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(R e c e iv e d  18  M a y  2 0 0 7 ;  a c c e p te d  31  M a y  2 0 0 7 ;  p u b l is h e d  o n l in e  21  J u n e  2 0 0 7 )

U s in g  s ta t ic  m a g n e t ic  f ie ld s  u p  to  3 0  T , th e  a u th o rs  h a v e  m e a s u r e d  th e  h ig h - f ie ld  m a g n e t iz a t io n  in  

h ig h - q u a l i ty  s a m p le s  m a d e  f ro m  R e -b a s e d  d o u b le  p e r o v s k i te s :  A 2F e R e O 6 (A 2 =  C a 2, S r2, B a S r )  a n d  

S r2C r R e O 6, w ith  C u r ie  te m p e r a tu re s  r a n g in g  f ro m  3 6 0  u p  to  6 1 0  K . T h e  r e s u l ts  in d ic a te  th a t  th e  

s a tu ra t io n  m a g n e t iz a t io n  in  th e s e  c o m p o u n d s  is  h ig h e r  th a n  th e  a s s u m e d  s p in - o n ly  io n ic  v a lu e s ,

3 ^ b / f .u .  fo r  A 2F e R e O 6 a n d  1 ^ B/ f .u .  fo r  S r2C r R e O 6, w h ic h  is  e x p la in e d  b y  th e  la rg e  o rb ita l  

c o n t r ib u t io n  to  th e  m a g n e tiz a t io n .  I n d ire c t ly ,  th e s e  r e s u l t s  sh o w  th a t  R e -b a s e d  d o u b le  p e ro v s k i te s  

c a n n o t  b e  d e s c r ib e d  a s  h a l f - m e ta l s .  ©  2007 A m erican Institute o f  Physics.

[D O I:  1 0 .1 0 6 3 /1 .2 7 5 1 1 2 7 ]

H a lf - m e ta ls  a r e  m a g n e t ic  m a te r ia ls  w i th  c a r r ie rs  s h o w ­

in g  o n ly  o n e  s p in  d ir e c t io n  a t th e  F e r m i  le v e l ,  e i th e r  p a r a l le l  

o r  a n t ip a r a l le l  to  th e  m a g n e t iz a t io n  d ir e c t io n , a n d  h a v e  a 

h u g e  p o te n t ia l  in  th e  f ie ld  o f  s p in  e le c tro n ic s .  F e r ro m a g n e t ic  

d o u b le  p e r o v s k i te s  (A 2B B 'O 6, A  =  a lk a l in e  e a r th  m e ta ls  a n d  

B / B '  =  t r a n s i t io n  m e ta ls )  h a v e  r e c e n t ly  a t t r a c te d  g r e a t  a t te n ­

t io n  d u e  to  th e ir  p r e s u m e d  h a l f - m e ta l l ic i ty  as  w e ll  as h ig h  

C u r ie  te m p e r a tu r e  (T C) . T h u s ,  S r2F e M o O 6 (T C= 4 2 0  K ) , 1 

C a 2F e R e O 6 (TC = 5 2 0  K ) ,2 S r2C r R e O 6 (TC = 6 1 0  K ) ,3 a n d  

S r2C r O s O 6 (TC= 7 2 0  K )  (R e f .  4 ) a re  c u r r e n t ly  b e in g  a c t iv e ly  

s tu d ie d  w i th  th is  p u r p o s e .  A  r e v ie w  a r t ic le  o n  th e s e  e x c i t in g  

m a te r ia ls  w a s  r e c e n t ly  p u b l is h e d .5

T h e  A 2F e R e O 6 (A 2 =  C a 2, S r2, B a 2) c o m p o u n d s  w e r e  a l ­

r e a d y  s tu d ie d  in  th e  p a s t ,6 w a y  b e f o r e  th e  r e n e w e d  in te r e s t  in  

th e  l ig h t  o f  a p p l ic a t io n s  fo r  m a g n e to e le c t r o n ic s .  In  th e s e  

c o m p o u n d s ,  i t  is  g e n e r a l ly  a s s u m e d  th a t  f iv e  “ lo c a l iz e d ”  3d  

