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Abstract
We report here fluctuation, diamagnetic transition, and FTIR spectra in Bi1.7Pb0.30 Sr2Ca2-xLaxCu3Oy superconductor with
various x values (0.00 < x < 0.30). It is found that the magnetic moment is negative for the samples below the onset of
diamagnetism in both field cooling (FC) and zero-field cooling (ZFC). Although the magnetic moments are shifted to lower
values close to zero as La increases up to 0.30, they are higher for Fc than for ZFC. Furthermore, the onset temperature of
diamagnetic transition (TcM) for La = 0.30 sample is 83 K, which is about 30 K higher than that obtained from resistivity data
(TcR = 53K). On the other hand, the logarithmic plots of excess conductivityΔσ and reduced temperature ε for the samples reveal
three different exponents corresponding to two crossover temperatures in the slope of each plot. The first exponent occurs in the
normal field region (NFR) and its values are 0.30 (3D), 0.50 (3D), 0.20 (3D), and 2.04 (0D). The second exponent occurs in the
mean field region (MFR) and its values are 0.75(2D), 0.44 (3D), 0.65 (2D), and 0.36 (3D). The third exponent occurs in the
critical field region (CFR) and its values are 0.51 (3D), 0.99 (2D), 0.38 (3D), and 0.65 (2D). Interestingly, the Ginzburg-Landau
parameter, critical magnetic fields, and critical current density are gradually increased as La increases up to 0.30, while the
interlayer coupling, coherence lengths, anisotropy, and Ginzburg number are decreased. Finally, the FTIR absorption spectra of
the samples show nine successive peaks due to O-H, Bi(Pb):2223, residual carbon, SrCo, CaCo3 and CuO, and M-O, respec-
tively. These results are discussed in terms of the correlation between hole carriers/Cu ions and excess oxygen which are
introduced by La through CuO2 planes of BSCCO superconductors.

PACS: 74.25.Bt74.62.Dh74.62.En74.72.gh
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1 Introduction

Due to short coherence length and high critical temperature Tc
of superconducting materials, the thermal fluctuation of
superconducting order parameter (Cooper pairs) has been ear-
ly observed above Tc as excess conductivity [1, 2]. The fluc-
tuation of Cooper pairs begins to be created spontaneously at a
temperature twice the mean field temperature Tc

mf (T > 2Tc
mf)

and normally increases as the temperature approaches Tc. The
BSCCO high Tc superconducting systems have a layered
structure in which two-dimensional conducting CuO2 planes

are separated by Bi charge reservoir layers, which impede the
movement of charge carriers normal to the superconducting
planes [3–9]. In particular, BSCCO exhibits anisotropy and
small coherence length together with elevated values of Tc,
and therefore, they have a great effect on superconducting
order parameter [10–13].

The fluctuation-induced conductivity (FIC) analyses reveal
that the contribution of excess conductivity is due to Gaussian
fluctuation in the mean field region as well as the critical field
fluctuation region [14]. Gaussian fluctuation is probably dom-
inant in the temperature region above Tc

mf when the fluctua-
tion in the order parameter is small and the interactions be-
tween Cooper pairs can be neglected, while the critical fluc-
tuation occurs below the Tc

mf when the fluctuation in the order
parameter is large and the interactions between Cooper pairs
are considered. The variation of excess conductivity Δσ with
the reduced temperature ε helps the researches to find a lot of
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superconducting parameters such as crossover temperature,
dimensional exponent, interlayer coupling, coherence length,
Ginzburg-Landau parameter, Ginzburg number, and anisotro-
py [15]. However, the dimensional exponents in high Tc ma-
terials are found to be zero dimensional (0D), one dimensional
(1D), two dimensional (2D), and three dimensional (3D) [16,
17]. It seems that the dimensional crossover takes place be-
tween any two different dimension regions at a crossover tem-
perature To.

