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I t  ;  shown  tha t  an i so t ropy  o f  t he  d i f f us ion  o f
Mossbaue r  a toms  can  l - ead  unde r  de f i n i t e  cond i t l ons
to  a  new t ype  o f  asynmet ry  o f  po l yc rys ta l l i ne  sa :np l -es
whose  Y - resonan t  spec t ra  have  a  hype r f l ne  s t ruc tu re
( h f s ) ,  n a m e l y ,  t o  d l f f e r e n t  w i d t h s  o f  t h e  h f s  c o m -
p o n e n t s .

I n  e x p e r i m e n t s  w i t h  p o l y c r y s t a l l i n e  s a m p l e s  w h o s e  Y - r e s o n a n c e  s p e c t r a  h a v e
quad rupo le  o r  magne t i c  sp l l t t i ng ,  one  f requen t l y  obse rves  asymmet ry  o f  t he  h f s
l 1 n e  l n t e n s l t y .  T h i s  a s y m m e t r y  i s  e l t h e r  c o n n e c t e d  w l t h  t h e  a n i s o t r o p y  o f  t h e
Debye -Wa1 le r  f ac to r  i n  t he  co r res .pond ing  s ing le  c r ys ta l s  l I ,  21 ,  o r  i s  due  to
r o ' l e w c { - i n n  r ? l  I n  t h i s  c o m m u n i c a t i o n  w e  w l s h  t o  c a l l  a t t e n t l o n  t o  a n o t h e r  t y p er r  L  J  J  .

o f  a s y m m e t r y  t h a t  c a n  o c c u r  i n  t h e  Y - r e s o n a n c e  s p e c t r a  o f  p o l y c r y s t a l l l n e
q a m n ] e s  J n  m a n \ r  S y S t e m S  1 n  w h i c h  t h e  M O s S b a U e r  a t o m  e x e C U t e S  a n i s o b r O p i C  d i f f u -
s l o n  m o t i o n ,  n a m e l y ,  a  d l f f e r e n c e  i n  t h e  b r o a d e n i n g  o f  t h e  q u a d r u p o l e  d o u b l e t
I l nes  o r  o f  t he  magne t i c  h f s  componen ts .

The  expe r lmen ta f  shape  o f  t he  y - resonance  l 1ne  i s  desc r l bed  i n  t he  case  o f
d i  f  f r r s i  n n  h r r  l - h o  a v n n a s s i n n  [ ] l lv J l t s f v v v + v r r L I J

o(s) = ty '  I -  +  AE

S ? + ( I - + A E ) 2
=  f  ' o  ( E ,  A E ) , ( 1 )

, ^ r h a r a  d ^  i  e  { - h a  c r o s s  s e C t l O n  a t  r e s o n a n c e ,  f  a n d  f  t  a r e  t h e  r e C O i l - l e S S  e m i s S i o nr r r r v  r  e  v  u

a n d  a b s o r p t i o n  p r o b a b l l i t i e s  f o r  t h e  s o u r c e  a n d  a b s o r b e r ,  S  =  v E o / c ,  v  1 s  t h e
v e l o c l t y  o f  t h e  s o u r c e  r e l a t l v e  t o  t h e  a b s o r b e r ,  c  i s  t h e  s p e e d  o f  1 i g h t ,  f  i - s
the  na tu ra l  ha l f -w id th  o f  t he  l i ne  w i t h  ene rgy  Eo ,  and  2AE i s  t he  l i ne  b roaden -
i ng  due  to  t he  d i f f us ion  mo t i on .

Fo r  con t i nuous  i so t rop i c  d i f f us ion  we  have  AE  =  i ' t k zD  [4 ] ,  w f re ru  f r  i "  t he
w a v e  v e c t o r  o f  t h e  y  q u a n t u m ,  D  i s  t h e  d i f f u s l o n  c o e f f l c i e n t ,  a n d  6  1 s  P l a n c k t s

cons tan t  d i v i ded  by  2 r .  Fe r  j ump l l ke  d i f f us lon ,  t he  b roaden ing  depends  on  the
o r l en ta t l on  o f  t he  vec to r  I  r e l a t l ve  t o  t he  c r ys ta l l og raph l c  axes  and  on  the
m e c h a n i s m  o f  t h e  d . i f f u s i o n  m o t i o n  [ 4 ,  5 ] .



