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Abstract

The effect of Prin (Dy,_,Pr,)StBaCu;0;_s (DyPr-1113) for x = 0.00-0.20 cuprate superconductors prepared using the solid state reaction
method are studied. The prepared samples showed a single 1113 phase. Mechanisms of partial hole transfer and pair breaking were suggested
to play an important role in the suppression of the transition temperature in this system. The correlation between T, and Pr concentration can
be divided into two regions bordered near x = 0.03. The mechanism of hole filling causes a drastic suppression of the transition temperature for
small concentration of Pr from x =0 to 0.03. For 0.03 < x < 0.2, partial hole transfer mechanism instigates any further 7. depression causing it

to be almost constant.
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1. Introduction

The discovery of superconductivity with transition
temperatures (7.) near 90 K in YBa,Cu30;_s (Y-123) is
still generating a great deal of interest in the material.
Substitution of Y with rare-earth element R (except Ce, Pr,
Pm and Tb), gives T, similar to the YBa,Cu3z0;_;
compound. The RSrBaCu3;0;_ s (R-1113) compound is
isostructural with the R-123 materials where half of Ba is
replaced by Sr.

The corresponding DySrBaCu3;0;_s (1113) supercon-
ducts at about 80 K in either orthorhombic or quasite-
tragonal structure with different thermal treatments [1].
The transition temperature of (R,_,Pr,)Ba, ,Sr,CuzO;_;
decreased with increasing Pr concentration [2]. The unique
role of Pr is its superconductivity suppressing ability [3-7].
Recent works have shown that the substitution of Pr ion
in the rare-earth site suppressed the superconductivity
in (Gd,_,Pr,)Ba,Cu3;0;_5 compound [8]. For a recent
review on the role of Pr in the 123 high temperature
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superconductors (HTSCs), see ref. [9]. Pr in the 1113 phase
was suggested to be in the 3+ and 4+ state. An optimum Cu
valence between 2.20+ to 2.30+ exhibits the maximum
transition temperature in this phase [10].

The mechanisms that have been proposed to explain the
suppression of T, by Pr-doping include hole filling [11], pair
breaking [12], hole localization [13], hole percolation [2]
and hole depletion [14]. Hole filling exists when the extra
electron fills the holes in the Pr-doped samples because Pr
ion is substituted as a tetravalent or higher valence. The
exchange interaction between the Pr magnetic moments and
the spin of the mobile carriers in the CuO, planes causes the
mechanism of pair breaking. The hole is localized due to
the hybridization of the local states of the Pr ion with the
conduction band states of the sandwiching CuO, planes.
Hole depletion occurring in the CuO, planes is due to the
charge transfer from the Cu-O pdo band into the LM
(Liechtenstein and Mazin) band.

In this paper we report the effect of Pr on the formation
and superconducting properties of (Dy;_,Pr,)SrBaCu3;0,_s
for x =0-0.2 where more insights are given in this interesting
class of superconductor. The different mechanisms that
suppress T, at various Pr-doping levels are discussed.
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Fig. 1. X-ray powder diffraction patterns of (Dy; _,Pr,)SrBaCu;0; with x =
0.02 and 0.04 indicating a dominant 1113 phase.

2. Experimental details

Samples were prepared by the solid state reaction method
using high purity oxide components. The (Dy;_,Pr,)-
)SrBaCuz0;_s samples with x = 0-0.20 were prepared by
using the precursor method. Appropriate amounts of high
purity (>99.99%) powders of Dy,0;, PrgO;;, SrCOs;,
BaCO; and CuO were mixed completely and then ground
thoroughly before the mixture were calcined at 950 °C in air
for 24 h with several intermittent grindings. The resultant
powders were ground thoroughly and pressed into pellets of
about 13 mm diameter and 2 mm thickness. These pellets
were sintered at 950 °C for 24 h followed with annealing in
oxygen at the same temperature for more than 10 h. The
samples were slow cooled at a rate of 60 °C/h until 500 °C
and natural furnace-cooled to room temperature.

