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Abstract 

New R2BaCoO5 compounds with R=-Dy, Er, Tm and Lu have been synthesized and characterized by X-ray 
powder diffraction. All of them are isostructural with the previously reported R2BaCoOs where R~-Ho, Yb and 
Y. They crystallize in the Sm2BaCuO5 structural type and belong to the Pnma space group (Z = 4). The structural 
differences found between Pnrna-R2BaCoO5 oxides and other related compounds are given. The magnetic properties 
of the whole family of oxides (R---Dy-Lu and Y) have been studied from magnetic susceptibility measurements, 
showing the presence of three-dimensional antiferromagnetic interactions at low temperatures (Try<5 K) for 
most of these oxides. 

I. Introduction 

Two different structural types have been reported 
for the R2BaCoOs oxides where R is a trivalent rare 
earth cation [1-3]. 

The brown-coloured oxides R2BaCoO5 (R = Nd, Sm, 
Eu, Gd, Dy, Ho, Er and Tm) crystallize in the 
Nd2BaNiO5 structural type, with orthorhombic sym- 
metry, space group Immm, Z = 2, showing as their main 
structural feature the presence of chains of corner- 
sharing C006 flattened octahedra which run parallel 
to the a axis of the structure [1--6]. 

On the other hand, the green-coloured oxides 
R2BaCoO5 ( R - H o ,  Yb and Y) crystallize in the 
Sm2BaCuO5 structural type, also with orthorhombic 
symmetry, but the Pnma space group, containing four 
formulae in the primitive cell. Although this structure 
is rather complex, it can be described as being based 
on a framework built up from RO 7 monocapped trigonal 
prisms that share a triangular face, giving rise to R2On 
units which form the skeleton of the structure. A~ can 
be seen in Fig. 1, the barium cations are located in 
the large holes of the structure surrounded by 11 oxygen 
atoms and it is possible to consider these BaOl~ po- 
lyhedra as tricapped distorted square prisms, while the 
cobalt ions form isolated CoOs distorted square pyr- 
amids. 

Recently the existence of dimorphism has been re- 
ported for the R2BaCoO5 family of oxides with R = Dy, 
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Ho, Er and Tm [4--8]; as in the case of the R2BaNiO5 
family with R = Tm, Yb and Lu [9-12], both structural 
types, space groups Immm and Pnma, are present 
depending on the synthesis conditions used in the 
preparation. 

The green Pnma-R2BaCoO5 phases are isostructural 
with the well-known R2BaCuO5 oxides [13-16], which 
are related to the high Tc RBa2Cu307 _ ~ superconductors 
since they have been found as main impurities during 
the synthesis of the latter [17, 18]. Very recently the 
existence of antiferromagnetic ordering at 30 K has 
been shown in the Cu 2+ sublattice, which induces a 
subsequent ordering in the rare earth R 3+ sublattice 
at lower temperatures for most of these R2BaCuO5 
compounds [19-23]. 

From these previous results on similar systems it 
would seem interesting to study the magnetic properties 
of the isostructural R2BaCoOs phases, since current 
knowledge of these oxides is very sparse. Thus the 
purpose of this paper is the structural characterization 
by means of X-ray powder diffraction and the study 
of the magnetic properties from magnetic susceptibility 
measurements of the whole family of Pnma-R2BaCoO~ 
oxides (R=Dy,  Ho, Er, Tm, Yb, Lu and Y). 

2. Experimental details 

The Pnma-R2BaCo05 oxides were prepared by solid 
state reaction from stoichiometric amounts of R203 
(99.99%), CoCO3"nH20 (99.999%) and BaCO3 (A.R. 

0925-8388/94/$07.00 © 1994 Elsevier Sequoia. All rights reserved 
SSDI 0925-8388(93)00876-Z 



16 J. Herndndez-Velasco et al. / Characterization and magnetic properties of  R2BaCo05 

a 

Fig. 1. Crystal structure of the Pnma-R2BaCoO5 oxides along the b axis showing the isolated C005 square pyramids. 

grade). The ground samples were heated in alumina 
crucibles under an argon flow, which is necessary owing 
to the instability of Co s+ in air at high temperatures. 
Thermal treatments were carried out for 24 h at 
1000-1300 °C, with several interruptions for re-grinding 
in order to enhance the homogeneity of the mixture. 