e le c t ro n s  p r o d u c e d  b y  F e  (S  = 5 / 2 )  w il l  a l ig n  a n t ip a r a l le ly  to  

tw o  “ d e lo c a l iz e d ”  e le c tro n s  s h a re d  b y  F e  a n d  R e  a n d  m e d i ­

a t in g  a  d o u b le - e x c h a n g e - l ik e  in te r a c t io n  th r o u g h  th e  o x y g e n  

o rb ita ls .  Id e a lly ,  th e  c o n d u c t io n  e le c tro n s  w il l  s h o w  c o m p le te  

n e g a t iv e  sp in  p o la r iz a t io n  a t th e  F e r m i  le v e l ,  say , h a lf -  

m e ta l l ic i ty .  S u c h  a n  io n ic  p ic tu r e  im p l ie s  an  e x p e c te d  s p in -  

o n ly  s a tu ra t io n  m a g n e t iz a t io n  (M S) o f  3 ^ B/ f .u .  H o w e v e r ,  a 

n u m b e r  o f  s tr ik in g  f e a tu re s  r e c e n t ly  d is c o v e r e d  in  A 2F e R e O 6 

h a v e  c le a r ly  d e m o n s tr a te d  th a t  th e  p h y s ic s  o f  th e s e  c o m ­

p o u n d s  is  m u c h  m o r e  c h a l le n g in g  th a n  p r e v io u s ly  a s s u m e d . 

F ir s t ,  th e  g r o u n d  s ta te  h a s  b e e n  fo u n d  to  c h a n g e  f ro m  m e ta l ­

l ic  fo r  A 2= B a 2 to  s e m ic o n d u c t in g  fo r  A 2 =  C a 2,2,7 e v e n  

th o u g h  C a 2F e R e O 6 s h o w s  th e  h ig h e s t  TC in  th e  s e r ie s . A n  

u n e x p e c te d  v e ry  la rg e  m a g n e t ic  a n is o tro p y  w a s  fo u n d  a n d  

a t t r ib u te d  to  th e  in tr in s ic  a n is o tr o p y  o f  R e  io n s .8 S tro n g  m a g -  

n e to s t r u c tu r a l  e f f e c ts  h a v e  a ls o  b e e n  r e p o r te d  in  th is  s e r ie s  

b y  n e u tro n  d i f f r a c t io n ,9 w h ic h  a re  a lso  n ic e ly  r e f le c te d  in  a 

la rg e  a n is o tr o p ic  m a g n e to s t r ic t io n  to ta l ly  u n e x p e c te d  in  f e r ­

r o m a g n e t ic  o x id e s  w i th o u t  o rb i ta l  in s t a b i l i t i e s .10 T h e  la rg e  

s p in - o r b i t  c o u p l in g  e x h ib i te d  b y  th e  R e  io n s  (5 d  e le m e n t)  in

a)A u th o r to  w h o m  co rrespondence  shou ld  b e  add ressed ; e lec tro n ic  m ail: 
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th is  s e r ie s  h a s  b e e n  d is c lo s e d  th r o u g h  x - ra y  m a g n e t ic  c i r c u la r  

d ic h r o is m  (X M C D ) m e a s u r e m e n ts  th a t  s h o w  th e  p r e s e n c e  o f  

a  s ig n if ic a n t  o rb i ta l  m o m e n t .11 W i th  r e s p e c t  to  th e  p o te n t ia l ­

i ty  o f  th e s e  c o m p o u n d s  fo r  m a g n e to e le c t r o n ic  a p p l ic a t io n s ,  

th e  la rg e  in te r g ra in  m a g n e to r e s is ta n c e  fo u n d  in  p o ly c r y s t a l ­

l in e  p e l le t s  s u g g e s te d  h a l f - m e ta l l ic i ty 12 e v e n  th o u g h  th is  

p r o p e r ty  h a s  n e v e r  b e e n  d e m o n s tr a te d .  In  th is  le t te r ,  w e  a im  

to  d is c lo s e  o n e  o f  th e  s ta n d in g  c o n t ro v e r s ie s  o n  R e -b a s e d  

d o u b le  p e r o v s k i te s ,  i.e . ,  th e  s a tu ra t io n  m a g n e t iz a t io n  o f  th e s e  

m a te r ia ls  a n d , in d ire c t ly ,  im p o r ta n t  a s p e c ts  o f  th e ir  p h y s ic a l  

p r o p e r t ie s  s u c h  a s  th e  e x is te n c e  o r  n o t  o f  h a l f -m e ta l l ic i ty .

