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Abstract 

The magnetoelectric multiferroicity is not expected to occur in a cubic 

perovskite system due to the high structural symmetry. By versatile 

measurements in magnetization, dielectric constant, electric polarization, 

neutron and X-ray diffraction, Raman scattering as well as theoretical 

calculations, we reveal that the A-site ordered perovskite LaMn3Cr4O12 

with cubic symmetry is a novel spin-driven multiferroic system with 

strong magnetoelectric coupling effects. When magnetic field is applied 

in parallel/perpendicular to electric field, the ferroelectric polarization can 

be enhanced/suppressed significantly. The unique multiferroic 

phenomenon observed in this cubic perovskite cannot be understood by 

conventional spin-driven microscopic mechanisms. Instead, a nontrivial 

effect involving the interactions between two magnetic sublattices is 

likely to play a crucial role.  
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The magnetoelectric (ME) multiferroicity with coupled ferroelectric 

and magnetic orders have received much attention due to their great 

potential for numerous applications [1-8]. Perovskite is one of the most 

important material systems for multiferroic study. Since the discovery of 

multiferroic behaviors in perovskite BiFeO3 and TbMnO3 [2,3], a large 

number of multiferroic materials with different physical mechanisms 

have been found in the last decade [9-13]. Among them, the spin-induced 

multiferroics have received the most attention because the ferroelectricity 

is induced by magnetic structures so that a strong ME coupling would be 

expected [14-16]. Several theories such as spin-current model (or inverse 

Dzyaloshinskii-Moriya interaction), exchange striction mechanism and 

d–p hybridization mechanism have been proposed to account for the 

spin-induced ferroelectricity in ME multiferroics by special spin textures 

such as non-collinear spiral spin structures and collinear E-type 

antiferromagnetic (AFM) structure with zigzag spin chains [17-21]. It is 

well known that a cubic perovskite lattice is unfavorable for 

ferroelectricity due to the existence of an inversion center. However, the 

total symmetry for an ME multiferroics is the product of the crystal and 

magnetic symmetries. Therefore, in principle, it is possible to find an ME 

multiferroics in a cubic perovskite system if its magnetic structure breaks 

the space inversion symmetry. Nevertheless, such an intriguing case has 

never been found in previous studies.  
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The A-site ordered perovskite with a chemical formula of AA′3B4O12 

provides an opportunity for searching ME multiferroics in a cubic lattice. 

This type of ordered perovskite can be formed when three quarters of the 

A-site of a simple ABO3 perovskite is substituted by a transition-metal ion 

A′ (Fig. 1a) [22]. Since both A′ and B sites accommodate magnetic 

transition-metal ions, multiple magnetic interactions may develop while 

the crystal structure can be finely tuned by selecting appropriate A′ and B 

elements to maintain a cubic lattice [23-27]. In this letter, we report that 

the A-site ordered perovskite LaMn3Cr4O12 (LMCO) with cubic 

symmetry shows a spin-driven multiferroic phase with strong ME 

coupling effects. The unique multiferroic behavior in this cubic 

perovskite originates from a nontrivial effect involving the interactions 

between two magnetic sublattices. The present study thus not only 

provides the first example of multiferroics in a cubic perovskite system 

but also opens up new insights on the physical mechanisms of 

multiferroics. 

The detailed experimental and calculation methods adopted in this 

work are described in the Supplementary Information [28]. The obtained 

LMCO was proved to crystallize in an A-site ordered perovskite structure 

with cubic symmetry of Im-3 at room temperature (Fig. 1a) and exhibit 

two AFM transitions on cooling (Fig. 2a) [29]. Our neutron powder 

diffraction (NPD) data shown in Fig. 1b demonstrates that this cubic 
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structure persists down to 2 K, in agreement with the low-temperature 

X-ray diffraction (XRD) and Raman spectrum results (Supplementary 

Figs. S1 and S2 of [28], respectively). Meanwhile, based on the 

temperature dependence of the magnetic peaks (111) and (100) (Figs. 1c 

and 1d), the NPD results confirm that the spin orderings of Mn and Cr 

ions lead to the AFM transitions at TMn ∼50 K and TCr ∼150 K, 

respectively. Furthermore, the NPD refinements produce collinear G-type 

AFM spin structures for both of the A′-site Mn-sublattice and the B-site 

Cr-sublattice with the propagation vector of (111)/(100) for 

Cr/Mn-sublattice and the spin orientations most probably along the 

equivalent [111] direction (Figs. 1e-g and Supplementary Fig. S3 of [28]). 