X-Ray powder patterns were obtained using a Siemens 
Kristalloflex 810 diffractometer and D-500 goniometer 
equipped with a secondary graphite monochromator 
and Cu Ka radiation. The data were collected by step 
scanning over an angular range of 10°<20< 120 ° in 
increments of 0.04 ° with a counting time of 15 s per 
step. All the data were analysed by the Rietveld method 
using the program FULLPROF [24]. Owing to the pos- 
sibility of simultaneous fitting of various other phases, 
the R203 (cubic, space group lag) and CoO (cubic, 
space group Fm3m) oxides were included as impurities 
in the profile refinements, since the background is a 
polynomial refinable function. The profile function 
used for describing the peak shape was a pseudo-Voigt 
type and no preferred orientations were taken into 
account. 

The magnetic susceptibility measurements were per- 
formed in the temperature range 4.2-300 K with a fully 
automatic DSM8 magnetosusceptometer based on the 
Faraday method. The set-up was calibrated with 
Hg[Co(SCN)4], Gd2(SO4)3-8H20 and NH4Cr(SO4)2. 
12H20 as standards. The maximum magnetic field was 
14 kG, with HdH/dz=24 kG 2 cm -a. The data were 
corrected for ionic diamagnetism by taking the values 
in e.m.u, mo1-1 of - 1 8 x 1 0  -6 for R 3+, - 3 2 × 1 0  -6 

for Ba 2+, - 16 × 10 -6  for 02 -  and - 12 × 10 -6  for Co2+ 
[25]. 

3. Results and discussion 

3.1. Structural characterization 
X-Ray powder diffraction data obtained for 

R2BaCoO5 ( R -  Dy, Ho, Er, Tm, Yb, Lu and Y) oxides 
were indexed in the Pnma space group in all cases. 
As an example, in Fig. 2 the diffraction patterns of 
the new EreBaCoO5 and Tm2BaCoO5 compounds are 
shown. The refinement was done using the starting 
positional values of the parameters reported by Mevs 
and Miiller-Buschbaum [1, 3] for the isostructural 
R2BaCoO5 (R--Y, Ho and Yb) oxides. The various 
diffraction data reveal that all the samples are almost 
but not quite single phases; however, the maximum 
weight fraction of impurity phases was only about 2% 
and this corresponds to the CoO and R203 oxides 
whose contributions to the intensities of the diffraction 
peaks were taken into account in the Rietveld refine- 
ment. The lattice parameters obtained for the various 
Pnma-R2BaCo05 oxides are given in Table 1. It can 
be observed in Fig. 3, as was expected assuming the 
ionic model, that the lattice parameters a, b and c and 
the volume of the unit cell decrease linearly as a function 
of the rare earth ionic radius [26] in going from Dy 3 + 
to Lu 3 ~-, which is concordant with the lanthanide con- 
traction. 
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Fig. 2. X-Ray powder diffraction patterns of the new Er:BaCoO5 
and TmzBaCoO5 oxides. Points represent the experimental data 
and the solid curve is the calculated profile. A difference curve 
is plotted at the bottom. Vertical marks represent the positions 
of allowed Bragg reflections. The refinement was done taking 
into account the presence of small amounts of unreacted starting 
materials (see labels and text). 

TABLE 1. Lattice parameters obtained for the Pnma-R2BaCoO5 
oxides 

Compound a b c 
(A) (A) (A) 

Dy2BaCoO5 12.3375(4) 5.7250(2) 7.0880(2) 
Ho2BaCoO 5 12.3000(7) 5.7085(3) 7.0680(4) 
Y2BaCoO5 12.2945(9) 5.7060(4) 7.0696(5) 
Er2BaCoO~ 12.2568(2) 5.6904(1) 7.0415(2) 
Tm2BaCoO5 12.2152(2) 5.6739(1) 7.0169(1) 
Yb:BaCoO5 12.1712(3) 5.6581(1) 6.9977(2) 
Lu2BaCoO5 12.1450(3) 5.6456(1) 6.9794(2) 

In Table 2 the refined positional parameters for the 
new Pnma-R2BaCoO5 oxides are listed (R---Dy, Er, 
Tm and Lu). As was expected, the atomic coordinates 

obtained for each atom of the asymmetric unit are very 
close in all these oxides. Fairly good agreement is 
observed between our results and those previously 
reported from single-crystal X-ray data [1, 3] for the 
earlier-described Pnma-R2BaCo05 (R = Y, Ho and Yb) 
oxides. 

