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RQsum6.- Les paramstres du tenseur gradient  de champ d lec t r ique  ont Qt6  calcul6s pour l e s  quatre  
s i t e s  de f e r  Squivalents - mais orientBs d i f f g r e m e n t  - de chaque c e l l u l e  BlCmentaire de l a  pyri- 
t e .  On trouve que l e s  axes z pour l e s  s i t e s  (0, 0 ,  01, (112, 112, O), (112, 0, 112) e t  (0, 112, 
112) sont respectivement dans l e s  d i rec t ions  d + I? + z, - d + + ?, 2 + F? - e t  2 - $ + $; l e  
paramstre d1assym6trie 17 e s t  nu1 dans tous l e s  cas. S i  l ' on  suppose que l a  f r a c t i o n  d ' e f f e t  
sans recul  e s t  isotrope l e  rapport des a i r e s  a3/al  pour l e  spec t re  ~ E s s b a u e r  d'un absorbeur mo- 
n o c r i s t a l l i n  se ra  independant de son o r i e n t a t i o n  e t  toujours  Qgal 1 l r u n i t Q .  

Abstract.- The e l e c t r i c  f i e l d  gradient  t ensor  parameters were ca lcu la ted  f o r  the  four  equivalent ,  
bu t  d i f f e r e n t l y  o r ien ta ted  s i t e s  of Fe i n  each u n i t  c e l l  of pyr i t e .  It i s  found t h a t  the EFG z- 
axes f o r  the s i t e s  a t  (0, 0, O), (112, I/?,  01, (112, 0 ,  112) and (0,  112, 112) a re  respec t ive ly  
i n  the d i rec t ions  3 + If + 3, -2 + + f, a + b - T f  and 3 - $ + Z f ,  the asymnetry parameter 17 being 
zero i n  a l l  cases .  I f  the  r e c o i l  f r e e  f r a c t i o n  i s  i so t rop ic ,  then the  a r e a  r a t i o  as /a l ,o f  the  
Mijssbauer absorption spec t ra  f o r  a s i n g l e  c r y s t a l  absorber w i l l  be independent of i t s  o r i e n t a t i o n  
and always equals t o  uni ty.  

Introduction.- I ron s u l f i d e  with p y r i t e  s t r u c t u r e  i s  

a cubic c r y s t a l  of c e l l  constant a. = 5.4179 i, 
Atoms a r e  i n  the  pos i t ions  of T: (Pa 3) / I / ,  ie.Fe 

atoms occupy the  pos i t ions  a t  (0, 0 ,  O), (112, 112, 

O), 112, 0 ,  112) and (0,  112, 112) and S atoms a t  

+ (u,  u, u ) ,  + (U + 112, 112 - u, U ) ,  + (8, u+1/2,  - 
112 - u) and 2 (112 - u, ii, u + 1!2), with u =0.386. 

The neares t  neighbors of Fe a r e  the  s i x  S a t  dis-  

tances Fe - S = 2.26 i, forming a dis torded octahe- 

d r a l .  The quadrupole s p l i t t i n g  and i t s  temperature 

dependence, the isomeric s h i f t ,  a s  well a s  the  ma- 

gne t ic  p roper t i es  of p y r i t e  a l l  ind ica te  12-51 t h a t  

it i s  a ~ e "  compound , with the  Fe i n  low s p i n  

s t a t e  (3d6). The area r a t i o  a3/,; of the ~ i j s s b a u e r  

absorpt ion peaks of a s ing le  c r y s t a l  of FeS2 p y r i t e  

has been s tudied 161 with y-rays respec t ive ly  along 

the  c rys ta l lographic  axes a ,  b ,  and c .  with r e s u l t  

t h a t  i s  cons i s ten t  with an EFG tensor  of which the 

pr inc ipa le  z-axis i s  along a E, 1 ,  1 1  d i r e c t i o n  

and t h a t  17 = 0, i n  agreement with a simple point  

charge model ca lcu la t ion .  Recently absorpt ion spec- 

t r a  of powder sample of p y r i t e  i n  t h e  presence of 

ex te rna l  mannetic f i e l d  has been s tudied 171 and it 

Ref. 6 t h a t  the s i x  neares t  neighboring S a l so  can 

give an EFG tensor  with a s imi la r  s t r u c t u r e  t o  what 

would be caused by the  dumbbell. In  f a c t ,  f o r  the 

Fe a t  (0, 0, O), the neares t  neighbors a r e  the  s i x  

S a t  + (U - 112, 112 - u, C),  + (ti, u -  112, 1/2-11) 