This collinear AFM spin configuration is consistent with the linear 

magnetization behaviors observed at different temperatures 

(Supplementary Fig. S4 of [28]).  

Figure 2a shows the temperature dependence of the dielectric constant 

ε and magnetic susceptibility χ. Corresponding to the AFM phase 

transition occurred at TMn, the ε also experiences a sharp anomaly. 

Moreover, this dielectric variation is independent on frequency, implying 

possible ferroelectric phase transition coupled with the AFM ordering of 

Mn spins. The ME coupling thus may occur at the onset of TMn in the 

cubic perovskite LMCO. By comparison, another broadening and 

frequency-dependent dielectric anomaly is observed at about 110 K for 
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10 kHz and 155 K for 1 MHz. This relaxation behavior is reminiscent to a 

ferroelectric transition probably originated from local structure 

inhomogeneity and/or some extrinsic effects as will be discussed later 

[40].  

These two ferroelectric phase transitions are further studied by 

measuring pyroelectric current (Ip) to derive the ferroelectric polarization 

(P) with both positive and negative electric (E) poling procedures from 

200 K down to 5 K, as shown in Figs. 2b and 2c. Obviously, the Ip and P 

are completely switchable by the poling E reversal. The most striking 

finding is that the Mn spin ordering transition is coupled with a sharp 

change in both Ip and P at TMn (Figs. 2b and c and the insets), strongly 

indicates that the presence of this low-temperature ferroelectric phase 

transition (FE1) is closely related to the magnetic ordering of Mn 

sublattice, in agreement with the dielectric constant measurements. In 

addition, at the high temperature region, the Ip and P are found to 

gradually emerge below about 180 K, and then a broad peak in Ip is 

formed near 125 K (Fig. 2b). Since these two characteristic temperatures 

(180 and 125 K) are different from the value of TCr (150 K), the 

associated ferroelectric phase (FE2) seems to be of non-magnetic origin.  

We noticed that the drastic changes of Ip at TMn are not a single peak or 

dip but unusual dip-peak features and vice versa for +Poled and -Poled 

curves, respectively (inset of Fig. 2b). Accordingly, the obtained P(T) 
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curves slightly decreases and then increases or vice versa for +Poled or 

-Poled on cooling around TMn (inset of Fig. 2c). It implies that there exist 

two independent polarizations superposed below TMn. To prove this point, 

we performed two different poling E schemes to pass either 180 K or TMn 

(= 50 K) only. In sharp contrast to the dip-peak features in Ip with poling 

E across both TMn and 180 K (200-5 K, +Poled in Fig. 2b and 

Supplementary Fig. S5b of [28]), only a single dip (200-75 K, +Poled) or 

peak (75-30 K, +Poled) in Ip was observed in each poling scheme, 

respectively, as shown in Fig. 3a and Supplementary Fig. S5a of [28]. 

Correspondingly, the obtained net polarization changes (ΔP = P(T) - P(50 

K)), which represent the influence of Mn ordering to the P values, show 

negative values when E is applied only across 180 K, whereas positive 

ΔP values are obtained with E applying only across TMn as shown in Fig. 

3b (for details, see Supplementary Fig. S5c of [28]). The single dip in Ip 

(200-75 K, +Poled) means that, although the FE2 phase sets in at a 

temperature much higher than TMn, the spin ordering of Mn ions still 

causes a decrease of P in magnitude in this phase. More interesting, the 

peak in Ip (75-30 K and +Poled) reveals that the FE1 phase which 

develops at TMn is an independent ferroelectric phase from the FE2 phase. 

