
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:29
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Crystal Structure and Superconductivity
of YBa2(Cu1-xFex)3Oy Prepared by Various
Heat Treatments
Shigeru Katsuyama a , Y. Ueda a b & K. Kosuge a
a Department of Chemistry, Faculty of Science, Kyoto University,
Kyoto, 606, Japan
b Institute for Solid State Physics, University of Tokyo, Tokyo, 106,
Japan
Version of record first published: 22 Sep 2006.

To cite this article: Shigeru Katsuyama , Y. Ueda & K. Kosuge (1990): Crystal Structure and
Superconductivity of YBa2(Cu1-xFex)3Oy Prepared by Various Heat Treatments, Molecular Crystals and
Liquid Crystals Incorporating Nonlinear Optics, 184:1, 99-103

To link to this article:  http://dx.doi.org/10.1080/00268949008031745

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008031745
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst., 1990, vol. 184, pp. 99-103 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1990 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

CRYSTAL STRUCTURE A N D  SUPERCONDUCTIVITY O F  
Y B a 2 ( C u , - x F e x ) 3 0 y  P R E P A R E D  BY V A R I O U S  HEAT TREATMENTS 

S H I G E R U  KATSUYAMA, Y .  UEDAib A N D  K .  K O S U G E  
D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  S c i e n c e ,  K y o t o  
U n i v e r s i t y ,  K y o t o  6 0 6 ,  J a p a n  

_ A b s t r a c t  _______ YBa2(Cul-,FeX) 0 ( 0 6 ~ ~ 0 . 2 0 )  was  p r e p a r e d  b y  
t h r e e  k i n d s  o f  h e a t  ? r y e a t m e n t s .  T h e  c r y s t a l  
s t r u c t u r e  a n d  s u p e r c o n d u c t i n g  p r o p e r t i e s  o f  t h e  
s a m p l e s  w e r e  e x a m i n e d  by X - r a y  p o w d e r  d i f f r a c t i o n ,  T G  
a n d  e l e c t r i c a l  r e s i s t i v i t y  m e a s u r e m e n t s .  T h e  r e g i o n  
o f  o r t h o r h o m b i c  p h a s e  a n d  s u p e r c o n d u c t i n g  p r o p e r t i e s  
s t r o n g l y  d e p e n d  o n  t h e  t h e r m a l  t r e a t m e n t s .  T h e  
r e s u l t s  w e r e  d i s c u s s e d  f r o m  t h e  s t a n d p o i n t  o f  F e  
d i s t r i b u t i o n .  

INTRODUCTION 

T h e  e f f e c t  o f  s u b s t i t u t i o n  f o r  Cu  i n  Y B a 2 C u 3 0 y  b y  s u c h  

f o r e i g n  a t o m s  a s  Fe,  Co, N i  a n d  Zn  h a s  b e e n  s t u d i e d  b y  m a n y  

w o r k e r s ,  t o  i n v e s t i g a t e  t h e  o r i g i n  o f  i t s  

s u p e r c o n d u c t i  v i  t y .  A s  t h e  r e s u l t s ,  s u c h  s u b s t i t u t i o n  

r e d u c e s  t h e  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 ,  T c ,  a n d  

t h e  s u b s t i t u t i o n  b y  F e  a n d  Co i n d u c e s  t h e  s t r u c t u r a l  p h a s e  

t r a n s i t i o n  f r o m  t h e  o r t h o r h o m b i c  t o  t e t r a g o n a l .  T h i s  

i m p u r i t y - i n d u c e d  t e t r a g o n a l  p h a s e  d i f f e r s  i n  n a t u r e  f r o m  

t h e  o x y g e n - d i s o r d e r e d  t e t r a g o n a l  p h a s e  w h i c h  i s  r e a l i z e d  i n  

u n d o p e d  Y B a 2 C u 3 0 y  a b o v e  65OoC i n  a i r .  T h e  f o r m e r  h a s  h i g h  

o x y g e n  c o n t e n t  ( ~ 2 7 )  a n d  t h e  l a t t e r  i s  o x y g e n - d e f i c i e n t  

( y < 6 . 5 )  o n e .  On t h e  o t h e r  h a n d ,  N i  a n d  Zn  do n o t  i n d u c e  

s u c h  a p h a s e  t r a n s i t i o n .  T h e s e  b e h a v i o r s  s e e m  t o  b e  

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

t h e  c r y s t a l .  

