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We have p e r f o r m e d  d e t a i l e d  h i g h  t e m p e r a t u r e  X-ray  d i f f r a c t i o n  to s t u d y  
the  n a t u r e  of  the  s t r u c t u r a l  phase  of  YBa2Cu307.6. The r e s u l t s  i n d i c a t e  
the  e x i s t e n c e  of  a r e v e r s i b l e  o r t h o r h o m b i c  to t e t r a g o n a l  phase  t r a n s i t i o n  
a t  a t e m p e r a t u r e  c l o s e  to 750°C. I f  the  h i g h  t e m p e r a t u r e  t e t r a g o n a l  
phase  i s  q u e n c h e d - i n  a t  low t e m p e r a t u r e s  the  c r i t i c a l  s u p e r c o n d u c t i n g  
t e m p e r a t u r e  i s  c o n s i d e r a b l y  r educed  from 92.5 K. Th i s  s u g g e s t s  t h a t  the  
one d i m e n s i o n a l  Cu-O c h a i n s  p r e s e n t  in  the  o r t h o r h o m b i c  s t r u c t u r e  a r e  
n e c e s s a r y  f o r  h i g h  t e m p e r a t u r e  s u p e r c o n d u c t i v i t y .  

The r e l a t i o n s h i p  be tween  the  s t r u c t u r e  and 
h i g h  t e m p e r a t u r e  s u p e r c o n d u c t i v i t y  in  the  Y-Ba- 
Cu-O sys t em i s  an i s s u e  which  r e l a t e s  s t r o n g l y  
to the  o r i g i n  of  the  s u p e r c o n d u c t i n g  mechanism 
in  the  r e c e n t l y  d i s c o v e r e d  h i g h  t e m p e r a t u r e  
s u p e r c o n d u c t o r s .  I ' 2  It 18 by now e s t a b l i s h e d  

t h a t  the  s u p e r c o n d u c t i v i t y  in  t h i s  sy s t em  o r i g i -  
n a t e s  from a compound w i t h  a ( 1 : 2 : 3 )  Y:Ba:Cu 
s t o i c h i o m e t r y .  3"5 A s i n g l e  c r y s t a l  d i f f r a c t i o n  
s t u d y  by Hazen e t  a l .  6 and Le Page e t  a l .  7 found 

a t e t r a g o n a l  s t r u c t u r e  based  on a s t a c k i n g  of  3 
p e r o v s k i t e  u n i t  c e l l s .  However,  X- ray  powder 
d i f f r a c t i o n  i n v e s t i g a t i o n s  i n d i c a t e  an 
o r t h o r h o m b i c a l l y  d i s t o r t e d  v a r i a n t  of  t h i s  
t e t r a g o n a l  c e l l .  5 ' 8  None of  the  above X- ray  

s t u d i e s  cou ld  c o n c l u s i v e l y  d e t e r m i n e  the  p o s i -  
t i o n s  or occupation of the oxygen atoms. Recent 
powder n e u t r o n  d i f f r a c t i o n  i n v e s t i g a t i o n s  9 ,10  

have d e t e r m i n e d  the  s t r u c t u r e  to be o r t h o r h o m b i c  
Pmmm. The structure consists of three distorted 

perovskite building blocks, which contain Cu 

atoms at the corners, O atoms on the cube edges 

between the Cu atoms and ordered metal ions (Ba 
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and Y) in the center of the cube. The Y plane 

is totally devoid of oxygen, the Cu-O planes 

adjacent to the Y-planes are dimpled with the 0 

atoms pulled towards the Y, whereas the Cu-O 
plane located between Ba-O planes exhibits 

o r d e r e d  0 v a c a n c i e s  which  r e s u l t s  in  one 
d i m e n s i o n a l  Cu-O c h a i n s  a l o n g  the b - a x i s .  Our 
s t u d i e s ,  and the  c o n f l i c t i n g  s t r u c t u r a l  r e p o r t s  
in  the  l i t e r a t u r e ,  lead us to b e l i e v e  t h a t  t h e r e  
m i g h t  be a h i g h - t e m p e r a t u r e  s t r u c t u r a l  phase  
t r a n s i t i o n  in  t h i s  compound. 

I n  t h i s  p a p e r  we p r e s e n t  h igh  t e m p e r a t u r e  
X-ray diffraction data showing an orthorhombi~ 

to tetragonal transition as the stolchiometric 

compound is heated above 750°C. If the 

tetragonal phase is stabilized at low tempera- 

tures by a fast quench, the sample exhibits 

superconductivity at a much lower temperature 

than the pure orthorhombic phase. This suggests 

that the one dimensional Cu=O chains present in 

the orthorhomblc structure may be responsible 

for the superconductivity. If this hypothesis 
is correct it has important implications for the 

type of mechanisms which are responsible for 
superconductivity in high temperature oxides. 

