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Outline

• Rare earth nickelates: RENiO3
– Electric phase diagram
– Magnetic phase diagram
– Structural phase diagram

• Open questions

• Investigated samples: Sm1-xNdxNiO3 thin films

• Temperature-dependent Raman scattering
– Metal-insulator phase transition
– Magnetic phase transition
– The paramagnetic-insulator phase
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Rare earth nickelates: RENiO3

RE

NiO6

Orthorhombic Pbnm (a-a-c+ tilts)

Key parameter: Tilt angle θ

Linear decrease of tilt angle with RE3+ ionic size

165° (LaNiO3) to 145° (LuNiO3)

Review: M.L Médarde, J. Phys.: Condens. Mat. 9, 1997, 1679-1707

G. Demazeau, A. Marbeuf, M. Pouchard, and P. Hagenmuller, JSSC. 3, 582 (1971). 

Difficult stabilization of Ni3+

→ No single crystals available !
→ Need of high-pressure or thin film synthesis



Electric and magnetic phase transitions in RNiO3
J.B. Torrance et al., Phys. Rev. B 45, 8209 (1992).
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The M-I transition in the charge-transfer scheme

Structure ?

Insulator

Metal

Review: M.L Médarde, J. Phys.: Condens. Mat. 9, 1997, 1679



Structural phase transition at the metal-insulator transition

Direct evidence Structural phase transition at TMI → 2 different types of octahedra

Model Long-range charge dispropornation (order)

2Ni3+ → Ni(3+)+δ + Ni(3+)-δ

Proposition Universal driving force for gap opening at TMI for all RENiO3



Modified phase diagram
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Questions

• Structural phase transition at TMI for SmNiO3 ?
Not detected by high-resolution powder diffraction

• Difference between NdNiO3 and SmNiO3 ?
TMI = TN ↔ TMI ≠ TN

• Phonon signature around magnetic and electric transition ?
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Investigated thin films (CVD synthesis)

LaAlO3

SmNiO3

In-plane compression

Stabilisation of Ni3+

XRD: No impurities (except thick films)

TEM: Atomically flat coherent interface
for the first atomic layers 

Coherent growth over whole thickness

N. Ihzaz et al.  Phys. Stat. Sol. (c) 1, 1679 (2004)
C. Girardot et al. Surface & Coatings Techn. 201, 9021 (2007)
F. Conchon et al. Appl. Phys. Lett. 91, 192110 (2007)
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Room temperature Raman spectra

• black thin films → sensitive to laser power → long acquisition time

• with precaution: well-defined Raman spectra

SmNiO3

NdNiO3

Sm0.6Nd0.4NiO3

↓ LaAlO3

↓ LaAlO3
Metal

ParamagneticInsulator
Paramagnetic

Insulator
Antiferromagnetic

C. Girardot, J. Kreisel, S. Pignard, N. Caillault, F. Weiss         Phys. Rev. B 78, 104101 (2008) 



Raman scattering of a NdNiO3

-180 °C

25 °C

NdNiO3
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Similar to : M. Zaghrioui, A. Bulou, P. Lacorre, and P. Laffez, Phys. Rev. B 64, 081102 (2001) 



Raman scattering of SmNiO3
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Raman scattering of SmNiO3

• Evidence for structural phase transition at TMI

• TMI < T < TN : Anharmonic phonon softening



Raman scattering of Sm0.6Nd0.4NiO3
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Comparison of temperature dependent Raman signature

Sm0.6Nd0.4NiO3

SmNiO3

NdNiO3

Different temperature-dependent Raman signatures

TMI = TN

TMI ≠ TN

TMI ≠ TN

Metal – insulator transition is not the same for all RNiO3 !



Question: How can we understand thepeculiar phonon softeningUnderstanding of

the peculiar phonon softening ?

Structural phase transition  or magneto-striction or spin-phonon coupling  ?      No



One potential ingredient:   Long-range ↔ Short range order

10 nm

Local clusters do exist → Change in size (and charge) with temperature ?



Comparison of temperature dependent Raman signature

Sm0.6Nd0.4NiO3

SmNiO3

NdNiO3

TMI = TN

TMI ≠ TN

TMI ≠ TN

SmNiO3

Sm0.6Nd0.4NiO3

30 cm-1

Softening accelerates at TN

(Local ?) Magnetism plays a role

Modification of a specific bonding

Eigenvector calculations needed

Order parameter
- Octahedra tilt ?
- Charge order ?

Suggestion of charge order as order parameter:
F.P. de la Cruz et al. Phys. Rev. B 66, 153104 (2002)



Hypothesis: Increasing charge order?

Long-range (orthorhombic)

Ni3+

Long-range (monoclinic)

Ni3+δ + Ni3-δ

TMI

TN

Increasing δ and/or size of clusters (monoclinic)

Ni3+δ + Ni3-δ

Charge order as order parameter ?   → Phonon softening = Change in chemical bonding

SmNiO3

TMI ≠ TN



Going further…:    Coupling in a multiferroic regime ?

J. Van den Brink, D.I. Khomskii, J. Phys.: Cond Mat., (2008) accepted
CondMat:0803.2964 

G.Catalan, Phase Transit. 81 (2008)

Not yet experimentally verified ! 



« Multiferroic scenario »

Hypothesis: Onset of (local) magnetism in presence of ferroelectric instability

Interactions of order parameters?  Enhanced spin-phonon coupling?

Insulator
Paramagnetic

+ Ferroelectric ?!

Insulator, AFM
+ Ferroelectric ?!

SmNiO3

TMI ≠ TN
Metal

Paramagnetic
Paraelectric

ω = ω0 + λ 〈Si ⋅ Sj〉
Phonon frequencies are affected

by the correlation of spins
but: Spin-phonon coupling alone

cannot explain the softening



Concluding remarks

• RE-Nickelates: Still a playground for experimentalists (and theoreticians)

• SmNiO3 ≈   Sm0.6Nd0.4NiO3 Structural phase transition at TMI

• SmNiO3 ≠ NdNiO3 Different mechanism at MI transitions

• MI transition in Nickelates: should be re-investigated 

• Intriguing Phonon softening An experimental hint for multiferroicity ?!
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