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Manganites

Electron doping (charge and 
orbital)
Structure
Magnetic Interactions
Colossal magnetoresistance

AMnO3 ( A=La, Pr, Nd &Ca, Sr ...)

O

base structure perovkite

Mixed valence: Mn3+ , Mn4+

Doping with divalent ions
(R-D)MnO3

Mn3+ − 3d4

La3+

O2-

eg

t2g

Δ − crystal field splitting

JT effect

If only Mn3+ ⇒ collective JT distortion
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Charge and Orbital Order 
near 50% doping 

Y. Tokura, Science, 288, 462 (2000) J. Mag.Magn. Mat, 200, 1 (1999)

eg and t2g 
Mn d 

orbitals

CE (1/2Mn3+)

Simple models

Mn3+
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Recent studies on charge ordering pattern: models
Neutron diffraction/ Resonant X ray diffusion (on Pr0.6Ca0.4MnO3)
Small charge disproportionation. Mn valence ~3.4/3.6 (hibridization)
However checkboard type arrangement of different ions

Grenier et al, 
Phys Rev. B 69, 
134419 (2004)

Coey 
Nature 430,
155 (2004)

Daoud-Aladine et al, 
Phys Rev. Lett 89, 

97205 (2002)
CE

Loudon et al, 
Phys. Rev. Lett, 

94, 097202 (2005)
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Pr1-xCaxMnO3 Small bandwidth manganites

Charge & Orbital Ordered

PRB, 64, (2001) 195133

Insulator for all x  for H=0

Mn

Pr3+ Ca2+

ψ

Ψ<180o

Small overlap between O(3p)/Mn(3d)  
orbital wave functions

Ferromagnetic 
Zig-Zag chains coupled AF 

Charge localization (CO)
Sharp resistivity increase 

High Magnetic Field 
Melting of CO
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Nuclear techniques …PAC , NMR, NQR, Mössbauer…
Hyperfine interactions

Source of information 

Hyperfine splitting

Probe
nucleus momentsLattice

electric/magnetic fields

.Bhf
μ ∇E Q⊗

ΔEQ

ΔΕΜ +/-3/2

+/-1/2-5/2

+/-5/2
I=5/2

-3/2
-1/2
+1/2
+3/2
+5/2

different probe elements

different nuclear parameters

different sensitivities

ΔE = μ Bhf
=h wL(m-m`)

ΔE = e Q Vzz (m2-m`2)/4I(2I-1)
=3h ωQ (m2-m`2)

Sample
nanoscopic regions 

different local 
environments

PAC efficiency is temperature independent

η=(Vxx-Vyy)/Vzz
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(PAC) How does it work ?
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Perturbed Angular Correlation:Experimental 

Vzz – EFG principal component

η=(Vxx-Vyy)/Vzz – Asymmetry parameter

Bhf – Magnetic Hyperfine Field

δ– Relative width of Vzz distribution

λ– Dynamic attenuation (time dependent 
interactions)

Characteristic Parameters

rCd2+=1.31 Å

rCa2+=1.34 Å

rPr3+=1.30 Å

111mCd 111Cd 
t1/2=48 min

Samples:  powders implanted with 111mCd 
Energy=60 keV Dose < 1012at/cm2

Samples annealed in a controlled atmosphere

Intermediate state
t= 85ns
Q= 0.83b
μ=-0.7656 μN



Outline
Introduction

Overview on Materials
Phenomenology of CMR Oxides

Perturbed Angular Correlation (PAC) technique 

PAC Results on Pr1-xCaxMnO3

Electric Field Gradients near charge/orbital 
order phase transitions. 
incipient ferroelectric behaviour in manganites? 

Final Conclusions and Perspectives



13

T=292K  Vzz =58.1 V/Å2 σ=1.8 V/Å2 η=0.66

T=11K   Vzz = 59.8V/Å2 σ=2.8 V/Å2 η=0.60

Mn4+

G type AF
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Most of PAC fits admit single fraction, 
in same cases a second fraction, always < 6%, was used

Pr/Ca site
no MHF

Pr1-xCaxMnO3 : x=0, x=1 simple antiferromagnetic
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PAC results in Pr1-xCaxMnO3 @ RT

x-ray parameters
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Pr75Ca25MnO3: Ferromagnetic
Mn3+/ Mn3+

type F
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Charge/orbital order transitions x->0.85

0 100 200 300 400 500
65

70

75

80

85

90

V
zz
(V

Å
-2
)

T(K)

0 50 100 150 200 250 300
62

64

66

68

70

V
zz
(V

Å
-2
)

T(K)

δ ~ 18% δ ~ 23%

0 50 100 150 200 250 300
57

58

59

60

61

62

V
zz
(V

Å
-2
)

T(K)

δ ~ const

η ~ const.   in the transition 
region for all samples 

Ca 0.35

Ca 0. 40

Ca 0.85

What is producing 
the critical behaviour 

of Vzz?

?



19

charge/orbital order: new visons towards multiferroics

Incipient 
Ferroelectric

D.Efremov et al, Nature Materials, 3,853 (Dec. 2004)

local electric dipole moment possible

Wigner crystal 
Site centered CO

Zener polaron 
bond centered CO

ξ Separation between 
positive and negative 

charge centres
pr
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EFG reflects the fluctuating local electric dipole

Incipient 
Ferroelectric ?

Wigner crystal 
Site centered CO ?

Zener polaron 
bond centered CO ?

Y. Yeshurun et al     J. Phys. & Chem. Solids 
40 (1979) 231 in PbHfO3
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EFG reflects the local electric dipole

No macroscopic measurements were up to date able to 
detect electric polarization in Pr-CaMnO3 system

– Samples conducting/spurious interface capacitive effects

– First experimental evidence for local electric dipoles in charge 
ordered PCMO

– The electric dipole is localized to a small region (nm?)
– Ferroelectric behaviour below the CO/orbital ordering phase 

transition as suggested by D.Efremov et al. first observed at 
local level.



111mCd PAC is extremely sensitive to probe lattice 
and charge distortions in manganites and is 
valuable tool to study systems with strongly 
coupled degrees of freedom (lattice, spin, orbital)

There is now wide interest in systems where 
Ferroelectric and Ferromagnetic order coexist, the 
so-called MULTIFERROIC systems (e.g. BiMnO3, 
YMnO3, GdMnO3, … ) where this type of studies can 
be very valuable.

Perspectives



Conclusions
PAC measurements on Pr1-xCaxMnO3

• 100% Cd @ Pr(Ca) site
• No MHF below TN for x=0 and x=1
• Strong MHF below for Tc Ferromagnetic samples
• Strong anomaly of EFG at CO/OO 
• First experimental evidence for local electric dipoles
• Ferroelectric behaviour below the CO/orbital ordering phase 

transition as suggested by D.Efremov et al.


