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PACKING EFFECT ON MIXED-VALENCE STATES OF l', l"'-DIALKYL- AND 
1',1"'-BIS(METHYLBENZYL)BIFERROCENILIM TRIIODIDES 

SATORU NAKASHIMA,  YUICHI MASUDA, IZUMI M O T O Y A M A , ~  
AND HIROTOSHI SANO 

D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  o f  S c i e n c e ,  Tokyo M e t r o -  
g o l i t a n  U n i v e r s i t y ,  Fukasawa,  Se tagaya-ku ,  Tokyo 158, J a p a n  

U n i v e r s i t y ,  Rokkakubashi ,  Kanagawa-ku, Yokohama 2 2 1 ,  J a p a n  

(Received April 18, 1988) 

A b s t r a c t  A r e m a r k a b l e  p a c k i n g  e f f e c t  on  t h e  m i x e d - v a l e n c e  
s t a t e  w a s  o b s e r v e d  i n  l',l"'-diisobutylbiferrocenium 
t r i i o d i d e .  The  e f f e c t  w a s  a l s o  o b s e r v e d  f o r  a s e r i e s  of  
1 '  ,1" ' - d i a l k y l -  a n d  l',l'"-bis(methylbenzy1)biferrocenium 
t r i i o d i d e s  by means of ESR s p e c t r o s c o p y .  

Keywords: Packing effect, ESR spectroscopy, mixed-valence state 

D e p a r t m e n t  o f  C h e m i s t r y ,  F a c u l t y  of E n g i n e e r i n g ,  Kanagawa 

INTRODUCTION 

Two c r y s t a l  f o r m s  of l ' ,  1"'-dibutylbiferrocenium t r i i o d i d e  

were o b t a i n e d ,  w h i c h  s h o w  d i f f e r e n t  t e m p e r a t u r e - d e p e n d e n c e  o f  

m i x e d - v a l e n c e  s ta te . '  R e m a r k a b l e  c o u n t e r  a n i o n  e f f e c t  h a s  a l s o  

been  o b s e r v e d ,  p r o b a b l y  d u e  t o  t h e  c r y s t a l  packing.  2 

I n  t h e  p r e s e n t  s t u d y  t h e  m i x e d - v a l e n c e  s t a t e s  o f  l ' , l " ' -  

d i a l k y l -  a n d  l ' ,  1"'-bis(methylbenzy1)bif e r r o c e n  ium t r  i i o d  i d e s  

d i s p e r s e d  i n  polymer  were i n v e s t i g a t e d  by means o f  8Moessbauer and 

ESR s p e c t r o s c o p y  and were compared w i t h  t h e  r e s u l t s  i n  c r y s t a l l i n e  

s t a t e .  

MOESSBAUER SPECTRA 

F i g u r e  1 s h o w s  t h e  5 7 F e - M o e s s b a u e r  s p e c t r a  o f  l ' , l " ' -  

d i i s o b u t y l b i f e r r o c e n i u m  t r i i o d i d e  i n  a d i s p e r s e d  s ta te .  T h e  

Moessbauer  spectra  c o n s i s t  of  two d o u b l e t s ,  i n d i c a t i n g  t w o  t y p e s  of 

i r o n  a t o m s  ( t r a p p e d - v a l e n c e  s t a t e ) .  They  s h o w  n o  t e m p e r a t u r e -  

dependence  of t h e  mixed-valence s ta te .  The mixed-valence s ta te  i n  
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a c r y s t a l l i n e  f o r m ,  on  t h e  o t h e r  h a n d ,  i s  t e m p e r a t u r e - d e p e n d e n t ,  

a n d  t h e  s p e c t r a  n e a r  room t e m p e r a t u r e  s h o w  a n  a v e r a g e d - v a l e n c e  

s t a t e .  1 

F i g .  1 M o e s s b a u e r  s p e c t r a  of l',l"'-diisobutylbiferrocenium 
t r i i o d i d e  d i s p e r s e d  i n  poly(methy1 m e t h a c r y l a t e )  f rom 78 K t o  room 
t e m p e r a t u r e .  