The powder X-ray diffraction (XRD) method using a
Siemens D 5000 diffractometer with Cu Ka source was used

Table 1
Lattice parameters, T, onser and porosity for (Dy,_,Pr,)StBaCu3;0;_;

X Lattice parameters Te onset (K)  Porosity (%)
a(A) b (A) c(A)
0.00 3.839(3) 3.829(10) 11.537(8) 89 13
0.01 3.843(4) 3.842(4) 11.549(6) 84 6
0.02  3.840(5) 3.840(14) 11.566(9) 82 7
0.03  3.839(8) 3.839(14) 11.546(10) 80 8
0.04 3.842(8) 3.839(14) 11.574(13) 80 15
0.06 3.832(8) 3.844(16) 11.544(10) 81 18
0.10 3.836(11) 3.835(2) 11.569(15) 81 17
0.15 3.845(3) 3.847(6) 11.550(5) 81 15
0.20 3.840(3) 3.838(9) 11.535(6) 80 14

to identify the resultant phases. The dc electrical resistance
versus temperature measurements were carried out using the
four-point probe method with silver paste contacts in
conjunction with a closed cycle refrigerator from CTI
Cryogenics (Model 22) and a temperature controller
from Lake Shore (Model 330). A constant current source
between 1 mA and 100 mA was used throughout the
measurements.

3. Results and discussion

The powder X-ray diffraction patterns of all
(Dy;_,Pr,)SrBaCu3;0;_s samples showed mainly a single
1113 phase. Fig. 1 shows the pattern for x =0, 0.02 and 0.04
which indicates that Dy-1113 phase (space group, P4/mmm)
is dominant (Fig. 1). No systematic change in the
lattice parameters is observed with various Pr contents
(Table 1). Scanning electron micrographs of the x = 0 and
0.06 samples are shown in Fig. 2a and b. In general the x >
0.06 samples showed grainy feature with less than 5 wm in
size.

The electrical resistance versus temperature curves are
shown in Figs. 3 and 4. All the samples show a metal-like

Fig. 2. Scanning electron micrographs of (a) DySrBaCu;0;_s and (b)
Dy0_94Pr0_OGSrBaCu3O7,3.
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Fig. 3. Electrical resistance vs. temperature curves of (Dy;_,Pr,)-
SrBaCuz0;_s for x = 0.00, 0.02 and 0.03.

normal state behaviour with the resistance changes linearly
with temperature. The undoped sample shows the highest
T¢, onset 0f 90 K. The doped samples show T nsec from 80 K
to 85K (Table 1). Substitution of Pr suppresses the
superconductivity of the samples. T nser drops dramati-
cally until x = 0.03. T, onser becomes almost constant from x
= 0.03 to 0.20 (Fig. 5). Mechanism of partial hole transfer
and pair breaking may play an important role in the
suppression of the transition temperature. Mechanism of
hole filling causes the drastic depression of 7. usec for the
small x = 0-0.03. Later, partial hole transfer instigate the 7,
depression and causes the T, pse; to be almost constant for x
=0.03-0.2. For higher x, mechanism of pair breaking plays a
significant role resulting in the drastic drop of 7., onser [15]-

0.8 1

Resistance (A.U.)
f=]
(=)}

0.4 1

0.2 1

I —

50 100 150 200 250 300

Temperature (K)

Fig. 4. Electrical resistance vs. temperature curves of (Dy;_,Pr,)-
SrBaCuz0,_s for x = 0.06 and 0.10.
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Fig. 5. T, vs. Pr content (x) of (Dy;_,Pr,)SrBaCu;0;_; (the solid line is to
guide the eye).

The electrical resistivity at room temperature for the
(Dy,_,Pr,)SrBaCu30;_s5 samples with x = 0.01-0.2 are
shown in Fig. 6. The resistivity increases with Pr content. A
steep increase in resistivity is observed near x = 0.15. This
behaviour is not related to the porosity or the microstructure
because a change in microstructure is observed at x > 0.06.

In conclusion, samples with nominal starting composi-
tions (Dy,_,Pr,)SrBaCu;0,;_s have been prepared and
studied by electrical resistance, X-ray powder diffraction,
scanning electron microscopy, and electrical resistivity at
room temperature. The manner in which superconductivity
was suppressed in this system has been uncovered. T,
depression in the Pr-substituted material can be divided
into two regions bordered near x = 0.03 with different
mechanisms of suppression. Mechanism of partial hole
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Fig. 6. Normal state electrical resistivity at 300 K of (Dy;_,Pr,)-
SrBaCu;07_;s (the solid line is to guide the eye).
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transfer causes the drastic suppression of T, in the low Pr
content region while pair breaking was suggested to play an
important role in the x = 0.03-0.2.
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