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STRUCTURAL C1;ARACTERISTICS OF H I G i i  T c  SUPERCONDUCTlNG OXIDE 
IN [Bi ,Pb)-Sr-Ca-Cu-0  SYSTEL4 

ZUYAO C X Z N ,  G U I C N  Z;-13U ,;': ZZZNGXONG LI , ,'l;iONG WANG, 

Departmen: o f  Ap ,> l i ed  C h e m i s t r y ,  U n i v e r s i t y  of S c i e n c e  a n d  
T e c h n o l o g y  o f  Ch ina  {'JSTC:, ; :efei ,  Anhui  230025,  PRC 
:'; C e n t e r  of  S t r u c t u r e  and  E l e m e n t s  A n a l y s i s ,  USTC, S e f e i ,  
Anhui 230026 ,  PX2 

D'JN1:ING S 3 X ,  YIThi  QIAN 

A b s t r a c t  The v a r i o u s  p h a s e s ,  wh ich  i s  r e s p o n s i b l e  f o r  v a r i a n g  
maximum d-va lue  i n c l u d i n g  18.5A, 15 .4A,  12.2A,  b . 2 a  a n d  3.2.4 
r e s $ e c t i v e l y ,  o b s e r v e d  i n  h i g h  Tc s u 2 e r c o n d u c t i n g  o x i d e  o f  
;Si,Pb>-Sr-Ca-Cu-O s y s t e m  i s  r e p o r t e d  i n  t h i s  p a p e r  a c c o r d i n g  
:o :he r e s u l t  o f  X-ray d i f f r a c c i o n s  on  2 l a t e l e t s .  The ,3hase o f  
t e t r a g o n a l  s y s t e m  w i t h  c = 3 . 2 1 1 ,  a = 3 . 8 6 1  is p o s s i b l e  
s t r u c t u r a l  u n i t  a n d  i t  i s  o f  g r e a t  s i g n i f i c a n c e  t o  t h e  s t r u c i u r e  
c o n s i t i t u t i o n  of v a r i o u s  p h a s e s  w i t h  l a r g e  l a t t i c e  pa ra i l i e i e r  c 
a n d  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  s u p e r c o n d u c t i n g  o x i d e .  
i n  v i e w  o f  t h e  a b o v e ,  a model of two-dimens ion  stack-u;,  wh ich  
c a u s e s  t o  s t a c k  i n  v a r i a n t  s t y l e s  a l o n g  c - a x i s  a n d  c o n s t i t u t e  
v a r i o u s  p h a s e s  w i t h  d i f f e r e n t  l a t t i c e  p a r a m e t e r  c i s  p r o p o s e d  
a n d  d i s c u s s e d .  

p a r e n t  

SLnce t h e  d i s c o v e r y  of new h i g h  Tc s u p e i c o n d u c t i v i t y  i n  Bi-Sr-Ca-2u-C 

syszein by ; ; i che l1  a n d  i iaeda  e t  a l ,  mucii x o r k  h a s  been  made t o  

s t u d y  i h e  c r y s c a l  s t r u c t u r e s  o f  t h e  s u p e r c o n d u c t o r s .  .t h a s  b e e n  con- 

f i rn i ed  i n  3 i -bas i .  s y s t e m  <with zhe g e n e r a l  f o r m u l a  X B Ca Cu s 

2 
t l i a ;  tile o r t h e r h o r n b i c  u n i t  c e l l  s t r u c t u r e s  d i f f e r  i n  number of CuO 

p l a n e : n >  a l o n g  Lhe c - a x i s ,  wh ich  a r e  s e p a r a t e d  by [ A B O 2 I n  u n : t  w.L:;i 

NaCL s t r u c t u r e .  'i i s  n o t a b l e  :ha t  z e r o  r e s i s t a n t  : empera tu rc  :Tee: 
i n c r e a s e s  w i t h  n : t a > l e  1: . Z e c e n t l y :  t h e  p a r e n t  s t r u c t u r e  w i t h  

comTosi:ion .Ca0 ,36Sr0 .14>Cu02 :a-3.365:, c=3.214;,> : )as  b e e n  r e p o r t e d  

I t  i s  o f  g r e a t  s i g n i f i c a n c e  t o  t h e  s t r u c ; u r e  c o n s i : : t u t i o n  o f  v a r i o u s  

2iIases w i t h  l a r g e  l a t t i c e  c o n s t a n t  c a n d  h a n c e  a s s i s , s  t h e  fo rma ; ion  

o f  new m a t e r i a l s .  