T h e  c o m p o u n d s  s tu d ie d  in  th e  p r e s e n t  w o rk , A 2F e R e O 6 

(A 2 =  C a 2, S r2, B a S r )  a n d  S r2C r R e O 6, w e r e  “ f r e s h ”  s a m p le s  

s y n th e s iz e d  b y  s o l id - s ta te  r e a c t io n  te c h n iq u e s ,  as  d e s c r ib e d
8,13

e ls e w h e re .  T h e  s e le c te d  s a m p le s  h a v e  a  lo w  a m o u n t  o f  

a n t is i te  (A S )  d is o r d e r  d e f e c ts  in  o rd e r  to  m a k e  th e  c o n c lu s io n  

r o b u s t  (A S  is  k n o w n  to  d e c r e a s e  m a g n e t i z a t io n ) .14 T h e  

a m o u n ts  o f  A S  a r e  o n ly  0 .5 %  fo r  B a S r F e R e O 6, 2 %  fo r 

S r2F e R e O 6, a n d  0 %  fo r  C a 2F e R e O 6, w h ic h  g iv e  u s  th e  o p ­

p o r tu n i ty  to  in v e s t ig a te  M S in  a lm o s t- A S - f r e e  s a m p le s .  W e  

h a v e  c a r r ie d  o u t  m a g n e t iz a t io n  s tu d ie s  in  th e  te m p e r a tu re  

r a n g e  o f  3 0 0 - 7 0 0  K  b y  m e a n s  o f  a n  A D E  E le c t r o n ic s  E V 7  

v ib r a t in g  s a m p le  m a g n e to m e te r  w i th  th e  s e n s i t iv i ty  o f  

1 0 -6  e m u . A s  p r e v io u s ly  r e p o r te d ,  TC fo r  B a S r F e R e O 6, 

S r2F e R e O 6, a n d  C a 2F e R e O 6 is  fo u n d  to  b e ,  re s p e c t iv e ly ,

— 3 6 0 , —4 1 0 ,  a n d  — 5 2 0  K .7,8 M a g n e t iz a t io n  is o th e r m s  

a b o v e  TC s h o w  th e  e x p e c te d  l in e a r  d e p e n d e n c e  w ith  th e  

m a g n e t ic  f ie ld . F r o m  th e  e x t ra p o la t io n  o f  th e  l in e a r  b e h a v io r  

o n to  th e  o r d in a te  a x is , th e  e x t r in s ic  m a g n e t iz a t io n  c a u s e d  b y  

f e r ro m a g n e t ic  im p u r i t ie s  is  e s t im a te d  to  b e  —0 .0 6 5 , —0 .2 5 , 

a n d  —0 .0 5  e m u /g  fo r  B a S r F e R e O 6, S r2F e R e O 6, a n d  

C a 2F e R e O 6, r e s p e c t iv e ly .  T h is  c o r r e s p o n d s ,  r e s p e c t iv e ly ,  to  

0 .2 % , 0 .7 % , a n d  0 .1 %  o f  th e  s a tu ra t io n  m a g n e t iz a t io n  v a lu e s  

o f  B a S r F e R e O 6, S r2F e R e O 6, a n d  C a 2F e R e O 6, w h ic h  a l lo w  

u s  to  d is c a r d  a n y  r e le v a n t  in f lu e n c e  o n  th e  r e p o r te d  e f fe c ts .

M a g n e t iz a t io n  m e a s u r e m e n ts  u p  to  5 T  h a v e  b e e n  p e r ­

f o rm e d  w ith  a  Q u a n tu m  D e s ig n  s u p e rc o n d u c t in g  q u a n tu m  

in te r f e r e n c e  d e v ic e  (S Q U ID )  m a g n e to m e te r  w i th  s e n s i t iv i ty

— 5 X  1 0 -7  e m u . T h e  m a g n e t iz a t io n  v a lu e s  a t  4  K  u n d e r  5 T  

fo r  B a S r F e R e O 6, S r2F e R e O 6, a n d  C a 2F e R e O 6 a re , r e s p e c ­
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FIG . 1. (C o lo r online) (a) M ag n e tiza tio n  h y ste res is  loop  a t 4  K  u p  to  30 T  o f  B aS rF eR eO s. B o tto m  in se t: zo o m  in  o f th e  m ag n e tiza tio n  in  th e  v ic in ity  o f 30  T. 

