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CHAPTER I  
INTRODUCTION

I t  i s  w e l l  know n t h a t  th e  d e g re e  o f  i n t e r a c t i o n  b e tw e e n  
s o lv e n t  and s o lu t e  i s  r e s p o n s ib le  f o r  v a r io u s  s o lv e n t  e f f e c t s *  
U s u a l ly ,  m ore p o la r  th e  s o lv e n t ,  th e  g r e a t e r  th e  i n t e r a c t i o n  
e . g .  s o lv e n t  s h i f t s .  L i t e r a t u r e  i n  o rg a n ic  compounds i s  

e x t e n s iv e ,  b u t n o t  so  i n  in o r g a n ic  com pounds.

A ls o ,  th e  oxyg e n  a tom s o f  a c e ty la c e to n a te  c o m p le xe s  as 

w e l l  as th e  c h e la te  r in g s  th e m s e lv e s ,  can f u n c t io n  as  s i t e s  f o r  
H -b ond  f o r m a t io n .  L i t e r a t u r e  on H -bond  f o r m a t io n  o f  some 

MCAcAc)^ 2 ha s  o n ly  been r e p o r te d  by X - r a y \  s o lv a t io n ^ ,  uv
ifand v i s i b l e  s p e c t r a l  s t u d ie s .

T h e r e f o r e ,  we c o n s id e r  i t  d e s i r a b le  t o  s tu d y  s o lv e n t  e f f e c t s  
o f  some b iv a le n t  and t r i v a l e n t  m e ta l a c e ty la c e to n a te s  i n  a 
v a r i e t y  o f  s o lv e n t s  i n  th e  uv r e g io n .
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1 .1  T h e _ F ra n c k -c o n d o n  P r i n c ip l e  and H yd ro g e n  B o n d in g "

B o th  M c C o n n e llf  B a y l is s 'a n d  M cRae^have d is c u s s e d  th e  e f f e c t  

o f  s o lv e n t  on an e le c t r o n ic  t r a n s i t i o n .  The e q u i l ib r iu m  
d is ta n c e s  and o r i e n t a t i o n s  o f  s o lv e n t  m o le c u le s  a ro u n d  a s o lu t e  
m o le c u le  a re  d ic t a t e d  by th e  e n e rg ie s  o f  s o l v a t i o n .  I f  th e  
s o lu t e  m o le c u le  m akes an e l e c t r o n ic  t r a n s i t i o n ,  th e  s o l v a t i o n  
a rra n g e m e n t o f  th e  i n i t i a l  s t a t e  i s  n o t  n e c e s s a r i ly  th e  m ost 
s t a b le  f o r  th e  new e le c t r o n ic  d i s t r i b u t i o n  a n d , in d e e d , c o u ld  
be e n e r g e t i c a l l y  r e p u ls iv e .  S in c e  th e  s o lv e n t  m o le c u le s  
c a n n o t r e - o r i e n t  f a s t  enough d u r in g  th e  t r a n s i t i o n ,  ( F r a n c k -  
Condon p r i n c i p l e )  su c h  a change i n  s o l v a t i o n  e n e rg ie s  
w o u ld  r e s u l t  i n  a change i n  th e  e n e rg y  s e p a r a t io n  o f  th e  tw o  
s t a t e s  and t h e r e  w o u ld  be a s o lv e n t  s h i f t .

I n  an H -b o n d in g  s y s te m , th e  i n t e r a c t i o n  i s  l o c a l i z e d  a t  
f u n c t i o n a l  g ro u p s  w i t h  e i t h e r  p r o to n  d o n o r o r  a c c e n to r  p r o p e r ­

t i e s .  A s o lv e n t  s h i f t  th e n  in d ic a t e s  t h a t  th e  H -b o n d in g  
p r o p e r t ie s  o f  th e s e  f u n c t i o n a l  g ro u p s  i n  th e  i n i t i a l  s t a t e  
d i f f e r  f ro m  th e  H -b o n d in g  p r o p e r t ie s  o f  th e s e  same g ro u p s  i n  
th e  f i n a l  s t a t e .  The m a g n itu d e  o f  th e  s h i f t  can be e v a lu a te d  
i n  te rm s  o f  th e  F ra n c k -C o n d o n  p r i n c i p l e .  The f o l l o w in g  t h e o r y ,  
h o w e v e r ,  m ust n o t  be re g a rd e d  as  d e f i n i t i v e .

