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Abstract.The structural and magnetic properties of layered perovskites of the type RBaCo2O5+δwith δ 0.5 (R=Pr, Nd, 
Sm, Gd and Y) have been investigated. The samples were prepared by the sol-gel method and characterized by X-ray 
diffraction, magnetization and X-ray absorption near edge structure (XANES) spectroscopy. It is found that the 
magnetic properties depend on the size of the rare-earth ion. The critical size of the rare-earth ion introduces structural 
distortion which affects the Co-O hybridization in these layered perovskites. The detailed analysis of experimental and 
calculated XANES spectra throws some light on spin states of Co ions in these perovskites. 

      Keywords : Layered Perovskites, Magnetization, XANES 
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INTRODUCTION 
 

Rare-earth based perovskites with generic formula RBO3 (R - rare-earth ion, B -Transition metal ion) and its 
derivative RBaCo2O5+δ (0 δ 1) exhibit a variety of physical properties due to their ability in realizing different 
stable structures by accommodating dopants either at R site or B site [1,2]. The size difference of R and Ba and 
different local environment around Co3+ ions results in complexities. Competing crystal splitting of the Co3+ 3d 
level, Hund’s rule intra-atomic exchange energy and the on-site Coulomb correlation gives rise to different spin state 
transitions. Co3+ can have three possible spin states: low(LS, , ), intermediate (IS, , ) and high (HS, , ) 
spin state. Furthermore, several reports indicate a strong dependence of R ion on the nature and type of magnetic 
transitions [2-4]. Compounds with R ions like Sm and Eu have been reported to show complex magnetic phase 
diagram [4]. On the other hand studies based on neutron diffraction [1,5] and nuclear magnetic resonance have 
indicated the presence of similar magnetic transitions irrespective of the R ion in these layered perovskites. These 
compounds undergo a paramagnetic (PM) to antiferromagnetic (AFM) transition even though magnetization shows 
a sharp rise akin to PM to ferromagnetic transition (FM)[1,5]. However, the reason for the presence of such a 
spontaneous magnetic moment in an antiferromagnetic state is not yet clearly understood. Recently we have shown 
structural and magnetic correlations in these compounds[6]. In this paper, we present a systematic study of X-ray 
absorption near edge structure (XANES) of RBaCo2O5.5 (R = Pr, Nd, Sm, Gd and Y) where δ is carefully controlled 
to ~ 0.5. It is observed that, though there is a similarity in the nature of magnetic interactions exhibited by different 
R; the strength of these magnetic interactions depend on the structural distortions around the Co ion and which are 
affected by the size of the rare-earth ion. 
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EXPERIMENTALS 
 

The polycrystalline samples of RBaCo2O5.5 (R = Pr, Nd, Sm, Gd and Y) were prepared by the sol-gel method. The 
oxygen content of as synthesized sample was tailored by annealing in air, oxygen and argon atmosphere followed by 
ice quenching and was confirmed by iodometric titrations. The local structure around Co ion was investigated by 
measuring X-ray absorption near edge structure (XANES) at the Co K edge at room temperature. These experiments 
were carried out in transmission mode using BL 7C beamline at Photon Factory Japan. Magnetization as a function 
of temperature M(T) was measured with SQUID Magnetometer during the zero field cooled (ZFC) and field cooled 
(FC) cycles. 

 

RESULTS AND DISCUSSIONS 

Figure 1(a) shows M(T) curves recorded at 100/500 Oe and 1T. Except in case of R = Y, a bifurcation is seen 
between the ZFC and FC curves at lower temperatures indicating complex magnetic ground state. This difference 
between ZFC and FC curves increases with increasing rare-earth ionic radius. M(T) for R = Gd is restricted down to 
50K due to the large paramagnetic contribution coming from Gd ion. Two transitions from PM to AFM1 at TN1 
followed by AFM1 to AFM2 at TN2 can be clearly seen from the plots. Besides TN1 and TN2, two other transitions 
TR1and TR2 are also seen for RBaCo2O5.5. It is noticed that the transition at TR2 is quite strong in SmBaCo2O5.5 while 
it is quite subtle in all other compounds. 

 
             (b) 

FIGURE 1.(a) Magnetization M(T) as function of temperature in the 
field of 1T for RBaCo2O5.5. Inset shows 100Oe M(T) for R = Pr and 
Sm and 500Oe ZFC for R = Nd, Gd and Y (Innermost inset of R=Y 
shows enlarged view of ZFC) (b) Effect of rare earth ionic radius on 
various transition temperatures estimated from 1000 Oe ZFC 
magnetization data for RBaCo2O5.5 

    
       (a) 

 
Furthermore, the transition temperatures, TN1, TN2, TR1 and TR2 show an interesting variation with decreasing rare-
earth ionic radius and are plotted in Fig.1(b). As ionic radius decreases the transition temperatures TN1, TN2 and TR2 
show an increase except in case of R = Sm. All these transition temperatures exhibit a decrease in case of compound 
with R = Sm. This decrease compares well with the anomalies seen in lattice parameter [6]. Due to interfering 
paramagnetic contribution of Gd, TR1 could not be determined for R = Gd and therefore we cannot comment on its 
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variation with rare-earth ionic radii unambiguously. However, a decrease in TR1 is noted in case of R = Sm beyond 
which it appears to remain constant. The detailed study of structural magnetic and transport properties are reported 
[6]. It has been noticed there, that the structure plays an important role deciding the magnetic and transport 
properties of these materials.  
 

