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Many different Notations for this in the literature!
Chemists

Qθ,Qϵ

O’Brien, M. C. & Chancey, C. Am. J. Phys., 1993, 61, 688-697

Labels of Irreducible Representation
M2+, M3+, R3-, R3+, R4-...

Carpenter, M. A. & Howard, C. J. Acta Crystallogr. B., 2009, 65, 134-146

Solid State Physicists
QM

1 ,QR
1 ,Q+

2 ,Q
−
2 ,MJT,RJT,Qx,Qz,Qx

R,Qz
R...

He, Z. & Millis, A. J. Phys. Rev. B, 2015, 91, 195138

Varignon, J.; Bristowe, N. C. et al.; Sci. Rep., 2015, 5, 15364

Varignon, J.; Bristowe, N. C. & Ghosez, P. E Phys. Rev. Lett., 2016, 116, 057602

Ederer, C.; Lin, C. & Millis, A. J. Phys. Rev. B, 2007, 76, 155105

Perovskite Structure

Same Individual Distortion
Through Different Cooperative Arrangements

A Revised Notation!
i = Vlecks Numbering q = q-vector in Cubic BZ

Qi · ei⃗q⃗x

Qq
i

1
2
3
4

Γ = (0, 0, 0) = Strain
X = (π, 0, 0)
M = (π, π, 0)
R = (π, π, π)

He, Z. & Millis, A. J. Phys. Rev. B, 2015, 91, 195138

Kanamori, J. J. Appl. Phys., 1960, 31, 14-23

Van Vleck, J. H. The Journal of Chemical Physics 7.1 (1939): 72-84.
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Q1-Modes and Strains
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Q1-Modes and Strains

RNiO3

Mercy, A.et al., Nat. Commun., 2017, 8, 1677
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Q1-Modes and Strains
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Q2/Q3-Modes and Strains

5



Q2/Q3-Modes and Strains
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Q4,Q5,Q6-Modes and Strains
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Q4,Q5,Q6-Modes and Strains
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JTD In LaMnO3

GS
Pnma a−a−c+

+ JTD

O-Phase 750K < T < 1200K Metallic
  ϕz
+  AX

x

y

z
xy

z

b

a

c

b
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c

 ϕ-
xy

  xCubic

Mn3+ = d4

→

O’-Phase T < TJT = 750K Ins. - AFM-A T < 140K
QM

2 QΓ
3 QΓ

4z

How is the ground-state reached?
What is the shape of APES?

How does the structure couple with
the metal to insulator and magnetic transition ?

Let’s ask DFT!

K-Mesh 14x14x14 - Ecut = 600eV
Exc = PBEsol + (U|J)

U=5.5 eV J=1.5 eV
Ground State Structure

Band Gap (1.1 eV - Exp 1.1 - 1.9 eV)
Anistropy of Dielectric Tensor
Magnetic Exchange Constants
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Strain Engineering in LaMnO3
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La0.5Bi0.5MnO3 Solid Solution on SrTiO3

Break The Inversion Symmetry Through Cationic Order!

La0.5Bi0.5MnO3

SrTiO3

Cation Order ∆E/fu(meV) MO Space Group BG (eV)

Layered - FM P-1 -

Layered -5 FM P1 -

Chains -3 FM P-1 -

Rock-Salt -10 FM P1 0.38
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Conclusions

• Qq
i a Clear and Revised Notation for Cooperative Jahn-Teller

Distortions in Perovskites
• Decomposition of Distorded Perovskite Structures into orthonormal

Modes and Strains Allows for Profound Studies of
Structural-Electronic Interactions in Perovskite Crystal
(ISODISTORT : http://stokes.byu.edu/iso/isodistort.php &/or
AMPLIMODES: http://www.cryst.ehu.es/cryst/amplimodes.html)

• Study of the APES With Ab-Inito Methods Show That The Magnetic
AFM-A to FM Transition is Controlled by Tetragonal Strain QΓ

3

• A First-Order Jahn-Teller Effect Takes Place Only in Specific
Magnetic Orderings. Do we Need a Revised Jahn-Teller Theorem for
Magnetic Space Groups in Solids ?

• The Characterization of Strain/Lattice/Electronic Interplays Permits
to Derive New Design-Ideas for Materials with Remarkable
Combination of Properties
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Thank you for your attention!

Questions?
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Modes and Strains under Temperature
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Full Potential Energy Surface
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Strain APES
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LaMnO3 LaNiO3 Bilayers on SrTiO3

Gibert, M., Nano Letters, 2015, 15, 7355-736



Projected Band Structure
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Influence of U|J Parameters
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