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ABSTRACT 
Bi2-x(CuPb)xSr2Ca2Cu3O10+δ compound for (x = 0, 0.4, 0.5) have been prepared by solid state thermo-chemical reaction. Bi2-

x(CuPb)xSr2Ca2Cu3O10+δ compound is superconductor at low temperature, but it has dielectric properties at room temperature. 
The effect of (CuPb)x substitution at the sites of Bi, on the behavior of complex dielectric constant and ac conductivity have 
been investigated.  The loss tangent (tan δ) has increased generally, with frequency but not smoothly, tan δ gets maximum 
value at 200 Hz for all values of x. With further rise in frequency at x = 0.5, tan δ has got another two maxima: the first 
maximum appeared at 2 kHz; the second one appeared at 20 kHz. The ac conductivity increased at higher frequencies for all 
values of x. The frequency exponent n showed progressive increase with x and became maximum at x=0.4. These data 
confirmed that this compound is a useful material at high frequencies for waveguide devices. 
Keywords: High Temperature Superconductor, Calcinations, Nominal composition, Bi compound, Materials, Ceramic 
Method 

1. INTRODUCTION 
Bismuth strontium calcium copper oxide which is abbreviated BSCCO and pronounced "bisko", is a family of high 
temperature superconductors (HTSC). It has the generalized chemical formula Bi2Sr2Can-1CunO2n+4+δ, with n=2. Also 
with n=3, the compound has received the most significant attention due to its ability at high frequencies [1].The other 
valuable point of its significance is that, it is the only HTSC that does not contain rare earth element .The effect of 
(CuPb)x substitution on Tc and on the structure in the form of Bi2-x(CuPb)xSr2Ca2Cu3O10+δ superconductors has been 
studied by recent research  Bushra [2].  She reported that its crystal structure is orthorhombic of Bi-based 
superconductor which consists of two generic building blocks: the vital, superconducting copper-oxide layers or planes, 
and the insulating block layers which can act as electronically active charge-reservoirs for hole or electron donation to 
the copper-oxygen layers of CuO2 planes. In the present work we studied the effect of partial substitution of Bi by 
(CuPb) in the system Bi2-.x(CuPb)xSr2Ca2Cu3O10+δ on the behavior of complex dielectric constant and ac conductivity at 
room temperature for  x = 0, 0.4, 0.5, These measurements were within the frequency range (100 Hz - 100 kHz). The 
results confirm the flexibility behavior in the properties of this high temperature superconductor as a result of doping. 

2. EXPERIMENTAL DETAILS 
Samples of different values of x, namely x = 0, 0.4& 0.5 within the composition of Bi2-.x(CuPb)xSr2Ca2Cu3O10+δ were 
prepared by solid state thermo-chemical reaction method . Firstly, all of the molar ratios of high purity powders of 
Bi2O3, Pb3O4, Sr(NO3)2, CaCO3 and CuO were taken, mixed and grounded to very fine particles using agate mortar 
.Secondly this mixture was then calcined in a tube furnace under atmospheric conditions and ground again to obtain 
the finest possible powder. A programmable controller type [Eurotherm 818P] is used to control the processing 
temperature. The heating process was at a rate of  2 oC/min. up to 800 oC and kept at this temperature for 20-24 hours. 
The cooling process was also at a rate of 2oC/min. The structure of the powder was examined by XRD to confirm the 
structure.  Then the powder is pressed into disk-shape pellets of 1.3 cm in diameter and 0.25 cm thick, by using a 
manually hydraulic press type (SPECAC) under pressure of 0.5GPa. These pellets were sintered in air atmosphere at 
sintering temperature Ts= 860 oC for 14 h with a rate of 2 oC/min by using the above mentioned programmable furnace. 
Then the pellets were cooled to room temperature with the same rate of heating. These pellets were used as samples for 
our measurements. To study the effect of substitution  of (CuPb)x, on the  dielectric behavior and ac conductivity, the 
pellet  was  connected between two Cu electrodes and  put it into electrical oven through which the  connected wires go 
to automatically programmable LCR bridge (pM 60304 Philips) in order to measure the capacitance C and the 
conductance G as a function of frequencies.  
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3. RESULTS AND DISCUSSIONS  
3.1 Dielectric Behavior with Frequency 