(a)       (b) 

FIGURE 2.(a)Normalized Co K XANES at room temperature with pre-edge (inset top) for RBaCo2O5.5, R = Pr, Nd, Sm Gd and 
Y, inset (bottom) shows enlarged view of XANES. (b) Crystal field splitting with increasing rare earth ion radii for RBaCo2O5.5 
(R = Pr, Nd, Sm, Gd and Y) 
 
    Normalized XANES spectra for all RBaCo2O5.5 are shown in Fig. 2(a). All the edges are normalized to an average 
absorption between +55 to +60 eV beyond the absorption edge. XANES features in all the samples are similar, 
consisting of the pre-edge peak at about 7710 eV, a shoulder on the rising part of the absorption curve at about 7720 
eV, the main resonance peak around 7725 eV followed by two maxima at about 7733 eV and 7740 eV. In case of 
SmBaCo2O5.5 a third maxima at about 7750 eV is seen due to interfering Sm L1 edge which occurs at 7745 eV. 
Another difference in case of SmBaCo2O5.5 is that area under the absorption edge is quite low. One reason for this 
could be the interfering Sm L1 edge which affects normalization. However, L1 edges in general have a very low 
transition probability so as to cause such a large change. This can be ascribed to a decrease in hole density as a result 
of greater degree of hybridization between Co and O states. Pre-edge feature which represents transition from 1s  
3d states made allowed due to quadrupolar splitting or due to hybridization of ligand p states, was extracted by 
subtracting a spline curve as base line from near edge data and is shown in top inset of Fig. 2(a). This data was used 
to extract the value of crystal field (CF) splitting of the 3d orbital in each of these layered perovskite. The values of 
CF splitting estimated from the pre-edge peak are plotted as a function of rare-earth ionic radii in Fig. 2(b). It can be 
seen that while CF splitting is nearly same in all compounds, it is slightly higher in case of R = Sm. A higher CF 
splitting augurs well with structural anomalies exhibited by this compound [6]. The lower inset of Fig.2(a) shows an 
expanded view of XANES features. It can be seen that with change in rare-earth ionic radii, the relative positions 
and intensities of the XANES features change with respect to main resonance peak. In RCoO3 compounds such 
changes are ascribed to an orthorhombic distortion of the CoO6 octahedra [7]. In these layered perovskites, the Co 
ion has two different local coordinations, octahedral and square pyramidal and distortions are possible at both Co 
sites. In order to extract this information, Co K XANES spectra have been calculated in three compounds of 
RBaCo2O5.5 (R = Pr, Sm and Y) using FEFF8.4 [8]. These full multiple scattering calculations were performed for 
Co ion at square pyramidal site (Co1) and at the octahedral site (Co2) in each of the above three layered perovskites. 
An energy shift of 2 eV was applied to achieve a better description of the pre-edge absorption at the Co K edge. A 
comparison of calculated spectra and experimental absorption curves is presented in Fig.3. The individual spectra 
calculated for Co1 and Co2 are shifted along y-axis for clarity. All the XANES features seen in experimental data are 
reproduced in the FEFF calculated curves. It can be seen that the feature at 7720 eV is entirely due to Co ion at 
octahedral site, while the peak at 7733 eV is more prominent in the XANES spectra of Co in square pyramidal 
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coordination. In analogy with RCoO3 compounds [7] the XANES features at 7733 eV and 7740 eV tend to weaken 
with decreasing orthorhombic distortion. 

 

FIGURE 3. Calculated Co K edge XANES for RBaCo2O5.5 (R = Pr, Sm and Y), for square pyramidal (Co1) and octahedral (Co2) 
site along with a comparison of calculated spectra (dotted line) and experimental (solid line) absorption curves. 

 
The calculations suggest that the feature at 7733 eV has contribution from unoccupied p states of R/Ba ions, Co 4p 
states and O 2p states whereas, the peak at 7740 eV is a result of hybridization between Co 4p and O 2p states. 
Again the post-edge XANES features have lower intensity in R=Sm indicating at greater hybridization of Co and O 
orbitals. It is generally believed that, in RBaCo2O5.5 compounds, the square pyramidal Co ion is in an intermediate 
spin state while the octahedral Co ion prefers low spin state. The changes observed in XANES features of both Co 
sites questions the assignment of low spin state to octahedral Co ion in literature [3]. 
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