Since the FE1 phase strongly couples with the AFM ordering of 

Mn-sublattice, the present cubic perovskite LMCO can be regarded as a 

new spin-driven multiferroics below TMn.  
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To further confirm that the observed pyroelectric signals come from 

intrinsic ferroelectricity instead of the possible space charge effect, we 

applied different external magnetic fields to measure the pyroelectric and 

dielectric properties. Considerable anisotropic ME and magnetodielectric 

effects are found in these two FE phases at and below TMn. As shown in 

Fig. 3a, when an external magnetic field H//E is applied up to 12 T in the 

poling and measuring processes, the absolute values of Ip near TMn are 

enhanced by about one order in magnitude for both phases. The 

calculated |ΔP| values in both FE phases also increase from ~15 to ~68 

μC/m2 at 30 K (Fig. 3b). In the H⊥E configuration, however, the Ip near 

TMn are found to be completely suppressed above 7 T field (not shown 

here). Similarly, the dielectric constant ε also shows significantly changes 

under magnetic field at and below TMn. For H//E configuration, the 

sudden jump in ε around TMn for μ0H = 0 changes into a sharp peak for 

μ0H ≥ 3 T (Fig. 3c). By comparison, the H⊥E configuration remarkably 

decreases the dielectric jump at TMn so that almost no dielectric anomaly 

is observed with field above 7 T (Fig. 3d), in coherence with the complete 

suppression of electric polarization at this H and E configuration under 

high field mentioned above. On the other hand, however, with increasing 

magnetic field, there is not remarkable change in ε above TMn either in 

H//E or H⊥E configuration, revealing different origins for FE1 and FE2 

phases. Anyway, our magnetic-field dependent measurements show that 
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the FE1 phase has strong anisotropic H dependent behaviors, excluding 

extrinsic origin of space charge for this multiferroic phase. Moreover, the 

magnetoelastic-coupling induced Ip, which was misunderstood as the 

evidence of ferroelectricity in a centrosymmetric perovskite SmFeO3 

[41-44], can also be ruled out in our LMCO (Supplementary Information 

[28]).   

We now discuss possible mechanisms responsible for the low 

temperature Mn spin ordering induced ferroelectricity in the cubic 

perovskite LMCO. First, both the inverse Dzyaloshinskii-Moriya 

interaction and the spin-current model, which are related to the cross 

products of spins, are excluded due to the collinear spin configuration of 

LMCO (Figs. 1e-g). The exchange striction mechanism induced electric 

polarization is related to the dot product of a pair of spins which is 

independent from the spin orientations if the two spins are always parallel 

or antiparallel with each other. In contrast, based on the magnetic point 

group analysis and theoretical calculations shown later, the polarization 

direction of FE1 phase is always simultaneously changed with the spin 

orientations (one of the equivalent [111] directions). It means that the 

exchange striction mechanism does not contribute to the polarization in 

FE1 phase if there is any. As a consequence, these conventional ME 

mechanisms are invalid to explain the present ferroelectric behaviors. 

 We then try to resolve the issue by performing magnetic point group 
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analysis. In the temperature region of TMn < T < TCr, the Cr sublattice is 

ordered in a G-type AFM manner with spin orientation along [111] 

direction (Fig. 1e). Since the crystal space group is Im-3, the magnetic 

point group should be a non-polar -3' group with space inversion center. 

At T < TMn, the Mn sublattice is also ordered into a G-type AFM structure 

with non-polar -3 group as its own magnetic point group (Fig. 1f). 

Therefore, no polarization can be induced by either Cr or Mn spin 

ordering alone. However, when we consider Mn and Cr sublattices 

together below TMn, the system magnetic point group is a polar group 3 

(Fig. 1g), which allows a polar along the spin direction. It suggests that 

the ferroelectric polarization of FE1 phase most probably arises from the 

Mn and Cr spin configurations together, ruling out any possibility of 

single spin mechanism, e.g., the d-p hybridization model [20]. 

