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MAGNETIC P R O P E R T I E S  O F  I N T E R S T I T I A L  3d I M P U R I T I E S  I N  T j  i  1  
         0  T w  ( 3 d  )  T j  1 3 . 6 8  0  T D  1  1  1  r g  0 . 6 8  T c  0  T w  ( t r a n s i t i o n  )  T j  4 1 . 5 2  0  T D  1  1  1  r g  0 . 7 7  T c  0  T w  ( a t o m  )  T j  2 3 . 5 2  0  T D  1  1  1  r g  0 . 6 8  T c  0  T w  ( i m p u r i t i e s  )  T j  4 2 . 9 6  0  T D  1  1  1  r g  0 . 4 8  T c  0  T w  ( i n  )  T j  1 2  0  T D  1  1  1  r g  0 . 7 5  T c  0  T w  ( s e m i c o n d u c t o r  )  T j  1  0  0  1  4 3 . 9 2  4 4 1 . 8 4  T m  1  1  1  r g  0 . 7 2  T c  0  T w  ( h a v e  )  T j  2 1 . 3 6  0  T D  1  1  1  r g  0 . 6 1  T c  0  T w  ( r e c e i v e d  )  T j  3 4 . 3 2  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( g r o w i n g  )  T j  3 4 . 3 2  0  T D  1  1  1  r g  0 . 6 4  T c  0  T w  ( i n t e r e s t  )  T j  3 1 . 9 2  0  T D  1  1  1  r g  0 . 4 8  T c  0  T w  ( i n  )  T j  1 0 . 8 0  0  T D  1  1  1  r g  0 . 6 2  T c  0  T w  ( r e c e n t  )  T j  2 6 . 6 4  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( y e a r s  )  T j  2 3 . 2 8  0  T D  1  1  1  r g  0 . 5 5  T c  0  T w  ( [ 2 - 8 ] .  )  T j  2 5 . 6 8  0  T D  1  1  1  r g  0 . 6 4  T c  0  T w  ( I n  )  T j  1  0  0  1  4 4 . 1 6  4 3 1 . 0 4  T m  1  1  1  r g  0 . 4 8  T c  0  T w  ( t h i s  )  T j  1 7 . 7 6  0  T D  1  1  1  r g  0 . 6 8  T c  0  T w  ( p a p e r  )  T j  2 5 . 4 4  0  T D  1  1  1  r g  0 . 5 6  T c  0  T w  ( w e  )  T j  1 4 . 4 0  0  T D  1  1  1  r g  0 . 6 8  T c  0  T w  ( a p p l y  )  T j  2 5 . 2 0  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( o u r  )  T j  1 6 . 8 0  0  T D  1  1  1  r g  0  T c  0  T w  ( [ 6 ]  )  T j  1 3 . 6 8  0  T D  1  1  1  r g  0 . 5 8  T c  0  T w  ( s e l f - c o n s i s t e n t  )  T j  5 8 . 3 2  0  T D  1  1  1  r g  0 . 4 4  T c  0  T w  ( f i r s t  )  T j  1 8 . 9 6  0  T D  1  1  1  r g  0 . 6 6  T c  0  T w  ( p r i n c i -  )  T j  1  0  0  1  4 3 . 9 2  4 2 0  T m  1  1  1  r g  0 . 5 3  T c  0  T w  ( p l e s  )  T j  1 9 . 9 2  0  T D  1  1  1  r g  0 . 6 1  T c  0  T w  ( a l l - e l e c t r o n  )  T j  4 7 . 2 8  0  T D  1  1  1  r g  0 . 8 4  T c  0  T w  ( G r e e n ' s  )  T j  3 4 . 3 2  0  T D  1  1  1  r g  0 . 6 9  T c  0  T w  ( f u n c t i o n  )  T j  3 6 . 7 2  0  T D  1  1  1  r g  0 . 7 5  T c  0  T w  ( a p p r o a c h  )  T j  4 0 . 0 8  0  T D  1  1  1  r g  0 . 6 5  T c  0  T w  ( w i t h i n  )  T j  2 9 . 0 4  0  T D  1  1  1  r g  0 . 5 6  T c  0  T w  ( a n  )  T j  1  0  0  1  4 3 . 9 2  4 0 8 . 9 6  T m  1  1  1  r g  0 . 7 3  T c  0  T w  ( i m p u r i t y - c e n t e r e d  )  T j  7 2 . 4 8  0  T D  1  1  1  r g  0 . 7 8  T c  0  T w  ( d y n a m i c  )  T j  3 6 . 2 4  0  T D  1  1  1  r g  0 . 5 2  T c  0  T w  ( b a s i s  )  T j  2 2 . 8 0  0  T D  1  1  1  r g  0 . 4 2  T c  0  T w  ( s e t  )  T j  1 4 . 1 6  0  T D  1  1  1  r g  0 . 6 7  T c  0  T w  ( i n c l u d i n g  )  T j  3 9 . 6 0  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( t h e  )  T j  1 5 . 6 0  0  T D  1  1  1  r g  0 . 4 0  T c  0  T w  ( s e l f -  )  T j  1  0  0  1  4 4 . 1 6  3 9 8 . 1 6  T m  1  1  1  r g  0 . 7 0  T c  0  T w  ( i n t e r a c t i o n  )  T j  4 6 . 8 0  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( c o r r e l a t i o n  )  T j  4 7 . 2 8  0  T D  1  1  1  r g  0 . 4 8  T c  0  T w  ( t o  )  T j  1 2 . 9 6  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( t h e  )  T j  1 6 . 8 0  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( l o c a l  )  T j  2 4  0  T D  1  1  1  r g  / F 2  7 . 9 2  T f  0 . 3 4  T c  0  T w  1 0 0  T z  ( s p i n  )  T j  2 1 . 6 0  0  T D  1  1  1  r g  / F 0  8 . 4 0  T f  0 . 6 6  T c  0  T w  9 3  T z  ( d e n s i t y  )  T j  3 3 . 1 2  0  T D  1  1  1  r g  0 . 