Stoichiometric samples with a (1:2:3) 

Y:Ba:Cu composition ratio were prepared using 

standard powder metallurgical techniques. After 

thorough mixing and grinding of Y203(99.999%), 

Cu0(99.99%) and BACO3(99.99%) powders the 
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samples were sintered in a pure, flowing oxygen 
atmosphere for i0 hours at 975°C and furnace 

cooled. We have shown earlier that this prepa- 

ration method yields an ~95% slngle-phase com- 

pound, which has a superconducting t r a n s i t i o n  
t e m p e r a t u r e  of  92.5 K ( t r a n s i t i o n  w i d t h  of  
1.5 K) and an o r t h o r h o m b i c  s t r u c t u r e .  The 
d e t a i l s  of  the phase  d iagram and the  
o r t h o r h o m b i c  s t r u c t u r e  have been the  s u b j e c t  of  
e a r l i e r  p a p e r s .  3 ,9  X-ray  d i f f r a c t i o n  m e a s u r e -  

ments  up to 1000°C have been t aken  w i t h  a Rigaku 
DHaxlI d i f f r a c t o m e t e r  in  1 a t m o s p h e r e  of  f l o w i n g  
02 u s i n g  2 KW of CuKa r a d i a t i o n .  The l a t t i c e  
s p a c i n g s  were d e t e r m i n e d  u s i n g  C o h e n ' s  l e a s t  
s q u a r e s  f i t t i n g  p r o c e d u r e ,  11 which  removes 
p o s s i b l e  s y s t e m a t i c  e r r o r s  i n t r o d u c e d  by the 
t he rma l  e x p a n s i o n  c o e f f i c i e n t s  of  the  sample 
h o l d e r  and f u r n a c e  a s s e m b l y .  

P a r t  of  the  X-ray  d i f f r a c t i o n  p a t t e r n s  as  a 
f u n c t i o n  of  t e m p e r a t u r e  a r e  shown in  F i g u r e  1. 
The 750°C p a t t e r n  can be indexed  w i t h  a 
t e L r a g o n a l  c e l l  w i t h  i n t e n s i t i e s  which  c o t -  
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r e s p o n d  w e l l  to the  s t r u c t u r e  found by Hazen e t  
a l .  Q I n  b o t h  the  o r t h o r h o m b i c  and t e t r a g o n a l  

d i f f r a c t i o n  p a t t e r n s  the  most  i n t e n s e  l i n e s  
c o n s i s t  of  d o u b l e t s  b u t  w i t h  r e v e r s e d  2:1  

i n t e n s i t y  r a t i o s .  In the  ca se  of  the  
o r t h o r h o m b i c  s t r u c t u r e  a t  20°C, the mos t  i n t e n s e  
peak of  each  d o u b l e t  i s  an a c c i d e n t a l  d e g e n e r a c y  
( e . g .  [103] and [ 1 1 0 ] ) ,  w h i l e  in  the  t e t r a g o n a l  
phase  a t r u e  d e g e n e r a c y  l e a d s  to the  i n t e n s i t y  
r e v e r s a l .  Th i s  i s  shown v e r y  c l e a r l y  in  F i g .  1 
where  a s e r i e s  of  d i f f r a c t i o n  p a t t e r n s  f o r  the  
( 1 0 3 ) ,  ( 0 1 3 ) ,  and ( l l 0 )  l i n e s  a r e  d i s p l a y e d  f o r  

v a r i o u s  t e m p e r a t u r e s .  As the  t e m p e r a t u r e  i s  
i n c r e a s e d ,  from 20°C, the  a c c i d e n t a l  d e g e n e r a c y  

of  the  o r t h o r h o m b i c  phase  i s  r e v e r s e d .  The 
(103) and (013)  d i f f r a c t i o n  peaks  merge a t  the  
c r y s t a l l o g r a p h i c  phase  change .  

F i g u r e  2 shows the t e m p e r a t u r e  dependence  
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Fig. 2. ( t o p ) :  a- and b-lattlce constants as a 

function of temperature. The data is 

the average of two runs on two dif- 

ferent samples. 

