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Magnetic and magnetoelectric properties of Ho2BaNiO5
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�Received 5 April 2007; revised manuscript received 11 June 2007; published 11 July 2007�

The compounds R2BaNiO5, with R a rare earth, exhibit low dimensional magnetism including a Haldane
gap, originating from Ni2+ chains. In these compounds, the rare-earth ions give rise to three-dimensional
antiferromagnetic ordering which does not eliminate the Haldane-like behavior. We study here the interplay
between magnetic and dielectric properties of Ho2BaNiO5 on a polycrystalline sample. We show that a linear
magnetoelectric effect exists in this compound. We discuss our results in the light of the rich magnetic phase
diagram of Ho2BaNiO5.
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I. INTRODUCTION

Interest in low dimensional magnetism was greatly re-
newed by the theoretical work of Haldane, who predicted
that an integer-spin Heisenberg antiferromagnetic chain
should have a singlet ground state, and a gap in the magnetic
spectrum.1 Several examples of quasi-one-dimensional sys-
tems with a Haldane gap have been studied by now �see Ref.
2 and references therein�. Most of the work has been carried
out on organometallic compounds.3

Darriet and Regnault4 and DiTusa et al.5 were the first to
observe a Haldane gap in a metal oxide compound, namely,
Y2BaNiO5. The R2BaNiO5 �R=rare earth or Y� oxides
present interesting structural and magnetic properties due to
the fact that their structure possesses a strong one-
dimensional �1D� character.6,7 As a function of R and the
synthesis conditions, the R2BaNiO5 family can crystallize in
two different polymorphs: Pnma �no. 62� and Immm �no.
71�.8,9 The members in which we are interested have the
Immm symmetry. The main structural feature is the presence
of 1D chains of NiO6 octahedra along the a axis. The octa-
hedra are strongly distorted with a very short Ni-Oapical dis-
tance ��1.88 Å�, and a longer Ni-Obasal distance
��2.18 Å� �see Fig. 1�.

In particular, the R2BaNiO5 family is of interest from a
magnetic point of view, due to the fact that the onset of 3D
long-range magnetic order does not eliminate the Haldane-
like behavior above and below the Néel temperature.10 Our
motivation in studying the Ho member of this family was
triggered by two reasons: the existence of two field induced
phase transitions at low temperature and the possible exis-
tence of magnetoelectricity. We will show in a first part that
we predict the presence of a linear magnetoelectric effect
based on symmetry analysis. From this prediction, we have
synthesized the compound and studied its magnetic proper-
ties. We finally demonstrate experimentally the presence of
an induced polarization by application of a magnetic field
�linear magnetoelectric effect� on a polycrystalline sample.
We discuss the magnetic field behavior of the induced polar-
ization in the light of the two unusual field induced phase
transitions.

II. MAGNETIC SYMMETRY ANALYSIS

García-Matres et al. have studied the magnetic structures
of most of the members of the R2BaNiO5 family using neu-

tron powder diffraction �R=Nd, Tb, Dy, Ho, Er, and Tm�.11

Below TN, Ho2BaNiO5 orders magnetically with a magnetic
wave vector k� = �1/2 ,0 ,1 /2�. The Ni atoms occupy the Wy-
ckoff position 2a and the Ho atoms occupy the Wyckoff
position 4j with z�0.202. The authors determined the point
group of the little group Gk being 2/m. Using group theoret-
ical methods, they determined that Ho2BaNiO5 could be de-
scribed by the Bg representation of the little group 2/m. Con-
sequently, the magnetic moments of Ni and Ho ions are
within the ac plane. The easiest way to describe the magnetic
structure is to work in the enlarged unit cell. Using the pro-
gram ISOTROPY,12 an enlargement of the unit cell by a vector
�1/2 ,0 ,1 /2� gives rise to the space group Cmmm �no. 65�
with a��=2c�, b��=2a� , and c��=b� . The new Wyckoff positions
for Ni are �in the Cmmm setting� 2a, 2b, and 4f . The new
Wyckoff positions for Ho are 8p, and two times 4h with
different x coordinate in Cmmm setting.

