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A S O L I D  * 

Expressions for the Slater integrals are derived for an ion of the first transition series when placed in 
a solid. Reasonable agreement is obtained with experimental data for Co ++ in spinel. 

Recent  expe r imen ta l  evidence [1-3] has ind i -  
cated that the Sla ter  p a r a m e t e r s  for  ions  of the 
f i r s t  t r ans i t ion  s e r i e s  when int roduced into a so-  
lid have a value l e s s  than for  the f r ee  ion. It i s  
poss ib le  to explain this  dec rease  by in t roducing  
the concept of covalency,  but we would like to 
p r e s e n t  an a l t e rna t ive  approach which can be 
used to give a quant i ta t ive  answer .  This  is  not 
to suggest  that covalency is  not r e spons ib le  for  
many of the observed  effects ,  m e r e l y  that there  
a r e  other  poss ib le  explanat ions which need to be 
considered.  

Consider  an ion in a solid which has a m a c r o -  
scopic d i e l ec t r i c  constant  k. We a s sume  that 
within a sphere  rad ius  b cen te red  on this  ion the 
d ie lec t r i c  constant  is  uni ty  and that the rad ius  of 
this  sphere  i s  g rea t e r  than the rad ius  of the ion 
but s m a l l e r  than the shor tes t  i n t e ra tomic  bond. 
Then within this  sphere  the potent ia l  a r i s i n g  f rom 
Coulomb in te rac t ion  of two e lec t rons  s i tuated at 
d i s tances  r l  and r 2  f rom the or ig in  is  given by 
the usual  express ion :  

V(r) = e 2 ~ r l  - r2i. 

Expanding th is  express ion  in spher ica l  ha rmon ic s ,  
we have for r l < r 2  

r l 

v( 1 2) _- rTm l > lm Z~ + i 1 

and the las t  t e r m  on the r ight  hand side becomes  
r 2 l / r l  l + 1 for  r 1 > r 2. This  is  the express ion  
for  the in te rac t ion  potent ia l  for  a f r ee  ion. 

If we now take into account  the effect of the 
su r round ing  solid for  r > b which has a d ie lec t r i c  
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constant  k, then another  t e r m  i s  r equ i red  in the 
express ion  of the in te rac t ion  potent ial .  This  
a r i s e s  f rom the imaging  effect of the e lec t ron ic  
charge through the surface  of the sphere  due to 
the abrupt  change in d ie lec t r ic  constant .  Obse rv -  
ing the boundary  condit ions at r = b, the f inal  ex- 
p r e s s i o n  for the potent ia l  becomes  

4~ 
v'(rlr2) = e2 

x r l  r l r 2 ( k  - 1)(/+1) 

l +1 D 2 / + l ( k  (1) 
r2  + l(k + 1)) 

We a s s u m e  that the rad ia l  dependence of the 
wave funct ions  i s  such that there  is  no cont r ibu-  
t ion to the potent ia l  for  r > b. If we use wave- 
funct ions  of the radia l  fo rm proposed by Slater  [4] 
then for a 3 d e lec t ron  this  can be wr i t ten  

= Nr2exp( - ~ r) (2) 

where  N is  a no rma l i z ing  constant .  
The Slater  i n t eg ra l s  a re  genera l ly  expressed  

as IN, 
¢ooo 2 2 

F(K)= e2 fofof (rir j ) Rnl(r i) Rnl(r j ) dr id ~ 

where f(r i rj ) is the radial dependence of the poten, 
t ial .  

If we use the two types  of rad ia l  function f rom 
eq. (1), then our express ion  for  F(K) cons is t s  of 
t w o  t e r m s ,  one a t t r ibutable  to the f r ee  ion,  the 
other  due to the effect of p lacing the ion in a solid. 
Hence 

c rys t a l  1260 
~fr2~e =- -~-~  ( 3 k k ~ 2 ) I  b4~--~ 5 (3, 
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F ( 4 )  _ F (4) 
f r e e  c r y s t a l  _ 

F (4) 
f r e e  

k - 1 -,9 

The  e x p r e s s i o n  f o r  F(0)  h a s  not  been  p r e s e n t -  
ed b e c a u s e  th i s  t e r m  canno t  be  d e t e r m i n e d  f r o m  
e x p e r i m e n t a l  m e a s u r e m e n t s  a s  i t  d o e s  not  a f f ec t  
the  r e l a t i v e  e n e r g y  l e v e l  s e p a r a t i o n s .  