--_____----_ 

I n  t h i s  p a p e r ,  we r e p o r t  t h e  e x p e r i m e n t a l  r e s u l t s  o f  

P r e s e n t  a d d r e s s  : I n s t i t u t e  f o r  S o l i d  S t a t e  P h y s i c s ,  
ib 

U n i v e r s i t y  o f  T o k y o ,  T o k y o  1 0 6 ,  J a p a n .  
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100 S. KATSUYAMA, Y. UEDA AND K. KOSUGE 

t h e  e f f e c t  o f  v a r i o u s  h e a t  t r e a t m e n t s  o n  t h e  c r y s t a l  

s t r u c t u r e  a n d  s u p e r c o n d u c t i n g  p r o p e r t i e s  o f  YBa2(Cul -  

x F e x ) 3 0 y ,  a n d  a l s o  d i s c u s s  t h e  r e s u l t s  f r o m  t h e  s t a n d p o i n t  

o f  Fe  d i s t r i b u t i o n .  

E X  P ER I M ENTAL 

T h e  s t a r t i n g  c o m p o u n d s  o f  Y B ~ ~ ( C U ~ - ~ F ~ , ) ~ O ~  ( O S x $ O . 2 0 )  w e r e  

p r e p a r e d  b y  t h e  s o l i d  s t a t e  r e a c t i o n  o f  4N-Y203.  BaC03 ,  CuO 

a n d  a - F e 2 0 3  a t  9 0 0 ° C  i n  a i r .  A n d  t h e n  t h e  p r o d u c t s  w e r e  

d i v i d e d  i n t o  some p a r t s  a n d  w e r e  o f f e r e d  t o  t h e  t h r e e  k i n d s  

o f  h e a t  t r e a t m e n t s .  T h e  f i r s t  g r o u p  o f  t h e  s a m p l e s  ( w e  

d e n o t e  [ O ] , )  w a s  f a b r i c a t e d  b y  a n  o r d i n a r y  o x i d a t i o n  

p r o c e s s  ( s l o w  c o o l i n g  f r o m  

8 5 O o C  t o  r o o m  t e m p e r a t u r e  i n  

f l o w i n g  0 2  g a s ) .  T h e  

s e c o n d  g r o u p  ( [ Q O ] , )  w a s  

q u e n c h e d  i n t o  l i q .  N 2  f r o m  

9 3 0 ° C  i n  a i r  a n d  t h e n  

a n n e a l e d  b e l o w  4 O O 0 C  i n  

f l o w i n g  O 2  g a s  f o r  m o r e  t h a n  

2 0 h .  T h e  t h l ' r d  g r o u p  

( [ N O ] , )  w a s  h e a t e d  i n  

f l o w i n g  N 2  g a s  a t  8 O O 0 C  f o r  

2 0 h  f o l l o w e d  b y  s l o w l y  

c o o l e d  t o  r o o m  t e m p e r a t u r e  

a n d  t h e n  a n n e a l e d  b e l o w  4 0 0  

OC i n  f l o w i n g  0 2  g a s .  T h e  

p h a s e  i d e n t i f i c a t i o n  o f  

t h e s e  s a m p l e s  w a s  m a d e  b y  

t h e  p o w d e r  X - r a y  d i f f r a c -  

t i o n .  T h e  T G  ( t h e r m o -  

g r a v i m e t r y )  m e a s u r e m e n t  was 

d o n e  i n  a i r  u s i n g  t h e  

p e l l e t - f o r m e d  s a m p l e s  w i t h  8 
m m  d i a m e t e r  a n d  I m m  

t h i c k n e s s .  T h e  s u p e r -  

I 
7 

3.80 1 . , , , , , , , , , I  
0 0.OL 0.08 0.12 0 16 0 20 

x in YBa2(Cu,-,Fex)30y 

F I G U R E  1.  L a t t i c e  p a r a m e -  
t e r s  v s .  x c u r v e s  f o r  
Y B a 2 ( C 11 1 - F e 1 30 y .  ( a ) [ 0 1 I 

