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SUMMARY 

A c i d i c  p a r a m e t e r s  a c c o r d i n g  t o  t h e  GUTMANN's a c c e p t o r  num- 
be rs  (AN) o f  c e l l u l o s e  a c e t a t e s  and u n m o d i f i e d  c e l l u l o s e  
have been d e t e r m i n e d  by means o f  t h e  n e g a t i v e l y  s o l v a t o c h r o -  
mic p robe  dye F e ( p h e n ) ~ ( C N ) ~ .  U n m o d i f i e d  c e l l u l o s e  p o s s e s s e s  
a r e l a t i v e l y  h i g h  a ~ c e p t S r  s t r e n g t h  due t o  c o o p e r a t i v e  
h y d r o g e n  bonds w h i l e  i n c r e a s i n g  a c e t a t e  c o n t e n t s  i n  t h e  
p o l y m e r  c h a i n  l o w e r  t h e  a c c e p t o r  s t r e n g t h .  The dependence  o f  
AN on t h e  a c e t a t e  c o n t e n t  can be used t o  e s t i m a t e  t h e  deg ree  
o f  s u b s t i t u t i o n  (DS) .  P e c u l a r i t i e s  i n  t h e  s u b s t i t u t i o n  
i n t e r v a l  (DS = 0 t o  DS = 1 . 5 ) a r e  d i s c u s s e d .  

INTRODUCTION 

R e c e n t l y ,  s i m p l e  c o o r d i n a t i o n  models  d e s c r i b i n g  t h e  mecha- 
n ism o f  d i s s o l v i n g  o f  u n m o d i f i e d  c e l l u l o s e  have t a k e n  i n t o  
a c c o u n t  d o n o r - a c c e p t o r  i n t e r a c t i o n s  c o n s i d e r i n g  h y d r o g e n  
bonds / 1 , 2 / .  U n f o r t u n a t e l y ,  t h e  d e t e r m i n a t i o n  o f  p r i m a r y  
dono r  numbers as w e l l  as o f  p r i m a r y  a c c e p t o r  numbers o f  
s o l i d  s u r f a c e s ,  p o l y m e r  f i l m s  or  p l u g s  i s  no t  p o s s i b l e  by 
c a l o r i m e t r i c  and s p e c t r o s c o p i c  t e c h n i q u e s ,  r e s p e c t i v e l y .  The 
r e q u i r e d  t e c h n i q u e s  are  e x c l u s i v e l y  d e f i n e d  f o r  homogeneous 
s o l u t i o n s  / 3 / .  Thus ,  a c c e p t o r  and dono r  p a r a m e t e r s  o f  
v a r i o u s  p o l y s a c c h a r i d e s  f a i l e d  / 1 / .  

However ,  t h e  a p p l i c a t i o n  o f  c o r r e l a t i o n  a n a l y s i s  / 4 /  a l l o w s  
t h e  d e t e r m i n a t i o n  o f  s e c o n d a r y  a c c e p t o r  number by means o f  
t h e  s o l v a t o c h r o m i c  i r o n  c o m p l e x :  c i s - d i c y a n o - b i s  / 1 ,  10/ 
p h e n a n t h r o l i n e  f e r r i c  I I  / F e ( p h e n ) ~ ( C N ) ~ ]  / 5 - 8 / .  The v i -  
s i b l e  a b s o r p t i o n  band o f  F e ( p h e n ) ~ ( C N )  9 ~s a t t r i b u t e d  t o  a 
i n t r a m o l e c u l a r  m e t a l - l i g a n d  c h a r g e = t r a n S f e r  t r a n s i t i o n  3 d - ~ *  
(MLCT) /9 ,  1 0 / .  B o t h ,  i n c r e a s i n g  p o l a r i t y  o f  t h e  s u r r o u n d i n g  
media and enhanced  a c c e p t o r  a t t a c k  upon t he  cyano g roups  o f  
t h e  comp lex  cause b a t h o c h r o m i c  s h i f t s  o f  t h e  l o n g  wave 
UV-VIS maxima as d e m o n s t r a t e d  i n  scheme 1: 
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- .  HO - Polys(]c charide 

The o u t s t a n d i n g  n e g a t i v e  s o l v a t o c h r o m i c  b e h a v i o u r  o f  
F e ( p h e n ) 2 ( C N ) 2  comp lex  o f f e r s  s p e c i a l  a p p l i c a t i o n s  i n  a n a l y -  
t i c a l  c h e m i s t r y  / 7 ,  1 1 / .  