In a r e c e n t  p a p e r  [1] the  R a c a h  p a r a m e t e r s  f o r  
Co ++ in the  t e t r a h e d r a l  s i t e  of MgA120 4 have  been  
shown to be B = 830 cm -1 ,  C = 3570 cm -1 c o m -  
p a r e d  wi th  the  f r e e  ion v a l u e s  of 900 and 3850 c m  -1 
r e s p e c t i v e l y .  The  f r e e  ion  v a l u e s  c a l c u l a t e d  by 
the  above  m e t h o d  a r e  in good a g r e e m e n t  wi th  
t h e s e  f i g u r e s  when  the  a p p r o p r i a t e  c o n v e r s i o n  
c o n s t a n t s  a r e  u s e d  [6]. 

A s s u m i n g  a d i e l e c t r i c  cons t an t  of 12, the e x -  
p r e s s i o n s  (3) and (4) g ive  the  s a m e  d e c r e a s e  in 
t he  S l a t e r  i n t e g r a l s  as  o b s e r v e d  e x p e r i m e n t a l l y  
if  b,  tha t  i s  the  r a d i u s  of the  i m a g i n a r y  s p h e r e  
c e n t e r e d  on the  t r a n s i t i o n  ion ,  i s  c h o s e n  to be  a p -  
p r o x i m a t e l y  1.5 A. T h i s  v a l u e  i s  not  u n r e a s o n a -  
b le  c o n s i d e r i n g  tha t  ~ of equa t ion  (2) i s  an a p p r o x -  
i m a t i o n  wh ich  can  on ly  be  avo ided  by u s ing  the  
H a r t r e e - F o c k  w a v e f u n c t i o n s .  F o r  the  t e t r a h e d r a l  

s i t e  in the sp ine l  s t r u c t u r e ,  the  n e a r e s t  n e i g h b o r  
oxygen  i o n s  a r e  at  a d i s t a n c e  of about  2 A. 

We have  shown us ing  a p h e n o m e n o l o g i c a l  ap -  
p r o a c h  tha t  t h e r e  should a l w a y s  be  s o m e  r e d u c -  
t ion  in the  v a l u e s  of the  S l a t e r  i n t e g r a l s  fo r  an ion  
when  i n t r o d u c e d  into  a so l id .  T h i s  can  be e x p l a i n -  
ed a s s u m i n g  an ion ic  m o d e l  f o r  the  so l id  and that  
t h e r e  e x i s t s  a s p h e r o i d a l  v o l u m e  c e n t e r e d  on the  
ion wi th  a r a d i u s  of the  o r d e r  of m a g n i t u d e  of the  
ion ic  r a d i u s  in wh ich  the  d i e l e c t r i c  cons t an t  i s  
uni ty .  A s i m i l a r  c a l c u l a t i o n  to the one  ou t l ined  
above  can be  p e r f o r m e d  fo r  the  r a r e  e a r t h  i ons ;  
u n f o r t u n a t e l y  c o m p a r i s o n  wi th  e x p e r i m e n t  cannot  
be  m a d e  due to the  l ack  of op t i c a l  d a t a  f o r  the  
f r e e  ions .  
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The interference of different intramolecular  interactions in nuclear magnetic relaxation process  is con- 
sidered.  It is shown a non-exponential t ime dependence of nuclear magnetization can appear owing to the 
interference effect. 

The  p u r p o s e  of t h i s  s h o r t  c o m m u n i c a t i o n  i s  to 
show an i n f l u e n c e  of the  i n t e r f e r e n c e  of i n t r a m o -  
l e c u l a r  i n t e r a c t i o n s  on n u c l e a r  m a g n e t i c  r e l a x a -  
t ion  p r o c e s s  in l iqu ids .  As  an e x a m p l e  I would  
l ike  to c o n s i d e r  the  c a s e  of m o l e c u l e s  con ta in ing  
two i d e n t i c a l  n u c l e i  of sp in  I = ½. In t h i s  c a s e  the  
d i p o l e - d i p o l e  i n t e r a c t i o n  G d,  the  a a i s o t r o p y  of 
e l e c t r o n i c  s c r e e n i n g  G~ [1] and the  s p i n - r o t a t i o -  
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na l  i n t e r a c t i o n  G r can  a l l  c o n t r i b u t e  to the  n u c l e a r  
r e l a x a t i o n  p r o c e s s .  In the  p r e s e n c e  of a s t r o n g  ex- 
t e r n a l  m a g n e t i c  f i e ld  H o the  Z e e m a n  i n t e r a c t i o n  i s  
d o m i n a n t  and the  above  m e n t i o n e d  i n t e r a c t i o n s  can  
be  c o n s i d e r e d  a s  a t i m e  depen tend  p e r t u r b a t i o n  
[e .g .  2] 

G(t)  = Gd(t )  + GC(t) + Gr( t ) ,  

w h e r e  

Gd'~ = ~ -rn Y2,rn {O(t ) /p( t  - " " -" 
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