5 3  T c  0  T w  ( f o r -  )  T j  1  0  0  1  4 4 . 1 6  3 8 7 . 1 2  T m  1  1  1  r g  0 . 6 3  T c  0  T w  ( m a l i s m .  )  T j  3 2 . 8 8  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( W e  )  T j  1 5 . 6 0  0  T D  1  1  1  r g  0 . 6 7  T c  0  T w  ( h a v e  )  T j  2 0 . 4 0  0  T D  1  1  1  r g  0 . 6 8  T c  0  T w  ( c a l c u l a t e d  )  T j  4 1 . 5 2  0  T D  1  1  1  r g  0 . 6 2  T c  0  T w  ( w i t h  )  T j  1 9 . 4 4  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( n o  )  T j  1 2 . 9 6  0  T D  1  1  1  r g  0 . 6 7  T c  0  T w  ( e m p i r i c a l  )  T j  3 8 . 6 4  0  T D  1  1  1  r g  0 . 6 8  T c  0  T w  ( i n p u t  )  T j  2 3 . 2 8  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( t h e  )  T j  1  0  0  1  4 4 . 4 0  3 7 6 . 0 8  T m  1  1  1  r g  0 . 6 6  T c  0  T w  ( s p i n - p o l a r i z e d  )  T j  5 9 . 2 8  0  T D  1  1  1  r g  0 . 6 8  T c  0  T w  ( e l e c t r o n i c  )  T j  4 2 . 2 4  0  T D  1  1  1  r g  0 . 6 5  T c  0  T w  ( s t r u c t u r e  )  T j  3 8 . 8 8  0  T D  1  1  1  r g  0 . 6 4  T c  0  T w  ( o f  )  T j  1 2 . 9 6  0  T D  1  1  1  r g  0 . 6 5  T c  0  T w  ( d i f f e r e n t  )  T j  3 7 . 9 2  0  T D  1  1  1  r g  0 . 6 5  T c  0  T w  ( c h a r g e  )  T j  1  0  0  1  4 4 . 1 6  3 6 5 . 2 8  T m  1  1  1  r g  0 . 5 8  T c  0  T w  ( s t a t e s  )  T j  2 4 . 7 2  0  T D  1  1  1  r g  0 . 6 4  T c  0  T w  ( o f  )  T j  1 0 . 8 0  0  T D  1  1  1  r g  0 . 6 4  T c  0  T w  ( i s o l a t e d  )  T j  3 3 . 1 2  0  T D  1  1  1  r g  0 . 3 6  T c  0  T w  ( S c ,  )  T j  1 4 . 1 6  0  T D  1  1  1  r g  0 . 4 8  T c  0  T w  ( T i ,  )  T j  1 3 . 9 2  0  T D  1  1  1  r g  0 . 2 4  T c  0  T w  ( V ,  )  T j  1 1 . 7 6  0  T D  1  1  1  r g  0 . 5 4  T c  0  T w  ( C r ,  )  T j  1 5 . 3 6  0  T D  1  1  1  r g  0 . 6 6  T c  0  T w  ( M n ,  )  T j  1 8 . 9 6  0  T D  1  1  1  r g  0 . 5 4  T c  0  T w  ( F e ,  )  T j  1 5 . 1 2  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( C o ,  )  T j  1 6 . 3 2  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( N i  )  T j  1 3 . 2 0  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( a n d  )  T j  1 7 . 7 6  0  T D  1  1  1  r g  0 . 6 4  T c  0  T w  ( C u  )  T j  1  0  0  1  4 4 . 1 6  3 5 4 . 2 4  T m  1  1  1  r g  0 . 6 5  T c  0  T w  ( i m p u r i t i e s  )  T j  4 3 . 2 0  0  T D  1  1  1  r g  0 . 4 8  T c  0  T w  ( a t  )  T j  1 1 . 7 6  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( t h e  )  T j  1 6 . 0 8  0  T D  1  1  1  r g  0 . 6 8  T c  0  T w  ( t e t r a h e d r a l  )  T j  4 5 . 8 4  0  T D  1  1  1  r g  0 . 6 1  T c  0  T w  ( i n t e r s t i t i a l  )  T j  4 3 . 6 8  0  T D  1  1  1  r g  0 . 4 8  T c  0  T w  ( s i t e  )  T j  1 7 . 2 8  0  T D  1  1  1  r g  0 . 4 8  T c  0  T w  ( i n  )  T j  1 1 . 7 6  0  T D 
         1  1  1  r g  0 . 4 8  T c  0  T w  ( s i l i c o n .  )  T j  1  0  0  1  4 4 . 1 6  3 4 3 . 4 4  T m  1  1  1  r g  0 . 7 2  T c  0  T w  ( T h e  )  T j  1 9 . 9 2  0  T D  1  1  1  r g  0 . 5 5  T c  0  T w  ( r e s u l t  )  T j  2 6 . 4 0  0  T D  1  1  1  r g  0 . 5 1  T c  0  T w  ( s u g g e s t  )  T j  3 2 . 4 0  0  T D  1  1  1  r g  0  T c  0  T w  ( a  )  T j  9 . 3 6  0  T D  1  1  1  r g  0 . 7 5  T c  0  T w  ( m o d i f i e d  )  T j  3 9 . 1 2  0  T D  1  1  1  r g  0 . 6 6  T c  0  T w  ( p i c t u r e  )  T j  3 1 . 6 8  0  T D  1  1  1  r g  0 . 6 4  T c  0  T w  ( r e l a t i v e  )  T j  3 3 . 3 6  0  T D  1  1  1  r g  0 . 5 6  T c  0  T w  ( t o  )  T j  1 2 . 9 6  0  T D  1  1  1  r g  0 . 5 4  T c  0  T w  ( t h e  )  T j  1  0  0  1  4 4 . 1 6  3 3 2 . 6 4  T m  1  1  1  r g  0 . 5 5  T c  0  T w  ( c l a s s i c a l  )  T j  3 6  0  T D  1  1  1  r g  0 . 8 0  T c  0  T w  ( L W  )  T j  1 8 . 7 2  0  T D  1  1  1  r g  0 . 