The a c c e p t o r  numbers o f  GUTMANN / 3 ,  8 /  c o r r e l a t e  w e l l  w i t h  
t h e  a b s o r p t i o n  o f  F e ( p h e n ) 2 ( C N ) 2  as r e p o r t e d  by s e v e r a l  
a u t h o r s  / 3 - 8 /  (eq .  1 ) .  

AN = 0 . 0 1 2 9 8 ~ m a x ( M L C T )  [ c m - l ~  - 1 9 5 . 8 ,  r = 0 . 993  (1)  

T h i s  p a p e r  i s  t o  d e m o n s t r a t e  t h e  a p p l i c a t i o n  o f  
F e ( p h e n ) p ( C N ) ~  f o r  t h e  d e t e r m i n a t i o n  o f  b o t h  a c c e p t o r  p r o -  
p e r t i e s  ~nd p ~ l a r i t y  o f  c e l l u l o s e  a c e t a t e s  and c e l l u l o s e .  

EXPERIMENTAL 

Samples 

C e l l u l o s e  beech s u l f i t  p u l p  (Haweten)  s h e e t s  were g round  
b e f o r e  use .  Bead c e l l u l o s e  ( L e i p z i g e r  A r z n e i m i t t e l w e r k ,  
0 -7050  L e i p z i g )  i n  w a t e r  s u s p e n s i o n  was d e h y d r a t e d  by a 
s t e p w i s e  s o l v e n t  exchange  ( w a t e r - e t h a n o l - a c e t o n e - d i c h l o r o -  
m e t h a n e ) .  
C e l l u l o s e  a c e t a t e s ,  w i t h  a deg ree  o f  s u b s t i t u t i o n  (DS) = 2 . 8  
and 2 . 5 ,  r e s p .  were  c o m m e r c i a l  p r o d u c t s  ( E i l e n b u r g e r  
Chemiewerke ,  0 -7280  E i l e n b u r g ) .  C e l l u l o s e  a c e t a t e  w i t h  a DS 
= 0 .8  was k i n d l y  p r o v i d e d  by Dr .  H o h e i s e l ,  K a l l e  AG Wiesba -  
den .  
O t h e r  c e l l u l o s e  a c e t a t e s  (BS = 2 . 0 ,  1 . 8 )  were s y n t h e s i z e d  by 
h y d r o l y s i s  o f  a c o m m e r c i a l  c e l l u l o s e  a c e t a t e  w i t h  DS = 2 .9  
i n  g l a c i a l  a c e t i c  a c i d / h y d r o c h l o r i c  a c i d  m i x t u r e  w i t h i n  30 
and 35 h, r a s p . .  The DS v a l u e s  were d e t e r m i n e d  by t h e  a l k a l i  
s a p o n i f i c a t i o n  method / 1 2 / .  
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P r e p a r a t i o n  o f  t h e  dye - p r o b e s  

The a d s o r p t i o n  o f  F e ( p h e n ) 2 ( C N )  ~ o n t o  c e l l u l o s e  and c e l l u -  
l o s e  a c e t a t e s ,  r e s p .  was c a r r i e d  ou t  i n  1 , 2 - d i c h l o r o -  
e t h a n e  o r  d i c h l o r o m e t h a n e ,  r e s p . ( b l u e  s o l u t i o n ) .  The 
Fe (phen )2 (CN ) c e l l u l o s e  p l u g s  ( r e d . . . v i o l e t t )  were d r i e d  
c a r e f u l l y  i n  ~acuum and measured as a g round  powder  by means 
o f  t h e  r e f l e c t a n c e  t e c h n i q u e  o r  as t r a n s p a r e n t  f i l m s  u s i n g  a 
SPECORD M40 s p e c t r o m e t e r  (CARL ZEISS J e n a ) .  

