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ABSTRACT

The effect of Praseodymium doping on the electrical and
magnetic properties of the bismuth-based superconductors has been
investigated. The doping was done on the Calcium site ranging from
x=0.00 to 0.10. For low doping percentages.x<0.03, the 2223 phase still
persists. However beyond this concentration the samples were dominated
by 2212 phase. These results were obtained from the measurements of
temperature dependence of electrical resistance and ac susceptibility of the
samples. The magnetic behavior of the doping element, Pr, (a 4f rare earth
magnetic element) seemed to have deteriorated the superconducting
properties of the system by breaking the electron pairing mechanism. Pr
doping also deteriorates the coupling of the superconducting grains, as
observed by the abrupt shift of the loss peaks towards lower temperatures.

1-INTRODUCTION:

The superconducting phases in the Bi-Sr-Ca-Cu-0 system are of the common
ratio (2201), (2212) and (2223) with critical temperature, Tc's of 10K, 80K and 110K,
respectively. An extensive study on the cationic substitution of Ca by rare-earth elements
in Bi2212 has been reported in the literature [1,2], The Ca site in Bi2212 has an identical
crystallographic environment to the rare earth R site in R123, both occupying the center of
Cu-0 octahedral [3,4]. Experiments have indicated that rare earth can be substituted for Ca
in Bi2212 and the doped structure does not change fundamentally, while a transition from
superconductor to insulator occurs with progressive substitution of rare earth. It was
thought that hole filling rather than Abrikosov-Gor'kov pair breaking is responsible for the
Tc decrease in R-doped Bi2212 [5]. On the other hand, very few reports exist in the
literature regarding the substitution of rare earth in Bi2223 superconducting system. Pr
doping of Bi-Pb-Sr-Ca-Cu-O has been found to increase the formation of Pr-doped (BiPb)
2212-phase [6]. In this work, the effect of Pr doping on the magnetic and electrical
properties of Bi(Pb)-Sr-Ca-Cu-0 superconducting system is investigated.

2-EXPERIMENTAL DETAILS:
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Samples with the nominal cationic ratio Bi: Pb: Sr: Ca: Pr: Cu=1.6:0.4:2:2(l-x): 2x: 3 with
x=0.00 to 0.10 were prepared using the conventional solid state reaction method. High purity
powders of Bi2C>3, PbO, SrCC>3, CaCCb, PrgOn and CuO were used as starting materials.
Powders were weighted according to their appropriate ratio, mixed and ball-milled for 24
hours. The mixture was dried out in oven at 120°C for 6 hours. The dried powder was
calcined at three different consecutive times ranging from 4 to 20 hours at temperatures
ranging between 800— 840°C with intermediate grinding. The resulting homogeneous
powder was pressed into disc-shape pellets and sintered at 855°C for 150 hours in an open
tube furnace. Finally, the samples were cooled in air environment with a rate of 2°C/minute to
room temperature.

The electrical resistance of the samples was measured in the temperature range 20 to
300K by the standard four-probe technique with a silver paint as electrode. A uniform current
of 20mA was used for all the samples. AC susceptibility measurements were performed on
the samples using a LakeShore model 7000 susceptometer with applied root-mean square
(rms.) fields (0.10 — lO.OOe) at 125Hz.

3-RESULTS AND DISCUSSION:

3.1:RESISTANCE MEASUREMENTS:

The temperature dependence of the electrical resistance of the samples of nominal
composition Bij <;Pbo.4Sr2 (Cai_xPrx) 2Cu?Os with x=0.00 — 0.10 are given in Figure l(a) and
(b). From figure 1 (a), the resistance curves of the samples of Pr concentration 0 < x < 0.02
showed a zero transition of a 2223 superconducting phase with the onset of superconducting
transition at 112K, 110K and 109K, respectively. The onset transition temperature shows a
dependence of Pr contents and, it was observed to decrease according to the increase of Pr
contents. The minimum of Tc (0) at 96.33K was observed for the sample with x=0.02 after
which a drastic decrease in Tc (0) was observed, as shown in figure 1 (b). As the Pr content
increased. (x>0.03), the maximum Tc (0) at 77.87K, which could be accounted for the
dominance of the 2212 phase, was observed for x=0.03.The two-step resistive transition was
observed for the samples with x = 0.03, 0.04, 0.05 and 0.06. This is because the volume
fraction of the 2223 phase is insufficient to form a continuous network of grains and; it is an
evidence to the dominance of the 2212 phase in these samples [7]. All the samples exhibited
an increasing metallic behavior through the doping range. Figure 3 shows the variation of (Tc

/Tc (0)) as a function Pr concentration x, where Tc(0) corresponds to the zero-resistance
temperature of the respective undoped ( x = 0.00) sample. The approximately linear decrease
in the normalized Tc seems to have two different trends; one at the higher temperatures
influenced by 2223 phase dominance, and another one at the lower temperatures influenced
by 2212 phase dominance.

