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Neutron powder diffraction study on Nd2BaCuO5 oxide
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Abstract

The magnetic behaviour of Nd2BaCuO5 oxide has been studied by means of neutron powder diffraction at low temperatures. This oxide
behaves as antiferromagnetic with a Néel temperature of 7.8 K, and the magnetic structure can be described on the basis of a propagation
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ectork = [0, 0, 1/2]. The Cu magnetic moments are aligned along thec-axis of the crystal structure, while the Ndmagnetic momen
ie in theab-plane. The experimental values of the ordered moments at 1.7 K are 0.84 (8) and 0.78 (4)µB for copper and neodymium ion
espectively.
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. Introduction

R2BaCuO5 oxides (R = rare earth) crystallize into two
ifferent structural types depending on the lanthanide triva-

ent cation size. Most of the previous structural and magnetic
tudies have been performed for R2BaCuO5 oxides, where R
tands for samarium to lutetium and yttrium, that crystallize
ith the Sm2BaCuO5 structural type showing orthorhombic
ymmetry and space groupPnma [1]. Their main structural
eature is the presence of isolated distorted square pyramids
CuO5]. Bond valence calculations based on neutron
iffraction data show that the structural instability increases
ith the rare earth cationic radius. The calculated instability

ndex would be very large for the bigger R3+ cations (R = La,
r and Nd), and thePnma structure is not stable for these

hree cations[1]. In fact the lanthanum, praseodymium and
eodymium derivatives present tetragonal symmetry and
rystallize with the Nd2BaPtO5 aristotype, space group
4/mbm [2]. Its characteristic feature is the location of

∗ Corresponding author. Tel.: +34 91 394 4353; fax: +34 91 394 4352.

the copper atoms in isolated square planar [CuO4] units,
forming a quasi bi-dimensional arrangement.

These latter oxides present a rather unusual magnet
haviour among the copper oxides, since La2BaCuO5 ox-
ide behaves as ferromagnetic with a Curie tempera
(TC) of 5.7 K [3], and the substitution of the diamagne
La3+ by paramagnetic Pr3+ and Nd3+ ions produces impo
tant changes in the magnetic behaviour of the isostruc
Pr2BaCuO5 and Nd2BaCuO5 oxides. In fact, the Pr2BaCuO5
oxide shows ferromagnetic interactions below 15 K[4], while
Nd2BaCuO5 oxide is antiferromagnetic with a Ńeel temper
ature (TN) of 7.8 K [5]. In our previous studies, we have c
ried out a detailed study of the mechanism of the mag
interactions that take place in the neodymium oxide, b
on both powder and single crystal magnetic and calorim
measurements[6]. The main purpose of this paper is to stu
the magnetic structure that the Nd2BaCuO5 oxide presents b
means of temperature-dependent neutron powder diffra
and, concomitantly, to determine possible significant di
ences between the room-temperature and low-tempe
crystal structure. Comparisons will be established with
previous single-crystal X-ray diffraction results[6].
E-mail address: rsp92@quim.ucm.es (R. Sáez Puche).

925-8388/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2004.12.060
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2. Experimental

Nd2BaCuO5 powder sample was prepared by a solid
state reaction following the synthesis method described else-
where [7]. Neutron diffraction data were collected in the
D2B neutron diffractometer using the high flux reactor fa-
cilities of the Institut Laue-Langevin in Grenoble, France.
The wavelength used was 2.46Å and neutron diffraction
patterns were collected at 150, 50 and 1.7 K. The data
were analyzed with the Rietveld method using the FULL-
PROF program[8]. The specific heat was measured by

the heat phase-relaxation method in a Quantum Design
PPMS.

