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Abstract 

The magnetic behaviour of Nd2BaCoO5 has been studied by means of neutron powder diffraction at low temper- 
atures. The magnetic structure is antiferromagnetic and can be described on the basis of a wave vector k 1 1 = [2, 0~ 2] with 
a B~ magnetic mode, TN ~ 24 K being the estimated N~el temperature. The Nd 3 ÷ magnetic moments are parallel to the 
crystallographic c-axis and the Co 2 + magnetic moments lie in the ac plane oriented along the a-axis with a small canting 
in the z direction. Their values at 1.5 K are 2.55(4)11B and 3.08(7)1aB, respectively. 
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I. Introduction 

R2BaCoO5 oxides (R = Rare Earth) form a large 
family of compounds with interesting magnetic 
properties and structural behaviour [1, 2]. For the 
biggest lanthanoid cations, like Nd, the crystal 
structure of these compounds belongs to the 
orthorhombic Immm space group and is char- 
acterized by the existence of one-dimensional 
arrangement of vertex connected (C006) octahedra 
along the a-axis [1]. The oxides with the smallest 
rare earth ions present another type of structure 
belonging to the Pnma space group [2]. 

About the magnetic behaviour of the Immm- 
R2BaCoO5 oxides, one-dimensional correlations of 
antiferromagnetic character within the (CoO6)n 
chains have been shown around RT [1], as it is 
inferred from the lack of the Co 2 + magnetic mo- 
ment contribution to the susceptibility. At lower 
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temperatures, three-dimensional antiferromagnetic 
ordering has been proposed to explain the max- 
imum observed in the susceptibility measurements, 
which in the case of the Nd2BaCoO5 takes place at 
15 K [1]. 

The main purpose of this paper is to point out this 
assumption, solving for the first time the magnetic 
structure of this cobalt compound and comparing it 
with the isostructural R2BaNiO5 oxides, whose 
magnetic structures have been studied before [3, 4]. 

2. Experimental 

Nd2BaCoO5 powder sample was prepared by 
a solid state reaction following the synthesis 
method described elsewhere [1]. The neutron diffrac- 
tion data were obtained in the two axis diffracto- 
meter Pyrrhias at the Orph~e reactor of the LLB, 
CEA-Saclay (France). The wavelength used was 
2 = 2.426 A. The data were analyzed with the Riet- 
veld method using the program F U L L P R O F  [5]. 
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3. Results and discussion 

The lattice parameters of Nd2BaCoO5 obtained 
at 1.5 K from the neutron diffraction data are 

o o 

the following: a = 3.8095(3) A, b = 5.9441(5) A and 
c = 11.7690(9) A. 

From the evolution of the neutron diffraction 
patterns for the Nd2BaCoO5 oxide, the estimated 
N6el temperature is about TN ~24 K. The mag- 
netic reflections appearing below this temperature 
can be indexed in a commensurate lattice related to 
the crystallographic one by a propagation vector 
k = [½, 0, ½] [6]. The strongest coupling is the 
intrachain Co-Co,  but it is worth noting that both 
the Nd 3 + and Co 2 + sublattices become ordered at 
the same temperature and so the intersite Nd-Co  
interaction is dominant over intrasite interactions 
of the type N d - N d  or interchain Co-Co. It means 
that the coupling between the different magnetic 
atoms' sublattices requires that the basis vectors 
which describe the magnetic structure must belong 
to the same irreducible representation. In this way, 
using the representation analysis within the frame- 
work of group theory and following the method 
proposed by Bertaut [7], we have arrived at the 
different models of magnetic structures compatible 
with the crystal symmetry, which are summarized 
in Table 1, where the meaning of the F and A vec- 
tors is given by the linear spin combinations, 
F = m, + m2 andA = ml - m2, between the mag- 
netic moment components of the two Nd sites 4j, 
i.e. +(½ 0 z). While in the case of the Co sublattice, 
site 2a (0 0 0), the basis vectors are the spin compo- 
nents themselves. 

The fit of the experimental data agrees with a Bg 
symmetry representation, which means that the Co 

Table 1 
Basis vectors for Nd  and Co sublattices 

F Nd Co 

x y z x y z 

Ag(+ +) -- F -- -- m -- 

Bg(- +) F -- F m -- m 

A~(+ -) A -- A -- -- -- 

B~(- -) -- A . . . .  

) 

.-,1, a 

Nd 

S Co 
! 

9**" 

Fig. 1. Representation of the Nd2BaCoOs magnetic structure at 
1.5 K on one crystallographic cell excluding the non-magnet ic  
atoms. 

and Nd magnetic moments are restricted to the 
ac  plane. The Nd magnetic moments mr~d are 
parallel to the c-axis, as shown in Fig. 1, while 
mco are oriented antiferromagnetically along the 
a-axis with a small canting in the z direction 
(rnz = 0.49(4)1aB and m x =  -3.04(7)~tB at 1.5 K) and 
the order is ferromagnetic in the b direction. In this 
sense it is important to notice that both rand and 
mco are nearly perpendicular, however in the case 
of the isostructural R2BaNiO5 oxides mR and toni 
are quite parallel, for example in the collinear struc- 
ture proposed for Nd2BaNiO5 [3] or those canted 
but almost parallel spin models for R = Er or Ho 
[4]. This could be an indication of weakly coupled 
Nd 3 + and Co 2+ sublattices, only a very smooth 
Co 2+ spin reorientation takes place while the or- 
dered moment on the Nd site increases. The mco 
slightly rotate in the ac  plane and change from 
pointing to the negative to point to the positive 
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direction of the c-axis between 16 and 14 K, which 
agrees with the temperature where a maximum 
appears in the magnetic susceptibility measure- 
ments [1]. 

When saturation is reached, the observed 
rand = 2.55(4)1aB value is lower than gJ = 3.27gB, 
which can be due to the splitting of the ground state 
level by the crystal field, similar effects have been 
observed in the mR on the isostructural RzBaNiO5 
[3, 4]. The mco= 3.08(7)kt~ exPerimental value at 
1.5 K is near 2S = 3~tn but slightly higher, as we 
have observed, even more marked, in other Immm 
and Pnma R2BaCoO~ oxides. This really shows 
that opposite effects are cancelled which are on the 
one hand the strong orbital angular contribution to 
the moment which increases its value, and on the 
other hand the covalency and low dimensional 
effects (quantum spin fluctuations) which tend to 
decrease the magnetic moment value from the 

expected one. The latter effect is observed in the Ni 
compounds [3, 4], where L does not have an im- 
portant role. 
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