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SUMMARY 

S o l v a t i o n  o f  i on  p a i r s  of  t he  a l c o x i d e  t y p e  w i t h  p o l y ( e t h y -  
l e n e  o x i d e )  (PEO) has been s t u d i e d  by o p t i c a l  s p e c t r o s c o p y .  
V a l u e s  o f  b i n d i n g  c o n s t a n t s  200 -400  1 /mo l  i n d i c a t e  a s u f f i c i -  
e n t l y  e f f e c t i v e  i o n - p a i r  c a t i o n  s o l v a t i o n .  Be ing  c r o s s - l i n k e d  
PEO p r e s e r v e s  i t s  a b i l i t y  to  b i nd  and l o c a l i z e  i on  p a i r s .  

INTRODUCTION 

The a b i l i t y  o f  PEO f o r  s o l v a t i o n  b i n d i n g  of  c a t i o n s  i s  w e l l  
known, but  i n  r e c e n t  y e a r s  i t  c o n t i n u e s  to  a t t r a c t  g r e a t  a t t e m  
t i o n  in  c o n n e c t i o n  w i t h  i n v e s t i g a t i o n s  on i on  t r a n s p o r t  and 
s e p a r a t i o n ,  i n t e r p h a s e  c a t a l y s i s ,  e t c .  (Y~MAZAKI et  a l .  1979; 
YANAGIDA et  a l .  1977; HIRAO et  a l ,  1978; LEE and WRIGHT 1 9 7 8 ) .  
I n t e r e s t  in  t h i s  p rob lem i s  a l s o  a s s o c i a t e d  w i t h  the  d e v e l o p -  
ment o f  t he  concep t  o f  a s p e c i a l  r o l e  p l a y e d  by m a c r o m o l e c u l e s  
i n  t he  s o l v e t i o n  of  p r o p a g a t i n g  a c t i v e  c e n t r e s ,  wh ich  e x p l a i n s  
many o f  t he  s p e c i f i c  r e g u l a r i t i e s  i n  the  a n i o n i c  p o l y m e r i z a -  
t i o n  o f  h e t e r o c y c l e s ,  i n  p a r t i c u l a r ,  e t h y l e n e  o x i d e  (see  KA- 
ZANSKII  1 9 8 1 ) .  I n v e s t i g a t i o n s  in  t h i s  f i e l d  are  a l s o  s t i m u l a t -  
ed by the  e x p a n d i n g  f l o w  of  t he  i n f o r m a t i o n  c o n c e r n i n g  the  
i n t e r a c t i o n  of  v a r i o u s  a l k a l i  s a l t s  w i t h  m a c r o c y c l i c  comp lex -  
i ng  a g e n t s  - c r o w n - e t h e r s  end c r y p t a n d s ,  as w e l l  as w i t h  macro- 
m o l e c u l e s  c o n t a i n i n g  s i m i l a r  g roups  i n  s i d e  c h a i n s  (seeMELSON 
1979; SINTA and SHED 1 9 8 0 ) .  

At  the  same t i m e ,  i n  most of  the  s t u d i e s  on the  f o r m a t i o n  
o f  PEO comp lexes  w i t h  a number o f  r e a g e n t s  p r i m a r y  emphasis  i s  
p l a c e d  upon q u a l i t a t i v e  e f f e c t s  o f  t h e s e  i n t e r a c t i o n s ,  w i t h  
the  q u a n t i t a t i v e  aspec t  e l a b o r a t e d  i n a d e q u a t e l y ,  wh ich  does 
not  p e r m i t  p r e d i c t i n g  w i t h  a s s u r a n c e  t h e i r  e f f e c t s  i n  d i f f e r -  
en t  sys tems .  

A s u f f i c i e n t l y  d e t a i l e d  s t u d y  t h a t  p roduced  q u a n t i t a t i v e  
c h a r a c t e r i s t i c s  o f  the  b i n d i n g  o f  f r e e  a l k a l i  c a t i o n s  was p r e -  
v i o u s l y  p e r f o r m e d  by us (ARKHIPOVICH et  a l .  1 9 8 2 ) ,  but the  
examined model  can o n l y  be r e g a r d e d  as the  s i m p l e s t  one,  v e r y  
f a r  from a c t u a l  r e a l i t y .  I n v e s t i g a t i o n  of  i o n - p a i r s  b i n d i n g  
appea rs  to  be the  nex t  s t e p  i n  the  m o d e l l i n g  o f  s o l v a t i o n  p r o -  
cesses  w i t h  t he  p a r t i c i p a t i o n  o f  m a c r o m o l e c u l e e .  The compounds 
chosen f o r  s t u d y  i n  t he  p r e s e n t  work were p i c r a t e s  o f  p o t a s s i -  
um (P iK )  and sodium (P iNs )  i n  THF, as w e l l  as po tass ium s a l t  
of  t e t r a b r o m o p h e n o l p h t h a l e i n  e t h y l  e s t e r  (KTBF) in  c h l o r o f o r m  
( C F ) .  
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EXPERIMENTAL 

