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Abstract

The magnetic behaviour of NBaCuG oxide has been studied by means of neutron powder diffraction at low temperatures. This oxide
behaves as antiferromagnetic with @eélltemperature of 7.8 K, and the magnetic structure can be described on the basis of a propagation
vectork =10, 0, 1/2]. The Cé&" magnetic moments are aligned along thaxis of the crystal structure, while the Kdnagnetic moments
lie in theab-plane. The experimental values of the ordered moments at 1.7 K are 0.84 (8) and Q& 8&(4opper and neodymium ions,
respectively.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the copper atoms in isolated square planar [gJuaits,
forming a quasi bi-dimensional arrangement.
RoBaCuG oxides (R=rare earth) crystallize into two These latter oxides present a rather unusual magnetic be-

different structural types depending on the lanthanide triva- haviour among the copper oxides, sinceRaCuG ox-
lent cation size. Most of the previous structural and magnetic ide behaves as ferromagnetic with a Curie temperature
studies have been performed fofBaCuG; oxides, where R (Tc) of 5.7K [3], and the substitution of the diamagnetic
stands for samarium to lutetium and yttrium, that crystallize La3* by paramagnetic Bf and N&* ions produces impor-
with the SmBaCuG; structural type showing orthorhombic tant changes in the magnetic behaviour of the isostructural
symmetry and space grodfuma [1]. Their main structural Pr,BaCuG; and Ng@BaCuG; oxides. In fact, the BBaCuG;
feature is the presence of isolated distorted square pyramidsoxide shows ferromagnetic interactions below 18K while
[CuOs]. Bond valence calculations based on neutron Nd;BaCuG oxide is antiferromagnetic with aé¢l temper-
diffraction data show that the structural instability increases ature () of 7.8 K[5]. In our previous studies, we have car-
with the rare earth cationic radius. The calculated instability ried out a detailed study of the mechanism of the magnetic
index would be very large for the biggefReations (R = La, interactions that take place in the neodymium oxide, based
Pr and Nd), and thénma structure is not stable for these on both powder and single crystal magnetic and calorimetric
three cationgl]. In fact the lanthanum, praseodymium and measuremen{$]. The main purpose of this paper is to study
neodymium derivatives present tetragonal symmetry and the magnetic structure that the MhCuG; oxide presents by
crystallize with the N@BaPtG; aristotype, space group means of temperature-dependent neutron powder diffraction
PAlmbm [2]. Its characteristic feature is the location of and, concomitantly, to determine possible significant differ-
ences between the room-temperature and low-temperature
* Corresponding author. Tel.: +34 91 394 4353; fax: +34 91 394 4352, Ccrystal structure. Comparisons will be established with our
E-mail address: rsp92@quim.ucm.es (R48z Puche). previous single-crystal X-ray diffraction resu[&].
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2. Experimental the heat phase-relaxation method in a Quantum Design
PPMS.
Nd>BaCuG powder sample was prepared by a solid
state reaction following the synthesis method described else-
where [7]. Neutron diffraction data were collected in the 3. Results and discussion
D2B neutron diffractometer using the high flux reactor fa-
cilities of the Institut Laue-Langevin in Grenoble, France. 3.1. Structural characterization
The wavelength used was 2.Agand neutron diffraction
patterns were collected at 150, 50 and 1.7K. The data Neutron powder diffraction patterns obtained at 150 and
were analyzed with the Rietveld method using the FULL- 1.7 K are shown irFig. 1 The data have been refined con-
PROF program[8]. The specific heat was measured by sidering theP4/mbm space group, and the obtained results
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Fig. 1. Neutron powder diffraction patterns obtained at 150 and 1.7 K (dots), and calculated from the Rietveld refinement (solid linBpfou®dxide.
Vertical marks show the position of the nuclear (first row) and magnetic (second row) Bragg reflections. A difference curve is plotted at the bettom of th

