
INTRODUCTION

The suppression effect of superconductivity by the intro-
duction of Pr in the rare earth site in rare earth-123 high Tc

cuprates have been widely investigated1-3. It is found that
substitution of rare earth elements except (Ce, Pr, Pm and Tb)
in the place of rare earth (RE) in REBa2Cu3O7-δ (rare earth-
123) give rise superconductivity with nearly equal to the critical
temperature Tc = 90 K4-5. The series of REBa2Cu3O7-δ where
RE = Y or another rare earth elements except (Ce, Pr, Pm and
Tb) are metallic and have an orthorhombic layered pervoskite
structure. But, the interesting exception is that the Pr-123 system,
which forms the same orthorhombic structure as Y-123 and
other rare earth compounds but it is an insulator instead of
superconductor6-8. The suppression effect of superconductivity
in REBa2Cu3O7-δ series where RE = Y or another rare earth
elements except (Ce, Pr, Pm and Tb) is strongly depressed by
the partial substitution of Pr for the rare earth element. There
are some theoretical models such as hole filling9-11, hole locali-
zation in CuO2 plane12-16 and magnetic pair breaking17-19 have
been explained the suppression of Tc and superconducting
insulator transition in these RE Pr-123 compounds. The experi-
mental data shows that the occurrence of orthorhombic-
tetragonal transition at critical value is due to the increase of
oxygen deficiency in the CuO chains20. The origin of disappe-
arance of superconductivity due to Pr substitution in EuBaCuO
has not been well understood yet. We have undertaken a series
of Eu1-xPrxBa2Cu3O7-δ with compositions (x = 0.0, 0.1, 0.2, 0.3,
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0.4 and 0.5) to study at length. We wish to throw more light
on Pr substituted EuBaCuO materials. This system has its own
importance, because Pr plays significant role. Lattice para-
meters and other parameters are determined using X-ray diff-
raction data. Such investigations on Pr substituted EuBaCuO
are reported in this paper laconically and qualitatively.

EXPERIMENTAL

The samples Eu1-xPrxBa2Cu3O7-δ with compositions x =
0.0, 0.1, 0.2, 0.3, 0.4 and 0.5 were prepared by conventional
solid state reaction route. The appropriate mixtures of high
purity Eu2O3, BaCO3, Pr6O11 and CuO (Aldrich make 99.99 %)
were used. The powders were mixed thoroughly, ground for
3 h and calcined twice at 915 ºC for 24 h with intermediate
grinding for 3 h. The calcined samples again ground for 2 h
for making pellets and finally sintered at 930 ºC for 24 h. These
pellets were annealed in oxygen atmosphere for 24 h at 450 ºC
followed by slow cooling at 1 ºC/min upto room temperature.

The structure of the samples were investigated using X-
ray diffractometer (Model: PW-3710) employing CuKα

radiation (λ = 1.5418 Å).

RESULTS AND DISCUSSION

The X-ray diffraction patterns were recorded at room
temperature by X-ray diffractometer (Model: PW-3710) using
CuKα radiation. The X-ray diffraction study of all the samples
reveals that they have orthorhombic pervoskite structure with



no evidence of impurity phases, suggesting that the preparation
process was successful according to the stoichiometrical expec-
tations and the material is in single phase form with homoge-
neous powder of finer particle size. The peak intensity goes
on decreasing with increasing Pr concentration. For all the Pr
compositions X-ray diffraction patterns are corresponded to
that of the orthorhombic structure. The lattice parameters ‘a’
and ‘b’ are increasing while the lattice parameter c/3 is slightly
increasing and ranges from 3.8944 to 3.8992 Å with increasing
Pr concentration as shown in Fig. 1.
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Fig. 1. Lattice parameter vs. Pr concentration