We know from the work of García-Matres and
co-workers11,13 that the magnetic moments of Ni and Ho at

1.5 K are S�Ni= �0.58�9� ,0 ,−1.26�4�� and S�Ho

= �0.12�5� ,0 ,9.06�4��, respectively. We consider only one
propagation vector which defines the magnetic structure.
Thus we can relate any magnetic moment in the structure by

Space-group: Immm (#71)

a = 3.8Å, b = 5.8Å, c = 11.7Åc

b

R3+ Ba2+ NiO6 Octahedron

FIG. 1. Crystallographic structure of the R2BaNiO5 in the space-
group Immm. The cell parameters are a�3.8 Å, b�5.8 Å, and c
�11.3 Å for small R and c�11.7 Å for large R.
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S�n = S�k exp�− i2�k� · Rn
� � , �1�

where Sn
� is the magnetic moment of the atom considered

attached to the lattice point Rn
� for a magnetic wave vector k�.

We investigate the eight axial vector representations of the
symmetry elements �we deal here with spins� of the space-
group Cmmm �in the enlarged unit cell�. We find out that the
only symmetry elements which remain are the two fold axis
along y �in Cmmm symmetry� and the mirror mxy �in Cmmm
symmetry� which is primed. Consequently, the magnetic
point group describing the magnetic order under TN is 2 /m�.
According to Ref. 14 this compound may present a linear
magnetoelectric effect. This prediction has been the motiva-
tion for an experimental investigation of Ho2BaNiO5.

III. SYNTHESIS AND CHARACTERIZATION

The synthesis of Ho2BaNiO5 was already reported.9,11,13

We follow a similar procedure for the synthesis of our
sample. Ho2BaNiO5 was prepared as polycrystalline material
by solid state reaction from stoichiometric mixtures of ana-
lytical grade Ho2O3 �dried at 1000 °C overnight prior to
use�, NiO �99.999%�, and BaCO3. The sample was ground,
pelletized, and heated in air overnight at 900, 950, 1050, and
1100 °C until reaching x-ray pure sample. After each ther-
mal treatment, the reaction products were reground and re-
pelletized before starting the next treatment.

The quality of the sample was checked by means of pow-
der x-ray diffraction using a Bruker D8 Advance diffracto-
meter with an energy dispersive detector. Refinement of the

powder data has been carried out using the program GSAS.15

We use the peak profile function of type 2 in GSAS. Only
three parameters have been used to describe the peak shape
with one Gaussian parameter, one Lorentzian parameter, and
the shift. The results of the refinement are presented in Fig. 2
and in Table I. We obtain very good refinement of the struc-
ture with the following statistics: GoF=1.51, wRp=3.28%,
and Rp=3.94% with cell parameters a=3.760 10�5� Å, b
=5.758 71�7� Å, c=11.3275�1� Å at room temperature.

IV. MAGNETIC PROPERTIES

The magnetic properties have been investigated for two
reasons: the magnetoelectric effect is dependent on the mag-
netic properties and two field induced phase transitions have
been reported for Ho2BaNiO5. Checking for the existence of
such transition is a good way to further investigate the qual-
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FIG. 2. Refinement of the crystal structure of Ho2BaNiO5 on a powder sample. The refinement was carried with Immm symmetry giving
rise to the following statistics: GoF=1.51, wRp=3.28%, and Rp=3.94%. Cell parameters: a=3.76 010�5� Å, b=5.758 71�7� Å, c
=11.3275�1� Å at room temperature.

TABLE I. Crystallographic coordinates extracted from the Ri-
etveld refinement carried out on x-ray powder diffraction using the
space group Immm at room temperature.

Atom Wyckoff x y z Uiso

Ho 4j 0.5 0 0.7977�1� 0.0473�7�
Ba 2c 0.5 0.5 0 0.0490�8�
Ni 2a 0 0 0 0.049�1�
O1 8l 0 0.766�1� 0.8500�5� 0.058�2�
O2 2b 0 0.5 0.5 0.041�5�
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ity of the sample, especially in terms of phase purity.
We present in Fig. 3 the field dependence of the magne-

tization measured at T=5 K in order to confirm the experi-
mental observations.9,11,13 We confirm the two field induced
phase transitions at a slightly different value for HC2 �5.2 T
vs 5.4 T� and exactly the same for HC1 �2.9 T�.

