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ZUYAO CHEN, GUIEN Zd0U,* ZHENGRONG L1, JY4ONG WANG,
DUNI{ING SUN, YITAI QIAN

Department of Applied Chemistry, University of Science and
Technology of China (USTG), Hdefei, Anhui 230025, PRC

* Center of Structure and Elements Analysis, USTC, Hefei,
Anhui 2300256, PRC

Abstract The various phases, which is responsible for variant
maximum d-value 1including 18.54, 15.44, 12.2%, 6.2% and 3.2%
respectively, observed in nigh Tc superconducting oxide of
{Bi,Pb)~-5r-Ca~-Cu~0 system is reported in this paper according
to the result of X-ray diffractions on platelets. The phase of
tetragonal system with c=3.214, a=3.354 is possible parent
structural unit and it is of great significance to the struciure
consititution of various phases with large lattice parameter ¢
and structural characteristics of superconducting oxide.

in view of the above, a model of two-dimension stack-up wnich
causes Lo stack in variant styles along c-axis and constitute
various pnases with different lattice parameter ¢ 1is proposed
and discussed.

INTRODUCT.ON

Since tne discovery of new hign Tc supecconductivity in Bi-S5ryr-Ca-Cu-C
. RO | o 2 : L3-8 . .

system oy iiichel” and lfaeda et al, mucn worx has been made to

study tne cryscal structures of the superconductors. It nas been con-—

firmed in Bi-basc system {with the general formula A,B . Ca Cu €,
2727 " n-1""n 44+2n

that tne ortnernombic unit cell structures differ in number of Cu0

2
plane(n; along the c-axis, which are separated by [ABOZJn un<t with

NaCl structure. ¢ is notable that zero resistan:t temperaturc _Tce;
. SN 5 . i . N
increases witn nitadble 1) . Recently, the paren: structure with

- : ~ . s, , 13
composition .Ca 4)quZ {a=3.8654, ¢=3.214A; has been reported

Sr
0.36770.1
It is of great significance to tne struc:iure consi:itution of various
pnases witn large lattice constant ¢ and hance assis.s ine formation
of new materials.

The structures of superconductors has been extensively investigated

8,14-17

using nigh resolution electron microscopy. In another point of

401
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of view, we study structures of {(Bi,Pb)-Sr-Ca-Cu~O by means of X-ray

diffraction and a model of two-dimension stacking is proposed.

TABLE 1 Relation of Tc and numper of CuO,-plane

2
Nominal Cu02—plane The lengEh of Te
Composition n) ¢ axis (A} X3
B128r2CuOy 1 24 20
BlzerCaCuZOy 2 30.7 85
B128r2Ca2Cu3Oy 3 38 110

EXPERIMENT

Preparation of platelets

Powders of Bi (AR}, SrC03(AR), CaCO3(AR) and Cu0799.9%) with an

2°3
atomic ratio of Bi:Ca:S8r:Cu=1:1:1:3 were thoroughly mixed, preheaded

in air at 820°C for 24 hours. The mixture was reground, fired at 980°C
for long time, then cooled slowly down to room temperature in furnace.
Many platelets with dimension of 0.5x0.5x0.01--3x3x0.05 mm3were chosen
from the cooled molten. These platelets with good natural plane show

uniform thickness and a matellic lustre. The platelets of Bi-Pb-Sr-Ca-

Cu-0 system are prepared by the same method described above with the

molar ratio of Bi:Pb:Sr:Ca:Cu=1.5:0.5:1.5:1.5:2.

X-ray diffraction

X-ray multi-reflections are carried out with Japan Rigaku D/MAX—)‘A2
X-ray diffractometer using monochromate high-intensity CuKe radiation
(XN=1.541845, 40KV, 100mA, attached pulse-height analyser. The platelet
were adhered parallel to monocrystalline silicon carrier with rosin
ethanol solution. After adjusting §#-28 location, employed §-28 scan

technique.

RESULTS AND DISCUSSION

Results of X-ray diffraction of (Bi,Pb)-5r-Ca-Cu-0 platelets

All samples with nominal composition of Bi4sr3C33CU4oy have good

superconductivity in measuring AC magnetic susceptibility {(Tc=80X},

but in measuring resistance, their performance are different, some of
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them are good superconductors, some have metallic electric conductiv-
ity, few of them show large surface resistance.

X-ray multi-reflections on (001} plane of planelecs indicate that
almost all the specimens consist of two or three phases with different
cell parameters c. Figure 1 is the X-ray multi-reflections of a typical
platelet in which existed three phases(L c=12.2A, n:c=15.45,m:c=3.2A).
These phases own (001)plane in common and arrange parallel to each
other along the direction perpendicular to the c-—axis whicn is con-
formed by X-ray multi-reflections of the obverse and the reverse sides
of a platelet {Figure 2}. Due to absorption, the relative intensity of
the three phase is different on the two sides, it shows variant phases

arrange in order along c-axis direction in one platelet.