pattern.
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Table 1
Lattice parameters, atomic coordinates and reliability factors from the Rietveld refinement of the neutron powder diffraction data obtairé€deatdl 57, K
a® c®
6.7544 (5) 5.8709 (5)
6.7490 (5} 5.8683 (5}
6.7483 (5% 5.8684 (59
Atom Site X y z
Nd 4h 0.1738 (2) 0.6738 (2) 0.5
0.1737 (2% 0.6737 (23 0.5
0.1737 (1Y 0.6737 (1Y 05
Ba 2a 0 0 0
Cu 2d 0 0.5 0
o) 2b 0 0 0.5
0(2) 8k 0.3603 (1) 0.8603 (1) 0.7591 (2)
0.3601 (1} 0.8601 (1} 0.7587 (2}
0.3601 (1Y 0.8601 (1% 0.7591 (2y
Temperature (K) Rg (%) Rup (%)
150 2,51 2.74 9.99
50 2.44 2.64 9.65
17 2.14 2.18 9.74

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

at 150, 50 and 1.7 K are given ifable 1 Both lattice pa-

susceptibility §av=(2/3)x; +(1/3)x.) that corresponds to

rameters and atomic positions agree with those previouslythe powder sample. Onthe other hand, bulk specific heat mea-
reported from our single crystal X-ray diffraction study at surements confirms this long-range magnetic order with the
room temperaturfb], but better accuracy is obtained for the presence of a-type transition at 7.8 K, as displayedhig. 2

The neutron diffraction pattern obtained at 1.7 K reveals
crease with the temperature from 150 to 1.7 K as a result ofthe onset of a new reflection at abowt=243.8 and the

light oxygen atoms. The lattice parameters progressively de-

the thermal contraction of the crystal lattice, Jable 1
The isolated square plangr [Cui@nits present four equal
Cu-0 distances of 1.945 (B at 1.7 K. This value does not

increase in intensity of some nuclear reflections, as can
be seen in the inset dfig. 1 This fact can be ascribed to
the occurrence of long-range magnetic ordering. All those

show any temperature dependence, remaining almost conimagnetic reflections can be indexed in a commensurable
stant up to 150K, and agrees well with that obtained from lattice related to the crystallographic one by a propagation
single crystal X-ray diffraction at room temperature of 1.947 vectork =[0, 0, 1/2]. Since both N¥ and C#* sublattices

(7)A [6]. It is worth noting that the [Cug) groups have a
subtle distortion giving rise to two planar angles@Q+—0O

of 86.72 (6) and 93.27 (7)at 1.7 K. These values remain
almost constant up to 150K 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 NeBaCuG sampld6,7] show a Curie-Weiss be-
haviour over the wide temperature range of 300-50K, and
the obtained magnetic moment agrees well with the calcu-
lated one taking into account the Ridand C#* paramag-
netic contributions. Moreover, it is worth noting the absence
of any maximum at lower temperatures, see ins€igf2, as
could be expected from the antiferromagnetic ordering sug-
gested by means of optical spectroscopy data below 7.8 K
[9]. However, our recent anisotropic magnetic susceptibility
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measurements on a single crystal fully justifies the mentioned Fig. 2. Temperature dependence of the total specific heat measured in the
lack of any maximunfi6], since the clear maximum observed absence of an external magnetic fiiblex =0 T) for NoBaCuG oxide

. y A ) below 50K. The inset corresponds to the temperature dependence of the
in the parallel susceptibilityy;) can be masked by the higher

' = - magnetic susceptibility between 2 and 50 K in an external magnetic field of
values of the perpendicular susceptibiliggi () in the average  j10Hex=0.1T.
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Fig. 3. Proposed magnetic structure forJBdCuG; oxide at 1.7 K, outlined within the crystallographic unit cell.

which describe the magnetic structure must belong to the Cu—-O—0O—Cu interactions, noted by a dashed ling-ig. 3
same irreducible representation. In this sense, the representhe orbital overlap is hindered by the values of the bond an-
tation analysis within the framework of group theory and gles involved in the superexchange pathways (75.60f¢f)
following the method proposed by BertatO] arrives at Cu—0-0 and 129.79 (5)for O—O—Cu), together with the
different magnetic structures compatible with the crystal O—O bond distance of 3.687 (i\) Itis well established that
symmetry[11]. The best fit of the experimental data has these interactions, in which the half-filled.d > and filled