( b o t t o m ) :  u n i t  c e l l  volume and c-  
l a t t i c e  c o n s t a n t  as  a f u n c t i o n  of  
temperature. Note the absence of 

anomalies through the phase transition. 
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of the lattice constants and of  the unit cell 
volume. At around 700"C the lengths of the a 

and b axes  c o n v e r g e  and the  s t r u c t u r e  becomes 
t e t r a g o n a l  by 750°C ( F i g .  2a) At t he  t r a n s i t i o n  
the  t e t r a g o u a l  a__-axis i s  the  a v e r a g e  of  the  
o r t h o r h o m b i c  a -  and b - a x e s .  The c - a x i s  and the  
volume on the  o t h e r  hand show no ma jo r  f e a t u r e s  
a r o u n d  t h i s  t e m p e r a t u r e  ( F i g .  2b) .  From t h i s  i t  
a p p e a r s  t h a t  a t  the  t r a n s i t i o n  t h e r e  i s  no l a r g e  
change  in  the  oxygen c o n c e n t r a t i o n .  F i g u r e  2 
on ly  shows the h e a t i n g  d a t a .  On c o o l i n g ,  the  
d i f f r a c t i o n  peaks  b r o a d e n  c o n s i d e r a b l y  when 
p a s s i n g  t h r o u g h  the  phase  t r a n s i t i o n .  T h i s  may 
be due to the  sma l l  g r a i n  s i z e  of  the  
o r t h o r h o m b i c  phase  a s  i t  t r a n s f o r m s  from the  
t e t r a g o n a l  s t r u c t u r e  o r  a mixed o r t h o r h o m b i c -  
t e t r a g o n a l  phase  r e g i o n .  Zn t h i s  t e m p e r a t u r e  
r e g i o n ,  the  d i f f r a c t i o n  p a t t e r n s  do n o t  change 
w i t h  t ime which  i n d i c a t e s  a mixed phase  r e g i o n .  
Well below the  phase  t r a n s i t i o n  t e m p e r a t u r e  
(~600OC) the  d i f f r a c t i o n  peaks  na r row  a g a i n .  
The o b s e r v e d  h y s t e r e t i c  b e h a v i o r  of  the  
t r a n s f o r m a t i o n  i n d i c a t e s  the  p o s s i b i l i t y  of  a 

f i r s t  o r d e r  phase  t r a n s i t i o n .  
I n  o r d e r  to s t u d y  the  r e l a t i o n s h i p  be tween  

s t r u c t u r e  and s u p e r c o n d u c t i v i t y  we quenched  
s e v e r a l  s amp le s  from 975eC to room t e m p e r a t u r e ,  
t hus  p a r t i a l l y  s t a b i l i z i n g  the  h i g h  t e m p e r a t u r e  
t e t r a g o n a l  s t r u c t u r e .  T h i s  was c o n f i r m e d  by 
d e t a i l e d  X- ray  d i f f r a c t i o n  m e a s u r e m e n t s .  The 
r e s i s t i v i t y  of  a l l  the  s am p l e s  was measured  
b e f o r e  and a f t e r  q u e n c h i n g ,  and they  a l l  e x h i b i t  
s i m i l a r  f e a t u r e s .  The t e m p e r a t u r e  dependence  of  

the  r e s i s t i v i t y  of  one of  the  s amples  i s  shown 
in  F i g u r e  3. B e f o r e  q u e n c h i n g ,  the  sample  i s  
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Fig. 3. Resistivity of  a furnace cooled sample 

(A) and the same sample quenched (B). 

m e t a l l i c  w i t h  a s h a r p  s u p e r c o n d u c t i n g  t r a n s i t i o n  
t e m p e r a t u r e  a t  92.5  K (~2 K t r a n s i t i o n  w i d t h ) .  
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After the quench, the resistivity is much higher 
and m e t a l l i c  a t  h i g h  t e m p e r a t u r e ,  e x h i b i t s  a 

s h a l l o w  minimum a r ound  150 K, a s m a l l  drop a t  
a p p r o x l m a t e l y  92 K (T c of  the  s i n g l e  phase  
o r t h o r h o m b l c  s t r u c t u r e )  and a s u p e r c o n d u c t i n g  
drop a t  a round  50 K. A l though  the m a j o r i t y  
phase  in  t h i s  sample i s  t e t r a g o n a l ,  i t  i s  n o t  
p o s s l b l e  to s t a t e  t h a t  the  t e t r a g o n a l  phase  has  
a 50 K s u p e r c o n d u c t i n g  t r a n s i t i o n .  The 50 K 
t r a n s i t i o n  cou ld  be due to the  r e m a i n i n g  
o r t h o r h o m b l c  m a t e r l a l  ( h i g h l y  d i s o r d e r e d  due to 

0 v a c a n c i e s  e t c . )  w i t h  a lower  T c .  However we 
can s t a t e  u n a m b l g u o u s l y  t h a t  the  t e t r a g o n a l  
s t r u c t u r e  has  a lower  t r a n s i t i o n  t e m p e r a t u r e  
t han  the  o r d e r e d  o r t h o r h o m b i c  p h a s e ,  = i t  may 

even  be n o n s u p e r c o n d u c t i n g .  