(b)[QOl, a n d  (c)"O1,. 
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Fe ) 0 PREPARED BY VARIOUS HEAT TREATMENTS 101 y B 2 ( c u l - x  x 3 y 

c o n d u c t i n g  p r o p e r t i e s  o f  t h e  s a m p l e s  w e r e  i n v e s t i g a t e d  b y  

e l e c t r i c a l  r e s i s t i v i t y  m e a s u r e m e n t .  

RESULTS A N D  D I S C U S S I O N  

F i g u r e  l ( a ) ,  ( b )  a n d  ( c )  s h o w s  t h e  l a t t i c e  p a r a m e t e r s  v s .  x 

i n  Y B a 2 ( C u l - x F e x ) 3 0 y  f o r  [ O I , ,  [ Q O I ,  a n d  [ N O ] , ,  
r e  s p e c  t i v e  1 y. T h e  o r t h o r h o m b i c - t o - t e t r a g o n a l  p h a s e  

t r a n s i t i o n  f o r  [ O ] ,  t a k e s  p l a c e  a t  a b o u t  x = O . O 4  i n  

a g r e e m e n t  w i t h  t h e  r e s u l t s  o f  m a n y  o t h e r  w o r k s .  ' [Qol, 
h a s  a s o m e w h a t  e x t e n d e d  o r t h o r h o m b i c  r e g i o n  ( O ~ x < 0 . 0 6 )  a n d  

[ N O ] ,  d o e s  m u c h  w i d e r  o r t h o r h o m b i c  r e g i o n  ( O < x < O . 1 5 ) .  We 

f a i l e d  t o  o b t a i n  s i n g l e  p h a s e  b e y o n d  x = O . 1 8  i n  a l l  h e a t  

. . . . . . . . . . . . . . . . . . . . . .  

t r e a t m e n t s .  

I t  i s  r e p o r t e d  t h a t  t h e  

Y 
TG c u r v e s  f o r  p u r e  YBa2Cu30  

s h o w e d  a d i s t i n c t  c h a n g e  a t  

a b o u t  6 5 O o C  i n  a i r ,  w h i c h  

c o r r e s p o n d s  t o  t h e  

t r a n s i t i o n  t e m p e r a t u r e  f r o m  

t h e  o r t h o r h o m b i c  t o  o x y g e n -  

d e f i c i e n t  t e t r a g o n a l  s t r u c -  

t u r e .  * T h e  TG c u r v e s  f o r  

[ O ] ,  w i t h  x=O.O2, w h i c h  h a d  

o r t h o r h o m b i c  s t r u c t u r e  a t  

r o o m  t e m p e r a t u r e ,  s h o w e d  a 

d i s t i n c t  c h a n g e  a t  a b o u t  6 3 0  

"C b o t h  o n  h e a t i n g  a n d  

c o o l i n g  a t  t h e  r a t e  o f  1 0  
"C/rn in .  T h e  t e t r a g o n a l  [ O ] ,  

w i t h  h i g h e r  i r o n  c o n t e n t  

t h a n  x = O . O 4  d i d  n o t  s h o w  

s u c h  a n  a n o m a l y .  "01, 
w i t h  t h e  i r o n  c o n t e n t  f r o m  

x=O.O2 t o  0 . 1 2 ,  w h i c h  h a d  

o r t h o r h o m b i c  s t r u c t u r e  a t  

r o o m  t e m p e r a t u r e ,  s h o w e d  a n  

T ( T )  

Tetra 'ooor----- 800 

01 ' ' ' * ' ' ' L 

0 0.04 0.08 0.12 0.16 0.; 