RESULTS AND DISCUSSION 

Some r e p r e s e n t a t i v e  UV s p e c t r a  o f  F e ( p h e n ) p ( C N ) ~  b e i n g  bo th  
c h e m i c a l l y  a d s o r b e d  o n t o  c e l l u l o s e  d e r i v a t i v e s  ~nd i n c l u d e d  
i n t o  t r a n s p a r e n t  f i l m s ,  r e a p .  , a re  shown i n  F i g .  1. 
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F i g u r e  1 Q u a l i t a t i v e  UV-VIS r e f l e c t a n c e  s p e c t r a  o f  
F e ( p h e n ) ~ ( C N ) p  a d s o r b e d  a t  c e l l u l o s e  a c e t a t e s .  The 
a r r o w s  i n d i c ~ t e  t h e  r e l e v a n t  maxima t o  d e t e r m i n e  
t h e  a c c e p t o r  number . . . .  c e l l u l o s e ,  - - - -  DS=2.0,  

DS=2.5,  2 .8  

I t  i s  o b v i o u s ,  t h a t  i n c r e a s i n g  a c e t a t e  c o n t e n t  i n  v a r i o u s  
c e l l u l o s e  a c e t a t e s  s h i f t s  t h e  v i s i b l e  MLCT a b s o r p t i o n  t o  
h i g h e r  wave l e n g t h  ( l o w e r  e n e r g y )  due t o  t h e  d i s t u r b a n c e  o f  
t h e  p o l y s a c c h a r i d e  O H . . . N C - F e ( p h e n ) 2 C N  c o o r d i n a t i o n  by 
n e i g h b o u r i n g  a c e t a t e  g r o u p s .  
A s i m i l a r  b e h a v i o u r  was o b s e r v e d  f o r  g r a f t e d  s i l i c a  d e r i v a -  
t i v e s  where enhanced c o n v e r s i o n  o f  n e i g h b o u r i n g  s i l a n o l s  
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d r a s t i c a l l y  changes t h e  a d e q u a t e  F e ( p h e n ) p ( C N ) ~  a b s o r p t i o n  
/ 7 ,  1 1 / .  The dependence  o f  t h e  M L C T  a b s o r p t i o n  o f  
F e ( p h e n ) 2 ( C N )  2 on t h e  d e g r e e  o f  a c e t a t e  s u b s t i t u t i o n  (DS) i s  
shown i n  F i g .  2. 
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F i g u r e  2 Dependence  o f  t h e  d e g r e e  o f  s u b s t i t u t i o n  o f  
s e v e r a l  c e l l u l o s e  a c e t a t e s  on t h e  r e s p e c t i v e  MLCT 
a b s o r p t i o n  o f  F e ( p h e n ) 2 ( C N ) 2  

The p l o t s  a l l o w  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h e  DS, 
m a i n l y  i n  t h e  i n t e r v a l  f rom DS = 3 t o  DS = 1 . 5 .  The v a l i d i t y  
o f  t h e s e  p l o t s  p o i n t s  a t  a s t a t i s t i c a l  c o n t r i b u t i o n  o f  t h e  
a c e t a t e  g r o u p s .  D i s a d v a n t a g e o u s l y ,  l ow  c o n t e n t  o f  a c e t a t e  or  
any o t h e r  g roups  causes t h e  p o l y m e r  c h a i n  t o  become 
f o r m a l l y  a b l o c k  c o p o l y m e r .  
T h i s  case t h e  o b s e r v e d  a b s o r p t i o n  o f  F e ( p h e n ) 2 ( C N ) 2  i s  
a t t r i b u t e d  t o  media i n f l u e n c e s  o f  bo th  c e l l u l o s e  and c e l l u -  
l o s e  a c e t a t e  b l o c k s .  Thus,  b road  a b s o r p t i o n s  due t o  s u p e r -  
i m p o s i n g  o f  c h e m i c a l l y  d i f f e r n t l y  bonded F e ( p h e n ) p ( C N ) 2  a re  
o b s e r v e d .  A lmos t  t h e  same b e h a v i o u r  i s  f ound  fo~  m i x t u r e s  
( b l e n d s )  o f  pu re  c e l l u l o s e  and c e l l u l o s e  a c e t a t e  (0S 3) as 
w e l l  as f o r  b l e n d s  o f  p o l y v i n y l a c e t a t e  and p o l y a c r y l i c  a c i d  
1131. 

