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We used the neutron diffraction technique to study the ferromagnetic or-
dering process in La 1 / 3 Nd 1 / 3 Ca 1 / 3 MnO 3 induced by the short impulse of the
external electric field E = 4 V/cm at a magnetic field H = 1.5 T. Our sample
was prepared by the standard solid-state reaction. The diffraction measure-
ments at 4 K, carried out for the neutron wavelength λ = 0.2442 nm, have
revealed the orthorhombic perovskite structure with the unit-cell parame-
ters: a = 0.5480 nm, b = 0.5550 nm and c = 0.7737 nm. We observed that
a short impulse of the electric field develops the ferromagnetic ordering in a
similar way as the magnetic field up to 4 T. We assume that the increased
ferromagnetic ordering induced by the external electric field at a given mag-
netic field has the same physical origin as in the case of the Zener double
exchange. The effect is confirmed by magnetic moment measurements using
vibrating sample magnetometer.

PACS numbers: 71.30.+h, 75.25.+z

1. Introduction

In doped perovskite manganites a strong correlation between the magnetic
structure and the electrical transport properties exists which is related to the
transition from the antiferromagnetic (AFM) insulator to the ferromagnetic (FM)
metal.

Some intrinsic physical properties have been discovered, such as a magnetic-
-field induced antiferromagnetic insulator-to-ferromagnetic metal transition [1]
and in particular, the coexistence of interacting AFM and FM subsystems in
La-manganates [2, 3]. The physics of this transition has been explained by the
double exchange [4], a process in which the e g electron hops between Mn 3+ and
Mn4+ ions. In this process the e g electrons retain the spin direction tending thereby
to align the spins of neighboring Mn ions due to a strong Hund coupling.
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The influence of the electric field on the shape of hysteresis loops was reported
in our previous paper [5]. The field induced magnetic transition at the threshold
field Ht is evident from the magnetiZation isotherms measured by vibrating sample
magnetometer and shown in Fig. 1. This indicates a metamagnetic transition from
antiferromagnetic to ferromagnetic state. The large hysteresis implies that the
metamagnetic transition is accompanied by a significant structural change of the
lattice. The value of Η decreases after applying the electric field.

We used the neutron diffraction technique to make comparison studies of the
effect of FM ordering induced by the magnetic and the electric field at temperature
of 4.2 K.

2. Experimental

The sample with the nominal composition La 1 / 3Nd 1 / 3Ca 1 / 3MnO3 was pre-
pared by the standard solid-state reaction method. A stoichiometric mixture of
La2 O 3 , Nd2 O3 , CaCO3 , and MnCO3 was calcined at 940°C for 8 h in air. The
product thus obtained was reground, pelletized and sintered at 1250°C for 6 h in air
and annealed at 1000°C for 24 h in flowing oxygen. The neutron diffraction mea-
surements at 4 K (Fig. 2) carried out for the neutron wavelength λ = 0.2442 nm
revealed the orthorhombic perovskite structure with the unit-cell parameters:
a = 0.5480 nm, b = 0.5550 nm and c = 0.7737 nm.

3. Results and discussion

We report on the study of a new effect in La1/ 3Νd1/3Ca1/3MnO3 — the
increased FM ordering induced by a short impulse of the external electric field
E = 4 V/cm at the magnetic field Η = 1.5 T and the temperature T = 4 K. It is
seen that the electric field applied at H = 1.5 T causes effect similar to the increase
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in the magnetic field from 1.5 T up to 4 T (Fig. 3). The magnetic contribution
to the allowed (110) and (020) nuclear reflections is shown in Fig. 3. All magnetic
features can be indexed in the chemical unit cell. Figure 4 displays the dependence
of the integrated intensity of the magnetic peaks on the magnetic field H. This
result is consistent with the magnetic measurements shown in Fig. 1.

We assume that in the La 1 / 3Nd 1 / 3Ca 1 / 3MnO3 perovskite the increased FM
ordering induced by the external electric field at a given magnetic field has the
same physical origin as in the case of the Zener double exchange mechanism [4].
This new effect can be attributed to a strong coupling between the spins of the
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hopping eg-electrons (carriers created via electric field) and the local magnetic
moments of the manganese ions (t2 g- localized spins).

4. Conclusions

We have shown that the magnetic field inducing the phase transitions in
Mn-based perovskites decreases after application of the electric field E. This effect
can be useful from the point of view of potential applications in magnetic sensors.

Acknowledgments

This work was supported in part by the Committee for Scientific Research
(Poland), grant No. 7 T08D 011 13. The neutron measurements were enabled
thanks to the Hahn—Meitner Institut in Berlin.

References

[1] Y. Tomioka, A. Asamitsu, Y. Moritomo, Y. Tokura, J. Phys. Soc. Japan 64, 3626
(1995).

[2] G. Allodi, R. De Renzi, G. Guidi, Phys. Rev. B 56, 6036 (1997).
[3] J. Baszyński, J. Koνk, A. Kowalczyk, J. Magn. Magn. Mater. 195, 93 (1999).
[4] C. Zener, Phys. Rev. 82, 403 (1951).
[5] J. Baszyński, J. Koνak, A. Kowalczyk, Acta Phys. Slov. 48, 793 (1998).