7 6  T c  0  T w  ( m o d e l  )  T j  2 8 . 0 8  0  T D  1  1  1  r g  0  T c  0  T w  ( [ 1 ] .  )  T j  1 6 . 0 8  0  T D  1  1  1  r g  0 . 5 6  T c  0  T w  ( I t  )  T j  1 0 . 5 6  0  T D  1  1  1  r g  0 . 6 4  T c  0  T w  ( e x p l a i n s  )  T j  3 5 . 5 2  0  T D  1  1  1  r g  0 . 7 7  T c  0  T w  ( b o t h  )  T j  2 2 . 0 8  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( g r o u n d  )  T j  3 1 . 9 2  0  T D  1  1  1  r g  0 . 5 2  T c  0  T w  ( s t a t e  )  T j  1  0  0  1  4 4 . 4 0  3 2 1 . 6 0  T m  1  1  1  r g  0 . 6 8  T c  0  T w  ( p r o p e r t i e s  )  T j  4 1 . 2 8  0  T D  1  1  1  r g  0 . 3 1  T c  0  T w  ( ( e . g . ,  )  T j  2 1 . 1 2  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( t h e  )  T j  1 4 . 6 4  0  T D  1  1  1  r g  0 . 7 0  T c  0  T w  ( h y p e r f i n e  )  T j  3 8 . 8 8  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( c o u p l i n g  )  T j  3 6  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( c o n s t a n t  )  T j  3 5 . 2 8  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( a n d  )  T j  1 7 . 5 2  0  T D  1  1  1  r g  0 . 5 4  T c  0  T w  ( t h e  )  T j  E T   B T  3  T r  1  0  0  1  4 4 . 4 0  2 8 6 . 5 6  T m  1  1  1  r g  / F 0  8 . 4 0  T f  0  T c  0  T w  ( *  )  T j  8 . 1 6  0  T D  1  1  1  r g  0 . 2 9  T c  0  T w  ( P e r m a n e n t  )  T j  3 9 . 1 2  0  T D  1  1  1  r g  0 . 2 1  T c  0  T w  ( a d d r e s s :  )  T j  3 0 . 9 6  0  T D  1  1  1  r g  0 . 3 9  T c  0  T w  ( D e p a r t m e n t  )  T j  4 3 . 6 8  0  T D  1  1  1  r g  0 . 3 2  T c  0  T w  ( o f  )  T j  9 . 6 0  0  T D  1  1  1  r g  0  T c  0  T w  ( P h y s i c s ,  )  T j  2 9 . 2 8  0  T D  1  1  1  r g  0 . 3 4  T c  0  T w  ( T o h o k u  )  T j  2 9 . 2 8  0  T D  1  1  1  r g  0 . 3 6  T c  0  T w  ( U n i v e r -  )  T j  1  0  0  1  5 2 . 3 2  2 7 7 . 2 0  T m  1  1  1  r g  0  T c  0  T w  ( s i t y ,  )  T j  1 6 . 8 0  0  T D  1  1  1  r g  0 . 2 1  T c  0  T w  ( S e n d a i  )  T j  2 5 . 4 4  0  T D  1  1  1  r g  0 . 2 4  T c  0  T w  ( 9 8 0 ,  )  T j  1 6 . 5 6  0  T D  1  1  1  r g  0 . 3 1  T c  0  T w  ( J a p a n .  )  T j  E T   B T  3  T r  1  0  0  1  2 8 4 . 8 8  5 4 0 . 9 6  T m  1  1  1  r g  / F 0  8 . 4 0  T f  0 . 6 1  T c  0  T w  ( g - v a l u e )  )  T j  3 3 . 6 0  0  T D  1  1  1  r g  0 . 6 6  T c  0  T w  ( a n d  )  T j  1 6 . 8 0  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( e x c i t 0 . 5 5  T c  s o  0 . 6 6  T c  0  T w  r g  W j a n e n t 
         3 9 . 3 6  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( g r o u n d  )  T j  3 1 . 2 0  0  T D  1  1  1  r g  0 . 5 6  T c  0  T w  ( s t a t e  )  T j  2 1 . 6 0  0  T D  1  1  1  r g  0 . 5 3  T c  0  T w  ( s p i n  )  T j  1 9 . 4 4  0  T D  1  1  1  r g  0 . 5 8  T c  0  T w  ( m u l t i -  )  T j  1  0  0  1  2 8 5 . 1 2  4 7 5 . 4 4  T m  1  1  1  r g  0 . 6 2  T c  0  T w  ( p l e t  )  T j  1 8 . 7 2  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( f o r  )  T j  1 4 . 6 4  0  T D  1  1  1  r g  0 . 5 9  T c  0  T w  ( i n t e r s t i t i a l  )  T j  4 3 . 4 4  0  T D  1  1  1  r g  0 . 4 0  T c  0  T w  ( 3 d  )  T j  1 3 . 2 0  0  T D  1  1  1  r g  0 . 6 3  T c  0  T w  ( i m p u r i t i e s  )  T j  4 2 . 2 4  0  T D  1  1  1  r g  0 . 4 0  T c  0  T w  ( i n  )  T j  1 1 . 5 2  0  T D  1  1  1  r g  0 . 4 5  T c  0  T w  ( s i l i c o n .  )  T j  3 0 . 7 2  0  T D  1  1  1  r g  0 . 6 6  T c  0  T w  ( T h e  )  T j  1 8 . 7 2  0  T D  1  1  1  r g  0 . 5 1  T c  0  T w  ( a g r e e -  )  T j  1  0  0  1  2 8 5 . 1 2  4 6 4 . 6 4  T m  1  1  1  r g  0 . 7 7  T c  0  T w  ( m e n t  )  T j  2 3 . 7 6  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( b e t w e e n  )  T j  3 5 . 7 6  0  T D  1  1  1  r g  0 . 6 0  T c  0  T w  ( t h e  )  T j  1 6 . 0 8  0  T D  1  1  1  r g  0 . 