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Abstract. In a series of papers, we have reported the results of dielectric, magnetic and
magnetoelectric studies of RMn2O5 (R = rare earth between Nd and Lu, Y or Bi), proposing
the possibility of ferroelectricity in these oxides, but the direct demonstration of ferroelectricity
was lacking.

In this paper we present the results of pyroelectric current measurements of GdMn2O5,
TbMn2O5 and YMn2O5 single crystals between 4.2 and 273 K. These results indicated the
existence of spontaneous polarization at low temperatures. The spontaneous polarization was
switched by an applied electric field. Its possible direction is along theb axis of an orthorhombic
crystal.

The supposed temperature dependence of spontaneous polarization was complicated except
for the case of GdMn2O5, suggesting a ferrielectric origin of the polarization.

1. Introduction

In previous papers [1–7], we reported the results of magnetoelectric and dielectric studies
of a series of oxides RMn2O5 [8–10], where R is a rare earth from Nd to Lu, Y or Bi. From
the dependence of the magnetoelectric effect on the poling electric field, we concluded that
these oxides were polar below a certain transition temperature, suggesting the possibility of
ferroelectricity. We also observed an anomaly in the dielectric constant along theb direction
of an orthorhombic crystal [11] at the corresponding temperatures.

On the other hand, neutron diffraction studies [12–16] revealed that these oxides were
antiferromagnetic at low temperatures. The helical magnetic ordering of the magnetic
moments of Mn3+ and Mn4+ ions develops below the Ńeel temperature of about 40 K.
This is near to the temperature of the proposed polar–non-polar transition in some oxides
of this series. The magnetic ordering of the rare earth ions develops at lower temperatures.

In addition, the magnetic studies of EuMn2O5 and YMn2O5 suggested the existence of
another magnetic transition between 20 and 30 K. In this context, we are interested in these
oxides because of the possibility that both ferroelectric and magnetic orderings coexist in
these oxides.

In this paper, we present the results of the pyroelectric current measurements of RMn2O5

(R = Gd, Tb or Y) single crystals. In all the oxides, we observed a pyroelectric current at low
temperatures. The sign of the current was reversed when the sample was cooled in an electric
field applied along the oppositeb direction. This provides evidence of ferroelectricity in
RMn2O5. The ferroelectric transition temperatures of GdMn2O5 and TbMn2O5 were 24.6 K
and 28.6 K, respectively. The supposed ferroelectric transition temperature of YMn2O5 was
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Figure 1. Temperature dependence of the pyroelectric current from a GdMn2O5 single crystal
with a cross-sectional area of 3 mm2 and thickness of 1.5 mm. The two curves correspond to
opposite directions of the electric field applied during cooling the sample to 4.2 K. As for the
direction of the current see the text.

Figure 2. Temperature dependence of the pyroelectric current from a TbMn2O5 single crystal
with a cross-sectional area of 8.3 mm2 and thickness of 1.4 mm. The two curves correspond to
opposite directions of the electric field applied during cooling the sample to 4.2 K. As for the
direction of the current see the text.

39.8 K, although we have not yet confirmed the switching of spontaneous polarization by
the applied electric field.

The temperature dependence of spontaneous polarization had a complicated shape except
for the case of GdMn2O5. This seems to suggest ferrielectricity as the origin of the observed
spontaneous polarization.

2. Experimental methods

The samples were the same single crystals that were used in previous studies of the dielectric
constant and magnetoelectric effect. They were prepared from a high-temperature solution in
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Figure 3. Temperature dependence of the pyroelectric current from a YMn2O5 single crystal
with a cross-sectional area of 8.9 mm2 and thickness of 2.5 mm. The two curves correspond to
opposite directions of the electric field applied during cooling the sample to 4.2 K. As for the
direction of the current see the text.

Figure 4. Temperature dependence of the estimated spontaneous polarization along theb axis
of a GdMn2O5 single crystal.

PbO–PbF2 flux [17] and shaped into parallelepipeds with the edges along the three principal
axes.

In pyroelectric measurements, we used capacitor-type samples with a pair of electrodes
of silver conducting paint on the parallelb faces. The separation between the electrodes
was between 1 and 2 mm and the area of the cross section was between 3 and 9 mm2.
The pyroelectric current was recorded as a function of temperature between 4.2 and 273 K
with a quasi-static method. We used an electrometer (Keithley 6512) in the current mode
to measure the current through a circuit between the electrodes. The level of background
noise current was less than 50 fA.

