Vzz / lim
r ! 0

1
r 2V20(r ) /

Z 1

0

½20(r )
x

dx

straightforward comparison of experiment and theory
) analysis of the changes in the charge density
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EFG module in FPLO

The newly implemented EFG module was successfully
applied on different systems:

hcp metals ) thorough testing of the EFG module

Al0:9B2 ) intrinsic vacancies in Al sublattice

SrTiO3+BaTiO3 ) extended model Hamiltonian

AFe2As2+REFeAsO ) Fe As interaction in DFT

M Ga2+ M Ga4 ) structure model and chemical bonding

cuprates ) determination of repulsion parameter U
7/24



Outline

Motivation/introduction

Application of the EFG

MGa2+MGa4

cuprates

Beyond the EFG: the quadrupole shift

Conclusion/outlook

8/24



Strategy

-100 0 100 200 300

(w / 2 p) / kHz

CaGa2

SrGa2

BaGa2

diffraction

X-ray

EFG

st
ru

ct
ur

e 
m

od
el

compounds

bondingchemical
in intermetallic

DFT

calculations

NMR

spectroscopy

structure m
odel

9/24



Strategy

-100 0 100 200 300

(w / 2 p) / kHz

CaGa2

SrGa2

BaGa2

diffraction

X-ray

EFG

st
ru

ct
ur

e 
m

od
el

compounds

bondingchemical
in intermetallic

DFT

calculations

NMR

spectroscopy

structure m
odel

) M Ga2 and M Ga4: model compounds to test feasibility
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M Ga4
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) good agreement between FPLO and WIEN

) good agreement between theory and experiment
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M Ga2
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11/24



SrGa2
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BaGa2
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M Ga2+M Ga4
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14/24



Outline

Motivation/introduction

Application of the EFG

MGa2+MGa4

cuprates

Beyond the EFG: the quadrupole shift

Conclusion/outlook

15/24



Cuprates
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Cuprates
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Coulomb repulsion parameter U unknown,

can be obtained from exchange integral J (complicated!)

Challenge for the EFG: how large is U?
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Cuprates
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) constant shift in U: ¢ U = UJ ¡ UVzz ¼ 2 eV

) Cu EFG experimental easy & unambiguously accessible
property to obtain values for U, also for related J
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Cuprates
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Cuprates
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Beyond the EFG
quadrupole interaction (QI): neglects (s, p1

2
) electron
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Beyond the EFG
quadrupole interaction (QI): neglects (s, p1

2
) electron
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 Interaction Shift
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2

ºQI

2ºQI

ºQI + ºQS

2(ºQI + ºQS)

) E (2) = hº Q ¼ EQI + EQS = hº QI + hº QS
20/24



Beyond the EFG

hº Q = hº QI + hº QS

ºQI =
eQVzz
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² �nite nucleus (FPLO code)

model for deformation of the nucleus ) ~Q ' a2Q

literature ) nuclear properties a and Q
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Beyond the EFG
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Conclusion

The combination of measured and calculated electric �eld
gradients is a useful tool to study the

crystal structure

chemical bonding

and allows for an easy determination of the

Coulomb repulsion parameter U

23/24



Outlook
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