F ig u r e  1 p o r t r a y s  p o t e n t i a l  f u n c t io n s  f o r  f o r m a t io n  o f  an 

H -b ond  A - Ï Ï .  . .  B w h e re  R i s  th e  H -b ond  le n g t h ,

A -H  i s  th e  s o lv e n t  m o le c u le  and B i s  th e  s o lu t e  m o le c u le .
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F ig .la  ( พ0>wt '.i

£Ne P»6Y

F i g „ 1  H y p o t h e t i c a l  p o t o n t i a l  c u r v e s :  e n e r g y  V S ,  H - b o n d  l e n g t h .

R «  ' H y d r o g e n  b o n d  l e n g t h
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H -b o n d . I n  each case  th e  e n e rg y  s e p a r a t io n  o f  th e  n o n -H -b o n d e d
s p e c ie s  (R  = นo ) i s  assum ed to  be i d e n t i c a l  t o  h ^ th e  e n e rg y  

s e p a r a t io n  i n  a n o n -H -b o n d in g  s o lv e n t  o f  th e  same r e f r a c t i v e  
in d e x .  The  H -bond  e n e rg y  i s  d e s ig n a te d  พ ' ไ'/ ะ: -  & H ) and th e

e x c i t a t i o n  e n e rg y  im p l ie d  by th e  F ra n c k -C o n d o n  p r i n c ip l e  i s
la b e le d  0J-. (B y  th e s e  d e f i n i t i o n s ,  พ and CJ a re  a lw a y s  p o s i t i v e  

n u m b e rs . O f couse  e i t h e r  Uq o r  พ  ̂ c o u ld  be z e r o . )

T h e re  a re  th r e e  q u a n t i t i e s  o f  i n t e r e s t  w h ic h  m ig h t  be 

e x p e r im e n t a l ly  a c c e s s ib le ,  ๆ/̂ , รๆQ and /ๆ0 0 , th e  f r e q u e n c ie s  
a p p r o p r ia te  t o  maximum a b s o r p t io n ,  maximum e m is s io n ,  and th e  
0 - 0  t r a n s i t i o n ,  r e s p e c t i v e ly .  T h e se  f r e q u e n c ie s  a re  r e la t e d  
t o  th e  q u a n t i t y  V 0 by th e  r e l a t i o n s

F i g .  l a  p o r t r a y s  t h e  s i t u a t i o n  w h e n  t h e  e x c i t e d  s t a t e  f o r m s  a

w e a k e r  H - b o n d  a n d  i n  F i g .  1 b  t h e  e x c i t e d  s t a t e  f o r m s  t h e  s t r o n g e r

H w  ร \  - ฬ 0 -
พ 1 4 น* 1 L .1 }

K ( v e - v 0 )  = ะ w o พ ,  -  ^ 0 ( O

พ . - พ 1 (  5 )

The m ost i n t e r e s t i n g  q u a n t i t y  i s  Wq -  พ^ , w h ic h  g iv e s  
d i r e c t l y  th e  d i f f e r e n c e  i n  H -b ond  e n e r g ie s  o f  g ro u n d  and e x c i te d  

s t a t e s .  I n  F ig .  1a (Wq }  พ^) we see  t h a t  th e  u s u a l e x p e c ta t io n s  
o f  th e  p o t e n t i a l  fo rm  p r e d ic t  t h a t  Uq 'Jt พ0 and Ui ,1 > Cc*0 .
Mo u p p e r  l i m i t  c a n  b e  s e y  o n  พ  ^ , s i n c e  t h e  s t e e p  s i d e  o f  t h e

p o t e n t i a l  f u n c t i o n  c o u l d  r i s e  s u f f i c i e n t l y  f a s t  t o  m a k e  น

( F ig .  1 a ) .
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I n  any e v e n t ,  i t  w i l l  o n ly  be a c o in c id e n c e  i f  CO, = พ and 

we see t h a t  h A i/^ c a n  be e x p e c te d , a p r i o r i ,  t o  m e a su re  Wq . 