Before each measurement run, the sample was cooled from room temperature to 4.2 K
within an electric fieldEcool of between 3 and 8 kV cm−1. After that we short-circuited the
electrodes of the sample capacitor for approximately 90 min to maintain the zero-charge
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Figure 5. Temperature dependence of the estimated spontaneous polarization along theb axis
of a TbMn2O5 single crystal.

Figure 6. Temperature dependence of the estimated spontaneous polarization along theb axis
of a YMn2O5 single crystal.

state. Then we recorded the pyroelectric current, during heating at a rate of 0.5–5 K min−1.
The direction of the current was from the electrode facing the negative side of the sample
polarization to the electrode of the positive side. We defined the positive direction of
the current as that after the poling inEcool along the positiveb direction. We derived
spontaneous polarization by integrating the pyroelectric current. In the calculation, we
assumed that the spontaneous polarization was zero above 200 K.

The temperature was detected with an (Au–Fe)–chromel thermocouple in all the
measurements.

3. Results and discussion

In figures 1–3, we depict the temperature dependences of the pyroelectric current along
the b axis for GdMn2O5, TbMn2O5 and YMn2O5, respectively. In every case we noticed
a few anomalies in the temperature dependences. The sign of the current was reversed,
according to the direction of the electric fieldEcool applied during cooling the sample to
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Figure 7. Temperatures of the anomalies of the pyroelectricity, dielectric constant and
magnetoelectric effect for GdMn2O5, TbMn2O5 and YMn2O5.

Figure 8. Structure of RMn2O5.

4.2 K. An exception was YMn2O5, where the current was reversed only below 20 K. A
similar dependence onEcool has also been observed in the magnetoelectric effect of this
oxide [7].

We show the temperature dependences of spontaneous polarization derived from the
pyroelectric current in figures 4–6. In all the oxides studied, we detected a transition
temperatureTc. The spontaneous polarization was zero above this temperature. In addition,
we recorded some other anomalies, suggesting other transitions. In figure 7, we summarized
them as well as the anomalies of dielectric constant and magnetoelectric susceptibility.

For GdMn2O5, the spontaneous polarization decreased monotonically with increasing
temperature from 4.2 K and vanished atTc = 25 K, which is the temperature of the peak
dielectric constant. The spontaneous polarizationPS of TbMn2O5 varied with temperature
in a more complicated way. However, we can recognize a correspondence between the
temperature dependence ofPS and those of the dielectric constant and magnetoelectric
effect. The maximum value of the recorded polarization was of the order of magnitude of
100 nC cm−2 in these oxides. It is comparable with or a little smaller than the maximum
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spontaneous polarization of typical ferroelectric crystals.
There are a few problems in the results on YMn2O5. The polarization could not be

completely switched by the electric field applied during cooling. In addition, its magnitude
was much smaller than those of GdMn2O5 and TbMn2O5. We suppose that these phenomena
are not intrinsic properties but are due to the poor quality of the crystal. We had a similar
problem in an as-grown crystal of HoMn2O5. In this case, the spontaneous polarization of
a well annealed crystal could be switched by electric field cooling [18].

From the above results, we conclude that GdMn2O5, TbMn2O5 and possibly YMn2O5

have a spontaneous polarization, whose sense can be switched by an external electric field,
at low temperatures. In short, they are ferroelectric. A possible direction of spontaneous
polarization is along theb axis in TbMn2O5 and YMn2O5, because the anomaly in the
dielectric constant was observed only in this direction.

A possible model explaining the complicated temperature dependence of spontaneous
polarization of these oxides is that they are ferrielectric and the net polarization is composed
of a few different contributions. It seems natural to assume such a model, because
the displacements of three different kinds of ion, Mn4+, Mn3+ and R3+, with different
coordinations of oxygen ions could be the origin of such contributions to the polarization.

In this context, it seems interesting to note that theb direction is unique in RMn2O5

structure (figure 8), because both MnO6 octahedra and MnO5 bipyramids, respectively, form
a folded chain along this axis. However, a previous x-ray structure analysis of DyMn2O5

concluded that the averages of the square of the displacement of Mn3+ and Mn4+ ions were
smaller along theb direction than along thea andc axes [11].
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[8] Quèzel-Ambrunaz S, Bertaut E F and Buisson G 1964C. R. Acad. Sci., Paris58 3025
[9] Sanina V A, Sapozhnikova L M, Golovenchits E I and Morozov N V 1988 Sov. Phys.–Solid State30 1736

[10] Golovenchits E I, Morozov N V, Sanina V A and Sapozhnikova L M 1992Sov. Phys.–Solid State34 56
[11] Abrahams S C and Bernstein J L 1967J. Chem. Phys.46 3776
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