
INTRODUCTION
Many new e x p e r i m e n t a l  t e c h n i q u e s  have  been  d e v e lo p e d  

r e c e n t l y  f o r  t h e  i n v e s t i g a t i o n  o f  t h e  v i b r a t i o n a l  p r o p e r t i e s  o f  
c r y s t a l s .  These  m e thods  a r e :  i n f r a - r e d  s p e c t r o s c o p y ,  Raman 
s p e c t r o s c o p y ,  edge  e m i s s i o n  and a b s o r p t i o n ,  and e l e c t r o n  
t u n n e l l i n g  e f f e c t .

In  c r y s t a l l i n e  s t a t e ,  p ro no un ced  d i f f e r e n c e s  from t h e  
i s o l a t e d  m o l e c u l a r  s p e c t r u m  c an  o c c u r ,  n o t  o n ly  i n  t h e  f r e q u e n c y  
s h i f t  b u t  a l s o  i n  t h e i r  s p l i t t i n g  i n t o  a number o f  com ponen t s  
and i n  t h e  a p p e a r a n c e  o f  new a b s o r p t i o n .  These  f e a t u r e s  a r e  n o t  
s a t i s f a c t o r i l y  i n t e r p r e t e d  by p o i n t  g ro up  t h e o r y .  Two a p p r o a c h e s ,  
s i t e  g ro u p  a p p r o x i m a t i o n (1) and f a c t o r  g ro u p  a p p r o x i m a t i o n (2) 
have  been  a d v a n c e d  t o  a c c o u n t  f o r  t h e s e  phenomena .  Then i t  i s  
p o s s i b l e  t o  d i s t i n g u i s h  s e v e r a l  t y p e s  o f  e f f e c t s  t h a t  l e a d  t o  
a m u l t i p l e t  s t r u c t u r e .

F a c t o r  Group S p l i t t i n g ( o r  t h e  C o r r e l a t i o n  F i e l d  S p l i t t i n g )

A n o n d e g e n e r a t e  v i b r a t i o n  i n  an i s o l a t e d  s p e c i e s  may 
e x h i b i t  a M u l t i p l e t  s t r u c t u r e  i n  a m u l t i p l y  o c c u p i e d  u n i t  c e l l  
o f  a c r y s t a l  due t o  c o r r e l a t i o n  f i e l d  e f f e c t s  which  r e s u l t  from 
t h e  c o r r e l a t i o n  ( o r  c o u p l i n g )  be tw een  t h e  v i b r a t i o n a l  m o t io n s  of  
e a c h  m o l e c u l a r  s p e c i e s  i n  a u n i t  c e l l  t h r o u g h  i n t e r m o l e c u l a r  f o r c e s .

S i t e Group S p l i t t i n g

A p o t e n t i a l  e n e r g y  e n v i r o n m e n t  o f  l o w e r e d  symmetry  i n  a

C h a p te r  I

c r y s t a l  may l i f t  t h e  d e g e n e r a c y  o f  a  d e g e n e r a t e  mode o f  an 
i s o l a t e d  s p e c i e s  and l e a d  t o  a m u l t i p l e t  s t r u c t u r e .
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I t  i s  p o s s i b l e  t o  s t u d y  t h o s e  two t y p e s  o f  s p l i t t i n g  
i n d i v i d u a l l y .  F a c t o r  g ro up  s p l i t t i n g  c an  be e l i m i n a t e d  from t h e  
s p e c t r a  by s t u d y i n g  m o l e c u l e s  i n  m a t r i x  i s o l a t i o n ( 3 ) , i s o t o p i c  
s o l i d  s o l u t i o n s ( 4 )  and i n  d i l u t e  s o l i d  s o l u t i o n s  w i t h  i s o m o r p h o u s  
m o l e c u l e s ( 5 ) .  T hese  t e c h n i q u e s  e l i m i n a t e  c o r r e l a t i o n  f i e l d  e f f e c t s  
w h ich  may d o m in a t e  and c o m p l i c a t e  t h e  s p e c t r a  so  t h e  s p e c t r a l  
b an d s  become s i m p l i f i e d  and s h a r p e n e d .  T h e r e f o r e ,  t h e y  r e f l e c t  
more d i r e c t l y  t h e  n a t u r e  o f  t h e  s i t e  g r o u p  e f f e c t s .  The r e s u l t a n t  
s p l i t t i n g  o f  s p e c t r a  i s  s i t e  g ro u p  s p l i t t i n g .

The c r y s t a l l i n e  a l k a l i  h a l i d e s  have  been  employed  as  h o s t  
m a t r i c e s  f o r  t h e  s t u d y  o f  v i b r a t i o n a l  e n e r g y  l e v e l s  o f  m o l e c u l a r  
i o n s  (6^ 7). They a r e  f a v o r i t e  h o s t  m a t r i c e s  b e c a u s e  o f  t h e  i n f r a r e d  
t r a n s p a r e n c y  and b e c a u s e  t h e  c h a r a c t e r  o f  t h e  s i t e s  o c c u p i e d  by 
t h e  i m p u r i t y  i o n s  i n  t h e s e  h o s t  matrice® i s  r e a d i l y  known.  G la s s y  
a l k a l i  h a l i d e s ,  g l a s s y  and c r y s t a l l i n e  a l k a l i  o x y a n i o n t e )  a r e  
a l s o  u s e d  a s  m a t r i c e s .