3.2: SUSCEPTIBILITY MEASUREMENTS:

Figure 2 (a) and (b) show the temperature dependence of the real (x') and the
imaginary (x") components of the ac susceptibility for some selected samples of Bi1.6Pbo.4Sr2
(Ca!.xPr02Cu3O,s system, which had been sintered at 855°C for 150 hours to ensure the
homogeneity of superconductivity. It can be seen from figure 3 (a) that all samples exhibit the
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two-step transition, which is a common feature for Bi-based superconducting system. The
first higher step give an indication about the occurrence of the intrinsic diamagnetic shielding
and, the second lower step account for the coupling diamagnetic shielding. The transition
temperature Tc onset decreases gradually with the increase of Pr content in the system. The
transition temperature is defined as the onset of diamagnetic transition. For x=0.00, 0.01 and
0.02, the transition was detected around 107.00K, 106.22K and 104.83K, respectively, while
for x =0 10, it was seen around 77.05K with small broader transition.

Figure 2 (b) shows the imaginary component of the ac susceptibility for all samples.
It is particularly clear that the coupling loss peaks that give information regarding the energy
losses between the sample's grain connections are gradually shifted towards lower
temperatures The maximum value of loss peak temperature (Tp) was observed for Pr-free
sample at 97.12K, while for x=0.01, 0.02 and 0.10, Tpshows a proportional decrease with the
increase of Pr content and its values are 96.24K, 86.86K and 60.90K, respectively. It is worth
mentioning here that, for Pr concentration x=0.03 and 0.04, their diamagnetic transition were
observed at 101.63K and 91.88K, respectively, while their loss peak temperatures were
detected at 74.28K and 73.58K. However, the area under the x'- T curves corresponding to
2223 phase is very small as compared to the area corresponding to the 2212 phase. It seems
that there is an optimum percentage for Pr to produce a sample with a small amount of 2223
phase around x=0.04.Figure 4 shows the variation of the loss peaks Tp as a function of Pr
concentration.

From the resistance and ac susceptibility data, it is obvious that Pr doping in the Ca site
of Bi(Pb)-Sr-Ca-Cu-0 system drastically deteriorated the superconducting properties of the
system. The result of superconductivity suppression can be understood in terms of the
hybridization between the Pr 4f states and the Cu-0 states. The ionic size of Pr (1.14°A) is
comparable to that of Ca (1.12°A) therefore, Pr ion is able to adjust its size by hybridization
of the 4f electrons with the conduction electrons in the Cu-0 network depending upon the
lattice volume available [8]. The actual situation may involve both the hybridization and the
pair-breaking mechanisms. The pair-breaking theory of Abrikosov and Gor'kov [9] for low
values of paramagnetic impurity concentration x is given by:

Tt.(x) = TL.(0) - [(7T2/4KB) N(E F )^ 2 (g - l)2J0+l)]x. (1).

Where N'(Ep) is the density of state at the Fermi level, g and j , respectively, the Lande g factor
and total angular momentum of the Hund's-rules ground state of the magnetic ion, and £, is the
exchange- interaction parameter. In Eq. 1, there are two material parameters, N(EF)^ 2 and the
de Gennes factor (g-l)2j(j+l), which determine the Tc Vs x dependence N(EF)£,2

characterizes the hybridization between conduction electron states and local impurity states
and their spin-dependent exchange interaction. The de Gennes factor is a characteristic of
magnetic moment of impurity ion. Thus, the linear suppression of Tc(0) Vs x data for
Bii 6Pbo4Sr2(Cai-xPrx)2Cu30s system corresponds to the theoretical (AG) prediction (Eq.l).
These results can be interpreted as evidence for the magnetic pair-breaking effect by Pr
doping, but the regime of the approximately linear dependence of Tc Vs x in Fig (3) is wider
than that predicted by the AG theory. It is noted that the Tt Vs x data can be well fitted to the
AG theory prediction when ( x > 0.10) [8].
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4.CONCLUSION

Superconducting properties of the Bii.6Pbo.4Sr2(Cai.xPrx)2Cu;?Ofi with x = 0.00 to 0.10
system were investigated by measurements of DC electrical resistance and AC magnetic
susceptibility. Pr doping was found to decrease both the critical temperatures Tc(0) and Tc
onset of the system. The deterioration of the superconducting properties was explained in
terms of the hybridization between the Pr 4f states and the Cu-0 states, and the pair-breaking
mechanism in its exchange interaction characterized by N(EF)^2 in AG theory is dependent on
the radius of Pr ions.
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FIGURE. l(a) and (b). Temperature dependence of electrical resistance for
the Bii.6Pbo.4Sr2(Cai-xPrx)2Cu30fi system. The curves are normalized to the
value of resistance at 300K.
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FIGURE.2(a) and (b). Real and imaginary components of the ac susceptibility
versus temperature plots for Bi1.cPbo.4Sr2 (Cai.xPrx)2Cu3O,s system.
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FIGURE.3.Normlized superconducting transition temperature Tc/Tc(0)
Vs. Pr concentration x for Bii/,Pbo 4Sr2(Cai.xPrN)2Cu3Os system.

100

0.02 0.04 0.06

Pr cocentration x

0.08 0.10

FIGURE.4.Pr concentration dependence of the loss peaks temperature Tp for
the Bii.6Pbo.4Sr2(Cai.xPrx)2Cu306 system.
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