3. Results and discussion

3.1. Structural characterization

Neutron powder diffraction patterns obtained at 150 and
1.7 K are shown inFig. 1. The data have been refined con-
sidering theP4/mbm space group, and the obtained results

F
V
p

ig. 1. Neutron powder diffraction patterns obtained at 150 and 1.7 K (dots)
ertical marks show the position of the nuclear (first row) and magnetic (se
attern.
, and calculated from the Rietveld refinement (solid line) for Nd2BaCuO5 oxide.
cond row) Bragg reflections. A difference curve is plotted at the bottom of the
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Table 1
Lattice parameters, atomic coordinates and reliability factors from the Rietveld refinement of the neutron powder diffraction data obtained at 150,50 and 1.7 K

a (Å) c (Å)

6.7544 (5) 5.8709 (5)
6.7490 (5)a 5.8683 (5)a

6.7483 (5)b 5.8684 (5)b

Atom Site x y z

Nd 4h 0.1738 (2) 0.6738 (2) 0.5
0.1737 (2)a 0.6737 (2)a 0.5
0.1737 (1)b 0.6737 (1)b 0.5

Ba 2a 0 0 0
Cu 2d 0 0.5 0
O (1) 2b 0 0 0.5

O (2) 8k 0.3603 (1) 0.8603 (1) 0.7591 (2)
0.3601 (1)a 0.8601 (1)a 0.7587 (2)a

0.3601 (1)b 0.8601 (1)b 0.7591 (2)b

Temperature (K) RB (%) χ2 Rwp (%)

150 2.51 2.74 9.99
50 2.44 2.64 9.65
1.7 2.14 2.18 9.74

Numbers in parentheses are estimated standard deviations.
a Data at 50 K.
b Data at 1.7 K.

at 150, 50 and 1.7 K are given inTable 1. Both lattice pa-
rameters and atomic positions agree with those previously
reported from our single crystal X-ray diffraction study at
room temperature[6], but better accuracy is obtained for the
light oxygen atoms. The lattice parameters progressively de-
crease with the temperature from 150 to 1.7 K as a result of
the thermal contraction of the crystal lattice, seeTable 1.

The isolated square planar [CuO4] units present four equal
Cu O distances of 1.945 (1)̊A at 1.7 K. This value does not
show any temperature dependence, remaining almost con-
stant up to 150 K, and agrees well with that obtained from
single crystal X-ray diffraction at room temperature of 1.947
(7)Å [6]. It is worth noting that the [CuO4] groups have a
subtle distortion giving rise to two planar angles OCu O
of 86.72 (6) and 93.27 (7)◦ at 1.7 K. These values remain
almost constant up to 150 K and agree with those obtained
from single crystal X-ray diffraction at room temperature of
85.7 (4) and 94.3 (4)◦ [6].

3.2. Magnetic behaviour

Previously reported magnetic susceptibility data for a
powdered Nd2BaCuO5 sample[6,7] show a Curie–Weiss be-
haviour over the wide temperature range of 300–50 K, and
the obtained magnetic moment agrees well with the calcu-
lated one taking into account the Nd3+ and Cu2+ paramag-
n nce
o
c sug-
g 7.8 K
[ ility
m oned
l ed
i er
v e

susceptibility (χav = (2/3)χ|| + (1/3)χ⊥) that corresponds to
the powder sample. On the other hand, bulk specific heat mea-
surements confirms this long-range magnetic order with the
presence of aλ-type transition at 7.8 K, as displayed inFig. 2.

The neutron diffraction pattern obtained at 1.7 K reveals
the onset of a new reflection at about 2θ = 43.8◦ and the
increase in intensity of some nuclear reflections, as can
be seen in the inset ofFig. 1. This fact can be ascribed to
the occurrence of long-range magnetic ordering. All those
magnetic reflections can be indexed in a commensurable
lattice related to the crystallographic one by a propagation
vectork = [0, 0, 1/2]. Since both Nd3+ and Cu2+ sublattices
become ordered at the same temperature, the basis vectors

F in the
a
b of the
m eld of
µ

etic contributions. Moreover, it is worth noting the abse
f any maximum at lower temperatures, see inset ofFig. 2, as
ould be expected from the antiferromagnetic ordering
ested by means of optical spectroscopy data below

9]. However, our recent anisotropic magnetic susceptib
easurements on a single crystal fully justifies the menti

ack of any maximum[6], since the clear maximum observ
n the parallel susceptibility (χ||) can be masked by the high
alues of the perpendicular susceptibility (χ⊥) in the averag
ig. 2. Temperature dependence of the total specific heat measured
bsence of an external magnetic field (µ0Hex = 0 T) for Nd2BaCuO5 oxide
elow 50 K. The inset corresponds to the temperature dependence
agnetic susceptibility between 2 and 50 K in an external magnetic fi