The dimensional exponents of pure Bi(Pb):2223 systems
are well described by 2D or quasi-2D nature [18–22]. They
may also become 3D depending on the method of synthesis
that modifies the state of microscopic disorder and induces
spatial fluctuations near Tc.. Usually, the crossover can occur
either from 3D to 2D or from 1D to 2D in the doped samples
[23, 24]. While, the substitution of rare earth elements RE3+ at
Ca2+ sites in these systems mutually has different dimensional
exponents according to the changes of carrier concentration in
the CuO2 planes. For example, the substitution of Y, Pr, Ce,
Gd, and Cd at Ca sites in Bi:2223 system suggests 2D
superconducting order parameter, and a distinct 2D–3D cross-
over behavior near Tc is obtained [15, 25–30]. But the effects
of La substitution on the above physical parameters such as
critical fields and currents are not discussed in details.

The lattice vibrations in ceramic cuprates have been con-
sidered early as the subject of numerous studies and applica-
tions such as optical Kerr shutter (OKS), switching broad-
band amplifiers, detectors, and many other switching devices.
Now, some evidences for electron-phonon coupling have
been reported by infrared spectroscopy. The Fourier transform
infrared (FTIR) spectroscopy has been early based on inter-
ference of radiation between two beams [31–34]. FTIR re-
cords the percentage of transmittance over a wide range of
wavelengths like near infrared with frequency ranging
4000–10,000 cm−1, middle infrared ranging 200–4000 cm−1,
and far infrared ranging 10–200 cm−1. Therefore, in order to
distinguish the different roles between the spin vacancy and
the carrier concentration against substitution content such as
La in Bi(Pb):2223 system, FTIR spectra (400–4000 cm−1) are
examined at room temperature.

Recently, Sedky et al. [35] have investigated the effect of
La substitution on the structural, normal, and superconducting
properties of Bi1.7Pb00.30 Sr2Ca2-xLaxCu3Oy superconduc-
tors. The results of resistivity and Vickers hardness are pre-
sented in details. It is found that the replacement of Ca2+ by
La3+ up to 0.30 increased the excess oxygen, effective Cu
valance, hole carrier per Cu ion, and Vickers hardness Hv,
and the Tc is decreased. Furthermore, the critical concentration
for quenching superconductivity may be extended above 0.30.
As a continuation of the above work, we reported here the
fluctuation-induced excess conductivity on the same batch
of samples. We have restricted our analysis to the mean field
regime and crossover behavior and tried to extract some of the

above important critical parameters. Furthermore, dc magne-
tization in both zero-field cooling (ZFC) and field cooling
(FC) at dc magnetic field of 20 Oe is performed with the goal
of establishing some evidence for the existence of local mag-
netic moments. Moreover, the FTIR spectra are taken in the
frequency range of 400–4000 cm−1.

2 Experimental

As indicated in ref. [36], the samples are synthesized by the
well-known solid state reaction method and the structural,
thermal, mechanical, and electrical properties are well exam-
ined in details. At present, and in order to determine the onset
temperature of diamagnetism TcM as well as critical tempera-
ture TcR for the samples, dc magnetizations are carried out by
means of a SQUID magnetometer (Quantum Design) in both
field cooling (FC) and zero-field cooling (ZFC) at a field of
20 Oe in the temperature range of 10–150 K. More precisely,
the samples are first cooled down to 20 K in the absence of the
applied field; then, the field is switched on and the data are
acquired for increasing temperature (ZFC) up to 150 K. After
that, the samples are cooled down again and FCmagnetization
is acquired in the presence of the field. On the other hand, the
FTIR absorption spectra of the samples are carried out in
powder form in the range of 400 to 4000 cm−1 (with a reso-
lution of 4 cm−1 and scanning speed 2 cm−1/s at room temper-
ature) using a spectrum 400-FT-1R/FT-NIR spectrometer.
The samples are homogenized in spectroscopic grade of KBr
carrier in an agate mortar and pressed in to 3-mm pellets. The
grinding time is minimized as possible to avoid the structure
deformation, ion exchange, and water absorption from the
atmosphere.

