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The h y p e r t i n e s t r u c t u r e of the M o s s b a u e r s p e c t r u m of F e M r ^ A l h a s b e e n 

c a l c u l a t e d , and it is shown that the ion a t o m s in t h i s s t r u c t u r e of 
3-Mn t y p e are in d i f f e r e n t e l e c t r o n i c s t a t e s . The o r d e r i n g of the iron 
a t o m s in the 3 - M n s t r u c t u r e h a s b e e n d e t e r m i n e d by e x p e r i m e n t . 

The c o m p o u n d F e M n ^ A l is i s o s t r u c t u r a l w i t h $-Mn (space g r o u p P 4 ^ 3 ) at 650° 

[1], and the M o s s b a u e r s p e c t r u m has a h y p e r f i n e s t r u c t u r e , b u t n o d e t a i l e d i n t e r -
p r e t a t i o n of t h i s w a s g i v e n in [1]. 

H e r e we i n t e r p r e t the h y p e r f i n e s t r u c t u r e in the M o s s b a u e r s p e c t r u m of 
F e M ^ A l f r o m d a t a on the c r y s t a l s t r u c t u r e . 

T h e m e t h o d of s y n t h e s i z i n g such i n t e r m e t a l l i d e s h a s b e e n d e s c r i b e d [1-2]. 
T h e M o s s b a u e r spectra w e r e r e c o r d e d at r o o m t e m p e r a t u r e on p o w d e r s p e c i m e n s of 

F e M n 2 A l in an E l ' r o n s p e c t r o m e t e r w i t h a - ^ C o ( P d ) s o u r c e . T h e s p e c t r o m e t e r w a s 

c a l i b r a t e d by m e a n s of a s t a n d a r d s p e c i m e n of c a r b o n y l a - F e . 

T h e f i g u r e shows a t y p i c a l M o s s b a u e r s p e c t r u m for F e M n 2 A l ; this h a s a h y p e r -

fine s t r u c t u r e and c o n s i s t s of at l e a s t t h r e e lines d i f f e r i n g in i n t e n s i t y . In-

t e r m e t a l l i d e s i s o s t r u c t u r a l w i t h 3-Mn are p a r a m a g n e t i c [2], w h i c h s h o w s t h a t the 
h y p e r f i n e s t r u c t u r e for F e M n 2 A l s h o u l d b e 

c o n s i d e r e d only on the b a s i s of the q u a d -
r u p o l e i n t e r a c t i o n and the type of c r y s t a l 
s t r u c t u r e . 

P r e v i o u s s t u d i e s [3-5] h a v e s h o w n 
t h a t 3-Mn h a s a c o m p l e x c r y s t a l s t r u c t u r e 
w i t h 20 a t o m s in the cubic u n i t c e l l , 
w h i c h lie in two s t r u c t u r a l l y n o n e q u i -
v a l e n t p o s i t i o n s I and I I . T h e t y p e I 
p o s i t i o n s a c c o m o d a t e e i g h t a t o m s , w h i l e 
I I a c c o m o d a t e s t w e l v e , and in b o t h c a s e s 
the a t o m s do n o t h a v e a s p h e r i c a l l y sym-
m e t r i c a l e n v i r o n m e n t . As a c o n s e q u e n c e , 
one e x p e c t s h y p e r f i n e s t r u c t u r e in the 
M o s s b a u e r s p e c t r u m on a c c o u n t of q u a d r u -
p o l e i n t e r a c t i o n . Q u a d r u p o l e i n t e r a c t i o n 
in a p a r a m a g n e t i c gives a s y m m e t r i c a l 
d o u b l e t in the M o s s b a u e r s p e c t r u m if t h e r e 
is no c r y s t a l l i n e a n i s o t r o p y [6]. 
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M o s s b a u e r a b s o r p t i o n s p e c t r u m 

o f F e M n 2 A l (the zero ve-

l o c i t y p o s i t i o n c o r r e s p o n d s 

to the c e n t e r of t h e M o s s b a u e r 

s p e c t r u m of a - F e at r o o m t e m -

p e r a t u r e ) . 



The o b s e r v e d spectra for F e M r ^ A l w e r e i n t e r p r e t e d on the a s s u m p t i o n t h a t the 

iron a t o m s lie in t y p e I and type II p o s i t i o n s . E a c h p o s i t i o n h a s its own M o s s -
b a u e r s p e c t r u m and its own i s o m e r i c c h e m i c a l shift or <$jj« It w a s a l s o a s s u m e d 

that q u a d r u p o l e s p l i t t i n g o c c u r s in b o t h p o s i t i o n s . The t h e o r e t i c a l s p e c t r a w e r e 
c o n s t r u c t e d b y v a r y i n g and S J J , t h e q u a d r u p o l e s p l i t t i n g s ДЕ̂  and ДЕ^, and 

the r e l a t i v e i n t e n s i t y of the s p e c t r a l d o u b l e t s h/hi- The b e s t a g r e e m e n t b e t w e e n 
t h e o r y and e x p e r i m e n t w a s o b t a i n e d w i t h the p a r a m e t e r s g i v e n in the t a b l e . 