T h e  lin e  m arks th e  v a lu e  ex p ec ted  fo r th e  sa tu ra tio n  m agn e tiza tio n  w ithou t o rb ita l con tr ib u tio n  to  th e  m agne tiz a tion . T op  inse t: co m p ariso n  b e tw een  the  

m ag n e tiza tio n  resu lts  ob tained  w ith  S Q U ID  up  to  5 T  (squares) and  th e  re su lts  o b ta ined  in  th e  h igh -fie ld  in sta lla tio n  (line). (b) T he sam e fo r  S ^ F eR eO g . (c) 

T he  sam e fo r  C a2F eR eO 6. (d) T he  sam e fo r  S r2C rR eO 6.

t iv e ly , fo u n d  to  b e  2 . 9 8 ^ B/ f .u . ,  2 . 8 1 ^ B/ f .u . ,  a n d  2 . 2 5 ^ B/ f .u .  

N e v e r th e le s s ,  5 T  is  n o t  a  s u f f ic ie n t  f ie ld  to  s a tu ra te  th e  m a g ­

n e t iz a t io n .  H ig h - f ie ld  m a g n e t iz a t io n  m e a s u r e m e n ts  u p  to  

3 0  T  h a v e  b e e n  p e r f o r m e d  a t  th e  H ig h  F ie ld  M a g n e t  L a b o ­

r a to ry , R a d b o u d  U n iv e r s i ty  N jm e g e n ,  N e th e r la n d s  b y  u s in g  a 

B i t te r  c o i l .  T h e  m a g n e t iz a t io n  is  m e a s u r e d  w i th  th e  e x t r a c ­

t io n  m e th o d  v ia  tw o  p ic k -u p  c o i ls  c o n n e c te d  in  s e r ie s  o p p o ­

s i t io n .  In  F ig . 1 (a) w e  s h o w  th e  m a g n e t iz a t io n  h y s te re s is  

lo o p  a t  4  K  u p  to  3 0  T  o f  th e  B a S r F e R e O 6 s a m p le .  U n d e r  

th e  m a x im u m  f ie ld  o f  3 0  T  th e  m a g n e t iz a t io n  is  fo u n d  to  b e  

3 .2 7 ^ b / f .u . ,  m u c h  a b o v e  th e  p r e v io u s ly  a s s u m e d  v a lu e  o f  

3 ^ b / f .u .  A s  c a n  b e  n o t ic e d  in  th e  in s e t  o f  th is  f ig u re , th is  

c o m p o u n d  is  a lm o s t  s a tu ra te d  u n d e r  3 0  T . T h is  fa c t,  to g e th e r  

w i th  th e  s m a ll  v a lu e  o f  A S  (0 .5 % ), a l lo w s  u s  to  e s ta b l is h  th e  

v a lu e  o f  3 . 3 0 ( 5 ) ^ b / f .u .  fo r  th e  M S o f  th is  c o m p o u n d  i f  w e  

u s e  th e  e x p r e s s io n  M S( e x p ) = M S[ ( 1 - 2 ) A S ] ,  w h e r e  M S(e x p )  

is  th e  m e a s u r e d  e x p e r im e n ta l  v a lu e  a n d  M S is  th e  v a lu e  w i th ­

o u t  A S . T h is  d e p e n d e n c e  o f  th e  s a tu ra t io n  m a g n e t iz a t io n  on  

A S  h a s  b e e n  u s e d  in  th e  p a s t  in  d o u b le  p e r o v s k i te s ,  w ith  

g o o d  a g r e e m e n t  w ith  th e  e x p e r im e n ta l  r e s u l t s .14,15 A s  s h o w n  

in  th e  in s e t  o f  F ig .  1 (a ) , th e  r e s u l t s  o b ta in e d  w i th  th e  S Q U ID  

m a g n e to m e te r  u p  to  5 T  s u p e r im p o s e  in  th is  f ie ld  r a n g e  to  

th e  m e a s u r e m e n ts  u p  to  3 0  T . T h e  c o e r c iv e  f ie ld  is  a ro u n d