3 Results and Discussion

It is evident from the XRD pattern shown in Fig. 1 that all
samples are single phase and are free from any impurity
phases. The peaks of high intensity indicated by H (hkl) be-
long to the Bi(Pb):2223 phase, while the peaks of very low
intensity indicated by L (hkl) intensities such as (131), (115),
(019) (240), (172), (310), and (3110) belong to Bi(Pb):2212
phase . However , the compos i t ion of low 2212
superconducting phase (Tc = 89 K) is normally formed as a
minority phase in 2223 high phase, and cannot be considered
as an impurity phase. Furthermore, these peaks have very low
intensities as indicated above. The resistivity versus tempera-
ture curves for the samples are shown in Fig. 2. The critical
temperatures TcR for zero resistivity listed in Table 1 are 119 K
for pure sample and decreased by La to 104, 71, and 53 K for
La samples, respectively. Figure 3 a and b show the magnetic
moment as a function of temperature in both zero-field
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cooling (ZFC) and field cooling (FC) for the samples. It is
noted that the ZFC exhibits broader drop for the magnetic
moment and extended from 20K up to onset of diamagnetism,
possibly due to a strong flux pinning effect, while the FC
exhibits a sharp drop close to the onset of diamagnetism and
nearly saturated as the temperature decreased to 20 K, indicat-
ing the presence of weak links. It is also noted that the mag-
netic moment is negative below the onset of diamagnetism for
all samples in both FC and ZFC, but its value is higher for FC
than that for ZFC. Furthermore, the magnetic moment is
shifted to lower values close to zero as La increases up to 0.30.

Moreover, the clear difference in the superconducting sig-
nal coming from the ZFC curve, with respect to that of the FC
curve, can be taken as proof that our ZFC protocol is correctly
performed. The values of onset of diamagnetism TcM for both
cases are determined as the values of the temperature corre-
sponding to the onset of the zero magnetic moment. As listed
in Table 1, the average values TcM between FC and ZFC are
113, 89, 82, and 83 K, and the temperature differences be-
tween them are between 2 and 8 K. As compared with the
values of TcR, the differences between the TcR and TcM values
are 6, 15, 11, and 30 K, respectively. Although the diamag-
netic signal is zero at this temperature, the area of the diamag-
netic is higher than zero, indicating the presence of a
superconducting state with a considered critical current [36,
37]. This observation suggests that the correct determination

of TcM is influenced by the presence of a magnetic background
which overcomes the superconducting signal, particularly in
the region close to the diamagnetic transition. However, the
difference between TcR and TcM especially for La = 0.30 sam-
ple may be due to some of intrinsic inhomogeneities in super-
conductor which reflect two critical temperatures. The first is
local temperature TcL as a result of small clusters, and the other
is percolation threshold temperature TcP due to an infinite
cluster giving a true zero resistance (R = 0). By using high-
accuracy magnetic measurements, it is possible to determine
the TcM of the first islands due to pure clusters present essen-
tially and appeared in the sample [38, 39].

The excess conductivity Δσ due to thermal fluctuation is
defined from the deviation of the measured conductivity σm
(T) from the normal conductivity σn (T) as follows:

Δσ ¼ 1

ρm
−
1

ρn

� �
¼ σm−σn ð1Þ

where ρm and ρn are the measured and normal resistivity,
respectively. ρn is obtained from the measured resistivity ρm at
a temperature TB ~ 2 Tc

mf by applying the least square method
to the Anderson and Zou relation, ρn(T) = A + BT [40]. In or-
der to estimate the paraconductivity, Aslamazov and Larkin
(AL) deduced the following relation for the fluctuation-
induced excess conductivity Δσ =Aε−λ [41], where A is con-
stant; λ is the order parameter exponent and their values are 2,
0.5, 1, and 1.5 for (0D/SW), 3D, 2D, and 1D fluctuations,

respectively; and ε is the reduced temperature given by T−Tmf
c

Tmf
c

[40–42].
Tc

mf is the mean field temperature; above it, the interactions
between Cooper pairs can be neglected.We have followed the
dρ/dT versus temperature plot to obtain the values of Tc

mf

from the peaks.