The s t r u c t u r e s  of s u p e r c o n d u c t o r s  i i as  b e e n  e x c e n s i v e l y  invesc ;ga :ed  

u s i n g  h i g h  r e s o l u t i o n  e l e c t r o n  m i c r o s c o p y .  Zn ano:ner poin: of  

2 3-0 

2 2 n-1 n 4 t 2 n  

3-1 7 

19 

8 ,14-17  

40 1 
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402 Z. CHEN, G. ZZO'J, 2 .  L ; ,  J. W A X ,  '3. S U N ,  Y. Q I A N  

of view, we study ~tructures of :Bi,Pb)-Sr-Ca-Cu-0 by means of X-ray 

diffraction and a model of  two-dimension stacking i s  proposed. 

TA3LE 1 Relation of Tc and number of CuO -plane 2 

Nominal CuO -plane The lengih of Tc 
Composition Pn) c axis :A) :x: 

Bi Sr CuO 1 24 

Bi2Sr2CaCu 0 2 30.7 

Bi Sr Ca Cu 0 3 38 

2 2  Y 

2 2 2 3 y  
2 Y  

20 

85 

110 

EXPERIMENT 

Preuaration of olatelets 

Powders of Bi 0 :AR>, SrC03;hB), CaC03(AI?) and Cu0:99.9%; 

atomic ratio of Bi:Ca:Sr:Cu=l:l:l:3 were thoroughly mixed, preheaded 

in air at 320°C for 24 hours. The mixture was reground, fired at 9 8 3 O C  

for long time, then cooled slowly down to room temperature in furnace. 

Many plaLelets with dimension of 0.5~0.5x3.01--3~3~3.05 mm were 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 wiLh the 

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

with an 2 3  

3 

X-ray diffraction 

X-ray multi-reflections are carried out with 2apan Rigaku 3/XAX-VA 

X-ray diffractometer using aonochromate high-in:ensity CuKd radiauion 

(X-1.5418A>, 40;tV, 1 0 0 m A ,  attached pulse-height analyser. The platelet 

were adhered parallel t o  monocrystalline silicon carrier with rosin 

e:'nanol solueion. After adjusting 6-20 location, employed 8-28 scan 

technique. 

2 

RESSLTS AN3 DISCUSSION 

Iiesults of X-ray diffraction of <Bi,Pb)-Sr-Ca-Cu-O platelets 

A l l  samples with nominal composition of Bi4Sr3Ca3Cu40y have good 

superconductivity in measuring AC magnetic susceptibility ;Tc=80:t:, 

but in measuring resistance, their performance are different, some of 
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STRS'CTXRAL CHARACTEXISTICS CF :Bi,Pb;-Sr-Ca-Cu-O SUPEBCON33CTOR 403 

them are good superconductors, some have metallic electric conduceiv- 

ity, few of them show large surface resistance. 

X-ray multi-reflections on :OOl) plane of planelecs indicate that 
almost all the specimens consist of two or three phases witn different 

cell parameters c. Figure 1 i s  the X-ray multi-reflections of a typical 

platelet in which existed three phases:I: c=12.2i, H: c=15.4K,m:c=3.2;;. 
These phases own (001)plane in common and arrange parallel to each 

other along the direction perpendicular to the c-axis which is con- 

formed by X-ray multi-reflections o f  the obverse and the reverse sides 

of a platelet {FLgure 2 ) .  Due t o  absorption, the relative intensity of 

t h e  three phase is different on the two sides, it shows variant phases 

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

v) 

3 

10 2 0  30 40 50 60 70 4 

FIGURE 1. X-ray multi-reflections on (001: piane of platelet 
;c=12A of phase1 , c=15A of ?base n , c=3A of phasen > 

FIG'JRE 2 X-ray multi-reflections on (001) plane o f  two sides 
of a planelet:a,b represent the obverse and  the reverse 
sides respectivily) 
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404 Z .  C l i Z N ,  G .  2303, 2 .  L I ,  J. WANG, 3. SUN & Y .  Q I A N  

TABLE 2 X-ray diffraction data of the three phases 

Phases in this paper Superconducting phase in ref.19 

15.014 
12.013 
6.043 
5.105 
4.039 
3.824 
3.217 
3.054 
2.558 
2.432 
2.029 
1.923 
1.741 
1.610 
1.539 
1.524 
1.355 
1.220 
1.071 

001 
002 

003 

004 

005 
006 

007 

008 
009 
0010 

00 1 

003 

004 

00 5 
006 

001 

008 

002 
0010 

033 

15.66 

3.857 
3.257 
3.085 
2.556 
2.413 
2.033 
1.915 

1.595 

1.531 

002 

ooa 
115 
0010 
001 2 
21 1 
2010 
220 

317 

319 

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 phase:c= 

15.4;) is in consistent with the superconducting phase. 