Fig. 1(a, b, and c) shows the frequency variation of dielectric constant (ε1), dielectric loss (ε2), and loss tangent tan(δ) 
measured at room temperature for different substitution values of x in the HTSC Bi2-.x(CuPb)xSr2Ca2Cu3O10+δ . From 
figure (1a), it has been observed a sharp decrease in ε1 in the early steps of measurement for the three samples. However 
the starting values of ε1 for these samples are different. The samples with x= (0 and 0.4) behaved almost similarly with 
the variation of frequency, but the sample of x=0.5 showed much higher initial value of ε1 than those with x= 0 
(undoped) and x= 0.4. After the sharp decrease in the first early steps of frequency variation, ε1 kept nearly constant 
within the measured range of frequency for the three samples. However, the nearly constant values of ε1 for the samples 
with x= (0 and 0.5), were a bit lower than that for x=0.4. The observed initial sharp in ε1 decreases with frequency in 
the early stages of measurement. According to Kim et al [3], the compound exhibits different types of polarizations 
under ac field (i.e. interfacial, dipolar, atomic, ionic, and electronic). Another interpretation is given by Emery and 
Kivelson [4], they attributed such behavior to strong phase fluctuation. Such phenomena may affect the coherency of 
Cooper pairs. However afterwards the structure relaxed to a stable state, and became, nearly, independent on frequency. 
Hence it can be say that this behavior is a result of transition to an order of directional orientation of permanent dipoles 
along a particular direction.  

 
Fig.1. Frequency variation of  (a) Dielectric Constant ε1, (b) Dielectric Loss ε2, and (c) Loss tangent (tan δ), for Bi2-

.x(CuPb)xSr2Ca2Cu3O10+δ at different values of x 
 
From figure 1b, it is observed that the variation of dielectric loss ε2 was not similar for the three samples, for x=0, the 
variation at the start was very small and then kept constant at zero value. This frequency-independent value is usually 
denoted as ε∞ in dielectric spectroscopy and ascribed to the ionic and electronic polarizability [5] .While for x=0.4 the 
sample showed high 2 values at the beginning and decreased rapidly in the early stage of measurements with 
increasing frequency because the active component (ohmic) of the current increases more rapidly than its reactive 
component (capacitative). At higher frequencies the samples of x= (0.4 and 0.5), showed a fluctuation with frequency, 
which can be considered as order- disorder transition. This type of variation was observed in some of the dielectrics [5]. 
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Accordingly it could be said that the active component of the current is practically independent of the frequency and the 
reactive component increases proportionally with the frequency.  
The variation of the dielectric loss (tan δ) with frequency is shown in Fig. 1c. Obviously, tan δ first increased with 
increasing frequency and became maximum at 200 Hz for all values of x. With further rise in frequency, tan δ for 
x=0.5, showed another two maxima. The first maximum appeared at 2 kHz; the second one appeared at 20 kHz. This 
variation can be attributed to the fluctuations in the values of the active component (ohmic) of the current and its 
reactive component (capacitive) [6]. 
3.2 Dielectric Behavior with (CuPb)x Substitution  

The effects of partial substitution of Bi by (CuPb)x on the values of dielectric constant ε1, dielectric loss ε2, and tangent 
loss (tan δ) were plotted  in Fig. 2 (a, b, and c). It can be seen that the dielectric constant ε1, is in general have   
increased with increasing x, and becomes maximum when x= 0.4 at all frequencies (1, 10 and100) kHz and then 
decreases with further rise in x value as shown in Fig. 2a.Such data can be explained on bases of transition within 
grains that lead to increase the insulating region near the grain boundaries, mostly by segregation. It seems that Pb does 
not enter the Cu or Ca site .On the other hand  the  dopant  atoms of  Pb seems to partially occupy the Bi site in general 
features. Chemical formulation of the analyzed compound can be considered by normalizing numbers of cations on the 
basis of the number of Cu atoms in the unit cell [7]. This result is confirmed in Figs. 2a and 2b by the minimum values 
of dielectric loss and loss tangent at x= 0 and x=0.4. The plateau in Fig. 2c is almost consistent at all the frequency 
ranges and starts to increase with further rise in x value. 