Here, A ¼ e2
32ℏξp 0ð Þ for 3D, A ¼ e2

16ℏd for 2D, and A ¼ e2ξc 0ð Þ
32ℏs

for 1D, e is the electronic charge, d is the interlayer spacing
between any two successive planes, ћ is the reduced Planks,

constant, ξp(0) is the effective characteristic coherence length
at 0 K, ξc(0) is the c-axis 3D coherence length at zero temper-
ature, s is the cross-sectional areas for 1D, and λ is an expo-
nent related with the actual effective conduction
dimensionality.
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Fig. 1 XRD patterns for the samples

Table 1 TcR, TcM, average TcM,
ΔTcM, and (TcR–TcM) versus La
for pure and La samples

La
cont.

TcR
(K)

TcM FC
(K)

TcM ZFC
(K)

Average TcM
(K)

ΔTcM
(K)

Temp. diff.
(K)

d (Ǻ) c (Ǻ)

0.00 119 112 114 113 2 6 18.436 36.872

0.05 104 91 87 89 4 15 18.408 36.816

0.15 71 82 – 82 – 11 18.389 36.778

0.30 53 87 79 83 8 30 18.384 36.768
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The crossover behavior from 2D to 3D occurs at a temper-
ature T0, given by [42, 43]

T0 ¼ Tmf
c exp

2ξc 0ð Þ
d

� �2

ð2Þ

where ξc 0ð Þ ¼ dJ
1
2

2

� �
[10, 44] and J is the interlayer cou-

pling given by J ¼ ln T0

2Tmf
c

� �
[45, 46].

The normal resistivity shown in Fig. 2 is found to be linear
as the temperature is reduced from room temperature down to
a certain temperature TB, and follows the ρn(T) = A + BT for-
mula. TB ~ 2Tc

mf is the temperature below which the Cooper
pair formation starts [47]. As the temperature is further re-
duced below TB, the rate of change of resistivity becomes
entirely different due to increasing Cooper pair formation.
Therefore, the fluctuation-induced conductivity in this region
follows the Aslamazov and Larkin (A-L) model to yield the
dimensional exponent appropriate to fluctuation-induced con-
ductivity [13].

However, ρn (T) is calculated by using the values of A
and B parameters obtained from the fitting shown by
straight columns in Fig. 2. One of the columns is drawn at

a temperature close to TB and the second drawn at a temper-
ature very close to room temperature. The mean field tem-
perature Tc

mf, listed in Table 2, is estimated from the peak of
dρ/dT against temperature plot as shown in Fig. 4. By using
the values of Δσ and reduced temperatures Є, we have plot-
ted lnΔσ against lnЄ for all samples (see Fig. 5). Evidently,
above Tc

mf, we first observe a power law region which
clearly means that the G-L theory breaks and the short wave
fluctuation play a dominant role [48]. Also, the excess con-
ductivity decreases sharply in this temperature region and
agrees well with the theoretical prediction. However, three
distinct linear parts are obtained for each curve. The first
part occurs in the normal field region (NFR), the second in
the mean field region (MFR), and the third in the critical
field region (CFR). The corresponding temperatures where
the slope change occurs are designated as the crossover
temperatures To1 and To2, respectively. The values of Tc

mf

To1 and To2 listed in Table 2 are decreased as La increases up
to 0.30 as well as TcR behavior. The interlayer coupling J is
calculated in terms of Tc

mf and To2 values, and then, ξc(0)
could be also obtained, in which d = c/2 for BSCCO systems
[49]. It is clear that both of J and ξc(0) are decreased as La
increases up to 0.30 as well as c-axis.