S in c e  พ , i s  p o s i t i v e ,  eq . 1 p r e d ic t s  t h a t  i f  Wq > พ1 th e n  ใ£ > 0 ,  
i . e . ,  a b l u e - s h i f t  w h ic h  e xc e e d s  th e  d i f f e r e n c e  V/q -ViL  by น) 1 
w i l l  be o b s e rv e d  in  a b s o r p t io n .  S i m i l a r l y ,  i n  e m is s io n ,  a s h i f t  
w i l l  be o b s e rv e d  w h ic h  i s  le s s  th a n  พ -  V/  ̂ by aic ( i . e . ,  e i t h e r  
a re d  s h i f t  o r  b lu e  s h i f t  may be o b s e rv e d ; i n  e i t h e r  c a s e , th e  
s h i f t  w i l l  be s m a ll  com pared to  VJq ) .  I f  พ1 = 0 , no s h i f t  w i l l  
be o b s e rv e d  i n  e m is s io n  s in c e  th e n  v/q = พ0 .

I n  F ig .  lb  (U q <. './1 ) th e  a n h a r m o n ic i t y  e x p e c ta t io n s  
p r e d ic t  t h a t  พ1 "> <̂ 1 and น 1.1>«1 . Now th e  a b s o r p t io n  s p e c tru m  w i l l  
show a s h i f t  w h ic h  i s  le s s  by น)1 th a n  th e  re d  s h i f t  im p l ie d  by 

th e  n e g a t iv e  v a lu e  o f  Wq "  พ1 .  The  e m is s io n  s p e c tru m  w i l l  
show a re d  s h i f t  e x c e e d in g  j i.r -  พ1 I by top .

I f  a b lu e  s h i f t  a b s o r p t io n  i s  o b s e rv e d  F ig .  1a i s  a p p l ic a b le  

and th e  b lu e  s h i f t s  e xc e e d s  th e  d i f f e r e n c e  by พ -  พ1 .

I f  a re d  s h i f t  i s  o b s e rv e d  i n  a b s o r p t io n  th e n  F ig .  1๖ i s  
a p p l ic a b le  (พ 0 <. พ 1 ) and th e  re d  s h i f t  i s  le s s  th a n  t h e  d i f f e r e n c e  
พ -  Wq .  I f  o n ly  a s m a ll  b lu e  s h i f t  i s  o b s e rv e d  i n  a b s o r p t io n ,  
e i t h e r  o f  F ig s .  1a o r  1b c o u ld  be a p p l ic a b le .  S i m i l a r l y ,  i n  
e m is s io n ,  a  b lu e  s h i f t  im p l ie s  F ig .  1 a , a la r g e  re d  s h i f t  im p l ie s  

F ig .  1b , and a s m a ll  re d  s h i f t  i s  a m b ig u o u s . U n d e r any 
c i r c u m s ta n c e s ,^ A a n d  c o n ta in  th e  q u a n t i t y  o = ’'•'0 - พ 1 .
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*  *V» —» Tf . I n  th e  V1 -* IY  t r a n s i t i o n ,  one o f  th e  e le c t r o n s  

i s  p ro m o te d  fro m  th e  n o n -b o n d in g  o r b i t a l  to  an em pty a n t i - b o n d in g  
T f - o r b i t a l .  The one n o n -b o n d in g  e le c t r o n  re m a in in g  on th e  o xyg en  

a tom  ( f o r  e x a m p le , as i n  th e  c a r b o n y l g ro u p )  i s  n o t  a d e q u a te  
t o  s u s t a in  th e  h y d ro g e n  bond and th e  e x c i te d  s t a t e  i s  d e - s t a b i l i z e d .

Hence th e  h y d ro g e n  bond i s  w eakened  i n  th e  p ro c e s s  o f  p ro m o t io n  

and th e  e n e rg y  o f  t r a n s i t i o n  i s  in c r e a s e d ,  ( i . e .  b lu e  s h i f t  ) ,  *•

*•
f t - * ' l l .  A g a in  u s in g  th e  c a r b o n y l g ro u p  a s  an e x a m p le .

T h is  t r a n s i t i o n  f u r t h e r  s t a b i l i z e â  th e  e x c i te d  H -bonded  
s t a t e  due t o  d e lo c a l i z a t i o n  o f  th e  Tf e le c t i o n s .  Hence th e  
t r a n s i t i o n  e n e rg y  i s  d e c re a s e d  i . e .  a re d  s h i f t  i s  re c o rd e d .

T h e  b l u e  s h i f t  p h e n o m e n o n  h a s  b e e n  u s e d  t o  c h a r a c t e r i z e

«า -*T Î t r a n s i t i o n s  a n d  t o  d i s t i n g u i s h  t h e m  f r o m  t r a n s i t i o n s

( r e d  s h i f t s ) , 8 » 9 ’ 1 0
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