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Definition 



Classification 

Type I 
Different origin for magnetism 

and ferroelectricity 

-> weak coupling 

 
BiFeO3 



Type II 
 

One order drives the other -> Strong coupling 
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Twofold interest / Problematic 
Technological: 

Applications (Density, Speed, Energy cost in storage device) 
 
 
 
 

Fundamental : 
What is the microscopic mechanism responsible for magneto-

electric coupling? 
New elementary excitation: the electromagnon 

 

“Physics is like sex: sure, it may give some practical 
results, but that's not why we do it.” 

Richard P. Feynman	



Theoretical approach 

Dzyaloshinskii-Moriya interaction 
 

Need a non colinear magnetic order  
RMnO3 

 
HDM = Dij .( Si x Sj ) 

 

Exchange-striction 
 

Minimization of the exchange interaction in 
frustrated configuration 
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(Gd,Tb,Dy,Ho,Er,Tm)Mn2O5   - Pbam Space Group at 300K    -> centrosymmetric - 3 magnetic transitions   -> M~colinear in ab plane - Ferroelectric transition @T2  -> P along b 

  PM   -  PE 
 T1   

  ICM1  -  PE 
 T2 

  CM   -  FE1 
 T3 

  ICM2  -  FE2 
  Electromagnon 

 T4 

RMn2O5 
R= 



RMn2O5 
R= 

(Gd,Tb,Dy,Ho,Er,Tm)Mn2O5   - Pbam Space Group at 300K    -> centrosymmetric - 3 magnetic transitions   -> M~colinear in ab plane - Ferroelectric transition @T2  -> P along b 

  PM   -  PE 
 T1   

  ICM1  -  PE 
 T2 

  CM   -  FE1 
 T3 

  ICM2  -  FE2 
  Electromagnon 

 T4 



RMn2O5 
R= 

(Gd,Tb,Dy,Ho,Er,Tm)Mn2O5   - Pbam Space Group at 300K    -> centrosymmetric - 3 magnetic transitions   -> M~colinear in ab plane - Ferroelectric transition @T2  -> P along b 

  PM   -  PE 
 T1   

  ICM1  -  PE 
 T2 

  CM   -  FE1 
 T3 

  ICM2  -  FE2 
  Electromagnon 

 T4 



1 Introduction 
 - Definition / Classification 
 - Twofold interest / Problematic 
- The RMn2O5 family 

2 One recent result on RMn2O5   
3 Conclusion 



Structural study 
Pbam exctinctions: (H,0,L) and (0,K,L) with H,K=2n+1 
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Figure 1: (Color online) Reconstructions of the lattice node
planes (0,K,L) (top) and (H,0,L) (bottom) of DyMn2O5, taking

into account absorption correction.

flux method (small R size) or electrolysis (large R size).
Details of the synthesis procedure are given in references
[15, 16]. We performed X-ray di�raction measurements
with four-circle di�ractometers, either at the SOLEIL
synchrotron CRISTAL beamline (for R = Tb, Gd, and
Dy) or using the MoK– radiation from laboratory sources
(for R = Pr and Nd). The measurements were performed
at room temperature for all compounds, and at 100 K
for TbMn2O5.

In the Pbam space group, H0L and 0KL Bragg reflec-
tions are forbidden whenever H and K are odd. These
forbidden reflections were however systematically obser-
ved for every measured compounds. Figure 1 displays
reciprocal lattice reconstructions of the 0KL and H0L
planes for DyMn2O5, in which the presence of the forbid-
den reflections is the most prominent. Before going any
further, we checked for the possibilities of di�erent expe-