The d a s h e d l i n e in the f i g u r e shows the d o u b l e t s c o r r e s p o n d i n g to the p o s i t i o n s 
I and II in the B-Mn s t r u c t u r e , w h i l e the solid line shows the t h e o r e t i c a l M o s s -
b a u e r s p e c t r u m for this m o d e l . T h i s a g r e e s w e l l w i t h e x p e r i m e n t . 

The d a t a in the t a b l e on the i s o m e r i c c h e m i c a l shift for F e M n 2 A l i n d i c a t e t h a t 

the e l e c t r o n i c states of the iron a t o m s in p o s i t i o n s I and II d i f f e r f r o m one 
a n o t h e r and a l s o from the e l e c t r o n i c state of iron in s t a n d a r d b o d y - c e n t e r e d c u -
bic a - F e . The q u a d r u p o l e s p l i t t i n g s for the I and II d o u b l e t s are a l s o d i f f e r e n t , 

and A£i is l a r g e r t h a n the s p l i t t i n g for 
p o s i t i o n I I . T h i s is in good a g r e e m e n t 
w i t h the c r y s t a l s t r u c t u r e of 3 - M n , b e -
cause the type I p o s i t i o n s h a v e the a t o m i c 
e n v i r o n m e n t d i f f e r i n g m o r e s u b s t a n t i a l l y 
from s p h e r i c a l l y s y m m e t r i c a l t h a n is the 
case for I I . 

If the i r o n a t o m s are r a n d o m l y d i s -

t r i b u t e d over the I and II p o s i t i o n s in 

F e M ^ A l , the r a t i o of the i n t e g r a l i n t e n -

s i t i e s for the I and II d o u b l e t s w o u l d be p r o p o r t i o n a l to the r a t i o of the n u m b e r 

of t y p e I p o s i t i o n s to the n u m b e r of type II p o s i t i o n s in the 3-Mn s t r u c t u r e , 

w h i c h is 8/12 = 0 . 6 6 7 . The o b s e r v e d r a t i o is 0 . 3 , w h i c h shows t h a t the i r o n a t o m s 

in F e M n g A l are p r e f e r e n t i a l l y l o c a t e d in type II p o s i t i o n s , i . e . , t h e r e is o r d e r -

ing of the iron a t o m s in the 3-Mn s t r u c t u r e . T h i s i n t e r p r e t a t i o n of the h y p e r -

fine s t r u c t u r e for F e M n ^ A l p r o v i d e s a m e a n s of e x a m i n i n g the o r d e r i n g of the i r o n 

c o m p o u n d s and a l l o y s i s o s t r u c t u r a l w i t h 3 - M n . 

R E F E R E N C E S 

8, 
mm/sec 

ДЕ, 
mm/sec 

Integral inten-
sities of doublets , 
re l . un i ts 

+ 0 , 0 5 3 
— 0 , 0 6 9 

0 , 6 9 
0,12 

3 0 0 
1000 

1 . W . E . W a l l a c e , A . S . I l y u s h i n , and D . L o p e z , P r o c e e d i n g s of the I n t e r -
n a t i o n a l C o n f e r e n c e on M o s s b a u e r S p e c t r o s c o p y ( P o l a n d ) , v o l . 2 , p . 9 9 , 1 9 7 5 . 

2. A . S . I l y u s h i n and W . E . W a l l a c e , J . S o l . S t a t . C h e m . , v o l . 1 7 , p . 3 8 5 , 
1 9 7 6 . 

3. G . D . P r e s t o n , P h i l . M a g . , v o l . 5 , p . 1 2 0 7 , 1 9 2 8 . 
P . I . K r i p y a k e v i c h , K r i s t a l l o g r a f i y a , v o l . 5 , p . 2 7 3 , I 9 6 0 . 

5 . C . W . K i m b a l l , J . K . T i s o n , and M . V . N e v i t t , J . A p p l . P h y s . , v o l . 3 8 , 
p . 1 1 5 3 , 1 9 6 7 . 

6 . V . I . G o l ' d a n s k i i ( e d i t o r ) , C h e m i c a l A p p l i c a t i o n s of M o s s b a u e r S p e c -
t r o s c o p y [in R u s s i a n ] , M o s c o w , 1 9 7 0 . 

21 M a r c h 1979 

103 