Fig. 2 Resistivity versus
temperature for pure and La
samples
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(a): The FC magnetic moment versus temperature for pure and La samples 

(b): The ZFC magnetic moment versus temperature for pure and La samples

Fig. 3 a The FC magnetic
moment versus temperature for
pure and La samples. b The ZFC
magnetic moment versus
temperature for pure and La
samples

Table 2 Tc, Tc
mf, T01, T02, J,

ξc(0), and OPD versus La for
Bi(Pb):2223 system

La cont. Tc
mf (K) To1 (K) To2 (K) J ξc(0) (Å) λ1 (RI) λ2 (RII) λ3 (RIII)

0.00 124.5 176 132 0.64 7.34 0.30

3D

0.75

2D

0.51

3D

0.05 111 165 122 0.60 7.12 0.50

3D

0.44

3D

0.99

2D

0.15 98.5 160 110 0.58 7.02 0.20

3D

0.65

2D

0.38

3D

0.30 62.5 99.7 74 0.52 6.66 2.04

0D

0.36

3D

0.65

2D
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In order to compare the experimental data with the theoret-
ical predictions, these regions are individually linearly fitted,
and the values of dimension exponent λ are well determined.
However, the first exponent occurs in the normal field region
(NFR) at a temperature range of 0.332 ≥ lnε ≥ − 0.883 for
La = 0.00, 0.532 ≥ lnε ≥ − 0.721 for La = 0.05, 0.711 ≥ lnε ≥
− 0.463 for La = 0.15, and 1.331 ≥ lnε ≥ − 518 for La = 0.30.
The values of exponents are 0.30 (3D), 0.50 (3D), 0.20 (3D),
and 2.04 (0D), respectively. These values indicate that the OD
is shifted from 3D to 0D as La increases up to 0.30. The
second exponent occurs in the mean field region (MFR) at a
temperature range of − 0.907 ≥ lnε ≥ − 1.123 for = La = 0.00,
− 0.739 ≥ lnε ≥ − 2.312 for La = 0.05, − 0.471 ≥ lnε ≥ − 1.951
for La = 0.15, and − 0.552 ≥ lnε ≥ − 1.693 for La = 0.30.The
values of exponent are 0.75 (2D), 0.44 (3D), 0.65 (2D), and
0.36 (3D), respectively. The third exponent occurs in the crit-
ical field region (CFR) at a temperature range of − 2.809 ≥
lnε ≥ − 4.601 for = La = 0.00, − 2.432 ≥ lnε ≥ − 4.30) for La =

0.05, − 2.064 ≥ lnε ≥ − 3.268 for La = 0.15, and − 1.833 ≥
lnε ≥ − 3.817 for La = 0.30. The values of exponents are
0.51 (3D), 0.99 (2D), 0.38 (3D), and 0.65 (2D), respectively.
This means that the OPD is generally (3D/0D) in the NFR,
(2D/ 3D) in the MFR, and (2D/3D) in the CFR.

The appearance 0D in the NFR for La = 030 sample may be
due to short wavelength of critical fluctuations in the conduc-
tivity region of microscopic granular superconductor, and it is
extremely sensible to applied magnetic field as obtained in the
diamagnetic measurements [24, 28, 29]. Our interesting point
here is observed for the third values of exponents, where the
order parameter is shifted from 2D to 3D for La = 0.00 and
0.15 samples, and from 3D to 2D for La = 0.05 and 0.30
samples. This is may be related to the effective length in the
direction perpendicular to the current flow which is found to
bemore reduced in RE3+ substituted Bi(Pb):2223 system [50].
This is because most of pure BSCCO systems are 2D behavior
in the CFR, and normally the crossover occurs from 3D to 2D

Fig. 5 LnΔσ against lnε for pure
and La samples

Fig. 4 dρ/dT versus temperature
for the pure and La samples
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due to the effect of either substitution or radiation. But at
present, the crossover is observed from 3D to 2D and also
from 3D to 2D. Actually, the CFR is usually controlled by
the critical fluctuation results from the small mean free path of
the charge carriers produced as the carrier concentration is
changed [23, 51–53]. Our strange point here is that the cross-
over is not systematic as compared with the increase of La
content, which is clearly difficult for understanding.

