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Samples of (Bi;-, Sb)PbSr;Ca,Cus0, compositions with x=0.0, 0.1, and 0.2 were prepared by solid-state reaction. The
solubility of Sb into the 2223 phase is lower than 0.05 for the ratio of Sb/Bi. The lack of stability of the Sh-substituted
Bi,0; double layers is likely to cause the solubility low. There is no great dependence of lattice parameters on the
Sb-content, and bonds around the square-pyramidal Cu atom are not affected by the Sb*" ion substituted. The superco-
nducting transition temperature of this system is decreased gradually with increase of Sb, which is tentatively attributa-
ble to the perturbation of the Bi 6p-0 2p band and/or to the low volume fraction of the 2223 phase.

Introduction

Following the initial work of Maeda et al', a number of
studies have been reported for the Bi-based oxide supercon-
ducting compounds. Recently, although many studies®® have
been carried out for the substitution effects of Sb for Bi,
the reported effects are irreconciliable with one another.
From Mossbauer experiment®, it was found that the valence
state of Sb in the superconducting materials is near 5+.
TEM experiment’ showed that stacking faults along the c-
axis are much less numerous than in the Bi-Sr-Ca-Cu-O sys-
tem, but comparable to the Bi-Pb-Sr-Ca-Cu-O system because
of the low-melting temperature of SbyOs.

Theoretical calculation® and photoelectron spectroscopy’
revealed that the bands across the Fermi energy were respo-
nsible for the hybridizations of the Cu 3d-0 2p and of Bi
6p-0 2p orbitals. So the incorporation of Sb into the BiO;
layer can perturb the Bi 6p-0 2p band, which induces the
change of the electronic states near Er In this work, we
studied the incorporation effect of Sb on the formation and
the superconductivity of the 2223 phase in the (Bi,-,Sh,)PbSr
2C2;Cu30, system and investigated the change of bonding
character around the square-pyramidal Cu atoms.

Experimental

Pellets of the (Bi,_.Sh.)PbSr,Ca,Cu;0, compositions with
x=0.0, 0.1, and 0.2 were synthesized from 99.99% pure Bi,0O,,
PbO, Sby;0; and CuO and 299% pure SrCO; and CaCO;
by calcinating at 780C for 48 h followed by sintering at
860C for 70 h, at 855C for 110 h, and at 850C for 160
h in air, respectively for x=0.0, 0.1, and 0.2 and then quen-
ched to room temperature, with regrinding and remixing
of the materials between calcination and sintering.

The amount of heat absorbed by unheated mixture during
sintering was measured by differential scanning calorimeter
(DSC, Stanton Redcraft 1500). The bulk composition was
analyzed by inductively coupled plasma emission spectrome-
ter (ICP, Perkin Elmer Plasma 40) and the grain composition
and morphology were investigated using electron probe mic-
roanalyser (EPMA, Jeol Super Probe 773). The crystal struc-
ture was examined using the ground sample by X-ray diffra-

ctometer (XRD, Philips PW 1710) with CuKa radiation. The
lattice parameters were refined by least-square method and
the standard deviations (o) were calculated following the
method suggested by Langford. The vibrations of bonds
around the Cu atom were inspected using infrared spectro-
meter (Shimadzu FTIR-4300) by KBr method with a resolu-
tion of 2 cm™'. The transition temperature was measured
by the standard four-probe method with a testing current
of 1 mA. The superconducting volume fraction was determi-
ned using AC susceptometer (LakeShore Model 7000).