The magnetization for Ho2BaNiO5 reaches �1�B at HC1
and �4.5�B at HC2 per formula unit. From neutron measure-
ments in zero magnetic field,13 the Ni moments are rotated
26° from the c axis to the a axis, and the Ho moment is
almost collinear with the c axis at 1.5 K �0.7°�. The Ni and
Ho moments reach 1.4�B and 9�B at 1.5 K, respectively.
Thus we observe that even at HC2, we are still far from the
saturated value of the magnetic moment of Ho. This is in
contrast with Nd2BaNiO5. In this material, a full saturation
of the rare-earth moment is reached at HC2,16 while this is
not the case for Ho in Ho2BaNiO5. From neutron diffraction,
we expect that the scenario for Nd would also hold for Ho
since both rare earths order along the c axis. Experiments on
single crystal of Ho2BaNiO5 could clarify the reasons for this
discrepancy. In addition to the magnetization vs magnetic
field, we measure also the temperature dependence of the
magnetic susceptibility of a Ho2BaNiO5 pellet. The results
are presented in Figs. 4 and 5.

The magnetic susceptibility data present the common fea-
tures of the R2BaNiO5 family. There is a broad maximum at
around 30 K characteristic for all the family. Indeed, this
broad maximum �maximum at �max� is always present below
TN for any R �e.g., Er2BaNiO5, Tmax=16 K, and TN=33 K�.17

From neutron diffraction, it has been shown that there is a
change of slope of the Ho magnetic moment around 30 K
corresponding to �max in the magnetic susceptibility data.13

In low-dimensional magnetic systems a maximum in mag-
netic susceptibility is not related to the 3D antiferromagnetic
ordering. The magnetic data, such as reported in Fig. 4, were
analyzed as presented in Fig. 6 for magnetic fields of several

T. However, no signature of a phase transition could be ob-
served.

In Fig. 5, we present the inverse susceptibility of a poly-
crystalline sample of Ho2BaNiO5 measured in zero field
cooled mode with a magnetic field of 0.01 T. We could fit
the data in the paramagnetic phase using a Curie-Weiss de-
pendence defined by 1

� = T+�
C between 200 and 300 K. We find

that Ho2BaNiO5 exhibits ferromagnetic interactions since �
is positive ��=10.8 K�. In addition, the value of the Curie
constant C=27.8 emu K mol−1 is in good agreement with the
theoretical value of 28. It should be noted that at all tempera-
tures the magnetic susceptibility is dominated by the contri-
bution of the Ho3+ moments �pef f =10.4�B, C2�Ho3+

=27 emu K mol−1� being much larger than the contribution
of the Ni2+ moments �pef f =2.8�B, CNi2+ =1 emu K mol−1�.
This means that in the paramagnetic regime the Ni2+ contri-

FIG. 3. Magnetic field dependence of the magnetization mea-
sured on a pellet of Ho2BaNiO5 at 5 K. Two noticeable magnetic
induced transitions are at HC1=2.9 T and at HC2=5.2 T.

FIG. 4. Magnetic susceptibility measured on a Ho2BaNiO5 pel-
let in zero field cooled mode function for different applied magnetic
fields: 0.1 T �triangles�, 4 T �circles�, and 6 T �squares�.

FIG. 5. Inverse magnetic susceptibility measured on a pellet of
Ho2BaNiO5 in zero field cooled mode with 0.01 T. The line is a fit
of the Curie-Weiss function using 1

� = T+�
C .
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bution is only about 4% of the total susceptibility.
Considering the derivative d� /dT, we notice an anomaly

around 50 K in agreement with the reported Néel tempera-
ture of TN=53 K �Refs. 11, 13, and 17� �see Fig. 6�. Conse-
quently, we ascribe this anomaly as the signature for the Néel
temperature. The insufficient accuracy of our data for higher
magnetic fields does not allow, even by plotting d� /dT, the
determination of the magnetic ordering temperature. In first
approximation, we assume that TN does not change.

In Fig. 4, we can observe that the decrease below �max
disappears when applying a magnetic field of 6 T. As the
susceptibility is dominated by the Ho contribution, this de-
crease should be associated with the magnetic behavior of
the Ho spins. There can be several reasons for this decrease:
�i� the magnetic ordering of the Ho sublattice; �ii� the low-
dimensional behavior of the Ho sublattice, or �iii� a coupling
of the Ho3+ spins to the Ni2+-Haldane system. We consider
the first possibility unlikely because this would not lead to a
suppression below 30 K but already below TN�53 K.13 The
second option arises from the large moment for Ho for which
a field of 6 T represents a significant magnetic energy com-
pared with the magnetic interactions. Nevertheless, we adopt
the suggestion by Zheludev et al.18 They argue that there
exists significant coupling of local crystal field excitations of
the rare-earth ions to the Haldane-gap excitations of the Ni
sublattice. In such case the low-temperature behavior of the
susceptibility may be determined by excitations of the Ho
sublattice, being coupled to the Ni-sublattice system, which
exhibits excitations across the Haldane gap �. Modeling the
magnetic susceptibility by a temperature independent term

and a Haldane-gap term
exp�−�/T�

�T
,19 we extract from our mag-

netic susceptibility data below 15 K a value of ��42 K
which is significantly lower than the value reported for
Nd2BaNiO5 ��=127 K� �Ref. 20� or for Y2BaNiO5 ��
=100 K� �Ref. 4� �see Fig. 7�.

