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We report the discovery of new effect in La; 3Nd;/3CayasMnOz — the
jump of magnetization induced by external electric field E (2.5-4)V/cm at a
given magnetic field H (18-25) kOe at T = 4.2 K. This effect is large when
compared with a metamagnetic transition induced by the magnetic field in
many substances. The origin of the magnetization jump induced by external
electric field has not yet been explained. We assume that this transition is
induced by the hopping of E-excited egz electrons and that this is a source
of a jumpwise increase in magnetization in the non-collinear magnetic phase
within the perovskite. This effect can be attributed to a strong coupling
between carriers induced by the electric field (the conduction electrons eg),
and the local magnetic moments (i2g-localized spins) through a mechanism
of the Zener double exchange.

PACS numbers: 75.30.Et

1. Introduction

The observation of a colossal magnetoresistance effect (CMR), near the ferro-
magnetic ordering temperature, in perovskite-type manganese oxide R A, MnO3
(R = rare earth, A = divalent alkaline earth) has generated considerable interest in
these materials. Arising from the competition between antiferromagnetic superex-
change and ferromagnetic double-exchange interaction, various magnetic struc-
tures have been observed with the substitution of R for A. Some intrinsic physical
properties have been discovered such as a magnetic field induced antiferromag-
netic (AFM) insulator-to-ferromagnetic (FM) metal transition [1] and in particular
the coexistence of interacting AFM and FM subsystems at La-based mangan-
ites [2], photoinduced insulator-to-metal transition [3], current switching of resis-
tive states [4]. This switching of resistive states in the manganites Pr;_,Ca;MnO3
can be achieved not only by a magnetic field, but also by an electric field.

In perovskite manganites charge, spin, orbital, and lattice act as independent
degrees of freedom, yet they are strongly coupled so that the balance between the
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resulting phases is very subtle and susceptible to the external stimuli. The replace-
ment of La by smaller rare earth (e.g. Nd) in La-Mn-O causes a large distortion of
the Mn-O-Mn bond, thus the weakening of the double exchange effect (DEM) [5]
and the reducing of the transfer interaction of eg electrons. Thus the composition
La;/3Nd;/3Ca;/3MnO3 is magnetically inhomogeneous. This inhomogeneity could
originate from different local distortion of the lattice around La%t and Nd3* ions:
Nd3+ ions are in tension, while La®t ions are in compression [6].

This paper reports the discovery of a new effect at La; sNd;;3Ca;/3MnO3
— the jump of magnetization induced by an external field at a given magnetic
field at T' = 4.2 K. This effect can be attributed to a strong coupling between the
conduction electrons eg, created via electric field and the local magnetic moments
(tag-localized spins) through a mechanism called double exchange [5]. The effect
of hysteresis loops shaped by electric field was reported in our previous paper [7].

2. Experimental details

The sample preparation was described in detail in Ref. [8]. The X-ray diffrac-
tion patterns have revealed the single-phase perovskite structure with lattice pa-
rameters a = 5.428 A, ¢ =5.441 A, and ¢ = 7.684 A.

Magnetic properties were studied by vibrating sample magnetometer in a
magnetic field up to 6 T at T'= 4.2 K.

3. Results and discussion

Figure 1 shows the dependence of magnetization M under magnetic field
H = 20 kOe versus the intensity of external electric field E, which is a function
of time. For E = 4 V/cm we observed the jump of magnetization M from values
25 up to 85 emu/g.
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Fig. 1. A plot of magnetization M vs. the intensity of external electric field E, which
is the function at the time at magnetic field H = 20 kOe. The measurements were
performed after zero field cooling to 4.2 K.
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Fig. 2. Magnetic field dependence of magnetization in temperature 4.2 K at switching
on {+) and off (0) electric field E =4 V/cm, respectively.

Figure 2 shows magnetization versus magnetic field. One can see a jump
of magnetization after applying the electric field £ = 4 V/cm in magnetic field
H = 18 kOe. The displayed dependence is characteristic of the metamagnetic
transition. Arrows with sign + and 0 mark switching on and off the electric fields,
respectively. In accordance with these results the magnetic transition is permanent,
in the sense that the magnetization of the sample does not change after removal
of the applied electric field.

The applied magnetic field is known to bring about a change in the canting
angle or even induce a structural phase transition in manganites. Both Mn—O-Mn
angle and the spin canting angle could be responsible for the spin-dependent mech-
anism.
The origin of the jump of the magnetization induced by external electric
field in magnetically inhomogeneous La;;3Nd;/3Ca;/3MnO3 perovskite has not
yet been explained. This is a large effect compared to the metamagnetic transi-
tion induced by a magnetic field in many substances. We assume that the increase
magnetization may have a link to the FM transition as well because the angle
between the fg-localized spins of the two Mn ions will be changed under an ex-
ternal electric field i.e. increased the hopping or concentration of ez electrons. In
fact, the probability of electron hoppings between two magnetic ions turns out to
depend on the spinor transformation [9, 10], which is characterized by a transfer
integral (analogous to the transfer probability) t;; = b;;(@;;/2) where b;; is a con-
stant dependent on the distance between the ions, and @;; is the angle between
the direction of the ion spins. Thus, the electric resistance of the material is a
function of its intrinsic magnetic order. This ferromagnetic structure is induced by
the hopping eg electrons and we assume that this is the source of the jump of the
magnetic moment in non-collinear magnetic phase at the perovskite.
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In conclusion, the present work clearly shows that for La;/3Nd;/3Ca;/3sMnO3
perovskite the electric field induces the metamagnetic transition from canted ferro-
magnetic or antiferromagnetic state to collinear ferromagnetic ordering at a given
magnetic field at low temperature.
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