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MAGNETIC ORDERING IN THE H I G H  T 
S U P E R C O N D U C T O R  EuoAGdo.gBa2Cu3Ox t c 

R.D. TAYLOR, J.O. W I L L I S  and  Z. FISK 

Physics Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA 

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 s  T c n e a r  95 K have  b e e n  found f o r  a 
number  os R Ba2ChaOx s y s t e m s ,  where  R i n c l u d e s  most  of  t he  r a r e  e a r t h s  / 1 / .  Even 
m a g n e t i c  i o n s  such  a s  Gd a-e have  l i t t l e  e f f e c t  on T c . Hea t  c a p a c i t y  measu remen t s  
of  C, dBa2CuaOx show a k - l i k e  f e a t u r e  a t  2 . 2 4  K t h o u g h t  to  be  a s s o c i a t e d  w i t h  
m a g n e t i c  o r d e r i n g ,  and  s u p e r c o n d u c t i v i t y  p e r s i s t s  be low t h i s  t e m p e r a t u r e  / 2 / .  

We have  made aStEu b iossbauer  E f f e c t  (ME) measu remen t s  on EuBa2CuaOx a t  
t e m p e r a t u r e s  down to  1 .3  K. The i somer  s h i f t  i n  EuBa2CuaO• c l e a r l y  shows the  Eu 
to  be  i n  t h e  3+ s t a t e ,  and  t he  a b s e n c e  of  any  h y p e r f i n e  f i e l d  shows i t  to  be non -  
m a g n e t i c  a t  a l l  t e m p e r a t u r e s  s t u d i e d .  
For  Euo.lC, do.gBa2CuaO• we f i n d  a t r a n s -  

f e r r e d  h y p e r f i n e  f i e l d  a t  t h e  E u - s i t e s  r n  i f " - ' ~ t )  
d e v e l o p i n g  be low 2 .1  K. These  r e s u l t s  Euo.lC~.aBa2CuaOx 
a r e  shown i n  F i g .  1 f rom d a t a  f i t t e d  
w i t h  a m a g n e t i c  H a m i l t o n i a n  f o r  t he  
u n r e s o l v e d  h y p e r f i n e  s p e c t r a .  The --~ 
c u r v e  shown i s  a B r i l l o u i n  f i t  to  t he  
d a t a  a s s u m i n g  g = 2 and  a moment of  7y~ 
f o r  Gd . The f x t  g i v e s  a s a t u r a t i o n  
h y p e r f i n e  f i e l d  of  2 . 9 ( 3 )  T and  a mag- 11- 
n e t i c  o r d e r i n g  t e m p e r a t u r e  T. of  

peak  i n  t h e  h e a t  c a p a c i t y  f o r  
EuoaGdo.gBa2Cha07 was d e t e r m i n e d  to be  
1 .95 (5 )K .  

The m e a s u r e m e n t s  show t h a t  o , 
EualC, doaBa2C~aO• becomes m a g n e t i c a l l y  0 1 3 4 
o r d e r e d  be low 2 . 1 K  w i t h  t he  t e m p e r a -  Temperature, K 
t u r e  d e p e n d e n c e  e x p e c t e d  foz s p o n -  
t a n e o u s  o r d e r i n g  of  Gd ~  i o n s .  The F ig .  1. T r a n s f e r r e d  h y p e r f i n e  f i e l d  a t  
m a g n i t u d e  of  t h e  h y p e r f i n e  f i e l d  tS iEu  s i t e s  a s  a f u n c t i o n  of  t e m p e r a t u r e .  
t r a n s f e r r e d  to  t h e  ~StEu s i t e s  i s  
r o u g h l y  t h a t  e x p e c t e d  from t he  d i p o l e  
f i e l d  f rom t h e  Cd a ~  n e i g h b o r s ;  the  Eu r e t a i n s  i t s  Eu a§ n o n m a g n e t i c  c h a r a c t e r .  The 
o r d e r i n g  t e m p e r a t u r e  T N and  t he  h e a t  c a p a c i t y  peak  a r e  of  common o r i g i n .  S u p e r -  
c o n d u c t i v i t y  masks t he  p r e s e n c e  of  m a g n e t i c  o r d e r i n g  i n  m a g n e t i c  s u s c e p t i b i l i t y  
m e a s u r e m e n t s ,  b u t  a l ong  e x t r a p o l a t i o n  of  t he  h i g h  t e m p e r a t u r e  s u s c e p t i b i l i t y  / 2 /  
of  CdBa2CuaO v g i v e s  T O ~ - 4 . 8  K. ;Below 2 .1  K, magne t i sm and  s u p e r c o n d u c t i v i t y  
c o e x i s t .  

~Work s u p p o r t e d  by D e p a r t m e n t  of  Energy ,  B a s i c  Energy  S c i e n c e s ,  M a t e r i a l s  S c i e n c e  
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