The dependence of the Néel temperature of this family as
function of the ionic radius suggests the influence of the
volume, as well as the value of gJ, in the magnetic order.11

For a Haldane system, the value of the gap � depends on the
value of J. The value of the gap for Ho2BaNiO5 is reduced
by a factor 2 compared to other known R2BaNiO5. Such
reduction of the gap could be due to different reasons: �i� a
significant difference in the Ni-Ni distances for Ho2BaNiO5
compared to the other rare earths; �ii� an interchain coupling
much larger in Ho2BaNiO5 which would renormalize the
value of the gap. The first possibility is unlikely due to the
fact that the Ni-Ni distance �cell parameter a=d �Ni-Ni��
varies only by few percent over the different ionic radius �see
Fig. 8�.

If we assume that J does not change much between dif-
ferent members of the R2BaNiO5 family, which is true at
least for Tb, Dy, Ho, Er, and Tm,11 the value of the Haldane
gap � should vary in an opposite fashion to the Néel tem-
perature. We see in Fig. 8 that the Néel temperature increases
linearly between Yb and Dy. Thus we believe that the reason
for a reduced Haldane gap in Ho2BaNiO5 is likely due to a

FIG. 6. d� /dT vs temperature for an applied field of 0.01 T. The
arrow indicates the Néel temperature in agreement with the litera-
ture �Refs. 11, 13, and 17�.

FIG. 7. Estimation of the Haldane gap in Ho2BaNiO5 by mod-

eling the low temperature data with �=a+b
exp�−�/T�

�T
. We use the

temperature range 5–15 K.

FIG. 8. The Néel temperature and the a cell parameter of some
R2BaNiO5 from Ref. 7.
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renormalization originating from the onset of a long-range
magnetic ordering.

We believe that for T��, the magnetic susceptibility ex-
hibits Haldane behavior �see Fig. 7� originating from the Ho
spins, being coupled by exchange to the Ni sublattice. Thus
the disappearance of the decrease in � below �max can be
associated with the closure of the Haldane gap by a magnetic
field, or with a change in the coupling of the Ho spins to the
Ni spins. We do not know the influence of the external mag-
netic field on the staggered exchange field acting on the Ni
chains due to the Ho sublattice magnetization. In zero field,
the staggered exchange field is about 35 T.20 Therefore we
believe that an external magnetic field of 6T�35T does not
close the Haldane gap.

V. MAGNETOELECTRICITY

Now that we have investigated the magnetic properties of
Ho2BaNiO5, we will show that we could induce a finite po-
larization in a magnetic field. The polarization was measured
in a magnetic field. For each measurement, we cooled down
the sample to 5 K starting from 90 K �T�TN�. During the
cooling process, we applied the magnetic field perpendicular
to the electric field �magnetoelectric annealing�. We used two
different electric fields: 3.15 kV/cm �175 V� and 4.5 kV/cm
�250 V�. At 5 K, we removed the electric field and kept the
magnetic field. The induced polarization was measured upon
heating by integrating the pyroelectric current. The electric
field was generated using a Keithley 237 high voltage source
measure unit. The pyroelectric current was measured using a
Keithley 617 programmable electrometer. The sample used
was a sintered pellet polished down to 0.55 mm thickness
with 0.5 mm2 contact area. In general, a polycrystalline
sample has random orientations of the crystallographic axes.
Applying an electric field will generate a polarization in ac-
cordance with the component of the electric field along the
polar axis. Consequently in the measurements presented be-
low the absolute value of the pyroelectric current do not
reflect the value corresponding to a monodomain single crys-
tal. This picture is further complicated by the eventual pres-
ence of domains of the various grains and the high aniso-
tropy of the material �one-dimensional system� The
temperature scale is accurate as was checked on other ferro-
electric materials with ordering near 50 K.

