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Introduction to Manganites
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Introduction to Manganites

Magnetic - Electric Phase Diagram
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Phase separation and complexity
Atomic-scale coexistence

Ma et al,
Phys Rev. Lett
95, 237210 (2005)
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Multiferroic materials

sInversion symmetry breaking (charge-orbital related)
Dislocated spin density waves
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Multiferroic manganites
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Charge ordered manganites

New scenario for the Charge Ordered State

Theoretical work predicts the possibility of local electric dipole
moments in CO manganites

Inversion
= symmetry —
IS broken

Site centred CO Bond centred CO

D.Efremov et al, Nature Materials, 3,853 (2004)
J. Van den Brink, D.l. Khomskii, J. Phys. Cond. Matt 20, 434217 (2008)

Ferroelectricity

Ferroelectricity due to Charge Ordering in Pr, ,Ca,MnO;,

New paradigm for ferroelectrics, but it has been hard to prove
experimentally that electric polarization exists in CO Pr, ,Ca,MnO,
(due to finite conductivity)
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Local Probe Studies / Technique

Two-Photon PERTURBED ANGULAR CORRELATION
Hyperfine splitting > Electric field gradient / Magnetic hyperfine field

V,, - EFG principal component

— quadrupolar moment n - Asymmetry parameter
- magnetic moment By s - Magnetic hyperfine field
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Local Probe Studies / Technique

Two-Photon PERTURBED ANGULAR CORRELATION

Samples implanted with radioactive 11"Cd @ ISOLDE/CERN

E=60 keV, Dose < 10'2 at/cm?

1mCg: 1=5/2 and t,,= 85 ns Cd @ Pr/Ca site
Q=0.83 b and p =-0.766 p,

Samples annealed @ T=700 °C in air
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Local Probe Studies / Pr, ,Ca,MnO, system

EXPERIMENTAL RESULTS

Pr,,Ca,MnO; PAC Anisotropy Functions
x=0.25 (NO CO) @ # Temperature

0.075

0.050 { ¢
0.025 |

R®) 00004 4 4
0.050 4

0.025 4 |

R(t) 0.000 - l,I .-"'

0.050 |

0.025 1 ¥

R 000043 % ..-..'"i

0.050 4}

0.025 4 |}

R() 0000 &

0

R()
R
R
R
300 600
o (Mrad/s)

0.06 -
0.03 {

0.00 -

0.04 | '.

0.08 44

# Ca (x) content @ RT

x=0

000 &£

0.08 {¥,

0.04 { Y

000 | B

0.06

0.03 1%

000] ¥

"0 300 600

w (Mrad/s)




Local Probe Studies / Pr, ,Ca,MnO, system

EFG principal component V,,
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Local Probe Studies / Pr, ,Ca,MnO, system

Samples within CO region
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Local Probe Studies / Pr, ,Ca,MnO, system

CO region, V,, vs Temperature
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Local Probe Studies / Pr, ,Ca,MnO, system

CO region, V,, vs Temperature »;
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Local Probe Studies / Pr, ,Ca,MnO, system

EFG and magnetic susceptibility
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Local Probe Studies / Pr, ,Ca,MnO, system

EFG sensitive to atomic vibrations and critical fluctuations
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Local Probe Studies / Pr, ,Ca,MnO, system
Results Electric susceptibility / spontaneous polarization below T
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Piezoelectric Force Microscopy in Pr, ,Ca,MnO; system

Local Ferroelectric response In
Pr,,Ca, ,MnO;, single crystal
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Phase separation, polaron dynamics in LaMnO,,;and La, ,Ca,MnO,



LaMnO,, , (Laz3+aMN3/34 ) O3)
Only Mn3* = collective |T distortion
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LaMnO,, ,

PAC anisotropy functions n and V,, as a function
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LaMnO, ,,

Ferromagnetic Insulator state @ T<T,

Rhombohedric = Orthorhombic phase transition ~ RT

Phase coexistence in a broad range of T

Polarons ?
Polaron nature and evolution?

Polarons responsible for FM INSULATOR state?
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Lightly doped La-Ca
manganite

The same physics?

R to O* transitions
on cooling

Intermediate JT-
orbital ordering
transition to O
structure
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RMnO, vs. R ionic radius

Single phase RMnO,; samples
(excepting LUMnO; with traces of Lu,0;)
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Two EFG's present in YMnO, samples

YMnO5; vs. Temperature
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EuMnO; vs. Temperature

Orthorhombic structure
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AgCrO, (*!In probe): a new multiferroic
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PRL 101, 067204 {2008) PHYSICAL REVIEW LETTERS g ek ending

Spin-Driven Ferroelectricity in Triangular Lattice
Antiferromagnets ACr0; (A = Cu, Ag, Li, or Na)

5. Seki,' Y. Onose.'” and Y. Tokura'-



Ag,NIO, and analogous: Orbital physics vs Charge Order

Valence(charge) changes in Ag and
- Niavoiding Jahn-Teller distortion

PHYSICAL REVIEW LETTERS week ending

PRL 99, 157204 (2007) 12 OCTOBER 2007

Orbital Degeneracy Removed by Charge Order in Triangular Antiferromagnet AgNiQO,

, ; week ending
PRL 98, 176406 (2007) PHYSICAL REVIEW LETTERS 27 APRIL, 2007

Charge Ordering as Alternative to Jahn-Teller Distortion

I.1. Mazin," D.I. Khomskii,>* R. Lengsdorf,” J. A. Alonso,” W. G. Marshall,* R. M. Ibberson,* A. Podlesnyak.’
M. 1. Martinez-Lope.” and M. M. Abd-Elmeguid*

Like AgCrO, 'Ag and *'Cd/In probes for the 2 sites:
more complete mapping of charge distributions




CONCLUSIONS

- Combined with other techniques and theoretical modeling,
PAC brings new insights on current cutting edge research on
solid state physics: correlated electrons systems.

-The availability of different probes at Isolde allows tackling
different situations: chemical compatibility and environments.
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