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Charge and Orbital Order
near 50% doping

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



Recent studies on charge ordering pattern: models

Neutron diffraction/ Resonant X ray diffusion (on Pr,Ca, ,MNnO,)
Small charge disproportionation. Mn valence ~3.4/3.6 (hibridization)
However checkboard type arrangement of different ions
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Pr,,Ca,MnO,; Small bandwidth manganites
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Nuclear techniques ...PAC , NMR, NQR, Mossbauer...

Hyperfine interactions
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Perturbed Angular Correlations
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Perturbed Angular Correlation:Experimental

Samples: powders implanted with 111mCd

Energy=60 keV

Dose < 1012at/cm?2

Samples annealed in a controlled atmosphere

111MmCd->111Cd
t;,,=48 min

Intermediate state
t= 85ns

Q=0.83b
p=-0.7656 Ly

logs=1.31 A
lcans=1.34 A
lpp3.=1.30 A

Characteristic Parameters

(‘

V,,— EFG principal component
N=(V,x-Vyy)V,, - Asymmetry parameter
B, — Magnetic Hyperfine Field

O— Relative width of V,, distribution

A— Dynamic attenuation (time dependent
\_ interactions)
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Pr,,.Ca,MnO;: x=0, x=1 simple antiferromagnetic

Most of PAC fits admit single fraction,
In same cases a second fraction, always < 6%, was used

T=292K V,,=58.1V/A2 6=1.8 V/IA2 n=0.66
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PAC results in Pr, ,Ca,MnO; @ RT

X-ray parameters

d(A)

5.8

5.6

5.41

3.2
2.4
alé
0.8
0.0

00 04 08

2 T T T T T T T T T T T
0.0 0.2 04 0.6 0.8 1.0

X (ca)

1240

200

Orthorhombic distortion
cannot account for V_,(x)

Strong electronic
contributions?

300

Pr,_Ca MnO,
_27T TN PMI
200 + %—/—/ .\‘\_
A % PRI o
4 -
SN R
B e
| / Dense Eaexistenc:w é |

o0 02 ' 04 _ 06 08 | 1.0

(PrMnoO,) ! I(CaMnO

Q0. | :

1 O .
68 o |
64; i ¢¢ i
601 L P0e0 ¢%Q®_
56 S

"Q,,..-Q-i-c;o _
0.6- i ¢x¢¢ |

. © 5
0.5- 0 i

- s
0.4 ' :

0.0 0.2 0.4 0.6 0.8 1.0
x (Ca)



Pr.;Ca,MnO;: Ferromagnetic
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Prye5Cag3sMNO;
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Charge/orbital order transitions x->0.85
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charge/orbital order: new visons towards multiferroics

local electric dipole moment possible

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

: |

Wigner crystal Zener polaron IHCIplent
Site centered CO bond centered CO .
Ferroelectric
— Separation between
p g positive and negative
charge centres
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EFG reflects the fluctuating local electric dipole

— Separation between
p 5 positive and negative

charge centres
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Landau Theory: first order phase transitions
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EFG reflects the local electric dipole

sz — aPSZ +/BTZeI (T)
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EFG reflects the local electric dipole

NO macroscopic measurements were up to date able to
detect electric polarization in Pr-CaMnO 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.
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Perspectives

LImCd 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 iIs now wide Interest in systems where
Ferroelectric and Ferromagnetic order coexist, the
so-called MULTIFERROIC systems (e.g. BIMnOg,

YMnO,;, GdMnO, ... ) where this type of studies can
be very valuable.




Conclusions

PAC measurements on Pr, ,Ca,MnO,

e 100% Cd @ Pr(Ca) site

e No MHF below T, for x=0 and x=1

« Strong MHF below for T, Ferromagnetic samples

e Strong anomaly of EFG at CO/O0

* First experimental evidence for local electric dipoles

* Ferroelectric behaviour below the CO/orbital ordering phase
transition as suggested by D.Efremov et al.