The oxygen content plays an important role in assigning
the orthorhombic to tetragonal structure in the high TC super
conductor. An oxygen deficiency (δ) = 0.00 stoichiometry is
only reached if samples are slowly cooled in oxygen atmos-
phere21-22. The oxygen deficiency of samples is calculated from
X-ray diffraction data using the formula given by Jung et al.23.
The average oxygen content is found ≈ 6.85 for all the samples
with minimum value 6.80 and maximum value 6.91. It is
observed that oxygen deficiency increases with increasing Pr
concentration (Fig. 2). It is well understood that oxygen content
decreases as Pr content increases, samples turn into tetragonal
phase and annihilation of superconductivity occurs. It may be
owing to +3 valence state of Pr24.
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Fig. 2. Oxygen deficiency vs. Pr concentration

The volume cell goes on increasing with increasing Pr
concentration is shown in Fig. 3.
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Fig. 3. Volume cell vs. Pr concentration

From Fig. 3, it is observed that, this may be related to the
ionic radii of Pr ion and Eu ion. The increment of volume cell
with increasing Pr content shows that the complete substitution
of Eu3+ ions by Pr3+ ions, since the ionic radii of Eu3+ ions is
0.950 Å and Pr3+ ions is 1.013Å. One may also conclude that
when oxygen content reduces in unit cell, the volume cell goes
on increasing and vice versa. This may be due to the lattice
parameter ‘c’. When the oxygen deficiency is less, the inter-
action between Cu and O is strong, this results the lattice para-
meter ‘c’ decreases. Due to this strong interaction, the unit
cell is more compact and volume of the unit cell goes on
decreasing order. When the oxygen deficiency is more, it means
vacancies are more in the unit cell and therefore, the interaction
between Cu and O is weak resulting the increment in lattice
parameter ‘c’ and vice versa. Due to this the volume of the
unit cell goes on increasing order.

The orthorhombic distortion in the samples is calculated
using the formula given by previous authors25,26. The ortho-
rhombic distortion against Pr content is shown in Fig. 4.
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Fig. 4. Orthorhombic distortion vs. Pr concentration

It is clearly seen that, there is slight decrease in
orthorhombicity with increasing Pr concentration. The
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orthorhombic distortion slowly decreases from x = 0.00 to
x = 0.5 with increasing x. The X-ray density is calculated from
X-ray diffraction using the formula of Bell27. The X-ray density
plotted against Pr concentration is shown in Fig. 5.
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Fig. 5. X-ray density vs. Pr concentration

It is observed that X-ray density goes on decreasing with
increasing Pr concentration. This may be due to the change in
molecular weight which reflects the change in X-ray density.
The molecular weight of the given system goes on decreasing
with increasing Pr concentration resulting the decrease in
X-ray density. This may be due to the ionic radii of Pr and Eu.

The bulk density plotted against Pr concentration is shown
in Fig. 6.
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Fig. 6. Bulk density vs Pr concentration

The bulk density goes on decreasing with increasing Pr
concentration. It may be due to the molecular weight and X-ray
density. In this case the molecular weight goes on decreasing
with increasing Pr concentration and thus the mass of the
sample goes on decreasing. Also, due to the ionic radii of Pr is
greater than that of Eu, the X-ray density goes on decreasing.
Thus, due to both molecular weight and X-ray density, bulk
density goes on decreasing as porosity increases.

Conclusion

The samples of Eu1-xPrxBa2Cu3O7-δ were synthesized by
ceramic route. The crystal structure was studied by X-ray
diffraction technique. From XRD data, it is confirmed that all
samples are in orthorhombic pervoskite structure. It is found
that the lattice parameters, volume of unit cell and oxygen
deficiency increase with increasing Pr concentration. This may
be due to the ionic radii of Pr3+ is greater than Eu3+. The
orthorhombicity, X-ray density and bulk density decrease as
doping percentage of Pr increases. It is also observed that the
oxygen deficiency depends on the lattice parameter ‘c’ and
independent from the Pr content in the samples. It may be
possible cause for changing the superconducting properties
of the compound.
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