and + (u, u - 112, 112 - u).  I f  each s u l f u r  atom 

has an e f f e c t i v e  charge -qeff then the  EFG with 

respect  t o  the  th ree  axes a, b, c i s  

where ym i s  the  Sternheimer an t i sh ie ld ing  f a c t o r ,  

and 
5 

A = 6 a-3 (U - 1 /2 )2 /  (3u2 - 2u + 112)' (2) 
qeff O 

= 0.0383 qeff / i3 

f o r  the  con t r ibu t ion  from the  neares t  neighbors 

alone. The contr ibut ion from the dumbbell, i . e .S  

atoms a t  f_ (u, u, u), would give 

A = 2qeff ao3 (3u2)-3 (3) 

= - 0.042 qeff / i3 

whereas contr ibut ion from a l l  ions, with e f f e c t i v e  
- 

charge of S being -qeff and of Fe being 2qeff,  is  
i s  concluded t h a t  e2qQ i s  negative and t h a t  Fe 

posses no magnetic moment, while AE = 0.65 mm/s.  A = 0.024 qeff/g3 ( 4 )  
Q 

The E l e c t r i c  Field Gradient.- It i s  'generally Only the  dumbbell gives cor rec t  sign of eZqq. I f  

thought t h a t  the quadrupole s p l i t t i n g  i s  a conse- t h i s  i s  t h e  only contr ibut ion,  then the  e f f e c t i v e  

quence of the  d i s t o r t i o n  from octahedral  symmetry charge of the  S atom should be -1.5e f o r  ym+ll,  i n  

caused by the two s u l f u r  atoms along the c ,  1 ,  IJ order  t o  give AEQ - 0.65 m/s. This would seem rea- 

d i r e c t i o n  ( i e  the  dumbbell) However, a s  shown i n  sonable i f  t h e  covalent bonding of FeSz a r e  t h e  pa 
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between Fe and the S atoms a t  the  s i t e s  + (u, u, u ) .  

One can then i n t e r p r e t  t h a t  the  averaged dis tance 

of the e l e c t r o n i c  charge i s  a t  a  d i s tance  
1 

Reff = (1.5)-3 R 

from the Fe atom, with R = 3.62 being the dis tan-  

ce Fe-S. 

Taking i n t o  account of the  symmetry of the  

c r y s t a l  s t r u c t u r e ,  o r  by d i r e c t  ca lcu la t ion ,  one 

can e a s i l y  v e r i f y  t h a t  f o r  the  s i t e s  a t  (0, 0, 0) 

(1/2, 0, 1/2), 0 ,  1/2) and (0, J / 2 ,  1/2) the 

EFG tensors  a r e  respec t ive ly ,  a p a r t  from the  f a c t o r  

I f  one adopts the  convention t h a t  

> I V  I > I v 1 , then one obtains ,  
Ivzzl yy Z Z '  

and 

n = (Vxx - vyy)'vzz (6) 

= 0 

The z-axis a r e  i n  the d i rec t ions  p ,  1 ,  , 
El. 1 ,  11 , P, 1 ,  -11 and E, - 1 ,  17 respect i -  

vely,  the  x-axis and the  y-axis a r e  indetermined. 

In  the  next sec t ion  we s h a l l  analyse the  

consequence of these d i f fe rences in  the  o r i e n t a t i o n  

of EFG p r i n c i p l e  ax i s  t o  the experimental a rea  ra- 

t i o .  