In Table 3 the main interatomic distances are given 
for the Dy, Er, Tm and Lu compounds. A systematic 
variation in the lattice parameters and cell volume is 
observed in the Pnrna-R2BaCoOs family when the lan- 
thanide cation is changed (Fig. 3), while the variation 
in the size of the cobalt pyramids (COO5) is less marked, 
the size remaining almost constant for the various 
oxides. 

In this way, similar behaviour has been observed in 
the isostructural Pnma-R2BaCu05 compounds [27], but 
in the case of the CoO5 pyramid the distortion is very 
different compared with other CuO5 and NiO5 pyramids 
present in related oxides. In the case of the R2BaCuO5 
compounds the Cu-O(3) bond length, which is the 
distance to the apex of the pyramid, is about 11% 
larger than the other four bond lengths [27], while in 
the so-called "blue phases" R2Cu205 the axial Cu--O 
distance is about 40% larger than the basal plane Cu-O 
distances [28]. Also, in the superconducting phases 
RBa2Cu30 7_ ~ the coordination pyramid is considerably 
more elongated than in the "green phases" [29]. In 
contrast, in the isostructural Pnma-R2BaNiO5 oxides 
the NiO5 pyramids are flattened, Ni-O(3) being the 
shortest distance, about 2% smaller than the others 
[11]. In the present case the situation is quite different, 
because in the Pnma-R2BaCo05 oxides the basal plane 
of the flattened CoO~ pyramid is the most distorted 
compared with all the mentioned families of oxides. 
For example, in the isostructural Yb2BaNiO5 and 
Yb2BaCuO5 oxides these distances are Ni--O(1)= 
2.011(3)/~, Ni-O(2)= 2.066(3)/~ [11], A = 0.055 ~ and 
Cu-O(1)=1.964(3) /~, Cu-O(2)=2.010(3) /~ [27], 
A = 0.046/~ respectively, while in Yb2BaCoOs they are 
C o O ( l )  = 1.998(23)/~ and Co-O(2) -- 2.098(182 ]k [3], 
with the distortion basal parameter A = 0.100 A being 
twice as large as for the other isostructural Ni and Cu 
oxides. It is note worthy that the M-O(2) bond length 
is always the longer of the two basal plane distances, 
which may be related to the fact that 0(2)  is closer 
than O(1) to the barium atoms. 

On the other hand, in the isostructural Pnma- 
R2BaCuO5 phases it has been shown that the inter- 
pyramid oxygen--oxygen distance is the part of the 
structure that changes most on successive replacement 
of the rare earth atoms [27] and thus is the expected 
behaviour in the cobalt oxides, which will be confirmed 
by the high resolution neutron diffraction experiments 
that are now in progress in order to obtain a better 
accuracy in these interatornic distances. 
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Fig. 3. Variation in lattice parameters and volume of unit cell vs. rare earth ionic radius. 

3.2. Magnetic properties 
In Figs. 4 and 5 the variation in X vs. T for the 

oxides Y2BaCoO5 and Lu2BaCoO5 respectively is shown. 
It can be observed that the susceptibility obeys a 
Curie-Weiss law over the whole measurement range 
and that the calculated magnetic moments of 5.0 and 
4.9 BM for the yttrium and lutetium oxides respectively 
agree with the expected value for a high spin state of 
the Co 2+ free ion [30]. This result i s  quite different 
from that obtained in the isostructural R2BaCuO5 
( R = L u  and Y) and Lu2BaNiO5 oxides, where the 
existence of net maxima has been observed at very low 
temperatures, which is indicative of antiferromagnetic 
ordering in the copper [19-23, 31-33] and nickel [34] 
sublattices. This different magnetic behaviour may be 
due to the larger C o O  distances in the Co-O-R-O-Co  
pathways through which the antiferromagnetic inter- 
actions take place in comparison with the Cu-O and 
Ni--O bond lengths of the isostructural copper and 
nickel oxides. Moreover, the different electronic con- 
figuration of Co 2+ could be also very important in 
explaining the absence of interactions at low temper- 
atures. 