The p r e s e n t  work t o g e t h e r  w i t h ,  s i n g l e  
c r y s t a l  X-ray  d i f f r a c t i o n  6 ' 7  and p r e l i m i n a r y  
n e u t r o n  s c a t t e r i n g  12 r e s u l t s  f o r  the t e t r a g o n a l  
s t r u c t u r e  ( i . e . ,  on ly  2-D Cu-O s h e e t s ) ,  have 

i m p o r t a n t  i m p l i c a t i o n s  f o r  the  p o s s i b l e  s u p e r -  
c o n d u c t i n g  mechanisms p r e s e n t  in  t h i s  c l a s s  of  
m a t e r i a l s .  The l a t t i c e  p a r a m e t e r s  of  the  
o r t h o r h o m b i c  and t e t r a g o n a l  p h a s e s  a r e  v e r y  
c l o s e ,  so t h e s e  s l i g h t  changes  (~0 .05  A) c a n n o t  
s i g n i f i c a n t l y  change the  wave f u n c t i o n  o v e r l a p s .  
The main difference is that in the tetragonal 

phase the ordering of the oxygen vacancies in 
the Cu-O planes at z = 0 is nonexlstent 6,7 and 

therefore the one dimensional Cu-0 chains are 

absent. As the sample is quenched to low 
temperature the oxygens remain randomly 

distributed and therefore the absence of one 

dimensional chains is quenched into the sample. 

This together with the fact that this sample 

exhibits absence of superconductivity at 92 K 

implies that the one dimensional Cu-O chains 

play a major role in the mechanism responsible 

f o r  the high T c in this compound. I f  the one 

dimensional chains are responsible for the 

superconductivity, the T c of the quenched sample 

might depend very delicately on oxygen vacancies 

end details of the preparation method. The lack 

of sensitivity of the superconducting transition 

temperature to magnetic rare-earth substitutions 
( f o r  i n s t a n c e  Ho, Od) 13"16 i n  the  Y s i t e ,  

s u p p o r t s  the  c o n t e n t i o n  t h a t  the  t w o - d i m e n s i o n a l  
Cu-O p l a n e s  a r e  n o t  s o l e l y  r e s p o n s i b l e  f o r  the  
s u p e r c o n d u c t i v i t y .  Moreover ,  i f  the c h a i n s  a r e  
r e s p o n s i b l e  f o r  the  s u p e r c o n d u c t i v i t y ,  the  Cu-O 
p l a n e s  would s c r e e n  the  e f f e c t  of  the m a g n e t i c  
i o n s .  A r e c e n t  d i s c u s s i o n  17 of  the f o r ma l  

o x i d a t i o n  s t a t e s  of  the two Cu atoms in  t h i s  
m a t e r i a l  a l s o  c o n c l u d e s  t h a t  the  Cu-O c h a i n s  a r e  
r e s p o n s i b l e  f o r  the  h i g h  t e m p e r a t u r e  s u p e r c o n -  
d u c t i v i t y .  This should be compared with the 

situation occurring in the La(Ba,Sr)Cu system in 
which only two dimensional Cu-O planes are 

p r e s e n t  and the  T c of  the  m a t e r i a l  i s  i n  the  
35 K r e g i o n .  

I n  summary, we have p e r f o r m e d  e x t e n s i v e  
s t r u c t u r a l  s t u d i e s  of  the  o r t h o r h o m b i c  to  
t e t r a g o n a l  phase  t r a n s i t i o n  in  the  YBaCu s y s t e m .  
The r e s u l t s  show a w e l l  d e f i n e d  t r a n s i t i o n  a t  
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750°C which does not involve a significant 
volume change. Quenching experiments together 

wi th  d e p r e s s i o n  of s u p e r c o n d u c t i v i t y  in  the  
t e t r a g o n a l  phase  s u g g e s t s  t h a t  the  

s u p e r c o n d u c t i v i t y  in  the  o r tho rhomblc  phase  
r e q u i r e s  the e x i s t e n c e  of the  one d i m e n s i o n a l  
Cu-O chains, unlike the La(Ba,Sr)Cu system where 
only two dimensional Cu-O planes are present. 
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