6 3  T c  0  T w  ( c a l c u l a t e d  )  T j  4 3 . 4 4  0  T D  1  1  1  r g  0 . 6 1  T c  0  T w  ( g - v a l u e s  )  T j  3 5 . 7 6  0  T D  1  1  1  r g  0 . 6 6  T c  0  T w  ( a n d  )  T j  1 8 . 4 8  0  T D  1  1  1  r g  0 . 7 0  T c  0  T w  ( e x p e r i m e n t  )  T j  1  0  0  1  2 8 4 . 8 8  4 5 3 . 6 0  T m  1  1  1  r g  0 . 6 8  T c  0  T w  ( ( w h e n  )  T j  2 7 . 6 0  0  T D  1  1  1  r g  0 . 5 9  T c  0  T w  ( a v a i l a b l e )  )  T j  4 0 . 5 6  0  T D  1  1  1  r g  0 . 3 2  T c  0  T w  ( i s  )  T j  1 0 . 0 8  0  T D  1  1  1  r g  0 . 5 6  T c  0  T w  ( g o o d .  )  T j  2 4 . 9 6  0  T D  1  1  1  r g  0 . 7 2  T c  0  T w  ( W e  )  T j  1 6 . 8 0  0  T D  1  1  1  r g  0 . 6 7  T c  0  T w  ( n o t e  )  T j  2 0 . 6 4  0  T D  1  1  1  r g  0 . 5 6  T c  0  T w  ( t h a t :  )  T j  2 2 . 0 8  0  T D  1  1  1  r g 0 .3 6  T c 0  T w  ( ( i )  )  T j 1 2 .7 2  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 5 .8 4  0  T D 1  1  1  r g 0 .6 2  T c 0  T w  ( s i mp l e  )  T j 1  0  0  1  2 8 4 .8 8  4 4 2 .8 0  T m1  1  1  r g 0 .7 0  T c 0  T w  ( c o v a l e n c y  )  T j 4 0 .5 6  0  T D 1  1  1  r g 0 .5 8  T c 0  T w  ( e f f e c t  )  T j 2 4  0  T D 1  1  1  r g 0 .2 7  T c 0  T w  ( ( i . e . ,  )  T j 1 9 .2 0  0  T D 1  1  1  r g 0 .6 9  T c 0  T w  ( o p p o s i n g  )  T j 3 7 .4 4  0  T D 1  1  1  r g 0 .7 0  T c 0  T w  ( c o n t r i b u t i o n s  )  T j 5 4 .2 4  0  T D 1  1  1  r g 0 .6 7  T c 0  T w  ( f r o m )  T j 2 1 .1 2  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 4 .4 0  0  T D 1  1  1  r g 0  T c 0  T w  ( p  )  T j 1  0  0  1  2 8 5 .1 2  4 3 1 .7 6  T m1  1  1  r g 0 .6 6  T c 0  T w  ( a n d  )  T j 1 9 .4 4  0  T D 1  1  1  r g 0  T c 0  T w  ( d  )  T j 9 .8 4  0  T D 1  1  1  r g 0 .7 9  T c 0  T w  ( c o mp o n e n t s  )  T j 5 1 .3 6  0  T D 1  1  1  r g 0 .6 4  T c 0  T w  ( o f  )  T j 1 2 .9 6  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 6 .8 0  0  T D 1  1  1  r g 0  T c 0  T w  ( t  )  T j 3 .8 4  0  T D 1  1  1  r g 0  T c 0  T w  ( 2  )  T j 9 .1 2  0  T D 1  1  1  r g 0 .7 5  T c 0  T w  ( i mp u r i t y  )  T j 3 7 .9 2  0  T D 1  1  1  r g 0 .7 0  T c 0  T w  ( w a v e f u n c t i o n )  )  T j 1  0  0  1  2 8 4 .8 8  4 2 0 .9 6  T m1  1  1  r g 0 .6 7  T c 0  T w  ( e x p l a i n s  )  T j 3 5 .7 6  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 5 .6 0  0  T D 1  1  1  r g 0 .7 4  T c 0  T w  ( q u e n c h i n g  )  T j 4 3 .4 4  0  T D 1  1  1  r g 0 .6 4  T c 0  T w  ( o f  )  T j 1 2  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 5 .6 0  0  T D 1  1  1  r g 0 .6 6  T c 0  T w  ( o r b i t a l  )  T j 2 9 .5 2  0  T D 1  1  1  r g 0 .6 6  T c 0  T w  ( a n g u l a r  )  T j 3 2 .8 8  0  T D 1  1  1  r g 0 .7 9  T c 0  T w  ( mo me n -  )  T j 1  0  0  1  2 8 4 .8 8  4 0 9 .9 2  T m1  1  1  r g 0 .7 2  T c 0  T w  ( t u m )  T j 1 8 .2 4  0  T D 1  1  1  r g 0 .6 7  T c 0  T w  ( p a r t  )  T j 1 8 .9 6  0  T D 1  1  1  r g 0 .6 4  T c 0  T w  ( o f  )  T j 1 1 .2 8  0  T D 1  1  1  r g 0 .5 4  T c 0  T w  ( t h e  )  T j 1 5 .3 6  0  T D 1  1  1  r g 0 .5 5  T c 0  T w  ( g - v a l u e s .  )  T j 3 6 .4 8  0  T D 1  1  1  r g 0 .7 2  T c 0  T w  ( T h e  )  T j 1 8  0  T D 1  1  1  r g 0 .6 5  T c 0  T w  ( r e a s o n  )  T j 2 7 .8 4  0  T D 1  1  1  r g 0 .5 6  T c 0  T w  ( w e  )  T j 1 3 .9 2  0  T D 1  1  1  r g 0 .5 3  T c 0  T w  ( f i n d  )  T j 1 8 .2 4  0  T D 1  1  1  r g 0 .6 7  T c 0  T w  ( c o v a l e n c y  )  T j 1  0  0  1  2 8 4 .8 8  3 9 9 .1 2  T m1  1  1  r g 0 .6 0  T c 0  T w  ( e f f e c t s  )  T j 2 7 .6 0  0  T D 1  1  1  r g 0 .7 2  T c 0  T w  ( t h r o u g h o u t  )  T j 4 4 .8 8  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 3 .9 2  0  T D 1  1  1  r g 0 .4 5  T c 0  T w  ( s e r i e s  )  T j 2 3 .0 4  0  T D 1  1  1  r g 0 .3 2  T c 0  T w  ( i s  )  T j 8 .6 4  0  T D 1  1  1  r g 0 .5 4  T c 0  T w  ( t h e  )  T j 1 3 .6 8  0  T D 1  1  1  r g 0 .7 0  T c 0  T w  ( o c c u r r e n c e  )  T j 4 3 .9 2  0  T D 1  1  1  r g 0 .5 6  T c 0  T w  ( o f  )  T j 1 0 .0 8  0  T D 1  1  1  r g 0 .5 9  T c 0  T w  ( s t r o n g l y  )  T j 1  0  0  1  2 8 4 .8 8  3 8 8 .0 8  T m1  1  1  r g 0 .6 8  T c 0  T w  ( h y b r i d i z e d  )  T j 4 6 .8 0  0  T D 1  1  1  r g 0 .4 0  T c 0  T w  ( 3 d  )  T j 1 5 .1 2  0  T D 1  1  1  r g 0 .6 6  T c 0  T w  ( v a l e n c e  )  T j 3 3 .8 4  0  T D 1  1  1  r g 0 .7 7  T c 0  T w  ( b a n d  )  T j 2 5 .2 0  0  T D 1  1  1  r g 0 .6 5  T c 0  T w  ( r e s o n a n c e s  )  T j 4 7 .2 8  0  T D 1  1  1  r g 0 .5 6  T c 0  T w  ( w h i c h  )  T j 2 8 .3 2  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( c a r r y  )  T j 1  0  0  1  2 8 4 .8 8  3 7 7 .2 8  T m1  1  1  r g 0 .8 2  T c 0  T w   ( mu c h  )  T j 
        2 4 .2 4  0  T D 1  1  1  r g 0 .6 4  T c 0  T w  ( o f  )  T j 1 1 .0 4  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 4 .6 4  0  T D 1  1  1  r g 0 .7 2  T c 0  T w  ( i mp u r i t y  )  T j 3 5 .7 6  0  T D 1  1  1  r g 0 .6 5  T c 0  T w  ( c h a r g e  )  T j 2 8 .0 8  0  T D 1  1  1  r g 0  T c 0  T w  ( [ 6 ] .  )  T j 1 4 .4 0  0  T D 1  1  1  r g 0 .3 4  T c 0  T w  ( ( i i )  )  T j 1 4 .1 6  0  T D 1  1  1  r g 0 .7 2  T c 0  T w  ( O u r  )  T j 1 8  0  T D 1  1  1  r g 0 .5 1  T c 0  T w  ( r e s u l t s  )  T j 2 7 .6 0  0  T D 1  1  1  r g 0 .6 3  T c 0  T w  ( e x p l a i n  )  T j 1  0  0  1  2 8 5 .1 2  3 6 6 .2 4  T m1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 4 .8 8  0  T D 1  1  1  r g 0 .7 0  T c 0  T w  ( r e d u c t i o n  )  T j 3 9 .1 2  0  T D 1  1  1  r g 0 .6 4  T c 0  T w  ( o f  )  T j 1 0 .8 0  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 4 .6 4  0  T D 1  1  1  r g 0 .6 3  T c 0  T w  ( c e n t r a l  )  T j 2 9 .0 4  0  T D 1  1  1  r g 0 .6 7  T c 0  T w  ( h y p e r f i n e  )  T j 3 8 .8 8  0  T D 1  1  1  r g 0 .6 9  T c 0  T w  ( c o u p l i n g  )  T j 3 5 .7 6  0  T D 1  1  1  r g 0 .6 9  T c 0  T w  ( c o n s t a n t  )  T j 1  0  0  1  2 8 4 .6 4  3 5 5 .4 4  T m1  1  1  r g 0  T c 0  T w  ( A  )  T j 1 0 .5 6  0  T D 1  1  1  r g 0 .4 8  T c 0  T w  ( i n  )  T j 1 1 .2 8  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t e r ms  )  T j 2 4 .4 8  0  T D 1  1  1  r g 0 .6 4  T c 0  T w  ( o f  )  T j 1 1 .5 2  0  T D 1  1  1  r g 0 .6 9  T c 0  T w  ( c o v a l e n t  )  T j 3 5 .2 8  0  T D 1  1  1  r g 0 .6 8  T c 0  T w  ( r e d u c t i o n s  )  T j 4 3 .4 4  0  T D 1  1  1  r g 0 .4 0  T c 0  T w  ( i n  )  T j 1 1 .2 8  0  T D 1  1  1  r g 0 .5 4  T c 0  T w  ( t h e  )  T j 1 5 .1 2  0  T D 1  1  1  r g 1 .0 8  T c 0  T w  ( s - d  )  T j 1 7 .5 2  0  T D 1  1  1  r g 0 .8 4  T c 0  T w  ( Co u l o mb  )  T j 1  0  0  1  2 8 4 .8 8  3 4 4 .6 4  T m1  1  1  r g 0 .5 0  T c 0  T w  ( e n e r g i e s .  )  T j 3 6 .2 4  0  T D 1  1  1  r g 0 .3 6  T c 0  T w  ( ( i i i )  )  T j 1 6 .5 6  0  T D 1  1  1  r g 0 .8 0  T c 0  T w  ( W e  )  T j 1 6 .0 8  0  T D 1  1  1  r g 0 .5 8  T c 0  T w  ( f i n d  )  T j 1 8 .9 6  0  T D 1  1  1  r g 0 .5 8  T c 0  T w  ( t h a t  )  T j 1 8 .7 2  0  T D 1  1  1  r g 0  T c 0  T w  ( A  )  T j 1 0 .3 2  0  T D 1  1  1  r g 0 .5 2  T c 0  T w  ( s h o w s  )  T j 2 5 .9 2  0  T D 1  1  1  r g 0  T c 0  T w  ( a  )  T j 7 .6 8  0  T D 1  1  1  r g 0 .6 2  T c 0  T w  ( n e a r  )  T j 1 9 .4 4  0  T D 1  1  1  r g 0 .6 6  T c 0  T w  ( c a n c e l l a t i o n  )  T j 1  0  0  1  2 8 4 .8 8  3 3 3 .8 4  T m1  1  1  r g 0 .6 4  T c 0  T w  ( o f  )  T j 1 2 .2 4  0  T D 1  1  1  r g 0 .6 4  T c 0  T w  ( p o s i t i v e  )  T j 3 4 .0 8  0  T D 1  1  1  r g 0 .2 4  T c 0  T w  ( ( 3 s ,  )  T j 1 6 .0 8  0  T D 1  1  1  r g 0 .3 0  T c 0  T w  ( 4 s )  )  T j 1 5 .6 0  0  T D 1  1  1  r g 0 .6 6  T c 0  T w  ( a n d  )  T j 1 8 .4 8  0  T D 1  1  1  r g 0 .6 7  T c 0  T w  ( n e g a t i v e  )  T j 3 5 .7 6  0  T D 1  1  1  r g 0 .7 2  T c 0  T w  ( ( l s ,  )  T j 1 6 .3 2  0  T D 1  1  1  r g 0 .3 0  T c 0  T w  ( 2 s )  )  T j 1 5 .3 6  0  T D 1  1  1  r g 0 .6 1  T c 0  T w  ( s p i n - d e n s i t i e s  )  T j 1  0  0  1  2 8 4 .8 8  3 2 2 .8 0  T m1  1  1  r g 0  T c 0  T w  ( [ 6 ] .  )  T j 1 6 .0 8  0  T D 1  1  1  r g 0 .5 6  T c 0  T w  ( I n  )  T j 1 2  0  T D 1  1  1  r g 0 .6 5  T c 0  T w  ( a d d i t i o n ,  )  T j 3 8 .1 6  0  T D 1  1  1  r g 0 .3 8  T c 0  T w  ( ( i v )  )  T j 1 6 .5 6  0  T D 1  1  1  r g 0 .5 6  T c 0  T w  ( w e  )  T j 1 4 .1 6  0  T D 1  1  1  r g 0 .6 5  T c 0  T w  ( c o r r e c t l y  )  T j 3 7 .2 0  0  T D 1  1  1  r g 0 .6 6  T c 0  T w  ( p r e d i c t  )  T j 3 1 .2 0  0  T D 1  1  1  r g 0 .5 4  T c 0  T w  ( t h e  )  T j 1 5 .6 0  0  T D 1  1  1  r g 0 .6 2  T c 0  T w  ( t r e n d s  )  T j 2 7 .6 0  0  T D 1  1  1  r g 0 .3 2  T c 0  T w  ( i n  )  T j 1  0  0  1  2 8 4 .8 8  3 1 2  T m1  1  1  r g 0 .6 6  T c 0  T w  ( t h e  )  T j 1 6 .5 6  0  T D 1  1  1  r g 0 .7 6  T c 0  T w  ( d o n o r  )  T j 2 7 .3 6  0  T D 1  1  1  r g 0 .7 2  T c 0  T w  ( a n d  )  T j 1 9 .2 0  0  T D 1  1  1  r g 0 .6 9  T c 0  T w  ( a c c e p t o r  )  T j 3 6 .7 2  0  T D 1  1  1  r g 0 .6 8  T c 0  T w  ( i o n i z a t i o n  )  T j 4 2 .9 6  0  T D 1  1  1  r g 0 .5 6  T c 0  T w  ( e n e r g i e s  )  T j 3 5 .0 4  0  T D 1  1  1  r g 0 .7 7  T c 0  T w  ( c o mp a r e d  )  T j 1  0  0  1  2 8 4 .6 4  3 0 0 .9 6  T m1  1  1  r g 0 .6 7  T c 0  T w  ( w i t h  )  T j 1 9 .6 8  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 4 .1 6  0  T D 1  1  1  r g 0 .6 7  T c 0  T w  ( o b s e r v e d  )  T j 3 6 .2 4  0  T D 1  1  1  r g 0 .6 2  T c 0  T w  ( v a l u e s  )  T j 2 6 .4 0  0  T D 1  1  1  r g 0  T c 0  T w  ( [ 7 ] .  )  T j 1  0  0  1  2 9 7 .1 2  2 8 9 .9 2  T m1  1  1  r g 0 .7 8  T c 0  T w  ( O u r  )  T j 1 9 .9 2  0  T D 1  1  1  r g 0 .6 6  T c 0  T w  ( c a l c u l a t i o n  )  T j 4 6 .5 6  0  T D 1  1  1  r g 0 .6 1  T c 0  T w  ( p r e d i c t s  )  T j 3 5 .2 8  0  T D 1  1  1  r g 0  T c 0  T w  ( a  )  T j 8 .8 8  0  T D 1  1  1  r g 0 .5 2  T c 0  T w  ( l e v e l  )  T j 2 2 .3 2  0  T D 1  1  1  r g 0 .6 9  T c 0  T w  ( o r d e r i n g  )  T j 3 7 .2 0  0  T D 1  1  1  r g 0 .5 8  T c 0  T w  ( t h a t  )  T j 1 9 .6 8  0  T D 1  1  1  r g 0 .4 3  T c 0  T w  ( d i s -  )  T j 1  0  0  1  2 8 5 .1 2  2 7 9 .1 2  T m1  1  1  r g 0 .5 5  T c 0  T w  ( a g r e e s  )  T j 2 8 .0 8  0  T D 1  1  1  r g 0 .5 3  T c 0  T w  ( w i t h  )  T j 2 1 .1 2  0  T D 1  1  1  r g 0 .6 0  T c 0  T w  ( t h e  )  T j 1 6 .3 2  0  T D 1  1  1  r g 0 .7 2  T c 0  T w  ( L W  )  T j 1 8 .7 2  0  T D 1  1  1  r g 0 .6 5  T c 0  T w  ( mo d e l ,  )  T j 3 0 .2 4  0  T D 1  1  1  r g 0 .4 8  T c 0  T w  ( y e t  )  T j 1 5 .8 4  0  T D 1  1  1  r g   0 .4 0  T c 
        0  T w  ( i t  )  T j 1 0 .0 8  0  T D 1  1  1  r g 0 .5 1  T c 0  T w  ( a g r e e s  )  T j 2 7 .8 4  0  T D 1  1  1  r g 0 .5 3  T c 0  T w  ( w i t h  )  T j 2 1 .1 2  0  T D 1  1  1  r g 0 .5 7  T c 0  T w  ( e x p e r i -  )  T j E T   BT 3  T r 1  0  0  1  4 4 .6 4  2 5 5 .6 0  T m1  1  1  r g  / F 0  8 .4 0  T f 0 .3 6  T c 0  T w  ( T a b l e  )  T j 2 2 .3 2  0  T D 1  1  1  r g 0  T c 0  T w  ( 1  )  T j 1  0  0  1  4 4 .6 4  2 4 8 .1 6  T m1  1  1  r g 0 .3 1  T c 0  T w  ( Ca l c u l a t e d  )  T j 3 8 .8 8  0  T D 1  1  1  r g 0 .2 4  T c 0  T w  ( a n d  )  T j 1 4 .8 8  0  T D 1  1  1  r g 0 .2 7  T c 0  T w  ( o b s e r v e d  )  T j 3 2 .4 0  0  T D 1  1  1  r g  - 0 .3 0  T c 0  T w  ( [ 1 ]  )  T j 1 1 .2 8  0  T D 1  1  1  r g 0 .2 4  T c 0  T w  ( g - v a l u e s  )  T j 3 0  0  T D 1  1  1  r g 0 .2 4  T c 0  T w  ( a n d  )  T j 1 4 .8 8  0  