However ,  i n  t h e  i n t e r v a l  3 > DS > 1 .5  t h e  i r o n  comp lex  
F e ( p h e n ) 2 ( C N ) ~  i s  f a v o u r e d  i n  a r e g i o n  wh ich  i s  m a i n l y  
r e l e v a n t  f o r  ~ e c h n i c a l  a p p l i c a t i o n s .  
The c l a s s i f i c a t i o n  o f  c e l l u l o s e  d e r i v a t i v e s  ~ e l a t i n g  t o  t h e  
a c c e p t e r  s c a l e  o f  GUTMANN i n  c o m p a r i s o n  t o  model  compounds 
i s  shown i n  F i g u r e  3. 
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F i g u r e  3 G r a p h i c a l  s e a r c h  f o r  c e l l u l o s e  a c c e p t o r  p r o p e r t i e s  
among a l c o h o l s  and i n o r g a n i c  s o l i d s  
( 1 = w a t e r ,  2= 2 , 2 , 2 - t r i f l u o r e t h a n o l ,  3 = m e t h a n o l ,  
4 = e t h a n o l ~  5 = p r o p a n - 2 - o l ,  6 = t e r t . b u t a n o l )  

The a c c e p t o r  s t r e n g t h  o f  u n m o d i f i e d  c e l l u l o s e  a p p r o a c h e s  
t h a t  o f  model  compounds such as e t h a n e - l , 2 - d i e l  o r  g l y c e r o l  
/ 5 / ,  whereas  t h e  a c c e p t o r  s t r e n g t h  o f  c e l l u l o s e  a c e t a t e  (DS.  
3 . 0 ,  AN = 2 5 . 2 )  i s  c l o s e  t o  t e r t .  b u t a n o l  (AN = 2 7 . 5 ) .  
S u r p r i s i n g l y ,  u n m o d i f i e d  c e l l u l o s e  p o s s e s s e s  a c c e p t o r  p r o -  
p e r t i e s ,  w h i c h  a re  s t r o n g e r  t h a n  e x p e c t e d  i n  c o m p a r i s o n  t o  
s i m i l a r  a l c o h o l s  l i k e  2 , 3 - b u t a n d i o l s .  A c o m p a r i s o n  o f  
c e l l u l o s e  w i t h  o t h e r  s o l i d s  and a c i d i c  compounds o f  s i m i l a r  
a c c e p t o r  number i s  shown i n  T a b l e  1. 

S o l v e n t  c o m b i n a t i o n s  b e i n g  a p p l i c a b l e  f o r  d i s s o l v i n g  o f  
u n m o d i f i e d  c e l l u l o s e  p a r t i c u l a r l y  possess  s i m i l a r  a c c e p t o r  
p r o p e r t i e s  / 1 , 2 / .  T h i s  i n d i c a t e s  t h a t  dono r  a c c e p t o r  
e f f e c t s  a re  w e l l  s u i t e d  t o  e x p l a i n  t h e  i n t e r a c t i o n s  o f  t h e  
s u b s t i t u e n t s  o f  c e l l u l o s e  w i t h  b o t h  each o t h e r  and 
s u r r o u n d i n g  s o l v e n t s .  
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Table 1 Comparison of  secondary AN of  c e l l u l o s e  w i t h  
compounds o f  s i m i l a r  accep to r  p r o p e r t i e s  ob ta ined  
by means o f  the probe dye Fe(phen)2(CN)2 

Compound AN C o n d i t i o n  Reference 

a e r o s i l  a) 49.1 from C~H.CI~,~ ~ ~ d r i e d  a t  423 K / 7 /  
cellulose b) 44.4 from C~2~12~ v i a  s o l v e n t  t h i s  

exchange work 

c e l l u l o s e  c) 46.5 from C2H4C12, w i t h o u t  d r y i n g  t h i s  
work 

a lumina-C d) 47.5 from C2H4C12, a f t e r  d r y i n g  / 1 1 /  

3 - m e t h y l p h e n o l  43.4 in  C2H4C12, 10 cg/g s o l v e n t  / 5 /  

N - M e t h y l -  45.1 in  C2H4C12, B(C6H5) 4 / 1 4 /  
p y r i d i n i u m  

2 -1 from DEGUSSA, BET = 278 m g 

never  d r i e d  bead c e l l u l o s e  

beech s u l f i t  pu lp ( "Heweten" )  
2 from DEGUSSA, BET = 170 m g 
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