In  c r y s t a l s  c o n t a i n i n g  p o l y a t o m i c  m o l e c u l a r  u n i t s ,  t h e  
o p t i c a l  modes c o n s i s t  o f  i n t e r n a l  modes and e x t e r n a l  modws. There  
i s  a wide  e n e r g y  gap  be tw ee n  t h e  i n t e r n a l  and e x t e r n a l  modes .  The 
e x t e r n a l  modes f a l l  i n  low f r e q u e n c i e s  which  a r e  d e t e r m i n e d  by 
i n t e r m o l e c u l a r  van  d e r  Waals o r  i o n i c  f o r c e s .  The i n t e r n a l  modes 
f a l l  i n  h ig h  f r e q u e n c i e s  b e c a u s e  of  t h e  i n t r a m o l e c u l a r  c o v a l e n t  
f o r c e s .

There have  been  num erous  v i b r a t i o n a l  s t u d i e s  o f  AB^C^ 
mixed c r y s t a l  s y s t e m s  i n  which  i o n s  B and c a r e  ra n d o m ly  d i s t r i b u t e d  
on a s u b l a t t i c e  (9, i d *  F o r  t h e  most  p a r t  o f  t h e s e  s t u d i e s  t h e  i o n s  
a r e  m ona tom ic ,  and t h e  v i b r a t i o n a l  modes a r e  e x t e r n a l  o p t i c a l  modes,  
b u t  t h e  v e r y  few i n v o l v e  s y s t e m s  i n  w hich  B and c a r e  m o l e c u l a r  i o n s  
(111-14 ) . I n  t h e s e  s y s t e m s ,  m o l e c u l a r  i o n s  g i v e  r i s e  t o  t h e  i n t e r n a l
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o p t i c a l  m odes .  When t h e y  hav e  a m u l t i p l y  o c c u p i e d  u n i t  c e l l ,  
the- i n t e r n a l  modes e x h i b i t  a r i c h  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  
t h r o u g h  f a c t o r  g ro u p  c o r r e l a t i o n s .  In  t h e  v e r y  d i l u t e  s a m p l e s ,  
t h e  g u e s t  i o n  may be 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  
d e c o u p l e d  and s e n s i t i v e  o n l y  t o  s i t e  g ro up  e f f e c t s .

V i b r a t i o n a l  s p e c t r a  i n  d i f f e r e n t  s t a t e  o f  p o t a s s i u m  
c h r o m a t e  and p o t a s s i u m  s u l p h a t e  have  been  r e p o r t e d ;  i n  s o l u t i o n ( 1 5 , 1 6 ) ,  
i n  c r y s t a l  ( 1 7 - 2 1 )  and i n  i n e r t  g a s  m a t r i x - i s o l a t i o n  ( 2 2 , 2 3 ^ ) .

The t e t r a h e d r a l  c h r o m a te  i o n  h a s  4 n o rm a l  modes o f  
v i b r a t i o n :  Raman a c t i v e  847 cm7*, \J Raman a c t i v e  348 c a . \1 ’ 2.

\J  and b o t h  Raman and i n f r a - r e d  a c t i v e  884,  368 cmT ,
r e s p e c t i v e l y .

The t e t r a h e d r a l  s u l p h a t e  i o n  a l s o  h a s  4 n o rm a l  modes o f  
v i b r a t i o n :  นเ Raman a c t i v e  983 cra7*, Raman a c t i v e  450 c m . \

and ท^ b o t h  Raman and i n f r a - r e d  a c t i v e  1105,  611 cm .* ,  
r e s p e c t i v e l y .

F o r  c r y s t a l  s p e c t r a  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  , t h e  c o m p l i c a t i o n s  a r i s e  due t o  c r y s t a l  e f f e c t s .  The 
s i n g l e  b a n d s ( ) w hich  a r e  d e g e n e r a t e  i n  t h e  f r e e  i o n s  a r e
r e p l a c e d  by m u l t i p l e t s .  Bands due t o  \J and เ^ which  a r e  i n f r a - r e d  
i n a c t i v e  i n  t h e  f r e e  i o n s  happen  t o  a p p e a r  i n  t h e  c r y s t a l  s p e c t r a .  
Some v e r y  low f r e q u e n c y  ban d s  a p p e a r  below 200 cm.* i n  t h e  Raman 
s p e c t r a .  These  f e a t u r e s  o f  t h e  c r y s t a l  s p e c t r a  r e s u l t  from 
t h e  e x i s t e n c e  o f  a d i f f e r e n t  symmetry  e n v i r o n m e n t  w i t h i n  t h e  
c r y s t a l  and t h e  p r e s e n c e  o f  s i g n i f i c a n t  i n t e r m o l e c u l a r  f o r c e s
i n  t h e  c r y s t a l .
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In th is  work v ib ra tio n a l modes of the mixed c ry s ta l system 

potassium chromate/ potassium sulphate are studied, iotassium  

chromate and potassium sulphate are isomorphous and they form a 

continuous range of mixed c ry s ta ls . Their in te rn a l v ib ra tio n a l modes 

f a l l  in  d if fe re n t frequency regions. These two characters mean 

tha t a study of the in fra -re d  and Raman spectra of p o lyc rys ta llin e  

samples w ith a va rie ty  of compositions should enable a d is tin c t io n  

between s ite  and fa c to r group e ffe c ts . In the low concentration 

of potassium chromate in  potassium sulphate host or the low 

concentration of potassium sulphate in  potassium chromate host, 

each v ib ra tio n a l u n it of the low concentration component w i l l  

be v ib ra tio n a lly  uncoupled and sensitive  only to s ite  group e ffe c ts .

In summary, th is  work is  intended to ะ

1. Prepare potassium chromate/ potassium sulphate mixed crysta ls

2. Compare in fra -re d , Raman spectra of mixed c rys ta ls  

with th e ir  m ixtures.

3. Determine the u n it c e l l parameters and composition of 

iàixed ci’y s ta ls .

4. Apply the s ite  group approximation and the fa c to r group 

approximation fo r  in te rp re tin g  the spectral phenomena.
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