a  

b  

c  
Fig.2. (a) Dielectric Constant ε1 and (b) Dielectric loss ε2, and (c) Loss tangent (tan δ) as a function of x values for Bi2-

.x(CuPb)xSr2Ca2Cu3O10+δ at (1, 10, and 100) kHz 
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3.3 A C Conductivity 
Figure (3) shows the frequency dependent ac conductivity of the compound at different values of x. The ac conductivity 
did not show response with frequency at the start of measurements, however at (4 kHz) started to increases with higher 
frequency for all values of x. This increase can be described in an empirical formula σ (ω) = σdc + Aωn where σdc is the 
dc (or very low frequency) conductivity and n is the frequency exponent. The plateau of ac conductivity is virtually 
present at frequencies below 4 kHz for all values of x, so that the conductivity can be close to that of dc conductivity 
which is dominant at very low frequency for all x values [8]. The exponent n was found to increase as the value of x 
changed from 0 to 0.4 and then decreased at x= 0.5 as shown in Fig. (4) .The maximum value of n was at x=0.4. The 
power law frequency dependence of ac conductivity corresponds to the short range hopping of charge carriers through 
trap sites separated by energy barriers with different heights .The exponent n is supposed to satisfy the condition 0 < n 
< 1 however, experimental values of n higher than 1 are found in this work. These values are attributed to localized 
hopping and/or reorientation motion. Such data indicates the great influence of Pb ions hopping near their 
neighborhood and then relax. The  motion of mobile ions from site to site with quantum mechanical tunneling between 
asymmetric double-well potential was proposed to investigate the observed high values of n, especially in 
polycrystalline compound of different grains sizes [9].  

 

 

Fig.3. Frequency - dependent AC conductivity of the Bi2-.x(CuPb)xSr2Ca2Cu3O10+δ compound 

 

Fig.4. Frequency exponent as a function of x values 

Fig. (5) shows the effect of the substitution on ac conductivity. As the value of x increased, the conductivity also 
increased and became maximum at x=0.4, but with further increase in x, the conductivity decreases due to the increase 
in trap centers for carriers [10]. The variation of ac conductivity is associated with oxygen content.  It can be noticed 
that as the compound is a family of high temperature superconductors, so ac conductivity is related to the percentage of 
Cu+3 present in the compound. So it is expected that the increasing of x up to 0.1 will increase the amount of Cu+3 with 
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respect to other valences, (Cu+2 and Cu+1). It has been pronounced that holes are present on oxygen rather than on 
copper [11, 12]. 

 

Fig.5. x value ratio - dependent AC conductivity of the Bi2-.x(CuPb)xSr2Ca2Cu3O10+δ compound 

4. CONCLUSIONS 
The Bi2-.x(CuPb)xSr2Ca2Cu3O10+δ compound was synthesized by thermo-chemical solid state reaction method. The effect 
of (CuPb) doped, on the dielectric properties of Bi2-x(CuPb)xSr2Ca2Cu3O10+δ have been studied. The variation of 
dielectric constant at low frequency was attributed to strong phase fluctuation. Such phenomena may affect the 
coherency of Cooper pairs. The loss tangent peaks appeared at a characteristic frequency suggests the presence of 
relaxing dipoles in all the samples. Increasing x led to increase tan δ, with more fluctuations. The frequency 
dependence of ac conductivity follows the universal power law with a small deviation in the low frequency region due 
to the electrode polarization effect. The conductivity increased with the increase in frequency at each constant value of 
x. Our data showed that the variation of dielectric Constant ε1,   dielectric loss ε2   and loss tangent (tan δ), are frequency 
dependent, as well as depends on the ratio of partial substitution of Bi atoms by (PbCu). Hence it can be optimized to 
obtain the required values for required purposes. 
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