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A b s t r a c t  

BiSr2CaCu207 (Bi1212) is prepared and characterized by various methods in 
particular by Raman spectroscopy. The material is found to be very anisotrope. The identity 
between the polarized Raman spectra along X X  and Y Y  axes is in agreement with a 
tetragonal structure P4/mmm. The collapse of the stretching (Bi)O(Cu) from two Raman 
bands in Bi2212 into only one band in Bi1212 reflects a vertically aligned bond ordering, 
similar to that observed when converting from YBa2Cu408 into YBa2Cu307 and from 
TI2Ba2CaCu208 into TIBa2CaCu207. 

1 - I n t r o d u c t i o n  

The easy structural  conversion by thermal 
t r ea tmen t ( I -3 )  f rom Y B a 2 C u 4 0  8 (Y124) into 
YBa2Cu307 (Y123) and from Te2Ba2CaCu20  8 
(Te2212)(4) into TeBa2CaCu207 (Tl1212) and their 
analogy wi th  the b i s m u t h  cupra te  supercon-  
ductors suggest that  the same conversion could 
h a p p e n  f rom B i 2 S r 2 C a C u 2 0  8 (Bi2212) in to  
BiSr2CaCu207 (Bi1212). The Bi series also have 
the i r  i n t e r e s t  in p rac t i ca l  appl ica t ions .  The 
working temperature  of a superconducting device 
must  be at least 25% lower than its Tc, due to 
losses of various nature(5). So, yt t r ium series have 
too low T e for liquid nitrogen temperature cooling 
devices. On the other  hand, thal l ium is ra ther  
toxic ; its handling is thus delicate, especially in 
the synthesis phase. The b ismuth  series do not 
present  such disadvantages. Nevertheless  if the 
two or three  BiO l aye r s  compounds  are  well 
studied, it is not the case for one BiO layer series. 

Recently (Bio.5Cuo.5)Sr2YCa207 was obtai- 
ned by Ehmann et al.(6) and identified as having 
P4]mmm structure. 

In this paper ,  we p r e s e n t  our s tudy  on 
BiSr2CaCu207 (Bi1212) containing only one B i O  
chain/layer. The mater ial  was character ized by 
several physical  methods  especial ly by Raman 
spectroscopy, this latter technique has been 

revealed to be very helpful in the structural  study 
of superconductors. 

2 - E xpe r i men t a l  

Bi1212 was  p r e p a r e d  by s i n t e r i n g  a 
calcinated lyophilized precursor as follows. Fine 
drops of about one hundred pm in diameter  of a 
stoichiometric aqueous solution (15 g/e) of nitrates 
(Bi, Sr, Ca, Cu) were pulverized in liquid nitrogen. 
After  de ten te ,  the  f rozen  p o w d e r  was  t h e n  
liophylized p rog res s ive ly  from -30  to +80°C 
during 24h under 10 -3 atm. pressure. A fur ther  
calcination at 520°C during 18 h is managed  to 
decompose  the n i t r a t e s  and to avoid  the  re-  
hydration.  This t empera tu re  was respec ted  to 
prevent  the eutect ic  (0 .9Bi203-0.1CuO) which  
m e l t s  a t  570°C and  i n d u c e s  i r r e v e r s i b l e  
microstructural defects(7,8). After pelleting under 
uni-directional pressure, the sample was sintered 
at 800°C in air for 100 h followed by a f inal  
annealing at 500 ° C in an oxygen flow. 

The Raman spectra  were  recorded  on a 
microspectrometer Dilor/Omars equipped with a 
m u l t i c h a n n e l  p h o t o d i o d e s  d e t e c t o r  and  an  
ion/argon laser  source Spect ra-Physics ,  model  
2016. The spatial resolution was around 1 pm2, 
the laser  power was some microwat t s  and the 
spectral resolution was 3 cm-1. 