rimental artefacts which could have been at the origins of
these additional intensities. Neither a wavelength harmo-
nic contamination (⁄/2) nor the twinning of the crystal
could explain the presence of such forbidden reflections.
The possibility of multiple scattering e�ect was also ruled
out using an azimuthal scan (rotation of 10˚with a step
of 2˚around the (007) reciprocal wave vector) since the
intensity of the Bragg reflection was found to be nearly
constant within the whole azimuthal range. The obser-
ved forbidden reflections thus cannot be associated with
an experimental artefact, and since they are observed in
the di�erent members of the family, we can conclude that
this superstructure is an intrinsic structural property of
the RMn2O5 compounds at 300 K. It is important to no-
tice that the presence of forbidden reflections was also
observed in previous work, but without any reliable ex-
planation of their origin [17]. Finally, disorder e�ects can
also be excluded since the width of the forbidden reflec-
tions’ profiles is comparable to that of the allowed Bragg
reflections. Despite their systematic observation, the in-
tensity of the superstructre peaks is 0.2 to 1.5% stronger
in the middle angle range than in the small angle region.
This behavior can neither be related to thermal factor
e�ects, nor to an order-disorder transition, but rather
suggests a displacive origin. In such a case, the intensity
of the forbidden reflections is expected to be proportio-
nal to the square of the atomic displacements from the
mean Pbam space group positions. The average intensity
of the forbidden reflections yields the order of magnitude
of the atomic displacements to be about 0.05 Å. These
displacements are larger than the ones generally observed
for structural transitions like the Peierls transitions in the
blue bronze [18] or in the TTF-TCNQ [19]. Table I shows
the intensity ratios of the forbidden reflections compared
to the allowed Bragg reflections for various compounds.
It is noteworthy that this ratio does not seem to depend
on the nature and on the size of the rare earth R atoms.
Indeed, for the Nd, Gd, and Tb based compositions, the
ratio is of the same order of magnitude. However, for Dy,
it is 5 times greater than for the other members of the
series. On the other hand, the mean intensity increase
of the forbidden reflections destabilizes the ferroelectri-
city : the low temperature electric polarization is weaker
in compounds where the ratio is stronger.

One can thus unambiguously assert that the actual
space group cannot be Pbam. However we are unable
to detect a symmetry deviation from the orthorhombic
cell parameters, the cell angles remaining 90˚within a
0.1˚accuracy. Among the orthorhombic space groups,
only 3 are compatible with all the experimentally obser-
ved reflections, namely Pmmm, P2mm and P222. Ho-
wever none of them are consistent with the mean Pbam
structure. We therefore considered lower symmetry space
groups. In the monoclinic setting, only 3 candidates are
fully compatible with the observed Bragg reflections :
P2/m, P2 and Pm (unique c axis). Lattice angles of
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Pbam exctinctions: (H,0,L) and (0,K,L) with H,K=2n+1 

X-ray diffraction @300K R=Pr, Nd, Gd, Tb, Dy 

Pierre Fertey - Cristal beamline, Synchrotron SOLEIL 
Physical Review Letters 114, 117601 (2015)  



Structural study 
Pbam exctinctions: (H,0,L) and (0,K,L) with H,K=2n+1 

 
Not Pbam, but angles = 90° (+/-0.1°) 

 
Lower orthorhombic space groups allowing such reflections: 

Pmmm, P2mm, P222  
None compatible with a mean Pbam space group 

 
Lower monoclinic space groups allowing such reflections: 

P2/m (centrosymmetric), P2 and Pm  (non centrosymmetric) 
 



Structural study 
Ab-initio calculations 

E(Pm)<E(P2) << E(P2/m) and Pbam 
 

Non centrosymmetric at 300K  
confirmed by Second Harmonic Generation (SHG) 

 
How to discriminate between Pm and P2 ? 

 
-> Anomal diffraction (breaks Friedel’s law) 

-> ab-initio calculations (M.-B. Lepetit) 
-> Physical arguments (polarisation along b axis at low temperature) 
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Conclusion 

RMn2O5 familily NOT a type II multiferroic 
 

Room temperature ferroelectricity: Pm space group 
Invalidates spin-induced ferroelectricity 

New theoretical approach needed 



Perspectives 
Nd, Sm, DyMn2O5: effect of magnetism on properties 

Comparison pressure/chemical pressure 
GdMn2O5: relevance of spin-orbit coupling 



Thank you for your attention. 