0 .2 4  T  a n d  th e  r e m a n e n t  m a g n e t iz a t io n  is  a ro u n d  5 0 %  o f  th e  

s a tu ra t io n  v a lu e .  A s  e x p e c te d ,  th e  m a g n e t iz a t io n  d e c r e a s e s  as

th e  te m p e r a tu r e  is  in c re a s e d .  A s  s h o w n  in  th e  in s e t  o f  
Dow nloaded 22 Mar 2010 to 131.174.17.26. Redistribution subject

F ig .  1 (a ) , a t 100  K  a n d  u n d e r  th e  m a x im u m  f ie ld  o f  3 0  T  th e  

m a g n e t iz a t io n  is  fo u n d  to  b e  3 . 2 1 ^ B/ f .u . ,  s t i l l  m u c h  a b o v e  

3 ^ b / f .u .  T h e  s l ig h t  in c r e a s e  o f  th e  m a g n e t iz a t io n  b e tw e e n  

1 0 0  a n d  4  K  [ s e e  th e  in s e t  o f  F ig .  1 (a ) ] a ls o  a l lo w s  u s  to 

d is c a r d  a n y  k in d  o f  s p u r io u s  p a r a m a g n e t ic  s ig n a l  th a t  c o u ld  

c o n t r ib u te  to  th e  m e a s u r e m e n t  a t 4  K . T h e  m e a s u r e m e n ts  on  

S r2F e R e O 6 a re  s h o w n  in  F ig .  1 (b ) . S im ila r  c o n c lu s io n s  c a n  

b e  d r a w n  fo r  th is  c o m p o u n d .  In  th is  c a se ,  u n d e r  th e  m a x i ­

m u m  f ie ld  o f  3 0  T  th e  m a g n e t iz a t io n  is  fo u n d  to  b e  

3 . 2 3 ^ b / f .u .  a t  4  K  a n d  3 . 1 7 ^ B/ f .u .  a t 10 0  K . H o w e v e r ,  in 

th is  c o m p o u n d  th e  te n d e n c y  to  s a tu ra te  is  le s s  c le a r  th a n  fo r  

B a S r F e R e O 6, a n d  i t  s e e m s  th a t  a  f e w  m o r e  te s la  a re  r e q u ir e d  

to  a c h ie v e  s a tu ra t io n .  T a k in g  in to  a c c o u n t  th e  le v e l  o f  a n t i ­

s i te s  in  th is  s a m p le ,  o n e  c a n  e s t im a te  th e  M S o f  th is  c o m ­

p o u n d  to  b e  3 . 3 3 ( 5 ) ^ B/ f .u .  b y  u s in g  th e  e x p r e s s io n  in t r o ­

d u c e d  b e f o r e .  T h is  is  in d e e d  o n ly  an  a p p r o x im a te  v a lu e  d u e  

to  th e  la c k  o f  c o m p le te  m a g n e t ic  s a tu ra t io n  a t 3 0  T . T h e  la c k  

o f  m a g n e t ic  s a tu ra t io n  u n d e r  3 0  T  is  e v id e n t  in  th e  

C a 2F e R e O 6 s a m p le ,  w h o s e  r e s u l ts  a r e  s h o w n  in  F ig .  1 (c ) . 