0925-8388/93/$06.00 © 1993 - Elsevier Sequoia. All rights reserved 



692 P. V. Huong et al. ~Structure and Raman spectrum of BiSr2CaCu207 (Bil212) 

>= 

Z 
t t l  

Z 

>. 

p- 

ill 

Z 

t-- 

Z 

F" 

Ul 

Z 
LU 

k" 

Z 

i h i i t 

YZZ~{ r,- BiSr2CaCu207 n 

t 

ZXXZ ~ 

OI ~.. 
C 

ZYYZ 

J 
800 600 400 200 

WAVENUMBER {CM -1 ] 

Fig.1 - Polarized Raman spectra of B i1212. 

3 - R e s u l t s  a n d  d i s c u s s i o n  

3.1 - Optical anisotropy 

The  p o l a r i z e d  R a m a n  s p e c t r a  of  
BiSr2CaCu207 present  s t rong anisotropy along 
the different axes of the crystal. Strong bands are 
observed at 627 and 91 cm-1 along the ZZ geometry 
and they are nearly absent  in the XX and YY 
configurations (Fig:l). On the contrary,  in the 
l a t t e r  two g e o m e t r i e s ,  s t r o n g  f e a t u r e s  a re  
apparent at 582 and 554 cm-1. 

As we already ment ionned in the case of 
Bi2212 and Bi2223 and their lead doped compounds 
this anisotropy can help in the determination of 
the orientation of any surface or thin film(9, lo). 

3.2 - Tetragonal structure ofBi1212 

If the ZZ polarized spec t rum of Bi1212 is 
quite different from the XX and YY spectra, the 
lat ter  two are nearly identical.  This r e su l t  is 
s i m i l a r  to t h a t  we a l r e a d y  o b s e r v e d  for  
T e B a 2 C a C u 2 0 7  (Tel212) (11-13). T h i s  is in 
agreement with a tetragonal structure P4 /mmm 
for both materials. In such a case, when passing 
from Bi2212 into Bi1212, there is a reduction of the 
two formula unit  cell into one formula unit  cell 

with a ½(a+b) gliding. In particular, the pyramids 
which are at staggered positions in Bi2212 become 
in mirror image in Bi1212 (Fig.2). Note that  the 
figure 2 represents only ideal l imiting structures. 

3.3 - Bond ordering in Bi1212 

It is well known that in the Raman spectra 
of Bi2212 as well as of Bi2223, the  (Bi}O(Cu) 
stretching is represented by a doublet around 650 
and 625 cm-1. This doublet is due to the in-phase 
and out-of-phase O(Bi) unharmonic motions in two 
close, staggered and antiparallel O-Bi bonds along 
the c-axis ; these oxygen a toms occupying the 
apical position of the pyramids .  The band  at  
650cm1 appears in all s t r u c t u r e s  where  the  
pyramidal networds are in staggered position(14- 
17) and where the antiparallel bonds are close and 
identical. We can call it "staggered (Bi)O(Cu) 
motion". Note that  the s t ruc tu ra l  modu la t i on  
incommensurability, which is well evidenced in 
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Fig.2 - Scheme of the spatial structure 
of Bi1212 and Bi2212. 
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TABLE 1 -PHONONS WAVENUMBERS OF BiSr2CaCuO207 AND TeBa2CaCu207. 

Wave- 
number 

cm-1 

627 
519 
333 
273* 
170 
132 

91 
67 

582 
554 
469 
305 

263 
144 
50 

BiSr2CaCu207 

Scatterin 
g 

geometry 

zz 
ZZ 
ZZ 
ZZ 
ZZ 
ZZ 
ZZ 
ZZ 

XX,YY 
XX,YY 
XX,YY 
XX,YY 

XX,YY 
XX,YY 
XX,YY 

Symmetry & Assignment 

Alg (Bi)O(Cu) 

Alg (Cu)Ozin phase 

Alg Cuz 

Alg Srz 

Big 

O(Sr) 
O(Bi,Sr) 
(Cu)Ozoutof 
phase 

Wave- 
number 

cm-I 

518 

395 
280* 

143 

116 

516 
400 
282 

144" 
116" 