T D 1  1  1  r g 0 .2 6  T c 0  T w  ( h y p e r f i n e  )  T j 3 4 .0 8  0  T D 1  1  1  r g 0 .3 2  T c 0  T w  ( c o u p l i n g  )  T j 3 1 .4 4  0  T D 1  1  1  r g 0 .3 1  T c 0  T w  ( c o n s t a n t s  )  T j 3 4 .8 0  0  T D 1  1  1  r g 0  T c 0  Tw( A )  Tj 8 .40  0  TD1  1  1  r g 0 .32  Tc 0  Tw( of  )  T j 9 .36  0  TD1  1  1  r g 0 .24  Tc 0  Tw( in te r s t i t i a l  )  T j 36 .96  0  TD1  1  1  r g 0  Tc 0  Tw( 3d  )  T j 10 .56  0  TD1  1  1  r g 0 .26  Tc 0  Tw( im pur i t ies  )  T j 36 .72  0  TD1  1  1  r g 0  Tc 0  Tw( in  )  T j 8 .64  0  TD1  1  1  r g 0  Tc 0  Tw( S i .  )  T j 10 .56  0  TD1  1  1  r g 0 .22  Tc 0  Tw( As te r i s ks  )  T j 33 .12  0  TD1  1  1  r g 0 .34  Tc 0  Tw( denote  )  T j 24 .96  0  TD1  1  1  r g 0 .24  Tc 0  Tw( ca lcu la ted  )  T j 1  0  0  1  44 .64  239.04  Tm 1  1  1  r g 0 .27  Tc 0  Tw( va lues  )  T j 23 .76  0  TD1  1  1  r g 0 .40  Tc 0  Tw( of  )  T j 9 .84  0  TD1  1  1  r g 0 .33  Tc 0  Tw( contac t  )  T j 27 .60  0  TD1  1  1  r g 0 .30  Tc 0  Tw( in te r ac t ion  )  T j 39 .36  0  TD1  1  1  r g 0  Tc 0  Tw( a lone .  )  T j 23 .76  0  TD1  1  1  r g 0  Tc 0  Tw( A )  Tj 8 .64  0  TD1  1  1  r g 0 .16  Tc 0  Tw( i s  )  T j 8 .16  0  TD1  1  1  r g 0 .24  Tc 0  Tw( in  )  T j 9 .36  0  TD1  1  1  r g 0 .24  Tc 0  Tw( uni t s  )  T j 19 .20  0  TD1  1  1  r g 0 .32  Tc 0  Tw( of  )  T j 10 .08  0  TD1  1  1  r g  /F 3  6 .96  Tf 0 .72  Tc 0  Tw83 Tz  ( 10  )  T j 8 .64  0  TD1  1  1  r g 0 .97  Tc 0  Tw( - 4  )  T j 10 .32  0  TD1  1  1  r g 0 .97  Tc 0  Tw( cm  )  Tj 16 .56  0  TD1  1  1  r g 0 .16  Tc 0  Tw( 1 .  )  T j 8 .64  0  TD1  1  1  r g  /F 0  8 .40  Tf  - 0 .24  Tc 0  Tw93 Tz  ( I "  )  T j 7 .92  0  TD1  1  1  r g 0 .20  Tc 0  Tw( s hows  )  T j 23 .04  0  TD1  1  1  r g 0 .31  Tc 0  Tw( pr edic ted  )  T j 34 .56  0  TD1  1  1  r g 0 .28  Tc 0  Tw( m ul t ip le t s  )  T j ET  BT3  Tr 1  0  0  1  49 .20  223.20  Tm 1  1  1  r g  /F 0  8 .40  Tf 0 .35  Tc 0  Tw( I m pur i ty  )  T j 87 .36  0  TD1  1  1  r g 0  Tc 0  Tw( F  )  T j 62 .64  0  TD1  1  1  r g  - 0 .32  Tc 0  Tw( gca lc  )  T j 72 .24  0  TD1  1  1  r g  /F 4  6 .96  Tf 0 .29  Tc 0  Tw92 Tz  ( gexp )  T j 72 .48  0  TD1  1  1  r g  /F 0  8 .40  Tf  - 0 .32  Tc 0  Tw93 Tz  ( Acalc  )  T j 76 .32  0  TD1  1  1  r g 0  Tc 0  Tw( A )  Tj 5 .76  0  TD1  1  1  r g  - 0 .60  Tc 0  Tw( e~p )  T j ET  BT3  Tr 1  0  0  1  45 .12  207.84  Tm 1  1  1  r g  /F 0  8 .40  Tf  - 0 .08  Tc 0  Tw( d3  )  T j 8 .88  0  TD1  1  1  r g 0  Tc 0  Tw( (  )  T j 5 .76  0  TD1  1  1  r g 0  Tc 0  Tw( 47Ti+ )  T j 77 .76  0  TD1  1  1  r g  /F 4  6 .96  Tf 0 .40  Tc 0  Tw92 Tz  ( 4A )  Tj 9 .84  0  TD1  1  1  r g 0  Tc 0  Tw( 2  )  T j 53 .52  0  TD1  1  1  r g 0 .69  Tc 0  Tw( 1 .9912 )  T j 72 .48  0  TD1  1  1  r g  /F 0  8 .40  Tf  - 0 .17  Tc 0  Tw93 Tz  ( 1 .9981 )  T j 77 .28  0  TD1  1  1  r g 0 .43  Tc 0  Tw( +4.7  )  T j 76 .32  0  TD1  1  1  r g 0  Tc 0  Tw( ±  )  T j 6 .96  0  TD1  1  1  r g 0  Tc 0  Tw( 5 .224 )  T j 1  0  0  1  60  197.04  Tm 1  1  1  r g  - 0 .36  Tc 0  Tw( 51V )  Tj 12 .72  0  TD1  1  1  r g 0  Tc 0  Tw( 2  )  T j 4 .08  0  TD1  1  1  r g  /F 4  6 .96  Tf 0  Tc 0  Tw92 Tz  ( +  )  T j 60 .72  0  TD1  1  1  r g  /F 0  8 .40  Tf  - 0 .24  Tc 0  Tw93 Tz  ( 4A )  Tj 9 .84  0  TD1  1  1  r g 0  Tc 0  Tw( 2  )  T j 53 .52  0  TD1  1  1  r g  - 0 .14  Tc 0  Tw( 1 .9731 )  T j 72 .48  0  TD1  1  1  r g 0 - 0 .08  Tc 0  Tw( d3  )  T j 8 .88  0  7  0  TD1  1  1  r 89/F 0  8 .403 Tw( cons tan ts  )  T jD1  1  1  r g Tc 0  Tw( 2  )  T j 4 .08  0  TD1  1  1  r g  / 0  04  0  TD1  1( 10  )  T j 8 .64  0  TD  1  1  r g  /F 4  6 .96  T/F 0  8 .40  Tf  - 0 .24  0  7  0  TD1  1  1  r 81  1  r g 0  Tc 93  Tz  ( 1 .9981 )  T j 77 .28  0  T5t81  1  r g 0  Tc T 88888888888888888888888888882 )  T j 53 .52  0  TD888888888888888ei6  Tj ET  BT3A 1.97w(calculated ) Tj 51V + 10.67 