I n  t he  case  o f  d l f f us ion  an i so t ropy  o f  any  t ype ,  t he  d i f f us lon  coe f f l c -
i en t s  D (p )  o f  Mossbaue r  a toms ,  a t  a rb l t r a r y  ang le  p  t 6  t r r e  d l rec t i on  o f  t he  y -
quan tum bean ,  t u rn  ou t ,  f o r  s l ng le  c r ys ta l s ,  t o  depend  on  the  ang les  0 ,  be tween
the  Y -quan tum beam and  the  c rys ta l l og raph l c  axes .  Thus ,  t he  o r i en ta t i on  depen -
dence  o f  t he  l 1ne  b roaden ing  en te rs  i n  t he  resonan t -ab io rp t i on  c ross  sec t l on  v l a
the  pa rame te r  AE .  Fo r  an  i nd i v l dua l  s l ng le  c r ys ta1  ,  t he  abso rp t i on  l l ne  shape
s h o u l d  b e  d e s c r i b e d  b y  e x p r e s s l o n s  o f  t h e  t y p e

f  ' ( 0 t l o ' l E ,  
L E ( e i l l l  (  0 t l , ( 2 )

w h e r e  f r ( 0 ' )  i s  t h e  D e b y e - W a l l - e r  f a c t o r ,  s [ E ,  A E ( 0 r ) J  i s  d e t e r m i n e d  b y  a n  e x p r e s -'  
l - -  '  - L " '  -

s l o n  o f  t h e  t y p e  ( 1 ) ,  a r i o  I ( 0 r )  a r e  t h e  i n t e n s l t l e s  o f  t h e  i n d i v i d u a l -  c o m p o n e n t s
o f  t he  quad . rupo le  doub le t  o r  o f  t i . "  magne t i c  h f s .

I n  p rac t l ce ,  f o r  many  reasons ,  one  dea l s  ma in l y  w i t h  po l , yc rys ta l - l i ne  sam-
p l e s ,  f o r  w h l c h  t h e  a b s o r p t i o n  l i n e  c o n t o u r  1 s  o b t a i n e d  a f t e r  a v e r a g i n g  e x p r e s -
s i o n s  ( 2 )  o v e r  a l l  t h e  s p a t i a l  p o s l t i o n s  o f  t h e  i n d l v i - d u a l  s i n g l e  c r y s i a t s .
Such  an  ave rag ing  can  fead  to  d . i f f e ren t  shapes  and  w id ths  o f  t he  spec t ra l  1 i nes ,
o w l n g  t o  t h e  d l f f e r e n c e  b e t w e e n  t h e  a n g u l a r  d e p e n r i e n e e s  o f  T ( e . )  f o r  d i f f e r e n t
h  f s  ^ n m n n h 6 n + q  

s v F v r : s v r r v  ^  \  - i

Le t  us  exP fa ln  t h i s  reason lng  w i th  a  s imp le  examp le .  Assume we  have  a  ce r -
t a i n  s u r f a c e ,  a n d  l e t  t h e  d i f f u s i o n  o c c u r  o n l y  o v e r  t h i s  s u r f a c e .  W e  c o n s i d e r
the  shape  and  i n tens l t y  o f  t he  quad rupo le -doub le t  l 1nes  fo r  an  l nd l v i dua l  p1ane ,
a n d  t h e n  f o r  a  p o l y c r y s t a l l i n e  s a m p l e  b u t  w i t h  d l f f e r e n t , o r i e n t i n g  a e t i o n  o f
t h e  s u r f a c e  o n  t h e  e l e c t r i c  f i e l d  g r a d . i e n t  ( e f C ;  p l a n e  ( A ) .  W e  a s s u m e  t h a t  t h e
z  ax i s  1s  pe rpend i cu la r  t o  t he  p lane  i n  ques t l on ,  and  0  i s  t he  ang le  be tween
the  beam o f  t he  y  quan ta  and  the  z  ax i s .

I .  F l xed  ang le  be tween  the  EFG ax l s  and  the  su r face .

a )  F o r  e x a m p l - e ,  e  i s  p a r a 1 1 e 1  t o  z  ( F i g .  f a )  .  T h e n  t h e  s h a p e s  o f  t h e  n  a n d
o  r i nes  f o r  t he  g l ven  su r face  a re  de te rm ined  by  t he  exp ress lons

o , ( E , 0 1 -  f ' ( 0 l o I E , A E i d ) l t , ( 0 1 ;  t ,  =  
f  t r  +  c o s 2 d )

o ; r . ( E , 0 1 - f ' Q l o l E ,  L E ( L l l t n . p l ;  l o  =  |  *  j " i n 2 e .