0Hex = 0.1 T.
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Fig. 3. Proposed magnetic structure for Nd2BaCuO5 oxide at 1.7 K, outlined within the crystallographic unit cell.

which describe the magnetic structure must belong to the
same irreducible representation. In this sense, the represen-
tation analysis within the framework of group theory and
following the method proposed by Bertaut[10] arrives at
different magnetic structures compatible with the crystal
symmetry[11]. The best fit of the experimental data has
been obtained considering the Nd3+ magnetic moments
(mNd) coupled antiferromagnetically in theab-plane and the
Cu2+ ones (mCu) aligned antiferromagnetically along the
c-axis of the structure, as depicted inFig. 3. Since the crystal
structure remains tetragonal down to 1.7 K, all possible
directions of the neodymium magnetic moments in the
ab-plane are magnetically equivalent. Furthermore,mNd and
mCu are perpendicular while in the case of the homologous
R2BaNiO5 oxides the R3+ and Ni2+ magnetic moments
are mainly parallel. For example, a collinear structure has
been reported for Nd2BaNiO5 oxide, where the neodymium
and nickel magnetic moments are located along thec-axis
[12]. This difference could be an indication of the relatively
high intrinsic magnetic anisotropy of the neodymium
ion in Nd2BaCuO5 oxide, as compared with the possible
anisotropy coming from the Nd–Cu magnetic interactions.

The mechanism through which the foregoing magnetic
structure is established can be explained considering the pos-
sible pathways for the different magnetic interactions. Firstly,
the dipolar Nd–Nd interactions are extremely weak and can
b y
t the
N d
d ge

Cu O O Cu interactions, noted by a dashed line inFig. 3,
the orbital overlap is hindered by the values of the bond an-
gles involved in the superexchange pathways (75.60 (4)◦ for
Cu O O and 129.79 (5)◦ for O O Cu), together with the
O O bond distance of 3.687 (1)Å. It is well established that
these interactions, in which the half-filled dx2−y2 and filled
dz2 orbitals of Cu2+ are involved, give rise to the low tem-
perature ferromagnetic behaviour (TC = 5.7 K)[13] observed
in the case of the La2BaCuO5 compound, according to the
Goodenough–Kanamori–Anderson rules[14]. However, the
presence of the paramagnetic Nd3+ atoms leads to consider
the superexchange CuO Nd interactions, denoted by a bold
line in Fig. 3, which are strongly favoured by both the bond
angle of 173.88 (5)◦ and the total distance for this pathway of
4.279 (1)Å. Consequently, the magnetic ordering is mainly
governed by the effective orbital overlap of CuO Nd inter-
actions, where the half-filled dx2−y2 orbital of the Cu2+ ions
is involved.

The observed magnetic moment for the copper ions in the
ordered state takes the value of 0.84 (8)µB at 1.7 K, which
agrees with the expected value of 2S = 1µB. The small dif-
ference may be assigned to covalency effects associated with
the Cu O bonds. However, in the case of the neodymium
ions the experimental magnetic moment, 0.78 (4)µB, is sig-
nificantly smaller than the expected one for the free ion,
g ous
w al
fi
t e of
2 ment
e neglected in the Nd2BaCuO5 compound, as implied b
he lack of long-range magnetic order down to 4.2 K in
d2BaZnO5 oxide [9], and by the relatively large Nd–N
istance of 3.528 (1)̊A. Besides that, in the superexchan
J × J = 4.20µB. This fact has been explained in a previ
ork by considering theg-values derived from the cryst
eld simulation[6]. The perpendicular component of theg-
ensor (g⊥) for the crystal-field ground state takes a valu
.2, so that its corresponding neodymium magnetic mo
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is mNd = 0.5× g⊥ × µB = 1.1µB. The first excited crystal-
field state is placed at 95 K from the ground term[6], so
that it does not contribute significantly to the Nd3+ magnetic
moment in the ordered state. That value for the ordered mag-
netic moment coming from the ground state is relatively close
to the experimental one obtained at 1.7 K of 0.78 (4)µB. The
difference could be attributed to the Zeeman splitting below
the Ńeel temperature of the doublet crystal-field ground term,
caused by the magnetic interaction of the magnetic moment
associated with the 4f electronic cloud with the molecular
field present at the neodymium site.
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