U n d e r  th e  m a x im u m  f ie ld  o f  3 0  T  th e  m a g n e t iz a t io n  is  fo u n d  

to  b e  a ro u n d  3 . 1 2 ^ B/ f .u .  a t 4  a n d  100  K . W e  a s c r ib e  th e  la c k  

o f  in c r e a s e  o f  th e  M S in  th e  te m p e r a tu r e  r a n g e  b e tw e e n  100 

a n d  4  K  to  th e  f a c t  th a t  a  s tr u c tu ra l  t r a n s i t io n  b e tw e e n  tw o  

m o n o c l in ic  c r y s ta l lo g r a p h ic  s tr u c tu re s  ta k e s  p la c e  in  th is  

c o m p o u n d  b e lo w  1 2 0  K .7,8 T h e  la c k  o f  m a g n e t ic  s a tu ra t io n

a t  3 0  T  in  th is  c o m p o u n d  p r e v e n ts  u s  f ro m  e s ta b l is h in g  an  
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a c c u r a te  v a lu e  fo r  M S e v e n  th o u g h  w e  c a n  s ta te  th a t  i t  w il l  b e  

la rg e r  th a n  th e  v a lu e  o b ta in e d  a t 3 0  T , 3 . 1 2 ^ B/f .u .

T h e s e  r e s u l t s  d e m o n s tr a te  th a t  th e s e  m a te r ia ls  r e q u ir e  

v e r y  h ig h  f ie ld s  to  a c h ie v e  m a g n e t ic  s a tu ra t io n .  T h e  la rg e  

c o e r c iv e  f ie ld s  a s  w e ll  as  s a tu ra t io n  f ie ld s  r e f le c t  a  la rg e  m a g ­

n e t ic  a n is o tro p y . I t  is  r e m a r k a b le  th a t  th e  c o e r c iv e  a n d  s a tu ­

r a t io n  f ie ld s  in  th e s e  R e -b a s e d  d o u b le  p e r o v s k i te s  a re  c o m ­

p a r a b le  to  th o s e  o b s e rv e d  in  p e r m a n e n t  m a g n e ts ,  s u g g e s t in g  

a  s ig n if ic a n t  m a g n e to c r y s ta l l in e  a n is o tr o p y  th a t  w o u ld  b e  e x ­

c i t in g  to  m e a s u r e  in  s in g le  c ry s ta ls  o r  e p i ta x ia l  f ilm s . S o m e  

r e c e n t  th e o re t ic a l  a r t ic le s  h a v e  t r ie d  to  ta c k le  th e  p h y s ic a l  

p r o p e r t ie s  o f  A 2F e R e ( M o ) O 6 w ith  m o d e rn  a p p r o a c h e s .  It 

w a s  r e a l iz e d  th a t  th e  r e m a r k a b le  e x is te n c e  o f  a  s iz a b le  m a g ­

n e t ic  m o m e n t  o n  th e  n o n m a g n e t ic  io n  in  R e  (M o ) f e r r o m a g ­

n e t ic  d o u b le  p e r o v s k i te s  c a n  b e  e x p la in e d  b y  th e  h o p p in g  

in te r a c t io n s  th a t  p r o d u c e  th e  s p l i t t in g  o f  th e  s p in -u p  a n d  

s p in - d o w n  s u b b a n d s  o f  R e  (M o ) a n d  p r e s u m a b ly  g iv e  r i s e  to  

h a l f - m e ta l l ic i ty  a t  th e  F e r m i le v e l .1,5,12 H o w e v e r ,  th e  p h y s ic s  

o f  R e -b a s e d  d o u b le  p e r o v s k i te s  is  s t r ik in g ly  d i f f e r e n t  f ro m  

th a t  o f  th e i r  M o - b a s e d  c o u n te r p a r ts ,  a n d  i t  w a s  la te r  a rg u e d  

th a t  an  im p o r ta n t  in g r e d ie n t  in  th e  d e s c r ip t io n  o f  R e -b a s e d  

d o u b le  p e r o v s k i te s  is  th e  s ig n if ic a n t  s p in - o r b i t  c o u p l in g  a t R e  

io n s  p r o d u c in g  a  la rg e  R e  o rb i ta l  m o m e n t .  T h u s ,  c a lc u la t io n s  

in  S r2F e R e O 6 (R e f . 1 6 ) a n d  B a 2F e R e O 6 (R e f . 1 7 ) p r e d ic te d  

v a lu e s  fo r  th e  R e  o rb i ta l  m o m e n t  w h ic h  a re  c o m p a r a b le  to  

e x p e r im e n ta l  v a lu e s  f o u n d  b y  X M C D  m e a s u r e m e n ts  