I t  i s  obv ious  tha t  t he  b roaden ings  o f  t he  n  and  o  l - i nes  a re  equa l ,  bu t  a re  f unc -
t l o n s  o f  t h e  a n g l e  0 ,  i . e .  ,  A E r (  e )  =  A E o (  0 )  .  w e  n o t e  t h a t  t h e  

' r a t l o  
A  =

f r r  / r r  n r  t h a  i n t e n s i t i e s  o f  t h e s e  l i n e s  i s  a l s o  i n d e p e n d e n t  o f  0 .  F o r  a-  - f i ,  * - o  - -  f o  s r u v  4 f r u c l J s t r u s l r u

p o l y c r y s t a f l i n e  s a m p l e ,  a v e r a g l n g  o f  e x p r e s s i o n s  ( 3 )  o v e r  0  l - e a d s  i n  t h i s  c a s e
to  unequa l  b roaden lngs  o f  t he  f i  and  o  f i nes ,  ow lng  to  t he  d i f f e ren t  angu la r  de -
n a n A a n a a q  n f  T  /  A \  a n r t  T  1 A )  t  , e . .  I E  /  Mr v r t s v r r v v v  v f  * J T .  " ,  q r r q  + O \  w / ,  -  

T  O

F i g .  1 .  S c h e m a t i c  r e p r e -
sen ta t l on  o f  d i f f e ren t
o r l e n t a t l o n s  o f  t h e  E F G
axes  (d )  on  the  su r faee
e l e m e n t .
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b)  The  ax i s  d  f : - " "  i n  t he  p l -ane  i n  ques t l on ,  bu t  i t s  d i rec t l on  re la t i ve  t o

t h e  x  a n d  y  a x e s  i s  a r b l t r a r y  ( F i e . l b ) .  I t  1 s  e a s y  t o  v e r i f y  t h a t  i n  t h i s  c a s e
AEr (  e )  and  AEo(  0 )  ,  and  the  pa rame te r  A  1s  a l - so  a  f unc t l on  o f  t he  ang le  0 ,  bu t

o f  d l f f e ren t  f o rm  than  i n  t he  va r i an t  ( a ) .  Consequen t l y ,  a  po l yc rys ta l l l ne

semn le  i s  aEa in  cha rac te r i zed  by  unequa l  b road .en lng  o f  t he  n  and  o  l - i nes ,  bu t

d i f f e r e n t  f r o m  t h e  b r o a d e n l n g  i n  ( a ) .

I I .  The  EFG axes  a re  no t  f i xed  i n  any  way  re l -a t l ve  t o  t he  su r face  (F fg .  l - c ) ,

1 . e . ,  t h e l r  d i - r e c t i o n s  h a v e  a  s p h e r i c a l - I y  s y m m e t r l c a l  d i s t r i b u t l o n .  A l t h o u g h  i n

t h i s  c a s e  w e  h a v e  a s  b e f o r e  A E - ( 0 ;  =  A E o ( 0 ) ,  n o w  t h e  r a t i o  o f  t h e  i n t e n s i t i e s  o f

t he  n  and  o  l 1nes  does  no t  depend .  on  0 .  An  obv lous  consequence  o f  t h l s  l s  t he

e q u a l  b r o a d e n i n g  o f  t h e  I  a n d  o  l i n e s  1 n  p o l y c r y s t a f l i n e  J a m p t e s : -  1 . e . ,  [ E n  =

I t r ,  Th r l s  J .  sn i tA  o f  t he  f ao . t  t ha t  i n  ou r  cases  we  dea l -  w i t h  t he  same t ype  o f
- ! o .  I I l u e ,  4 1 1  e I / r

: n i s o t n o n i e  a i f f u s l o n  m o t l o n  ( s u r f a c e  d i f f u s i o n ) ,  t h e  c h a r a c t e r  o f  t h e  o r i e n t a -
v  r  v t s  +

t l on  o f  t i r e  mo lecu les  on  the  su r face  l eads  to  an  essen t i a l  d1 f f e rence  i n  t he

s h a p e s  o f  t h e  Y - r e s o n a n c e  s p e c t r a .  A  s l m i l - a r  a n a l y s l s  i s  p o s s i b l e ,  o f - c o u T s e ,

a l so  f o r  an i so t rop i c  t h ree -d imens iona l  d i f f us ion ,  bo th  con t i nuous  and  i ump l - i ke .
An  ana l ys i s  o f  t he  d i f f e ren t  va r i an t s  l eads  to  t he  f o l l ow ing  gene ra l  conc lu -

s ion :  I f  t he  an l so t ropy  o f  t he  d i f f us ion  o f  t he  Mossbaue r  a toms  and  the  an i so -
i - r ^n \ r  n f  J :ho  . r j s t r i bu t i on  o f  t he  axes  o f  t he  EFG o r  H  ac t i ng  on  these  a tons  a re
v  f  v y J

c o m n i n e a  i n  t h e  s t r u c t u r a l  u n i t s  o f  t h e  i n v e s t l g a t e d  s y s t e m  ( e . g . ,  i n s i d e
s ing le  c rys ta ls  o r  on  some p lane sur faces) ,  then d i f fe ren t  b roaden ings  o f  the