First, we measure our sample applying an electric field of
3.15 kV/cm �175 V�. We show the induced polarization in
Fig. 9 under the application of a 1-T magnetic field. We
observe that the induced polarization has a broad maximum
around 30 K. Above T�30 K, the polarization decreases al-
most linearly and becomes zero near 70–75 K. The linear
magnetoelectric effect is observable only in the magnetically
ordered phase. Thus it is surprising that the polarization dis-
appears near 70–75 K while TN is about 55 K. Thus we
measure the induced polarization under H=1 T for a higher
electric field. We show for comparison in the same figure, the
induced polarization under 1-T magnetic field when applying
a 4.5 kV/cm �250 V� electric field. The temperature behav-
ior is similar for both electric fields. However, the polariza-
tion for a 4.5-kV/cm electric field becomes zero at a lower

temperature around 60 K. Moreover, we notice a signifi-
cantly higher value of the induced polarization for the
4.5-kV/cm electric field. Thus we believe that the apparent
transition temperature to the paramagnetic paraelectric phase
is related to the electric domains structure of our polycrys-
talline sample. One possible reason could be the presence of
strong low dimensional interactions above TN. This is known
to occur in Nd2BaNiO5.18 The magnetic interactions could
couple to the polarization and thus be affected by the
strength of the electric field. Therefore the onset of the po-
larization does not coincide exactly with TN.

Attempts of measurement with higher electric fields than
4.5 kV/cm were not possible due to the vicinity to the elec-
trical breakdown of the sample. Consequently in the remain-
ing part of our investigation, we made a magnetic field de-
pendence study using a 4.5 kV/cm electric field. We present
in Fig. 10 the magnetic field dependence of the induced po-
larization. There are common features of the induced polar-
ization independent of the applied magnetic field. These
common features are a linear dependence of the induced po-

FIG. 9. Influence of the applied voltage on the induced polar-
ization with H=1 T.

FIG. 10. Magnetic field dependence of the induced polarization
measured on a pellet of Ho2BaNiO5 using a 4.5-kV/cm electric
field.
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larization close to TN and a broad maximum around 30 K. In
first approximation, we know that the induced polarization
close to TN is proportional to the magnetic order parameter.21

From neutron diffraction,13 we know that the Ho magnetic
moment below TN and over a quite large range of tempera-
ture has a quasilinear temperature dependence. The Ni mo-
ments saturate very quickly below TN. Thus we ascribe the
linear temperature dependence of the polarization below TN
as a result of the magnetic order parameter. In this tempera-
ture range, this magnetic order parameter is mostly governed
by the Ho magnetic moment and thus we are not sensitive to
the Haldane gap to which the Ni moments contribute. An-
other common feature is the broad maximum around 30 K
which is almost magnetic field independent. This broad
maximum is also present in the magnetic susceptibility �see
Fig. 4� as a result of the one-dimensional character of the
magnetic order. Thus we observe that the temperature depen-
dence of the polarization reflects the 1D character of the
magnetic order. Applying a magnetic field, we observe a de-
crease of the induced polarization from 1 to 5 T. At H
=6 T, we observe a jump in the induced polarization. This
jump in the polarization can not be related to the eventual
closing of the Haldane gap as discussed earlier. We know
from susceptibility data that at HC2, we have a new magnetic
phase. Thus in the hypothesis of a higher magnetization, one
can expect a higher induced polarization. If the gap is closed,
then the total magnetic moment of the system would increase
and thus the induced polarization would increase too. How-
ever, the decrease from 1 to 5 T followed by the increase at
6 T of the polarization remains to be explained. The obser-

vation of a finite polarization at any magnetic fields give us
the indication that the three magnetic phases observed in Fig.
3 are magnetoelectric and thus magnetically ordered. This is
surprising since the second metamagnetic phase transition at
HC2 would typically gives rise to a paramagnetic phase for a
simple 1D-Heisenberg system. Additional measurements and
neutron diffraction under magnetic field could clarify the
magnetic field dependence of the structural and magnetic
properties.

VI. CONCLUSION

Using symmetry arguments, we predict a linear magneto-
electric effect in Ho2BaNiO5. We investigate the magnetic
and magnetoelectric properties of this Haldane gap system.
We confirm the existence of two metamagnetic phase transi-
tions at HC1=2.9 T and at HC2=5.2 T at 5 K. We show that
this system presents a linear magnetoelectric effect which
exhibits the 1D character of its magnetic order. In addition,
we demonstrate the unusual magnetic behavior of this
Heisenberg system through its magnetoelectric response.
Further investigations are necessary to interpret the relation-
ships between magnetic and dielectric properties.
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