TeBa2CaCu207 

Scatterin 
g 

geometry 

ZZ 

ZZ 
ZZ 

ZZ 

ZZ 

XX,YY 
XX,YY 
XX,YY 
XX,YY 

XX,YY 
XX,YY 

Symmetry & Assignment 

Alg (Te)O(Cu) 

Alg (Cu)Ozin phase 

A l g  Cuz  

A l g  Baz  

B i g  

O(Ba) 
O(Te,Ba) 
(Cu)Oz out of 
phase 

*component  f r o m  the other geometry .  

these materials as having strong consequences on 
the properties out of the Brillouin zone center, has 
no direct effect on our Raman spectrum. 

Such a s taggered  mot ion disappears in the 
R a m a n  s p e c t r u m  of Bi1212 where  only  one 
(Bi)O(Cu) band is observed at 627 cm-1 which 
represents the motion of oxygen beween the Bi and 
Cu atoms on the same c-axis. 

We want to mention that  the same bond- 
ordering with only one single (Bi)O(Cu) band is 
also observed in I.Bi2212 where the s t ruc ture  is 
similarly reduced to only one formula unit  cell(IS) 
and where the O-Bi bonds become far apart  from 
one to another. 

In the  case  of l ead-doped  Bi2212 , the  
mechan ica l  coup l ing  also d i sappea r s  as the  
ant iparal lel  bonds are no longer identical and 
there fore  only one O(Bi) s t r e t ch ing  band  is 
observed along the ZZ scattering symmetry. 

3.4 - Other  spec t ra-s t ruc ture  correlations 

In one formula unit  cell tetragonal structure 
wi th  space g roup  P4 /mmm,  the i r r educ t ib l e  
representation of Bil212 is(19-21) : 

4Alg ~ Blg + 5Eg + 7A2u + B2u + 8Eu 

where : 
4Alg + Big + 5Eg are Raman active 
6A2u + 7Eu are infrared active 
B2u is silent. 

The Alg modes include the motions of Ba, 
Cu, O1 and 02 atoms while the Big modes 
represent O2 
motions and the Eg modes involve the motions of 
Ba, Cu, O1, 02 atoms. 

The ZZ polarized spectrum gives all four 
vibrations expected for Alg symmet ry ,  which 
represent the motions of Oxygen, Cu and Sr along 
the c-axis respectively at 627, 132 and 67 cm-1 and 
in-phase oxygen motion in the Cu-O plane  at  
333 cm-1. Note that  the motion of Bi is not active. 

From the XX and YY g e o m e t r i e s ,  by 
comparison with the Raman spectrum of Tel212 , 
the oxygen (Sr) motion along the c-axis can be 
located at 554 cm-1 and the out-of-phase oxygen 
motion in the Cu-O plane, with Big symmetry, is 
found at 305 cm-1. All remaining phonons can be 
assigned to components of Eg symmetry although 
the Eg modes may totally appear in the ZX and 
ZY scattering geometries. 

The correspondance of the phonons of 
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BiSi2CaCu207 and their assignment with those 
of TeBa2CaCu207 are displayed in Table 1. As 
also indicated in the Table, some unassigned 
weak features could be due to a component from 
the other scattering symmetry. 

4 - C o n c l u s i o n  

BiSr2CaCu207 superconductor is prepared and its 
polarized Raman recorded and assigned by 
comparison with those of i s o s t r u c t u r a l  
TeBa2CaCu207. High optical anisotropy is found 
between the c-axis and the other axes. The 
identity of XX and YY polarized spectra is in 
agreement with a tetragonal structure. The 
(Bi)O(Cu) bond homogeneity along the c-axis in 
Bi1212 is found and contrasts with staggered and 
antiparallel (Bi)O bonds in Bi2212 where in-phase 
and out-of-phase (Bi)O motions along the c-axis 
was recorded. Note that the latter coupling also 
disappears in doped (Bi/Pb)2212 where the 
staggered bonds Bi-O and Pb-O are no longer 
identical. 
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