The anisotropy parameter could be obtained using the re-
lation [54]

γ ¼ 0:71KBffiffiffiffiffiffiffi
NG

p
H2

c 0ð Þξ3c 0ð Þ

" #1
2

¼ ξab 0ð Þ
ξc 0ð Þ ð3Þ

NG is Ginzburg reduced number given by NG ¼ T02−TcR
TcR

,

and Hc(0) is the thermodynamic critical field at 0 K given by
Hc 0ð Þ ¼ φ0

2
ffiffi
2

p
πλ 0ð Þξc 0ð Þ, where φ0 is the quantum flux given

by φ0 ¼ h
2e ¼ 2:07� 10−15 web=m2ð Þ, and λ is London pen-

etration depth at 0 K which is about 300 nm for Bi(Pb):2223
superconductors [55]. From the values of γ, the in-plane co-
herence length ξab(0) and effective coherence length ξp(0) are
obtained with the help of the following relation [12]:

1

ξp 0ð Þ ¼
1

4

1

ξc 0ð Þ þ
1

ξ2c 0ð Þ þ
8

ξ2ab 0ð Þ

 !1
2

2
4

3
5 ð4Þ

The upper critical fields at 0 K along the c-axis Hc21(c −
axis) and along a-b plane Hc21(ab − plane), and also the criti-
cal current density at 0 K and Jc1(0) are calculated by using the
following relations [44, 56]:

Hc21 c−axisð Þ ¼ φ0

2πξ2ab 0ð Þ
Hc21 ab−planeð Þ ¼ φ0

2πξc 0ð Þξab 0ð Þ

Hc21 0ð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Hc21 ab−planeð Þ½ �2 þ Hc21 c−axisð Þ½ �2

q

J c1 0ð Þ ¼ 2φ0ffiffiffi
6

p
πλ2 0ð Þξp 0ð Þ ð5Þ

On the other hand, the lower critical field Hc1(0), upper
critical fields Hc2(0), and also current density at 0 K are esti-
mated by the another following relations [57–60]:

Hc 0ð Þ ¼ φ0

2
ffiffiffi
2

p
πλ 0ð Þξc 0ð Þ;Hc1 0ð Þ ¼ Hc 0ð Þlnκffiffiffi

2
p

κ

Hc22 0ð Þ ¼
ffiffiffi
2

p
κHc 0ð Þ; J c2 0ð Þ ¼ 4κHc1 0ð Þ

3
ffiffiffi
3

p
λ 0ð Þlnκ ð6Þ

where κ is the Ginzburg-Landau parameter of the

superconducting system given by κ ¼ λ 0ð Þ
ξc 0ð Þ. As listed in

Tables 3 and 4, the values of ξab(0), ξp(0), and γ are decreased
as La increases up to 0.30 as well as both of c-axis, d, J, ξc(0),
and TcR, while the values of NG, κ, critical fields, and critical
currents are gradually increased. Interestingly, the values of
critical fields and critical current obtained from Eq. 5 are ap-
proximately higher than those obtained by Eq. 6 (see
Fig. 6a, b). Although the above two equations have been used
individually, the main reason for the difference between them
is not clear for us. On the light of these observations, one can
say that the increase of excess oxygen and hole carries/Cu ions
introduced by La in the CuO2 planes of the Bi(Pb):2223 may
affect the path of current flow in the system and eventually the
critical parameters are increased. This leads to electronic or
chemical inhomogeneity in the charge reservoir layer (BiO/
SrO) and supplies the charge carriers to the CuO2 planes
through which the actual super-current is believed to flow
[61–63].

The order of thermal fluctuations in a superconductor is
given by Ginzburg number Gi as follows [64, 65]:

Gi ¼ πκ2ξ0 cð ÞKBTcμ0

2φ2
0

� �2
ð7Þ

where μ0 = 4π × 10−7 A/m. The Gi values listed in Table 4 are
decreased from 8.7 × 10−3 for pure sample to 7 × 10−3, 3.2 ×
10−3, and 2.1 × 10−3 for La substituted samples. These values
are comparable with the reported Gi = (10−3–10−4) for HTSC,
and they are several orders of magnitude larger than 10−9 for
conventional superconductor [66, 67]. Decreasing the values
of Gi supports the decrease of critical temperature and also the
crossover of order parameter dimensionality from 2D/3D or
3D/2D as La increases.