/ 55 Mn 2 + 6A t 2.0047 2.0066 - 41.0 - 53.47 

6[ 5 3 C r °  5T 2 3.0828 2.97 + 14.0" ± 15.9 
d / 55Mn+ 5T2 3.1069 3.01 -68.3* ±73.8 

d 7 [ 55 Mn 0 4 T  1 3.5265 3.362 - 42.4 + 92.5 
t SVFe 471 3.5582 3.524 3.9 _+ 2.99 

8( ~SMn- 3A z 2.0430 2.0104 -49.1 71.28 
d / 5v Fe o 3A 2 2.0210 2.0699 - 5.2 ± 6.98 
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ment;  we find a low-spin-like (LSL) level arrangement 
(i.e., t $ below e 1`) for both the low-Z limit (Sc, Ti and 
V) and for the high-Z limit (Co and beyond) of the 3d 
series [7], whereas for all intermediate impurities (Cr, 
Mn and Fe) we find a high-spin-like (HSL) level 
arrangement. Our calculation agrees with the data of 
LW for all impurities which they measured. However, 
for Ti °, T i - ,  V °, V + and Co 2+ we predict low-spin 
ground states of 3T 1, 2T 2, 2T 2, 
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Fig. 1. Decomposition of the local change Q* and the local 
magnetic moment # into gap and valence band contributions 
for interstitial Cr 3+, Cr 2+ and Cr + in Si. 

netism (/tvB = 1.15/~a) is hence contributed by the im- 
purity induced valence band resonances. As we raise the 
Fermi level EF, the gap orbital e 1" can capture one or 
two electrons, changing the formal charge state from 
C r  3+ to Cr  2+ and Cr +, respectively. Fig. 1 shows that in 
this sequence both ~ g a p  and #vB are increased, whereas 
the valence band and gap contributions to the charge 
act in opposite directions (Ogap increases, QvB de- 
creases) partially cancelling one another. This implies 
that Coulomb interactions (underlying the charge Q*) 
are effectively screened by the semiconductor, whereas 
spin interactions (underlying ~) are not. As a result of interactions 

0 Trg0.86 Tc0 Tw(bandd5ng ) Tj42.72 0 TD1 15336 Tc0 Tw(#vB ) Tj18.lomb r9.4 Tj48 0 TDpj1ein  ga50.64 Tc0 Tal is 

ga19.4 Tj48 0Q(are ) Tj1 276.96 Tm1 1 1 r1 ga8.44 0 TD1 Qvare both and 
resonancmand a n d  ( s  T j  g 0  1  2 8 b o t h  
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exchange charge. Possible examples include f-electron 
impurit ies,  mixed-valence compounds  and  surface mag- 
netism. Our  work offers a new way to examine compu-  
rationally such effects: compar ing  the var iat ions of ~ ( N )  
and  Q * ( N )  with occupat ion  N and  the spin-restr icted 
H u b b a r d  energy Uver : E(N 1)) + E(N+I) _ 2E(N)  

(where E is the total  energy) with its exchange correc- 
t ion A U M c = J ( N - ] ) + J ( N + I ) - -  2 J  (N). A si tuat ion in 

which Uve r < I A U M c [  can lead to many  interest ing 
physical  effects, since in such a case Aq(n)  is never  the 
g round  state, bu t  ins tead d ispropor t ionates  into A q - 1(N 
+ l)  + Aq+I (N  - 1). "Mis s ing  oxidat ion states" (e.g., 
of ten M n  4+ and  M n  2+ exist, bu t  M n  3+ does not;  In t+ 
and  In 3+ exist, bu t  in In 2+ does not)  could be such a 
case. 

We acknowledge suppor t  by the Office of Energy 
Research,  Mater ia ls  Science Division, US D e p a r t m e n t  
of Energy, G r a n t  no. DE-ACO2-77-CH00178.  

[2] A. Zunger, in: Solid State Physics, eds. H. Ehrenreich, F. 
Seitz and D. Turnbull (Academic Press, New York, in 
press). 

[3] A. Fazzio, M. Caldas and A. Zunger, Phys. Rev. B 24 
(1984) 5999, 30 (1984) 3430. 

[4] P. Vogl and J.M. Baranowski, Proc. 17th Intern. Conf. on 
the Physics of Semiconductors (1985) p. 623. 

[5] F. Beeler, O.K. Andersen and M. Scheffler, Proc. MRS 
Symp., San Francisco (15-18 April 1985) in press. 

[6] H. Katayama-Yoshida and A. Zunger, Phys. Rev. Lett. 53 
(1984) 1256; Phys. Rev. B 31 (1985) 7877. 

[7] H. Katayama-Yoshida and A. Zunger, Phys. Rev. B 31 
(]985) 8317; Proc. MRS Symp., San Francisco (15-18 
April 1985) in press. 

[8] M. Caldas, A. Fazzio and A. Zunger, Proc. 13 Intern. 
Conf. on Defects in Semiconductors (1985) p. 1035. 

[9] P.W. Anderson, Phys. Rev. Lett. 34 (1975) 953. 
[10] F.D.M. Haldane and P.W. Anderson, Phys. Rev. B 13 

(1976) 2553. 
[11] A. Zunger and U. Lindefelt, Solid State Commun. 45 

(1983) 343. 
[12] H. Katayama-Yoshida and A. Zunger, Phys. Rev. Lett. 

(September 1985) in press. 

[1] G.W. Ludwig and H.H. Woodbury, in: Solid State Phys., 
Vol. 13, eds. F. Seitz and D. Turnbull (Academic Press, 
New York, 1962) p. 263. 