In the case of the remaining Pnma-R2BaCo05 oxides 
(R---Dy, Ho, Er, Tm and Yb) the magnetic behaviour 

should be more complex because of the coexistence of 
two paramagnetic cations Co 2+ and R 3+. 

In all cases the magnetic susceptibility follows a 
Curie-Weiss law over a very wide temperature range. 
As was expected taking into account the crystal structure, 
both Co 2÷ and R 3+ contribute to the magnetic sus- 
ceptibility, and the magnetic moments given in Table 
4 have been obtained after discounting the cobalt 
contribution by taking as reference the susceptibility 
of the Y2BaCoO5 oxide. Good agreement between the 
theoretical and observed magnetic moments for the 
various R2BaCoO5 oxides can be seen in Table 4. The 
negative values of the Weiss constant appear to indicate 
the existence of antiferromagnetic interactions at low 
temperature. However, only in the case of Dy2BaCoO5 
has the presence of a maximum at 4.5 K in X been 
obsei'ved (Fig. 6). Since the ground state of Dy 3÷ is 
6H15/~ under the crystal field influence, the lowest starting 
level should be doubly degenerate and consequently, 
if cooperative interactions are not operative, the X -1 
vs. T plot will show a downward deviation from linearity 
at low temperature. However, as can be observed in 
Fig. 6, an upward deviation is present, which confirms 
the presence of antiferromagnetism below 4.5 K. This 
assumption is also reinforced by the marked decrease 
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TABLE 2. Refined atomic coordinates and reliability factors (%) for the new Pnma-R2BaCoO5 oxides obtained from X-ray powder 
diffraction data 

Atom Site Dy2BaCoO5 Er2BaCoO 5 Tm~BaCoO5 Lu2BaCoO5 

Ba 4c x 0.903(1) 0.9[)1(1) 0.901(1) 0.902(1) 
y 0.25 0.25 0.25 0.25 
z 0.920(1) 0.924(1) 0.924(1) 0.923(1) 

R(1) 4c x 0.292(1) 0.292(1) 0.291(1) 0.292(1) 
y 0.25 0.25 0.25 0.25 
z 0.122(1) 0.121(1) 0.120(1) 0.123(1) 

R(2) 4c x 0.074(1) 0.074(1) 0.073(1) 0.074(1) 
y 0.25 0.25 0.25 0.25 
z 0.400(1) 0.400(1) 0.401(1) 0.399(1) 

Co 4c x 0.653(1) 0.652(1) 0.654(1) 0.653(1) 
y 0.25 0.25 0.25 0.25 
z 0.694(2) 0.695 (2) 0.695 (1) 0.697(1) 

O(1) 8d x 0.435(3) 0.435(2) 0.435(2) 0.436(2) 
y 0.993(5) 0.994(4) 0.992(4) 0.995(4) 
z 0.168(4) 0.169(3) 0.170(3) 0.172(3) 

0(2) 8d x 0.226(3) 0.227(2) 0.224(2) 0.225(2) 
y 0.500(5) 0.503(4) 0.500(4) 0.496(4) 
z 0.362(5) 0.362(4) 0.360(4) 0.365(4) 

0(3) 4c x 0.100(4) 0.098(3) 0.099(3) 0.103(3) 
y 0.25 0.25 0.25 0.25 
z 0.074(5) 0.072(4) 0.075(5) 0.072(5) 

Rp 16.4 17.5 18.1 12.9 
R~p 21.9 18.5 21.0 15.8 
R~p 7.95 9.35 6.39 5.20 
X 2 7.57 3.92 10.8 9.20 
Rb 8.66 6.45 7.79 5.28 

TABLE 3. Bond lengths M-O (/~) of the new Pnrna-RzBaCoO 5 oxides obtained from X-ray powder diffraction data 

M-O Dy2BaCoO5 Er2BaCoO5 Tm2BaCoO5 LuzBaCoOs 

R(1)-O(1) (×2)  2.32(3) 2.30(2) 2.30(3) 2,29(2) 
0(2) (×2)  2.33(2) 2.32(2) 2.32(2) 2.31(2) 
0(2) (× 2) 2.37(2) 2.36(2) 2.35(2) 2.33(2) 
0(3) (× 1) 2.41(4) 2.39(3) 2.37(4) 2.32(4) 