conponent i  o f  the  quadrupo le  d .oub le ts  o r  o f  the  magnet ic  h fs  w i l l  occur  1n  an
i s n r . n o n i n  s F r . , f  s u c h  s t r u e t u r a l  u n i t s  ( e . g . ,  i n  p o t y c r y s t a l l i n e  p o w d e r s  o r  i n

v y + v  v v  v  v r

abso rben ts  w i t h  ex tens i ve l y  deve loped  su r faces ) .  An  lmpor tan t  pa r t i cu la r  cause

o f  t he  d i f f e ren t  b roaden ings  o f  t f i e  n f s  componen ts  o f  t he  Mossbaue r  spec t ra  i s

the  occu r rence  o f  a  de f l n i t e  o r i en ta t i on  o f  t he  EFG o r  o f  H  1n  the  f i e l d  o f  t he

ex te rna l  f o r ces  caus ing  the  an i so t rop l c  d i f f us ion .  Thus ,  t he  an i so t ropy  o f  t he

d i f f us ion  can  become m6n i fes t  i n  d i f i e ren t  b roaden ings  o f  t he  componen ts  o f  t he

quad rupo le  o r  magne t i c  h f s  o f  t he  spec t ra ,  i us t  as  an i so t ropy  o f  t he  Debye -

Wa l l e r  f ac to r  f eads  to  asynmet ry  i n  t he  i n tens i t i es  o f  t hese  componen ts  '

I n  conc l -us ion ,  l e t  us  cons ide r  t he  case  Ia  1n  g rea te r  de ta l l .  I f  t he  d l f -

f us ion  i s  con t i nuo ;s ,  t he  abso rp t i on  l i ne  shape  o f  an  i nd l v l dua l  p l ane  i s  de -

s c r i b e d  O y  e x p r " s " i o t  ( f  )  * i t f r , A E  =  f , t k 2 s l n 2 e .  T h e  c o n t o u r s  o f  t h e  1 I  a n d  o  l i n e s

rn r  nn ' l  \ r n r vs tn l  l i ne  samp l -eS  can  thenI v I  L t v L J  v L . t

be wri t ten in the forrn

G",tst  = Io(s,  o,  tn, .o{ i l  da

. i . , 0 (# .o " ' o )
r  + f i l2Dsin2,

/  x ? \
=  ao f f r  exp  

t  F  /

( 4 )t i , o(el sin0d0,
" ,  +.  ( r  + lk2D s in2d)2

where 7 ana f  " " "  the rms d lsplace-
ments of  t t re atoms aI  ong and across
the  axes  o f  t he  e lec t r i c - f i e l d  g rad -

ients,  and ) .  is  the Y-quantum wave-

l e n g t h  d i v i d e d  b Y  2 n .  B Y  w a y  o f  e x -

a * p t e ,  t h e  l 1 n e  s h a P e s  a t  h k ' D  =  4 f

and at  d i f ferent  va lues of  the para ' In-

eter  ( f f i  -  i I )  /x2 were ca lcufated
trom tl i i i  prefented formulas. The
r e s u l t s  a r e  s h o w n  1 n  F i g ,  2 ,  f r o m
wh ich  we  see  tha t  t he re  ex i s t s  a  re -
g ion  where  the  d i f f e rence  be tween

F l g .  2 .  D e P e n d e n c e  o f  t h e  w i d t h s
n r rAd r r rno ' l e  dn r tb fe t  l i nes  f i  and  O
Y 4 a u r  s y v f v

re la t i ve  un l t s )  on  the  Pa rame te r
( , , 2  , , 2 \  / x 2 .  s o l i d  -  f o r  t h e  r\ L r r  -  X , l t  "

Oasi reO j  fo r  o  l ine .  -

2 2 9

a F  + L ^

(  ] n

t \ -



t he  b roaden lng  o f  t he  r r  and  o  l _ l nes  i s  La rge .

r l ho  nhan^menon  cons ide red  he re  may  be  use fu l  f o r  a  number  o f  app l - i ca t i ons
o f  y - r e s o n a n c e  s p e c t r o s c o p y :  1 n  t h e  s t u d y  o f  t h e  d i f f u s i o n  o f  s u r f a c e  a t o m s ,
mo t i on  1n  zeo l -1 te  channe l - s ,  B rown ian  mo t i on  o f  nonsphe r i ca l -  pa r t i c l - es  l n  l i qu ids
d l f f u s i o n  o f  p r o t e l n  g 1 o b u 1 e s ,  a n d  i n  a  n u m b e r  o f  o t h e r  c a s e s .  I n  a d d i t i o n ,  i t
shou ld  be  taken  i n to  cons ide ra t l on  1n  the  ca fcu l -a t l on  o f  t he  d i f f us ion  coe f -
f l c i en t s  1n  such  sys tems  f rom the  expe r imen ta l  spec t ra .
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