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CONCLUSION

I n f r a r e d  and Raman s p e c t r a  o f  p u r e  p o t a s s i u m  c h r o m a te  
and  p o t a s s i u m  s u l p h a t e  c r y s t a l s  were r e p o r t e d  i n  t h i s  s t u d y .
These  two m e thods  gave  c o m p l i m e n t a r y  b u t  n o n i d e n t i c a l  
i n f o r m a t i o n .  V i b r a t i o n a l  m u l t i p l e t  s t r u c t u r e  i n  c r y s t a l s  o r i g i n a t e d  
f rom  s i t e  g r o u p  e f f e c t s  and c o r r e l a t i o n  f i e l d  ( o r  f a c t o r  g ro u p )  
e f f e c t s ,  so  t h e  phenomenon was d i s c u s s e d  i n  t e r m s  o f  t h e s e  
two e f f e c t s .

The s i t e  symmetry  o f  b o t h  t h e  c a t i o n s  and a n i o n s  i s  Cg 
i n  b o t h  p o t a s s i u m  c h r o m a te  and p o t a s s i u m  s u l p h a t e ,  so  t h e  
s p e c t r a l  d a t a  were  d i s c u s s e d  i n  t e rm  o f  0 g s i t e  g r o u p  sym m et ry .  
F u r t h e r m o r e ,  i t  was d e m o n s t r a t e d  t h a t  a l l  t h e  a n i o n s  had  l o c a l  
c 2 a x i s  l y i n g  i n  a c r y s t a l l o g r a p h i c  m i r r o r  p l a n e  a p p r o x i m a t e l y  
p a r a l l e l  t o  t h e  z - a x i s .  The h id d e n  symmetry  o f  a c r y s t a l  s t r u c t u r e  
C.JV, n o t  e v i d e n t  i n  t h e  s p a c e  g ro u p  D2^ 6 (Pnma),  p l a y e d  a key 
r o l e  i n  t h e  v i b r a t i o n a l  s p e c t r a  o f  c r y s t a l s .

A l l  i n t e r n a l  modes p r e d i c t e d  by t h e  s i t e  g r o u p  and 
f a c t o r  g r o u p  a p p r o x i m a t i o n s  c o u l d  be i d e n t i f i e d .  However,  i t  
was i m p o r t a n t  t o  n o t e  t h a t  i n  s e v e r a l  c a s e s  t h e  two modes o f  
d i f f e r e n t  symmetry  had  t h e  same f r e q u e n c y , i . e . a c c i d e n t a l  
d e g e n e r a c i e s .  The number o f  o b s e r v e d  i n f r a r e d  and Raman f r e q u e n c i e s



was l e s s  t h a n  t h e  number o f  i n t e r n a l  modes a l l o w e d  by t h e  
s e l e c t i o n  r u l e s  b e c a u s e  o f  t h e  a c c i d e n t a l  d e g e n e r a c i e s  and t h e  
low r e s o l u t i o n .

The s t u d y  o f  p o t a s s i u m  c h r o m a t e / p o t a s s i u m  s u l p h a t e  mixed 
c r y s t a l s  was t o  i n v e s t i g a t e  s e p a r a t e l y  t h e  s i t e  g r o u p  and 
f a c t o r  g ro u p  e f f e c t s .  The i n f r a r e d  and Raman s p e c t r a  o f  t h e  
m o l e c u l a r  i o n s  i n  t h e  mixed  c r y s t a l s  d i f f e r e d  from t h e  s p e c t r a  
o f  t h o s e  i n  t h e  p u r e  c r y s t a l s .  The f r e q u e n c i e s  were  s h i f t e d  and 
t h e  d e g e n e r a c i e s  were  l i f t e d  . The m a jo r  i n t e r a c t i o n  be tw een  
m o l e c u l a r  i o n s  was due t o  l o n g  r a n g e  d i p o l a r  c o u p l i n g  and t h e  
d i p o l a r  c o u p l i n g  b e tw een  l i k e  m o l e c u l a r  i o n s  was much g r e a t e r  
t h a n  b e tw een  u n l i k e  m o l e c u l a r  i o n s ,  t h e n  t h e  a d d i t i o n  o f  
i m p u r i t i e s  would d e c r e a s e  t h e  d i p o l a r  c o u p l i n g  be tw ee n  t h e  
h o s t  i o n s .  The m a g n i t u d e  o f  t h e  f r e q u e n c y  s h i f t  was d i f f e r e n t  
f o r  modes o f  d i f f e r e n t  symmetry  a s  t h e  n a t u r e  o f  t h e  d i p o l a r  
c o u p l i n g  d i f f e r e d  f o r  modes o f  d i f f e r e n t  sym m et ry .  I n  g e n e r a l ,  
t h e  most  s t r o n g l y  a c t i v e  v i b r a t i o n s  showed t h e  l a r g e s t  s h i f t s .