Results and Discussion

Figure 1 shows the DSC results. The melting points for
¥=0.1 and 02 are 858 and 8527, respectively, and the
amounts of heat absorbed at this temperature range are 52
and 189 mjJ/mg for x=0.1 and 0.2, respectively. Compared
with the result that the Sb-free sample melts at 863C and
absorbs 49 mJ/mg, these results suggest that the incorpora-
tion of Sb decreases the melting point of the system and
that, for x¥=0.2, the impurity phases develop or the solid
solution mechanism is switched to a different path, for the
latent heat of melting increases abruptly. Beyond the Sbh-ad-
ding range of x=0.2, superconducting phases are not synthe-
sized by the conventional solid-state reaction. Therefore, it
is concluded that the solubility of Sb into the 2223 phase
is lower than 0.05 for the ratio of Sb/Bi. The reason for
the low solubility can be explained as follows: It is known
that Bi;O; is fused with other oxides such as Ca0, SrQ, BaO,
and PbO and that this series of complex oxides has a tetra-
gonal or pseudotetragonal symmetry in which all have the
dimension of unit cell close to 3.8 A and sequences of Bi,O,
double layers interleaved with portions of perovskite-like st-
ructure!!, which is well coincident with the structure of su-
perconducting phase. Sb*" ions, however, may be too small
to substitute Bi** and maintain the lattice matching with
the other layers and, thus, show very limited solubility in
the Bi:O; layers.

Micrographs of scanning electron microscopy (SEM) are
shown in Figure 2. The plate-like grains, of which composi-
tions are close to (Bi, Pb):Sr:Ca:Cu=2:2:2:3 with
small richness of Sr, are well grown in the sample of x=0.1.
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Figure 1. DSC curves of (a) BiPbSr:Ca;Cu30,, (b) (BiisSbor)
PbSr,Ca,Cu;0,, and (¢) (Bi1sShoz)PbSr,Ca,Cuz0,. Numbers in pa-
rentheses represent the amount of the absorbed heat in m]/
mg.
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Figure 2. SEM micrographs of (a) (Bi1sSbe1)PbSr,Ca;Cus0, dnd
(b) (Bi1,ng(),2)Pbsr2C32Cll30y.
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Figure 3. XRD patterns of (a) Bi,PbSr:Ca,Cu;0,, (b) (Bi;sSbyy)
PbSr,Ca,Cu30,, and (c) (BiysShoz) PbSr,Ca,CusOy. L, T, P, C, and
*stand for the 2212 phase, the 2201 phase, PbCa,Q4, CaCuO;,
and impurity phase, respectively.

Table 1. Lattice parameters, unit cell volume, and transition
temperatures

Sh Lattice parameters Volume Transition temp.
contents (+ 20)(1&) K
() a-axis  b-axis  c-axis (A:‘) R-T x-T

0.0 5.394(4) 5.375(4) 37.16(3) 1077(2) 107.0 107.6
0.1 5.393(5) 5.370(5) 37.13(4) 1075(2) 103.0 106.8
0.2 540(2) 5.37(2) 37.1(2) 10748) 1005 1054

In the case of x=0.2, however, the growth of these grains
is obviously retarded and the amount of small grains is inc-
reased. EPMA showed that the compositions of the fragme-
nts between the grains are mainly CuQ. The distribution
of Sb was not clear because its amount is very small and
its sensitivity to EPMA is poor. ICP analysis for the x=0.2
sample reveals that the concentration of Sb is equal to the
initial concentration and that the bulk concentration of
(Bi+Pb) which are excess in the reactant mixture, is redu-
ced to (Bi+Pb)/Cu=1.79/3. This is caused by the evapora-
tion of Pb and Bi which are volatile elements.

The XRD patterns of ground sdamples are shown in Fi-
gure 3 and lattice parameters are listed in Table 1. The
lattice parameters and unit cell volumes are gradually dec-
reased a little, which may result from the fact that the ionic
radius of Sb** (0.76 A) is smaller than that of Bi*~ (1.03
.Xx). The intensities of peaks corresponding to the supercon-
ducting 2223 phase decrease and those corresponding to im-
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Figure 4. FTIR spectra of (a) Bi:PbSr,Ca,Cu;0,, (b) (Bi;sShoy)
PbSrQCazCu3Oy, and (C) (Bime(),z)PbSI‘zcazClhOy.
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Figure 5. Temperature dependence of resistivity of (a) Bi,PbSr;

C32CU30y, (b) (Bi1_gsb()_1)PbSl'2CEIQCU3Oy, and (C) (Bi1,sSb0_2)PbSrzcaz

Cu30,.

purity increase with the content of Sh. These impurity peaks
are agreed to the report of Liu e¢f al® The FTIR spectra
are shown in Figure 4. The peak at 612 cm™ !, related to
the A, vibration of Bi-O (in SrO layer)-Cu bonds along c-
axis direction' and to the E, vibration of in-plane Cu-O bo-
nds®, is independent on the content of Sb, indicating that
bonds around the square-pyramidal Cu atom are not affected
by the Sb®* ion substituted. The newly grown peak at 525
cm™! caused by Sb-incorporation might be induced from im-
purity.