10 20 30 40 50 €0 70 80 20

FIGURE 1_ X-ray multi-refl?ctions on (001} p}ane of platelet
{c=12A of phasel , c=15A of phase 1 , c=3A of phasel ;

I § n (a) X

1 1 r 1t

‘A‘L‘_ 1 k 1 1
i . , . .
3 ' 'u .| (»)

1
Y'Y Y VR N,
40 50

10 20 50 60 70 80 90 2p

FIGURE 2 X-ray multi-reflections on {00l) plane of two sides
of a planelet{a,b represent the obverse and the reverse

sides respectivily)
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TABLE 2 X-ray diffraction data of the three phases

Phases in this paper Superconducting phase in ref.19
d valuelA) AL d valueig) nXL
1 il i
15,014 001 15.66 002
12,013 001
5.043 002
5.105 003
4.039 003
3.824 004 3.857 008
3.217 001 3.257 115
3.054 004 005 3.085 0010
2.558 006 2.556 0012
2.432 005 2.413 211
2.029 005 2.033 2010
1.923 008 1.915 220
1,741 007
1.610 002 1.595 317
1.538 0010
1.524 008 1.531 319
1,355 009
1.220 0010
1,071 003

v

Table 2 gives the X-ray data of the three phases, compared with d value
of the phase reported in ref. 19, it is clear that the second phaselc=
15.6K) is in consistent with rhe superconducting phase.

The platelets which only possess the third phase are insulator

whose composition is nearly {Ca )CuO,Z including little amoun:

Sr
0.86"70.14 .
of Bi. Figure 3 is the X-ray multi-reflections of this platelet (c=3.24)
In the Bi contained system of superconductor, some other phases which

a . L)
c=06A, GA, 18A et al are also observed. Figure &4 is the X-ray multi-

reflections of the phase of c¢=0A,

CPS

. " . . N JA; 26

0 20 X0 .0 50 60 75 80 90 Tou

FIGURE 3 X-ray diffraction pattern of the phase of c=3.24
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CPS

M, . . ul 20
10 “0 50 40 50 60 70 80

FIGURE &4 X-ray multi-reflections on (00l) plane of planelet of

c=6R
The planelets in Pb doped Bi system have also revealed that there are
variant phases existed in one platelet. Figure 5 and figure & are two

examples of X-ray multi-reflections of the Bi-Pb-Sr-Ca-Cu-C platelets.

6.109%

CcPS

1070 | 53

60 80 100 120 20

FIGURE 5 X-ray multi-reflections on 7001) plane of planelet of

Bi-Pb-Sr-Ca-Cu-0 which consisis of two phase (%x.4)

FIGURE & X-ray multi-reflections on (00l plane of planelet of

Bi~Pb-Sr-Ca-Cu—0 which consists of three phase («.X.®)

The model of two-dimension stacking

According to the results of X-ray diffraction of {Bi,Pb)~Sr-Ca-Cu-0
superconduci ing system, variant phases wiith different cell parameters
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¢ arrange sequece and parallel in crystals. It is difficult to inter-
pret with the layer Perovskite structure, so a model of two-dimension
atomic layer stacking is proposed.

Define Ca-0, Cu-0O, Sr-0, Bi-O,...... atomic layers as A, B, C, D
...... layers respeciively (FIGURE 7}, Ca and Sr often can substitute
for each other. These atomic layers snould be able to stack in variant
styles along c-axis. Generally speaking, cell parameters c can be cal-

culated in order, and variant styles can have the same value of c.

For example, stacking with A,B,C layers:

ABA About 3A
ABCBA About bA
ABCBCBA About 9A
ABABCBABA About 12A
ABCBABCBCBA About 15A
ABABABCBABABA About 18A

Hany factors such as A,C plane sliping %(3+0), two identical plane
sliping %{3+b), D layer replacing & or C layer et al. cause stacking

styles varied, yield long-period stacking, maybe no period or disorder
stacxing.

e LT

Ca.Sr...)-C Cul -0 SriCa...)-0 Bi{ }-0

(@]

FIGURE 7 The schematic diagramme of layers {small white circle
is oxygen atom)

Figure 8 is the schematic diagramme of forming three stacking styles
with different c. Real cell parameter ¢ in crystal is determined by
specific stacking styles, metal atoms position, oxygen deficent et al.
Stacking also can form variant transition situation. Meanwhile, the
serious lattice éistortion in a,d direction can be emerged due to the
varied defects which nearly continuous distribution. The variety of
structures, phases and defects may occur when the order phases of

stacking and the disorder phases of stacking overlap each other.
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(b)ABCBA
C=6A

(c) ABCBCBA (=9A

FIGURE 8 The schematic diagramme of forming three ¢ cell
parameters

CONCLUSION

n general, tne structures of superconductors are stackingSof relac-
ive atomic layers existing as variant transizion styles bDeiween the
perovskites structure and disorder stackings.

Sliping, substitution, deficence and laitice distortion make stacking
styles complicated, Variant phases ave often growth in one crystal,
tnis made it difficult to growth large sizes single crystals without
twins and defects. Experiment vesults also indicate that the single

crystals without twins and defects may be not a good superconductor.
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