- ESR SPECTRA 

I t  h a s  b e e n  known t h a t  g - t e n s o r  a n i s o t r o p y  h a s  a close 

c o n n e c t i o n  w i t h  t h e  mixed-va lence  s t a t e s  of  b i f e r r o c e n e  d e r i v a t i v e s  

o b s e r v e d  by t h e  m e t h o d  of M o e s s b a u e r  s p e c t r o ~ c o p y . ~ - ~  F i g u r e  2 

shows t h e  summary of ESR p a r a m e t e r s  in c r y s t a l l i n e  and d i s p e r s e d  

s ta te  a t  78 K. The Ag v a l u e s  show a c h a r a c t e r i s t i c  f e a t u r e ;  i. e., 

t h e  v a l u e s  f o r  t h e  s a m p l e s  whose v a l e n c e  s t a t e  c h a n g e s  depending  on 
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t e m p e r a t u r e  are smaller t h a n  t h o s e  f o r  t h e  s a m p l e s  which  show o n l y  

a t r a p p e d - v a l e n c e  state. T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  d e c r e a s e  

i n  t h e  Ag v a l u e s  h a s  a r e l a t i o n s h i p  w i t h  t h e  n a t u r e  of t h e  e l e c t r o n  

e x c h a n g e  b e t w e e n  t h e  b i v a l e n t  a n d  t e r v a l e n t  i r o n  a t o m s  i n  t h e  

b i f e r r o c e n i u m  d e r i v a t i v e s .  T h i s  c o n s i d e r a t i o n  is  r e a s o n a b l e  f o r  

e x p l a i n i n g  t h e  a p p r e c i a b l y  s m a l l  A g  v a l u e s  of t h e  l ' ,  1 " ' - d i i o d o -  

and l',l'"-dibromobiferrocenium t r i i o d i d e  whose Moessbauer  s p e c t r a  

s h o w  a n  a v e r a g e d - v a l e n c e  s t a t e  w i t h  o n l y  o n e  d o u b l e t  e v e n  a t  4.2 

K.5 T h e  d i f f e r e n c e  o f  t h e  ESR p a r a m e t e r s  ,%,, gL, a n d  Ag, a m o n g  

t h e  v a r i o u s  k i n d s  o f  l ' , l ' " - d i a l k y l  a n d  l ' ,  1 " ' - b i s ( m e t h y l b e n z y 1 )  

d e r i v a t i v e s  i n  t h e i r  c r y s t a l l i n e  s ta te  i s  r e d u c e d  i n  t h e  d i s p e r s e d  
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F i g .  2 Summary  o f  ESR p a r a m e t e r s  i n  c r y s t a l l i n e  s ta te ( - )  a n d  
d i s p e r s e d  s t a t e ( - - - - - )  a t  78  K f o r  l ' , l " ' - d i a l k y l -  a n d  l ' , l " ' -  
bis(methylbenzy1)biferrocenium t r i i o d i d e s .  " T r a p p e d - A v e r a g e d "  
shows a t r a p p e d - v a l e n c e  s ta te  a t  l o w  t e m p e r a t u r e s  and  a n  a v e r a g e d -  
v a l e n c e  s t a t e  n e a r  room t e m p e r a t u r e .  " T r a p p e d "  s h o w s  o n l y  t h e  
t r a p p e d - v a l e n c e  state from a l o w  t e m p e r a t u r e  t o  room t e m p e r a t u r e .  
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s t a t e .  T h e  d i f f e r e n c e  i n  ESR p a r a m e t e r s  i n  c r y s t a l l i n e  s a m p l e s  

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

a l k y l  o r  m e t h y l b e n z y l  s u b s t i t u e n t  b u t  a l s o  t o  i n t e r m o l e c u l a r  

e f f e c t s .  

CONCLUSION 

The  r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  i n d i c a t e  t h a t  t h e  

p a c k i n g  e f f e c t  of t h e  b i f e r r o c e n i u m  c a t i o n s  a n d  t h e i r  c o u n t e r  

a n i o n s  i n f l u e n c e s  t h e  e l e c t r o n i c  s t r u c t u r e s  of t h e  t w o  i r o n  atoms. 
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