The density functional theory calculations have been performed to 

further understand the spin-driven ferroelectricity of FE1 phase (for 

details, see Supplementary Information [28]). The results show: 1) 

Without considering the spin-orbit coupling (SOC) of magnetic ions, the 

calculated ferroelectric polarization for the experimental magnetic ground 

state is exactly zero in the FE1 phase; 2) If the SOC is switched on with 

all spins pointing parallel or antiparallel to the [111] axis as the NPD 

study suggested, even the exact high-symmetric structure can induce a 

small but nonzero ferroelectric polarization ~3.4 μC/m2 along the [111] 
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direction. This result, without any contribution from ionic displacement, 

is the pure electronic polarization; 3) The direction of pure electronic 

polarization can be switched by rotating the magnetic axis. These results 

are convincible to exclude the possible contribution from the inaccuracy 

of ionic relaxation, supporting the intrinsic ferroelectricity caused by the 

spin ordering; 4) When the ionic positions are further relaxed with SOC 

enabled, which gives a total polarization up to ~7.5 μC/m2, still along the 

[111] axis. Although this small value may be not very precise due to the 

inaccuracy of ionic displacements, the value is comparable in the order of 

magnitude with experimental observation at zero field (~15 μC/m2, see 

Fig. 3b), and also consistent with magnetic symmetry analysis that the 

ground state magnetic structure is polarized. Note that since the three 

conventional mechanisms for spin-driven ferroelectricity are forbidden in 

the present cubic perovskite system, other possible exotic mechanisms 

involving the relativistic exchange interactions only generate a moderate 

polarization.  

As for the FE2 phase, since the pyroelectric current emerges above TCr 

and forms a broad peak at about 125 K, its origin is clearly not related to 

any spin ordering. Such a feature, on the one hand, may be ascribed to an 

extrinsic effect such as space charges trapped at the grain boundaries or 

possible defects as reported elsewhere [46,47]. On the other hand, we 

noticed that some ABO3 perovskites like YCrO3 and SmCrO3 with Cr3+ 
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ions at the B site also displayed similar electric polarizations above the 

AFM temperatures [48,49]. Neutron pair distribution function (PDF) 

illustrated that this type of polarization originated from the “local 

non-centrosymmetric effect” caused by the local displacements of the 

second-order Jahn-Teller Cr3+ cations, whereas the macroscopic crystal 

structure was unchanged to be centrosymmetric. In the present LMCO, 

although the long-range crystal structure is stabilized down to 2 K, 

similar local displacements of Cr3+ cations are possible to occur, as 

implied by the relaxation behavior in dielectric constant in the 

high-temperature region (Fig. 2a) as well as the anomalies observed in 

Raman spectra around 180 K (see Supplementary Fig. S2 and related 

description in [28]). More experiments such as high-resolution neutron 

PDF are needed to reveal the exact origin of FE2 phase in the future. 

Here, we would like to emphasize that the ME multiferroicity found in 

the present LMCO at the onset of about 50 K is quite unique among all 

the known multiferroic systems in that it occurs in a true cubic perovskite 

system with simple and collinear spin alignments. Due to the high 

symmetry in lattice and spin structures, the three major mechanisms to 

induce ferroelectric polarization by magnetic ordering fail to play roles. 

The present work therefore not only provides the first example of cubic 

perovskite multiferroics but also opens up a new arena to study the 

unexpected ME coupling mechanisms. 
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Figure Captions: 

FIG. 1. (a) Schematics of crystal structure of LMCO with space group 

Im-3. (b) NPD patterns at selected temperatures. The indexed (111) and 

(100) peaks arise from the AFM ordering of the B-site Cr-sublattice and 

the A′-site Mn-sublattice, respectively. (c),(d) Temperature dependence of 

the integrated NPD intensities of (111) and (100) peaks, respectively. 

(e),(f) G-type AFM structure of the B-site Cr-sublattice and the A′-site 

Mn-sublattice with spin orientation along [111] direction, respectively. (g) 

A complete set of spin alignment composed of Cr and Mn spins below 

TMn. For clarity, La and O atoms are omitted in the structures. Blue ball: 

Cr atom; red ball: Mn atom.  

FIG. 2. Temperature dependence of (a) dielectric constant ε and magnetic 

susceptibility χ, (b) pyroelectric current Ip and (c) ferroelectric 

polarization P in both +Poled and -Poled conditions. The ε and Ip were 

measured without magnetic field. The insets of (b) and (c) show the 

enlarged views near 50 K.  

FIG. 3. (a) Temperature dependence of Ip and (b) the difference of 

polarization ΔP at different poling conditions and different magnetic 

fields below 50 K. (c),(d) Temperature dependence of ε measured at 1 

MHz and different magnetic fields with H//E and H⊥E configurations, 

respectively. The data have been shifted for clarity.  
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