The Area ra t io . -  Since the asymetry parameter i s  

zero,  then i f  the  r e c o i l  f r e e  f r a c t i o n  i s  i s o t r o p i c  

the  a rea  r a t i o  of a  quadripole s p l i t t i n g  doublet i s  

given by /8/ 

5 - C O S ~ ~ .  
a3  i 3 - = 
a1 C I + cos2ei (7) 

1 
where 8 .  is  the  angle between the  incident  14.4 kev - 
y-rays :nd the  EFG z-axis of t h e  i th -s i t e .  It i s  r e  

l a t e d  t o  the experimental angle O and @ through 

cos 8.  = s i n  O cos @ (z^;.P) + s i n  O cos Q (z^ b^) i' 
+ cos 0 (Ei.S) (8) 

where ( Z . .  P) , (zi .s) and (2;. C) a r e  the  cosines of 

the  angles  between the EFG z-axis and the c rys ta l -  
+ + 

lographic axes 3, b,  and c ,  a s  shown i n  Figure 1. 

The e x p l i c i t  expressions f o r  cos2 8. a r e  given i n  

Table I. 

When the incident  y-ray i s  along a  c rys ta l -  

lographic a x i s ,  O = 0 and @ = 0, we have cos 8. = 1 

and hence 2 = 1 .  
a 1 

Fig. 1 : Schematics of the  absorption process of the 
14.4 kev y-rays by 5 7 ~ e ,  r e l a t i v e  t o  the c r y s t a l  
axes (a ,  b ,  c) and t o  the EFG pr inc ip le  axes 

A h  (xi, yi, P.) of the  i t h  s i t e .  

In  reference (6) the  EFG was calculated f o r  

the  Fe-site a t  (0, 0 ,  0) .  The a r e a  r a t i o  f o r  y-rays 
-P -P 3 

along a ,  b ,  o r  c  axes were cor rec t ly  predicted t o  

be equal t o  un i ty  while experimental observation 

was found t o  be approximatelyequal t o  1, 0.9, 0.9. 

More care fu l  experiments a r e  being car r ied  out /9/ 

and the  preliminary r e s u l t s  show t h a t  they a r e  a l l  

cons i s ten t  with un i ty .  However, by taking i n t o  ac- 

count of  the  d i f f e r e n t  o r ien ta t ion  of the EFG axes 

f o r  the four  equivalent  Fe s i t e s ,  we can a l s o  con- 

clude t h a t  f o r  a r b i t r a r y  p r a y  d i rec t ion ,  the area 

r a t i o  must always be uni ty,  a s  long as  the r e c o i l  

f r e e  f r a c t i o n  is  i so t rop ic .  The reason f o r  t h i s  i s  

t h a t ,  when summed over the  four Fe-sites, the  terms 

involving the azimuthal angle j u s t  cancel out each 

o ther  and we have 
I 

which, when s u b s t i t u t e d  i n t o  equation (7) gives 

a3/a l  
= I .  
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Table I 

Direct ion of : 
Fe s i t e s  i EFG 3-axis I cos2 ei 

I 1 
1 I 

(000) [ I ,  I, I] : p + s i n z  a s i n Z  a +  s i n z  a ( c o ~ @  + sin@)J 
I : 3 
I 
I I 

1 1  
(T 0) ! El, 1, I] : I P - s i n z  0 s i n 2  @ + s i n 2  0 (-cosm + s in@)  : 3 

I 
1 1 

1 1 '  
(T o ; 1 1 ,  1 ,  I j f c + s i n 2  o s i n 2  @ - s i  n ' e ( cos@ + s i n @ ) ]  

I 
I 1 
1 I 

1 1  1 ( 0  ?) ; 1 1  ,-I, 1 7 : 7 P - s i n 2  O s i n 2  @ + s i n 2  0 (cosa - sin@)] 
1 I 
1 I 

Expression f o r  cos2 8.  (8. being the  angle between t h e  y-ray d i r e c t i o n  
and t h e  EFG z-axis) i: t e h s  of experimental angles O and @ . 
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