The FTIR absorption spectra of the samples are shown in
Fig. 7 and the associated wave numbers for the obtained ab-
sorption peaks are listed in Table 5. Regarding the pure sam-
ple, the presence of broad absorption peak at 3851.20 cm−1

and specific peak at 3493.25 cm−1 corresponds to the
stretching vibration of intermolecular hydrogen band (O-H),
indicating the assignment of fundamental stretching of the OH
groups [68, 69]. The appearance of peak band at 1633.36 cm−1

is the confirmation of the complex formation of Bi(Pb):2223
phase, in agreement with the report elsewhere [70, 71]. There
is a weak and broad absorption peak at 1379.14 cm−1, which
may appear due to the presence of small amount of residual
carbon. The two successive peaks’ appearance at
1184.14 cm−1 and 1110.95 cm−1 confirms the bond stretching
of other metal oxides and carbonates such as SrCo3, CaCo3,
and CuO [72–74]. The observed strong peaks at around
586.45 cm−1, 563.28 cm−1, and 532.67 cm−1 may be attributed
to the characteristic of (metal oxide) O-M vibrations.
However, with La substitution, the wave number of few peaks
is shifted from its position such as 3493.25 cm−1 which is
decreased to 3429.77 cm−1 and 3436.72 cm−1 for La = 0.05

3711J Supercond Nov Magn (2020) 33:3705–3715



and 0.15 samples and then increased to 3493.25 cm−1 for La =
0.30. The vice is versa for 1379.14 cm−1 band, while the M-O
absorption peaks are generally shifted to higher values.
Furthermore, the peaks obtained at 1184.14 cm−1 and
1110.95 cm−1 remain constant for La = 0.05 and 0.15, but they
are increased to 1190.14 cm−1 and 1132.57 cm−1 for La = 0.30
sample.

Anyhow, the FTIR spectra of BSCCO superconductors
reflect the contributions of electronic response of the charge
carriers and lattice vibrations. The FTIR spectra show differ-
ent activemodes which can be shifted to another wave number
by changing either excess oxygen or carrier concentration [4,
33, 75]. The nature of substitutions in BSCCO is considerably
simplified by involving the excess oxygen Oδ which makes
several predictions that can be easily tested against the ob-
served FTIR spectra [76]. In a marginally stable elastic net-
work, equilibrium conditions require approximate equality of
local atomic forces [77]. The highest frequency ωD of an O–O
defects pair scales with its reduced mass μD against the re-
duced mass of the host Cu–O LO mode, μH. Thus,
μDωD

2 = μHωH
2 and with M (Cu) = 4 M (O), ωD = 1.26 ωH.

The maximum LO neutron peak energy is ~ 75 meV =
600 cm−1 in BSCCO, in agreement with the present data
(586.45 cm−1).

However, the fluctuation-induced excess conductivity
study for the pure and La substituted Bi(Pb):2223 phase
is considered by the following points: (i) decreasing the
values of Tc

mf and To as well as Tc; (ii) appearance of
three different exponents corresponding to two crossover
temperatures; (iii) decreasing the coherence lengths, inter-
layer coupling, G-L parameter, and anisotropy; (v) in-
creasing the Ginzburg number, critical magnetic fields,
and critical current. This is due to some reasons such as
decreasing c-lattice parameter even La3+ ionic size is
higher than that of Ca2+ at the same eightfold coordina-
tion and increasing the excess oxygen and hole carrier

concentration per Cu ion. The consistency of these points
gives a fair degree of certainty to the appearance of the
fluctuation-induced excess conductivity of La substitution
in Bi(Pb):2223 system. To our knowledge, the analysis of
fluctuation-induced conductivity for the La substituted at
Ca site in Bi(Pb):2223 may be considered for the first
time and also improves the diamagnetic onset temperature
for La = 0.30 sample, which highlight the present work.