F I G U R E  2. P h a s e  d i a g r a m  o f  

Y B ~ ~ ( C U ~ - ~ F ~ , ) ~ O ~  f o r  [NO],. 
T h e  s o l i d  c i r c l e s  s h o w  t h e  

t r a n s i t i o n  p o i n t  f r o m  t h e  

o r t h o r h o m b i c  t o  o x i g e n -  

d e f i c i e n t  t e t r a g o n a l  s t r u c -  

t u r e  d e t e r m i n e d  b y  TG ( s e e  

t e x t ) .  
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102 S. KATSUYAMA, Y. UEDA AND K. KOSUGE 

TC(K) 
i n d e p e n d e n t  o f  x i n  a i r  o n  100 

h e a t i  n g .  T h e  t r a n s i t i o n  

t e m p e r a t u r e s  d e t e r m i n e d  b y  

TG m e a s u r e m e n t  a r e  s h o w n  i n  

F i g .  2 .  H o w e v e r ,  a f t e r  

h e a t i n g  a b o v e  9 0 0  OC t h e  

c o o l i n g  a n d  t h e  c o o l e d  l o o ;  

s a m p l e s  h a d  t h e  i m p u r i t y -  

i n d u c e d  t e t r a g o n a l  s t r u c -  

t u r e ,  e x c e p t  f o r  t h e  s a m p l e  5 0 -  

w i t h  x=O.O2. T h i s  i n d i c a t e s  

t h a t  t h e  o r t h o r h o m b i c  r e g i o n  

o f  t h e  s a m p l e s  s t r o n g l y  0 

a n o m a l y  was n o t  o b s e r v e d  o n  o ' ,  

100 
d e p e n d s  o n  t h e  p r o c e s s  o f  

t h e  h e a t  t r e a t m e n t s .  

T h e  x d e p e n d e n c e  o f  T c .  

t o g e t h e r  w i t h  t r a n s i t i o n  

w i d t h ,  A T c ,  d e t e r m i n e d  b y  

t h e  r e s i s t i v i t y  m e a s u r e m e n t  

i s  s h o w n  i n  F i g .  3 ( a ) ,  ( b )  

50 

. . . , I . I I . I I 

. %  I (a>-  
f 

i 
1 

f 
I 

, , , . , , ? .  , , ;  
f (b)- 
' ' ' ' ' ' ' ' ' ' -  

I 
1 

1 
1 
i . . , . :  

0 3 8 8 8 

. I 1 . . I I I I ' ( c j  
. f  : Y - : :  

A 

o ' 0 . 0 6 '  0 : 0 8 '  0:12 ' 0:16 ' o.'20 

a n d  ( c )  f o r  e a c h  LO],, [ Q O I ,  x in Y Baz(Cu,-xFex)30Y 
a n d  [NO],. I n  t h e  f i g u r e ,  

t h e  c l o s e d  c i r c l e s  s h o w  t h e  F I G U R E  3 .  C o n c e n t r a t i o n  

m i d p o i n t  o f  t r a n s i t i o n ,  a n d  d e p e n d e n c e  o f  T c  f o r  ( a ) [ O I S ,  

t h e  t o p  a n d  b o t t o m  o f  t h e  ( b ) [ Q O I ,  a n d  [NO],. 

b a r s  c o r r e s p o n d  t o  t h e  

t e m p e r a t u r e  w i t h  9 0 %  a n d  1 0 %  v a l u e s  o f  t h e  n o r m a l  s t a t e  

r e s i s t i v i t y .  Tc  f o r  [ O ] ,  a n d  [ Q O ] ,  d e c r e a s e s  m o n o t o n o u s l y  

w i t h  a n  i n c r e a s e  o f  x .  On t h e  o t h e r  h a n d ,  T c o n s e t  f o r  

