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REMARKS ON THE MUTUAL SOLUBILITIES AND 

SUPERCONDUCTIVITY OF HEXABORIDES 

4- 4- 

Z.  F isk ,*  A.  C.  L a w s o n ,  a n d  R .  W. F i t z g e r a l d  
I n s t i t u t e  f o r  P u r e  a n d  A p p l i e d  P h y s i c a l  S c i e n c e s  

U n i v e r s i t y  o f  C a l i f o r n i a ,  S a n  D i e g o  
La Jolla, California 92037 

(Received March 18, 1974; Communicated by B. T. Matthias) 

A B S T R A C T  
X - r a y  d i f f r a c t i o n  a n d  e l e c t r o n  m i c r o p r o b e  d a t a  i n d i c a t e  
t h a t  t h e  m u t u a l  s o l u b i l i t y  of  L a B  6 a n d  YB 6 d e p e n d  s t r o n g l y  
on  t h e  m e t h o d  of  a l l o y  p r e p a r a t i o n .  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  of  t h e s e  a l l o y s  a r e  r e p o r t e d .  

T h e  h e x a b o r i d e s  of  y t t r i u m ,  t h o r i u m  a n d  the  l i g h t  r a r e  e a r t h s  

a l l  c r y s t a l l i z e  in a c u b i c  s t r u c t u r e  w h i c h  c a n  be  v i s u a l i z e d  a s  a C s G 1  

a r r a n g e m e n t  of  m e t a l  a t o m s  a n d  B 6 o c t a h e d r a .  We g i v e  o u r  v a l u e s  of  a ° 

m e a s u r e d  on  s i n g l e  c r y s t a l s  in  a G a n d o l f i  c a m e r a  in  T a b l e  1. B e c a u s e  

o f  t h e  s m a l l  v a r i a t i o n s  o f  t h e  l a t t i c e  c o n s t a n t ,  one  e x p e c t s ,  on  the  b a s i s  

o f  the  H u m e - R o t h e r y  r u l e s ,  c o m p l e t e  s o l i d  s o l u t i o n  b e t w e e n  t h e s e  h e x a -  

b o r i d e s .  

In a study of superconductivity in the YB6-LaB 6 system, we 

found that arc-melting of YB6-LaB 6 mixtures invariably produced 
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TAB LE 1 

a 0 b  o 
C o m p o u n d  E x p e  r i m e n t  L i t e r  a t u r  e 

LaB 6 4. 156 4. 154 

CeB 6 4. 141 4. 141 

PrB 6 4. 133 4. 130 

NdB 6 4. 126 4. 126 

Stub 6 4. 133 4. 133 

GdB 4. 109 4. 108 
6 

ThB 6 4.110 4. 113 

YB 6 4. 10Z 4. 113 

m a t e r i a l  w i t h  two d i s t i n c t  c u b i c  l a t t i c e  p a r a m e t e r s ,  a s  w e l l  a s  t e t r a -  

b o r i d e  c o n t a m i n a t i o n .  M e t a l l u r g i c a l  e x a m i n a t i o n  s h o w e d  t h a t  t h r e e  

p h a s e s  w e r e  p r e s e n t .  F u r t h e r  e x a m i n a t i o n  in  an  e l e c t r o n - b e a m  

m i c r o p r o b e  s h o w e d  t h a t  a n o m i n a l  (La .  5Y. 5 )B6  a r c - m e l t e d  b u t t o n  

c o n t a i n e d  two d i s t i n c t  B 6 p h a s e s ,  the  L a B 6 - r i c h  p h a s e  c o n t a i n i n g  

15 + 5 a / o  YB 6 , and  the  Y B 6 - r i c h  p h a s e  c o n t a i n i n g  no L a B  6 w i t h i n  

c o u n t i n g  s t a t i s t i c s .  M i c r o p r o b e  s c a n s  f o r  L a  L - an d  Y L - r a d i a -  
ct c~ 

t i o n  a r e  s h o w n  in F i g .  1. 