The platelets which o n l y  possess  the third phase are insulator 

whose composition is nearly <Ca0.86Sr0.14>C~02 including lictle amoun: 

of B i .  Figure 3 i s  the X-ray multi-refleccions 

In >he Si  contained system of superconductor, some other phases w:iic;i 

c=bk, ? A ,  1SA et a1 are also observed. Figure 4 is the X-ray multi- 

reflections of Lhe phase of c-bA. 

of this platelet:c=3.2> 

a .  

P Z G 3 X E  3 X-ray diffraction ?attern o f  the phase of c=3.2,'. 
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STRUCTURAL CHARACTERLSTICS OF (BL,Pb;-Sr-Ca-Cu-0 SUPERCONDUCTOR 405 

FZGgR'. 4 X-ray multi-reflections on :0Ol> plane of planelet of 
c=6A 

The planelets in Pb doped Bi system have also revealed that there are 

variant phases existed in one platelet. Figure 5 and figure 5 are :wo 

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

4 

& m I? 
N N 
m 0 

0 
3 

3 + 

0 
r- cn 

4 

20 100 120 29 

PTG'JRE 5 X-ray multi-reflections on : O O l >  plane of planelet of  

Bi-Pb-Sr-Ca-Cu-0 which consis~s of two phase (* . . I  

29 

F I G 3 R E  5 X-ray multi-reflections on ; O O l )  plane of planele: of 

Bi-pb-Sr-Ca-Cu-0 which consists of  three phase ( A  .*.Q) 

The model of two-dimension stacking 

According to the results of X-ray diffraction of ;Bi,Pb;-Sr-Ca-Cu-O 
superconductcng system, varian: phases  w i i n  different cell parameters 
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c arrange sequece and parallel in crystals. I t  is difficult to inter- 

pre’i with the layer Perovskite structure, so  a model of  two-dimension 

atomic layer stacking is proposed. 

Define Ca-9, Cu-0,  S r - 0 ,  Bi-3, ...... atoinic layers as A, B, C, D 
...... layers respectively [PIGVXE 7 > ,  Ca and Sr often can substitute 

for eac:i other. These atomic layers should be able t o  stack in variant 

styles along c-axis. Generally speaking, cell parameters c can be cal- 

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

For examp 

ABA 

ABCBb 

ABCBCBA 

e, stacking with A,B,C layers: 

About 3; 
Y 

About 6A 

About 9;; 

ABABCBABA About 12i 

ABCBABCBCBA About 1 5 i  

ABABABCBABhBA About 1SL 

... ... 
4 -  

Xany fac:ors such as X,C plane sliping f;a+b;, two identical plane 
sliping t<Z+G>, LI layer replacing A or c layer et al. cause stacking 
styles varied, yield long-period stacking, maybe no period or disorder 

stacking. 

Ca;Sr ... )-C Cu: ;-O Sr;Ca ... ;-O Bi; )-0 

FIGUIIX 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 c in crystal i s  determined by 

specific s:acking styles, metal atoms position, oxygen deficent ê i a l .  

Stacking also can form variant transiyion situation. Xeanwhile, the 

serious lattice distortion in a,b 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 s~acklng overlap each other. 
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STRUCTURAL CHARACTERISTICS OF (Bi,Pb)-Er-Ca-Cu-0 SUPERCONDUCTGk 407 

(b)ABCBA 
C =  6; 

( c )  A B C B C R A  c-94 

FIGURE 8 The s c h e m a t i c  diagramme of f o r m i n g  t h r e e  c c e l l  
?a ram@ te rs  

CONCL'JSION 

:n g e n e r a l ,  t h e  structures of s u L > e r c o n d u c t o r s  o r e  s t a c k i n g s o f  r e l a ; -  

i v e  a t o m i c  l a y e r s  cxls:Lng a s  v a r i a n t  t r a n s i - i o n  s c y l e s  be-ween t h e  

2e rovsk ; ; e s  s t r u c t u r e  and  d i s o r d e r  s c a c l t i n g s .  

Sliping, s u b s t i t u t i o n ,  d e f i c e n c e  and lattice d i s t o r t i o n  make s t a c k t n g  

s t y l e s  c o m p l i c a c e d .  V a r i a n t  p h a s e s  a r e  o f t e n  g rowth  i n  one c r y s t a l ,  

t h i s  made i t  d i f f i c u l t  t o  growth  l a r g e  sizes s i n g l e  c r y s c a l s  w i t h o u t  

t w i n s  and  d e f e c t s .  S x p e r i m e n t  r e s u l t s  a l s o  i n d i c a t e  ? h a t  t h e  s i n g l e  

c r y s t a l s  w i t h o u t  t w i n s  and  defec:s  may be  n o t  a good s u p e r c o n d u c t o r .  
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