[ N O ] ,  i s  a b o u t  85K  i n d e p e n d e n t  o f  x a n d  ATc  b e c o m e s  l a r g e r  

w i t h  x .  T h e  o r d e r  o f  T c  a t  a f i x e d  i r o n  c o n c e n t r a t i o n  x 

i s  Tc("O1,) > T c ( [ O I , )  > T c ( [ Q O I , ) .  
F r o m  t h e  a b o v e  r e s u l t  a n d  t h e  r e s u l t  o f  o u r  r e c e n t  

s t u d y  of  5 7 F e  M b ' s s b a u e r  s p e c t r o s c o p y ,  we h a v e  c o n c l u d e d  
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YBaz(Cu1-x Fe x ) 3 0 y PREPARED BY VARIOUS HEAT TREATMENTS 103 

t h a t  t h e  c l u s t e r i n g  o f  F e  i o n s  i n  t h e  C u l - 0  p l a n e s  u n d e r  

t h e  l o w e r  o x y g e n  f u g a c i t y  a t m o s p h e r e  i s  p r e v a l e n t  f o r  t h e  

l a r g e  e x t e n s i o n  o f  t h e  o r t h o r h o m b i c  r e g i o n  i n  [NO] , ,  w h i l e  

t h e  Fe i o n s  a r e  d i s t r i b u t e d  a t  r a n d o m  i n  t h e  C u l - 0  p l a n e s  

i n  [ O ] ,  a n d  [QO] , .  T h e  s i z e  o f  t h e  o r t h o r h o m b i c  d o m a i n  

i n  [ N O ] ,  i s  m u c h  l a r g e r  t h a n  i n  [ O ] ,  a n d  [ Q O ] , .  T h e  

r e s u l t  o f  M b ' s s b a u e r  m e a s u r e m e n t  a l s o  i n d i c a t e s  t h a t  F e  i o n s  

o c c u p y  b o t h  t w o  Cu s i t e s ,  a n d  t h e  c o n c e n t r a t i o n  o f  F e  

s u b s t i t u t e d  f o r  t h e  Cu2 s i t e  i n c r e a s e s  w i t h  a d e c r e a s e  o f  

o x y g e n  a t m o s p h e r e  a n d  a n  i n c r e a s e  o f  t e m p e r a t u r e  d u r i n g  t h e  

h e a t  t r e a t m e n t ,  i . e . ,  [ N O ] ,  h a s  t h e  h i g h e s t  c o n c e n t r a t i o n  

o f  F e  i o n s  i n  t h e  C ~ 2 - 0 ~  p l a n e s  a m o n g  t h r e e  k i n d s  o f  

s a m p l e s ,  a n d  [ Q O ] ,  f o l l o w s  [ N O ] , .  T h e s e  r e s u l t s  s u g g e s t  

t h a t  t h e  m a g n e t i c  p a i r - b r e a k i n g  e f f e c t  f o r  t h i s  c o m p o u n d  i s  

much l e s s  i m p o r t a n t  t h a n  f o r  t r a d i t i o n a l  s u p e r c o n d u c t o r s ,  

a n d  I - D  c h a i n  s t r u c t u r e  o r  o r t h o r h o m b i c  d o m a i n  s i z e  i s  m u c h  

i m p o r t a n t  o n  t h e  s u p e r c o n d u c t i v i t y  o f  t h i s  c o m p o u n d .  

R E F E R E N C E S  _______-__ 
1. Y .  Maeno,  T .  T o m i t a ,  M. K y o g o k u ,  S .  A w a j i ,  Y .  A o k i ,  K. 

H o s h i n o ,  A .  M i n a m i  a n d  T .  F u j i t a ,  N a t u r e ,  3 2 8 ,  
5 1  2 (  1 9 8 7 ) .  

2 .  Y .  Ueda,  A .  M i t u s h i m a ,  H .  T o d a ,  N .  K o j i m a ,  M. Y o s h i k a w a  
a n d  K. K o s u g e ,  M a t .  Res .  B u l l . .  13,  1 4 0 9 ( 1 9 8 8 ) .  

3 .  S .  K a t s u y a m a ,  Y .  U e d a  a n d  K. K o s u g e ,  s u b m i t t e d  t o  
-- P h y s i c a  ------ C 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
29

 1
9 

Fe
br

ua
ry

 2
01

3 