been obtained considering the Ndmagnetic moments  d_, orbitals of C#" are involved, give rise to the low tem-
(mng) coupled antiferromagnetically in thé-plane and the  perature ferromagnetic behaviodio(=5.7 K)[13] observed
CU?** ones frcy) aligned antiferromagnetically along the in the case of the LBaCuG; compound, according to the
c-axis of the structure, as depictedrig. 3 Since the crystal  Goodenough—Kanamori—~Anderson ruf&4]. However, the
structure remains tetragonal down to 1.7K, all possible presence of the paramagneticqﬁ@toms leads to consider
directions of the neodymium magnetic moments in the the superexchange €@-Nd interactions, denoted by a bold
ab-plane are magnetically equivalent. Furthermergq and line in Fig. 3 which are strongly favoured by both the bond
mcy are perpendicular while in the case of the homologous angle of 173.88 (5)and the total distance for this pathway of
RoBaNiOs oxides the R* and NP* magnetic moments  4.279 (1)A. Consequently, the magnetic ordering is mainly
are mainly parallel. For example, a collinear structure has governed by the effective orbital overlap of-@D—Nd inter-
been reported for NdBaNiOs oxide, where the neodymium  actions, where the half-filled,el . orbital of the C&* ions
and nickel magnetic moments are located alongctaeis is involved.
[12]. This difference could be an indication of the relatively The observed magnetic moment for the copper ions in the
high intrinsic magnetic anisotropy of the neodymium ordered state takes the value of 0.84u@)at 1.7 K, which
ion in NdkBaCuQ oxide, as compared with the possible agrees with the expected value &f21ug. The small dif-
anisotropy coming from the Nd—Cu magnetic interactions.  ference may be assigned to covalency effects associated with
The mechanism through which the foregoing magnetic the Cu-O bonds. However, in the case of the neodymium
structure is established can be explained considering the posions the experimental magnetic moment, 0.784)is sig-
sible pathways for the different magnetic interactions. Firstly, nificantly smaller than the expected one for the free ion,
the dipolar Nd—-Nd interactions are extremely weak and can g, x j=4.2Qug. This fact has been explained in a previous
be neglected in the N@aCuG; compound, as implied by  work by considering the-values derived from the crystal
the lack of long-range magnetic order down to 4.2K in the field simulation[6]. The perpendicular component of the
Nd>BaZnG; oxide [9], and by the relatively large Nd—Nd  tensor ¢, ) for the crystal-field ground state takes a value of
distance of 3.528 (1). Besides that, in the superexchange 2.2, so that its corresponding neodymium magnetic moment
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is mng=0.5x g1 x up=1.1ug. The first excited crystal- [2] H.K. Muller-Buschbaum, C. Lang, J. Less Common. Met. 1 (1988)
field state is placed at 95K from the ground tef@j, so 142,

that it does not contribute significantly to the Ndanagnetic [3] F. Mizuno, H. Masuda, I. Hirabayashi, S. Tanaka, M. Hasegawa, U.
Mizutani, Nature 345 (1990) 788.

mqmentmthe ordgred state. That value for'the orgiered Mag- (4] R. saez-Puche, SR. Herrera, J.L. Maez, J. Alloys Comp. 269
netic moment coming from the ground state is relatively close (1998) 57.

to the experimental one obtained at 1.7 K of 0.78&)The [5] I.V. Golosovsky, V.P. Plakhty, V.P. Hauchenhov, J. Zoulkova, B.V.
difference could be attributed to the Zeeman splitting below Mill, M. Bonnet, E. Roudeau, Sov. Phys. Solid State 34 (5) (1992)

: fi 782.
the Neel temperature of the doublet crystal-field ground term, (6] R, Saez Puche, E. Climent, J. Romero de Paz, J.L. MA.

causeq by thg magnetic mteracgon of the 'magnetlc moment Monge, C. Cascales, Phys. Rev. B 71 (2005) 024403,
associated with the 4f electronic cloud with the molecular [7] r. sanchez-Capuchino, E. Climent, J. Romero, ResPuche, J.
field present at the neodymium site. Alloys Comp. 374 (2004) 146.
[8] J. Rodiguez-Carvajal, in: Abstracts of Satellite Meeting on Pow-
der Diffraction of the XV Congress of the International Union of
Crystallography, Toulouse, 1990.
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