( ~ 0 . 3 ^ b / R e  a to m ) .11 T h e  R e  o rb i ta l  m o m e n t  is  a n t ip a r a l le l  

to  th e  R e  s p in  m o m e n t  (as  e x p e c te d  f ro m  le s s - th a n - h a l f - f i l le d  

5 d  o rb i ta ls )  a n d  p a r a l le l  to  th e  F e  sp in  m o m e n t .  T h e  s ig n if i ­

c a n t  R e  o rb i ta l  m o m e n t  p a v e s  th e  w a y  fo r  a  n o n in te g e r  s a tu ­

r a t io n  m a g n e t iz a t io n ,  a s  w e  f in d  e x p e r im e n ta l ly ,  in  s h a rp  

c o n t ra s t  to  th e o r ie s  a s s u m in g  o n ly  s p in  c o n t r ib u t io n  to  th e  

m a g n e tiz a t io n .

O u r  r e s u l ts  o f  n o n in te g e r  s a tu ra t io n  m a g n e t iz a t io n  in  

A 2F e R e O 6 h a v e  a  f u r th e r  im p o r ta n t  im p l ic a t io n .  H a lf -  

m e ta l l ic  d o u b le  p e r o v s k i te s  s h o u ld  s a t is f y  th e  in te g e r  sp in  

m o m e n t  p e r  f .u . c r i te r io n  a s  a  c o n s e q u e n c e  o f  th e  in te g e r  

n u m b e r  o f  to ta l  e le c t ro n s  ( s p in -u p  p lu s  s p in - d o w n  e le c tro n s )  

to g e th e r  w ith  th e  g a p  a t  th e  F e r m i  le v e l  in  th e  sp in -u p  s u b ­

b a n d  r e q u ir e d  to  a c c o u n t  fo r  o n ly  s p in - d o w n  e le c tro n s  a t  th e  

F e r m i  l e v e l .18 A  s ig n if ic a n t  s p in - o r b i t  in te r a c t io n  w il l  t ry  to  

m ix  d if f e r e n t  s p in  s ta te s  a n d , e v e n tu a l ly ,  th e  s p in -u p  s u b b a n d  

g a p  a t th e  F e r m i  le v e l  c a n  d is a p p e a r .  F r o m  o u r  f in d in g  o f  

n o n in te g e r  m a g n e t iz a t io n  d u e  to  a  s tro n g  s p in - o r b i t  c o u p l in g ,  

it  is  te m p t in g  to  p u t  fo rw a r d  th a t  A 2F e R e O 6 c o m p o u n d s  d o  

n o t  r e a l iz e  th e  c o n d i t io n s  r e q u ir e d  fo r  h a l f - m e ta l l ic i ty .  T h e ­

o r e t ic a l  s u p p o r t  fo r  th is  h y p o th e s is  h a s  b e e n  r e l i a b ly  g iv e n  

b y  V a ith e e s w a ra n  et al., w h o  h a v e  c a lc u la te d  th a t  th e  in c lu ­

s io n  o f  th e  s p in - o r b i t  c o u p l in g  in  B a 2F e R e O 6 w il l  le a d  to  th e  

d e s t ru c t io n  o f  th e  h a l f - m e ta l l ic  g a p .17 In  th e  c a s e  o f  

A 2F e M o O 6 c o m p o u n d s ,  th e  M o  s p in - o r b i t  c o u p l in g  is  s m a ll  

a n d  h a s  n o  im p a c t  o n  th e  g r o u n d  s ta te . T h is  is  w h y  in  

A 2F e M o O 6 th e  s a tu ra t io n  m a g n e t iz a t io n  ( o r ig in a t in g  e x c lu ­

s iv e ly  f ro m  sp in  m o m e n ts )  is  an  in te g e r  v a lu e ,  a n d  s u c h
5,18

c o m p o u n d s  a r e  p r e s u m a b ly  h a l f - m e ta l s .