R(2)-O(1) (×2)  2.31(2) 2.29(2) 2.29(3) 2.26(2) 
O(1) (×2)  2.36(2) 2.35(2) 2.34(2) 2.32(2) 
0(2) (×2)  2.39(2) 2.38(2) 2.35(2) 2.36(2) 
0(3) (× 1) 2.34(3) 2.33(3) 2.31(4) 2.31(3) 

Ba-O(1) (x  2) 3.02(3) 3.03(2) 3.01(3) 2.98(2) 
O(1) (×2)  3.29(2) 3.24(2) 3.22(2) 3.20(2) 
0(2) ( × 2) 3.03(3) 2.98(3) 2.99(3) 2.95(3) 
0(2) (x2)  2.93(2) 2.91(2) 2.88(3) 2.89(2) 
0(3) (×2)  2.863(1) 2.845(1) 2.837(1) 2.824(2) 
0(3) (× 1) 2.65(4) 2.63(3) 2.64(4) 2.62(4) 

Co-O(1) ( x 2) 2.02(3) 2.00(3) 1.99(3) 1.98(2) 
0(2) (x  2) 2.08(3) 2.08(2) 2.09(3) 2.09(3) 
0(3) (× 1) 2.00(4) 1.99(3) 2.01(4) 1.97(4) 

observed  in the  x T  vs. T plot  (Fig. 6, inset),  which 
shows a x T  value of  only 5 e.m.u, mo l -1  K at 4.2 K. 

Both  Er2BaCoO5 and Yb2BaCoO5 show a similar  
magne t ic  behav iour  (Figs. 7 and 8 respectively),  Because  

of  the half- integer  value of J in the ground state, the 
crystal field splits these g round  terms,  giving rise to 
downwards  deviat ions f rom linearity in the  X -1 vs. T 
plots at low t empera tu re .  This  deviat ion is clearly 
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visualized in the case o f  Yb2BaCoO5 below 60 K, but 
the tendency breaks down at 10 K as can be observed 
in Fig. 8. Below this latter temperature the magnetic 
susceptibility decreases,  probably owing to the operation 
of  antiferromagnetic interactions in which both the 
Co 2+ and Yb 3+ sublattices appear to be involved, 

In the case o f  Ho2BaCoO5 and Tm2BaCoO5 (Figs. 
9 and 10 respectively) the deviation from Curie-Weiss  
behaviour is less marked than in the other oxides 
discussed above. This reflects the splitting of  the 518 

TABLE 4. Experimental (pc) and calculated (/zc)magnetic mo- 
ments, Weiss constants (O) and temperatures at which the sus- 
ceptibility is maximum (TXm=,) for the Pnma-RzBaCoOs oxides 

Compound p.= /z¢ 0 Tgm=, 
(BM) (BM) (K) (K) 

Dy2BaCoO5 10.53 a 10.65 - 6.7 4.5 
Ho2BaCoOs 10.66" 10.60 - 3.3 - 
Er2BaCoO5 9.51" 9.59 -5 .4  - 
Tm2BaCoO5 7.50" 7.57 - 7.3 - 
Yb2BaCoO5 4.58" 4.54 - 18.6 - 
Lu2BaCoO5 4.88 0.00 - 21.0 - 
YzBaCoO5 4.98 0.00 - 13.2 - 

"Obtained taking into account the Co 2+ contribution. 
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and 3H 6 ground terms associated with Ho  3 ÷ and Tm 3 ÷ 
respectively under the influence o f  the crystal field. 
Al though the negative values o f  the Weiss constant 
obtained for both oxides (Table 4) might be entirely 
due to the crystal field effect, the small values of  x T  
obtained at 4.2 K (9 and 5 e.m.u, mo1-1 K for the 
holmium and thulium oxides respectively) appear to 
indicate that somewhat  antiferromagnetic interactions 
are operative at low temperature.  This assumption has 
been  fully confirmed recently by neutron diffraction 
experiments and the corresponding diffraction pattern 
obtained at 1.5 K shows the presence o f  high intensity 
magnetic reflections, indicating that both n o  3+ and 
Co  2÷ are involved in the interaction [35]. 

Neutron diffraction work is under way to confirm 
the assumption of  three-dimensional  antiferromagnetic 
ordering at low temperatures presented by these oxides 
and to determine the N6el  temperatures.  
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