In  t h e  h i g h  d i l u t i o n  l i m i t  o f  mixed c r y s t a l s ,  t h e  g u e s t  
i o n s  were m a t r i x  i s o l a t e d  and t h e r e f o r e  v i b r a t i o n a l l y  u n c o u p l e d ,  
i . e .  c h r o m a te  i o n s  ( g u e s t  i o n s  ) i s o l a t e d  i n  a h o s t  o f  
p o t a s s i u m  s u l p h a t e  m a t r i c e s  and s u l p h a t e  i o n s  ( g u e s t  i o n s  ) 
i s o l a t e d  i n  a h o s t  o f  p o t a s s i u m  c h r o m a te  m a t r i c e s .  The s p l i t t i n g s  
o f  t h e  g u e s t  i o n  modes r e s u l t e d  o n l y  from t h e  s i t e  g ro u p  e f f e c t s ,  
o r  became a d i r e c t  m e a su re  o f  t h e  a n i o n  s i t e  s y m m e t ry .  I t  was fo u n d  

i n  t h e  t r i p l y  d e g e n e r a t e  a n t i s y m m e t r i c  s t r e t c h i n g  vij bandt h a t ,
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o f  t h e  g u e s t  i o n ,  t h e  i n d i v i d u a l  com ponen t s  were  much s h a r p e r  
and t h e  s p l i t t i n g  o f  t h e ,  com ponen ts  were s i g n i f i c a n t l y  r e d u c e d .  
B ecau se  o f  t h e  band n a r r o w i n g ,  maxima were  o b s e r v e d  f o r  t h e  
c o m po n en t s  i n  b o t h  o f  p o t a s s i u m  c h r o m a te  and p o t a s s i u m  s u l p h a t e  
w h ich  showed a t r i p l e t  s t r u c t u r e  i n  t h e i r  i n f r a r e d  s p e c t r a .

The e f f e c t  o f  i s o l a t i o n  was t o  ะ

1 .  Reduce t h e  b a n d w id th  o f  i n d i v i d u a l  c o m p o n e n t s .
2 .  Reduce t h e  s p a c i n g .
3 .  A l t e r  t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  c o m p o n e n t s .

The s p e c t r a l  d a t a  from a p u r e  c r y s t a l  t o  d i l u t i o n  l i m i t  
o f  mixed c r y s t a l s  showed t h a t  t h e  m a g n i t u d e  o f  t h e  t o t a l  s p l i t t i n g s  
were  d e c r e a s e d  by 10 cm.^ . The t o t a l  s p l i t t i n g s  were  t h e  
sum o f  s i t e  g ro u p  and f a c t o r  g ro up  s p l i t t i n g s ,  t h e r e f o r e ,  t h e  
f a c t o r  g r o u p  s p l i t t i n g  was 10 cml . In  t h e  a n a l y s i s  o f  t h e  
v i b r a t i o n a l  s p e c t r a  o f  c r y s t a l s  i t  was u s u a l l y  fo u n d  t h a t  t h e  
s i t e  g ro u p  e f f e c t s  were  more i m p o r t a n t  t h a n  f a c t o r  g r o u p  e f f e c t s .
The r e s u l t  i n  t h i s  s t u d y  s u g g e s t e d  t h a t  s u c h  c o n c l u s i o n s  s h o u l d  
be t r e a t e d  w i t h  c a u t i o n  b e c a u s e  t h e  s i t e  g ro up  e f f e c t s  m ig h t  
c o n t a i n  t h e  f a c t o r  g ro u p  e f f e c t s .

The X - r a y  powder  d i f f r a c t i o n  p a t t e r n s  ( d i f f r a c t o g r a m s  ) 
o f  t h e  mixed  c r y s t a l s  were  compared  w i t h  t h o s e  o f  p u r e  compounds 
and m i x t u r e s .  The d i f f r a c t o g r a m s  o f  t h e  mixed c r y s t a l s  were 
i n t e r m e d i a t e  b e tw ee n  t h e  d i f f r a c t o g r a m s  o f  t h e  two p u r e  compounds 
w h i l e  t h e  d i f f r a c t o g r a m s  o f  t h e  m i x t u r e s  were  s u p e r p o s i t i o n  o f  them,
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t h i s  d i f f e r e n c e  i n d i c a t e d  t h e  e x i s t e n c e  o f  t h e  mixed  c r y s t a l s .
The u n i t  c e l l  d i m e n s i o n s  o f  t h e  mixed c r y s t a l s  and p u r e  compounds 
were  c a l c u l a t e d  from t h e  X - ra y  powder d i f f r a c t i o n  d a t a .  The u n i t  
c e l l  d i m e n s i o n s  o f  t h e  mixed c r y s t a l s  were  i n t e r m e d i a t e  be tw een  
t h o s e  o f  t h e  s e p a r a t e  c o m p o n e n t s .  The u n i t  c e l l  p a r a m e t e r s  were 
fo u n d  t o  v a r y  l i n e a r l y  w i t h  t h e  c o m p o s i t i o n  o f  t h e  mixed  c r y s t a l s .
The s p e c t r a l  d a t a  showed t h a t  t h e  f r e q u e n c y  was s h i f t e d  t o  h i g h e r  
when t h e  l a t t i c e  p a r a m e t e r  o f  t h e  m a t r i x  was d e c r e a s e d ,  t h i s  t e n d e n c y  
was e x p e c t e d  i f  t h e  l o n g - r a n g e  e l e c t r o s t a t i c  f o r c e s  were  t h e  
c a u s e  o f  t h e  f r e q u e n c y  s h i f t .  .So i t  was c o n c l u d e d  t h a t  t h e  
i n c r e a s e  i n  f r e q u e n c y  o f  t h e  modes r e s u l t e d  f rom  t h e
d e c r e a s e  i n  u n i t  c e l l  d i m e n s i o n s .
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