F o r  th e  s a k e  o f  c o m p le te n e s s ,  w e  in c lu d e  in  th is  le t te r  

th e  r e s u l ts  o b ta in e d  d u r in g  th e s e  e x p e r im e n ts  in  a n o th e r  im ­

p o r ta n t  R e -b a s e d  d o u b le  p e r o v s k i te ,  S r2C r R e O 6, w i th  a  h ig h  

TC (6 1 0  K ) .  W e  h a v e  r e c e n t ly  r e p o r te d  u s in g  p u ls e d  m a g ­

n e t ic  f ie ld s  th a t  th is  c o m p o u n d  r e q u ir e s  a ro u n d  2 0  T  in  o rd e r  

to  s a tu ra te  th e  m a g n e t i z a t io n .15 In  th e  c u r r e n t  e x p e r im e n ts  

w e  h a v e  u s e d  a  S r2C r R e O 6 s a m p le  w i th  a  lo w  a n t is i te  le v e l 

(1 3 .5 % ) . T h e  e x t r in s ic  m a g n e t iz a t io n  c a u s e d  b y  f e r ro m a g -  
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n e t ic  im p u r i t ie s  is  e s t im a te d  to  b e  —0 .0 0 9  e m u / g ,  w h ic h  

c o r r e s p o n d s  to  o n ly  0 .1 %  o f  th e  s a tu ra t io n  m a g n e t iz a t io n .  A s  

c a n  b e  n o t ic e d  in  F ig .  1 (d ) , w e  m e a s u r e  a  M S(e x p )  o f

1 .0 1 ^ B/ f .u .  a t  4  K  u n d e r  3 0  T , w h ic h  is  h ig h e r  th a n  th e  p r e ­

v io u s ly  o b ta in e d  v a lu e  o f  0 . 9 5 ^ B/ f . u . 15 B y  u s in g  th e  e x p r e s ­

s io n  r e la t in g  M S a n d  A S , w e  o b ta in  M S = 1 . 3 8 ^ B/ f .u .  T h is  

v a lu e  is  c lo s e  to  th e  th e o re t ic a l  p r e d ic t io n s  in  S r2C r R e O 6 b y  

V a ith e e s w a ra n  et al. , 19 w h o  p r e d ic te d  th a t  th e  g a p  in  th e  

m a jo r i ty  sp in  s u b b a n d , a n d  h e n c e  h a l f - m e ta l l ic i ty ,  is  lo s t  in 

th is  c o m p o u n d  d u e  to  th e  s tro n g  s p in - o r b i t  c o u p l in g .

In  s u m m a r y  w e  h a v e  fo u n d  th a t  M S in  A 2F e R e O 6 (A 2 

=  C a 2, S r2, B a S r )  a n d  S r2C r R e O 6 is  m u c h  la rg e r  th a n  th e  

p r e v io u s ly  a s s u m e d  s p in - o n ly  io n ic  v a lu e s ,  w h ic h  c a n  b e  e x ­

p la in e d  in  te rm s  o f  a  s ig n if ic a n t  R e  o rb i ta l  m o m e n t  th a t  is  

a n t ip a r a l le l  to  th e  R e  s p in  m o m e n t  b u t  p a r a l le l  to  th e  F e  

m a g n e t ic  m o m e n t .11 T h e  e x is te n c e  o f  n o n in te g e r  s a tu ra t io n  

m a g n e t iz a t io n  s u g g e s ts  th a t  R e -b a s e d  d o u b le  p e r o v s k i te s  a re  

n o t  h a l f - m e ta l s ,  as  p r e v io u s ly  a s s u m e d . N e v e r th e le s s ,  fo r 

S r2C r R e O 6 it  h a s  b e e n  c a lc u la te d  th a t  th e  c a r r ie rs  a t th e  

F e r m i  le v e l  r e m a in  h ig h ly  p o la r i z e d  ( > 9 0 % )  (R e f .  19 ) 

a n d  c o u ld  s t i l l  b e  v e r y  a t t r a c t iv e  fo r  a p p l ic a t io n s  in  sp in  

e le c tro n ic s .

T h e  a u th o rs  a c k n o w le d g e  f in a n c ia l  s u p p o r t  b y  P ro je c t  

N o s .  M A T 2 0 0 5 -0 5 5 6 5 - C 0 2 - 0 2  (M E C D , S p a in )  a n d  

E u r o M a g N E T -R I I 3 -C T -2 0 0 4 - 5 0 6 2 3 9  (6 F P , E U )  a n d  a re  

g r a te fu l  to  R . C ó r d o b a  a n d  D . S e r ra te .
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