T h i s  l a c k  o f  s o l u b i l i t y  o f  L a B  6 in  YB 6 is  s u r p r i s i n g ,  e s p e c i -  

a l l y  in  v i e w  of  the  r a p i d  q u e n c h i n g  o n  the  w a t e r - c o o l e d  a r c - f u r n a c e  

h e a r t h  and  the  a l m o s t  i d e n t i c a l  l a t t i c e  p a r a m e t e r .  A t t e m p t s  w e r e  

a l s o  m a d e  to p r e p a r e  L a B 6 - Y B  6 s o l i d  s o l u t i o n s  b y  s i n t e r i n g  a p r e s s e d  

p e l l e t  o f  the  m i x e d  o x i d e s  a n d  b o r o n  a t  1 6 0 0 ° C  in  v a c u u m .  A p o s s i b l e  
2 

r e a c t i o n  is  : 

(Y, La)zO 3 + 14B-~ Z(Y, La)B 6 +BzO 3 

Initially, we prepared YB 6 via this reaction. X-ray diffrac- 

tion analysis showed both YB 4 and YB 6 present, and the material was 

not superconducting to I. 5°K, although arc-melted YB 6 is supercon- 

ducting at 6.8°K. The results of increasing the B/YzO 3 ratio on T c 

are given in Table Z. It appears from these results that there is some 
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FIG. i 

Microprobe scans of La 5 Y.5B6 . Left, LaL radiation; right Y L 
• Ct Ct 

radiation, The field of view is approximately 150~ X 150U . Regions 
of inexact registry contain tetraboride. 

variation in the stoichiometry which has a marked effect on T A 
C 

very s l i g h t  v a r i a t i o n  in a ( A a  ~ 0 . 0 0 1  /~) w a s  o b s e r v e d  on  v a r y i n g  
O O 

t he  B / Y z O  3 r a t i o ,  

T h e  T c  a n d  l a t t i c e  p a r a m e t e r  d a t a  f o r  Y B 6 - L a B  6 m i x t u r e s  

p r e p a r e d  f r o m  o x i d e s  a s  a b o v e  a r e  g i v e n  in F i g .  Z. T h e s e  d a t a  i n d i -  

c a t e  t he  f o r m a t i o n  of  a s o l i d  s o l u t i o n  a n d  the  f a c t  t h a t  the  T e x t r a p o -  
c 

l a t e s  to z e r o  n e a r  Z5 a / o  Y B 6 .  X - r a y  a n a l y s i s  i n d i c a t e s  t h a t  n o w  

o n l y  one  c u b i c  p h a s e  is  p r e s e n t  a n d  t h a t  V e g a r d ' s  l a w  is  r e a s o n a b l y  

w e l l  o b e y e d .  

TAB LE Z 

moles B/moles YzO3 Phases Present Tc(°K) 

14 YB4, YB 6 None to I. 5 °K 

Z0 YB4, YB6, YBIz 6.8 0. 1 

Z6 YB4, YB6, YBIz 6.3 + 0.3 
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FIG .  2 

L a t t i c e  p a r a m e t e r s  and 
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  of  (La,  Y)B 
so l i d  s o l u t i o n s .  6 

S i nce  LaB 6 is c o n g r u e n t l y  m e l t i n g  and YB 6 is i n c o n g r u e n t l y  

m e l t i n g ,  a p o s s i b l e  e x p l a n a t i o n  fo r  the  o b s e r v e d  i n s o l u b i l i t y  of La  in 

YB 6 in a r c - m e l t e d  m a t e r i a l  is tha t  the m o r p h o l o g y  of the a p p r o p r i a t e  

t e r n a r y  d i a g r a m  is such  tha t  LaB 6 s o l i d i f i e s  f i r s t  f r o m  the (La,  Y)B 6 

m e l t ,  and tha t  the l i q u i d u s - s o l i d u s  s e p a r a t i o n  is l a r g e  enough  to r e s u l t  

in n e a r l y  c o m p l e t e  f r a c t i o n a t i o n .  

F i n a l l y ,  we note  tha t  ThB 6 d i s s o l v e s  r e a d i l y  in bo th  YB 6 and 

LaB 6 in the a r c - f u r n a c e .  The  s i z e  f a c t o r  c e r t a i n l y  f a v o r s  T h B 6 - Y B  6 

s o l i d  s o lu t i on ,  and ou r  low t e m p e r a t u r e  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  s u g g e s t  tha t  ThB 6 and LaB 6 ,  but  not  YB 6 , a r e  e l e c t r o n i c a l l y  

v e r y  s i m i l a r .  I n s u f f i c i e n t  da t a  on the  T h - B  p h a s e  d i a g r a m  e x i s t  to 

c o n c l u d e  w h e t h e r  ThB 6 m e l t s  c o n g r u e n t l y .  
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