Figures 5 and 6 show the temperature dependence of resi-
stivity (R-T) and AC susceptibility (X-T), respectively. The
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Figure 6. AC susceptibility at 142.9 Hz and 0.2 Oe of (a) Bi;
PbSr2CazCU3O,, (b) (Bi],ng(}j)PbezCZ}zCUgOy, and (C) (Bimsbo_z)
PbSrZCaZCu3O,.

transition temperatures are listed in Table 1. Superconduc-
ting transition temperature decreases slightly with the incor-
poration of Sb, which is tentatively attributable to the pertur-
bation of the Bi 6p-0 2p hybridizations in the Bi,0, layers.
Tc determined from the R-T curves decreases much more
than Tc of the X-T curves and the resistivities of normal
states increase abruptly. This is caused by the reduction
of superconducting volume fraction, as shown in Figure 6,
for the temperature of zero resistance and the electrical con-
ductivity of normal state are greatly influenced by the impu-
rity phase between superconducting grains.

Conclusions

The incorporation of Sb retards the growth of the 2223
phase and increases the amount of impurity phase. The lack
of stability of the Sb-substituted Bi;O; layer restricts the
solubility of Sb to lower than 0.05 for the ratio of Sb/Bi
in the Bi-Pb-Sr-Ca-Cu-O system. Bonds around the square-
pyramidal Cu atom are not affected by the Sb** ions substi-
tuted. The superconducting transition temperature of this
system decreases gradually with increase of Sb, which is
tentatively attributable to the perturbation of the Bi 6p-0
2p band and/or to the low volume fraction of the 2223 phase.

These conclusions apply only to the 110K phase because
there is no evidence that the substitution exercises the same
effect for both the 110K phase and the 80K phase.
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Molecular dynamics simulation was carried out to study density effects on vibrational dephasing. Because of difficulty
due to large time scale difference between vibrational motion and vibrational relaxation, we adopt adiabatic approxima-
tion in which the vibrational motion is assumed to be much faster than translational and rotational motion. As a
result, we are able to study vibrational dephasing by simulating motion of rigid molecules. It is shown that the
dephasing time is decreased as density increases and the contribution to this result is mainly due to the mean-squared

frequency fluctuation.

Introduction

Vibrational dephasing has attracted considerable experi-
mental and theoretical attention as a probe of a local struc-
ture and dynamics of molecular liquid."~® Vibrational depha-
sing is that phases of vibrational motion become incoherent
and random during any type of vibrational relaxation mecha-
nism. Vibrational dephasing is mathematically expressed by
a time-correlation function of vibrational coordinates, and its
correlation time measures how fast the time-correlation fun-
ction decays. It has been known from the Wiener-Khintchine
theorem in nonequilibrium statistical mechanics that the
time-correlation function of any dynamical variable is related
through Fourier transform to its power spectral density
which is measured spectroscopically. In the case of vibratio-
nal dephasing, the Fourier transform of the time correlation
function is related to the isotropic Raman line shape I(w),
which is given by?

z(m)=—21; j dalt)al0)

~L (-g% ) j dKQUQO)

2n

Explicit calculations of dephasing time of line shape are
quite complex because they require precise knowledge of
the interaction potential and correct treatment of the many
body dynamics. Although there have been a number of theo-
ries which have made different approximations and different
choices for the interaction potential and treatment of the
many body dynamics such as isolated binary collision model’,
hydrodynamic model®, and Schweizer-Chandier model®, these
models are not always justified nor are their limits of appli-
cation clearly stated due to various difficulties. For example,
the application of isolated binary collision model is complica-
ted by many-body effects in highly compressed liquids. The
hydrodynamic model also has difficulties because of the fact
that molecules are pictured as a macroscopic body vibrating
in a viscoelastic medium. To test these models experimenta-
lly, the dependence of vibrational dephasing on pressure or
temperature are currently studied by many researchers.
They have, however, ambiguities due to interaction potential