4 Conclusion

Fluctuation, diamagnetic, and FTIR in pure and La
substituted Bi(Pb):2223 superconductor are investigated.
We have shown negative values of magnetic moment
below the diamagnetic transition for all samples in both
field cooling (FC) and zero-field cooling (ZFC), but the
va lues of FC are h igher than those of ZFC.
Furthermore, the onset diamagnetic temperature (TcM)
for La = 0.30 sample is 83 K, which is about 30 K
higher than that obtained from resistivity (TcR = 53 K).
On the other hand, the logarithmic plots between Δσ
and ε reveal three different exponents corresponding to
two crossover temperatures for all samples. The first
exponent occurs in the normal field region (NFR) and
its values are 0.30 (3D), 0.50 (3D), 0.20 (3D), and 2.04
(0D). The second exponent occurs in the mean field
region (MFR) and its values are 0.75(2D), 0.44 (3D),
0.65 (2D), and 0.36 (3D). The third exponent occurs in
the critical field region (CFR) and its values are 0.51
(3D), 0.99 (2D), 0.38 (3D), and 0.65 (2D). Although
the substitution of Ca2+ by La3+ could increase the
Ginzburg-Landau parameter, critical magnetic fields,
and critical current density, the interlayer coupling, co-
herence lengths, anisotropy, and Ginzburg number are
decreased. Finally, nine successive FTIR absorption

Table 3 NG, γ, ξab, ξp, Hc-axis(0),
Hab-plane(0), and Jc(0) versus La
for the samples

La cont. NG γ ξab (Ǻ) ξp (Ǻ) Hc21(0) (c-axis) (T) Hc21(0) (ab-plane) (T) Hc21(0)

0.00 0.109 0.448 3.29 3.97 3040.82 1362.69 3332.19

0.05 0.173 0.393 2.80 3.45 4196.90 1650.85 4509.91

0.15 0.549 0.357 2.51 3.12 5246.13 1872.70 5570.36

0.30 0.396 0.309 2.06 2.61 7779.30 2404.91 8142.55

Table 4 k, Hc(0), Hc1(0), Hc2(0),
Jc(0), and Gi versus La for the
samples

La cont. Jc1(0) (A/m
2) κ Hc(0) (T) Hc1(0) (T) Hc22(0) (T) Jc2(0) (A/m

2) Gi

0.00 1.17E + 7 408.52 1.057 0.0110 610.67 2.30E + 6 0.0087

0.05 1.45E + 7 421.27 1.089 0.0111 649.36 2.37E + 6 0.0070

0.15 2.46E + 7 427.43 1.106 0.0112 668.49 2.41E + 6 0.0032

0.30 3.64E + 7 450.76 1.166 0.0113 743.46 2.54E + 6 0.0021
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(a): Critical fields versus La content for the samples 

(b): Critical currents versus La content for the samples 

Fig. 6 a Critical fields versus La
content for the samples. b Critical
currents versus La content for the
samples

Table 5 The FTIR spectra for
pure and La samples La cont. 0.00 0.05 0.15 0.30

O-H 3851.20 cm−1 3851.20 cm−1 3851.43 cm−1 3851.20 cm−1

O-H 3493.25 cm−1 3429.77 cm−1 3436.72 cm−1 3493.25 cm−1

Bi(Pb):2223 1633.36 cm−1 1633.36 cm−1 1633.36 cm−1 1633.36 cm−1

Residual carbon 1379.14 cm−1 1427.38 cm−1 1412.04 cm−1 1360.28 cm−1

SrCo 1184.14 cm−1 1184.14 cm−1 1184.14 cm−1 1190.14 cm−1

CaCo3, CuO 1110.95 cm−1 1110.95 cm−1 1110.95 cm−1 1132.57 cm−1

M-O 586.45 cm−1 589.46 cm−1 593.48 cm−1 592.68 cm−1

M-O 563.28 cm−1 563.28 cm−1 582.08 cm−1 574.07 cm−1

M-O 532.67 cm−1 532.67 cm−1 539.33 cm−1 532.67 cm−1
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peaks due to O-H, Bi(Pb):2223, residual carbon, SrCo,
CaCo3 and CuO, and M-O could be obtained for all
samples. These results are discussed in terms of the
balance between hole carriers/Cu ion and excess oxygen
which are introduced by La through CuO2 planes of
BSCCO superconductors.
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