PEO of  molecular we igh t  6000 (Merck)  was used w i t h o u t  f u r -  
t h e r  p u r i f i c a t i o n  a f t e r  p ro l onged  d r y i n g  i n  vacuo at  room tem- 
p e r a t u r e .  PIK and PINa were o b t a i n e d  by n e u t r a l i z i n g  p i c r i c  
a c i d  of  " c h e m i c a i l y  pure"  grade w i t h  the c o r r e s p o n d i n g  h y d r o -  
x i d e  and r e c r y s t a l l i z e d  from d ry  e t h a n o I .  A b s o r p t i o n  s p e c t r a  
pa rame te rs  were used as c r i t e r i a  of  the p u r i t y  of  p i c r a t e s .  
These amounted to: 

i n  wa te r  

S a l t  % , E , max 
nm l.mo1-1 cm -1 

356 14,500 PiNa (354) (14 ,500)  

PiK 

i n  THF 

~max' E , 

nm l.mol -I cm -I 

354 16,600 
(351) (16 ,600 )  

360 16,800 
(357) (16 ,800)  

I n  b r a c k e t s  the da ta  of  WONG and eNID 1980; BOURGOIN et a l .  
1975 are  g i v e n .  

KTBF was used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  THF was r e f l u x -  
ed over  m e t a l l i c  sod ium,  and CF - over  c a l c i u m  h y d r i d e ,  repea~ 
e d l y  distilled, and f r e s h l y  distilled p o r t i o n s  were used.  

S p e c t r o p h o t o m e t r i c  measurements were pe r fo rmed  on "Speco rd -  
-UV-VIS"  ( C a r l  Z e i s s ,  3ena) i n s t r u m e n t ,  and conduc tome t r y  mea- 
surements  - w i t h  the use of  " T e s l a  BN-434" b r i d g e  a t  1547 Cps 
in  a c e l l  w i t h .  p a r a l l e l - p l a t e  e l e c t r o d e s  and c e l l  c o n s t a n t  
about 0 .05  cm -1 . A l l  the  e x p e r i m e n t s  were pe r fo rmed  at 25 ~ . 
B e e r ' s  law was observed  i n  811 cases both f o r  i n i t i a l  r e a g e n t s  
and comp lexes .  

The e q u i l i b r i u m  of p i c r a t e s  b i n d i n g  w i t h  PEO was s t u d i e d  by 
r e c o r d i n d  a b s o r p t i o n  s p e c t r a  of  s o l u t i o n s  w i t h  a c o n s t a n t  
p i c r a t e  c o n c e n t r a t i o n  ( C )  and a v a r i a b l e  po lymer  c o n c e n t r a t i -  
on. PEO c o n c e n t r a t i o n  w a ~ r a i e e d  t i l l  no changes occu r red  in  the 
s p e c t r a ,  i . e .  t i l l  comp le te  b i n d i n g  of  p i c r a t e  i n t o  a comp lex .  
The f r a c t i o n  of  P iNt  bound was c a l c u l a t e d  from r e l a t i o n s h i p  

x = [ P i N t ]  bound / Co = ( ~ - ~ o ) / ( ~ ~ - ~ o ) , 

where ~ and E are  a b s o r p t i o n  c o e f f i c i e n t s  of  the i n i t i a l  
p i c r e t e  ~ t h e ~  complex ,  and E i s  the apparen t  a b s o r p t i o n  
c o e f f i c i e n t  of  s o l u t i o n  at  a g i v e n  PEO c o n c e n t r a t i o n .  

The a b s o l u t e  o p t i c a l  d e n s i t y  changes be ing s m a l l  (see F i g .  
1 ) ,  f o r  the accu racy  to  be i n c r e a s e d  the s p e c t r a  were measured 
i n  the t r a n s m i s s i o n  mode, w i t h  the i n v e s t i g a t e d  s o l u t i o n  
spect rum taken a g a i n s t  the p i c r a t e  s o l u t i o n  hav ing  the same 
c o n c e n t r a t i o n .  The s e r i e s  of  o b t a i n e d  s p e c t r a l  cu rves  i s  shown 
in F i g .  2. 

E q u i l i b r i u m  b i n d i n g  c o n s t a n t s  (Kn) were c a l c u l a t e d  from 
e q u a t i o n  

n x  
K n = ~ , ( 1 )  

( 1  - x )  LOJo 
were [ 0 ] o  i s  the i n i t i a l  c o n c e n t r a t i o n  of  e t h e r  oxygen and n 
i s  the a t o i c h i o m e t r y  ot  the complex ,  i . e .  the number of  mono- 
m e r i c  PEO u n i t s  bound w i t h  one c a t i o n .  S ince  the s t a b i l i t y  of  
complexes in  t h i s  case p roves  to be i n s u f f i c i e n t  f o r  r e l i a b l e  
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determination of n from the binding isotherms, by anologywith 
free cations (see ARKHIPOVICH et ai. 1981, 1982) we took n= 6. 

RESULTS AND DISCUSSION 

It was previously shown that free cations are effectively 
bound by PEO with equilibrium constants from - 2500 (Na +) to 
~150 (Cs +) I/mol, with the binding proceeding by the coopera- 
tive mechanism (ARKHIPOVICH et ai. 1981, 1982; KAZANSKII 198~. 
Cation "freedom" was achieved by using a polar solvent (nitro- 
methane) and large counterions. When one turns to investigat- 
ing similar interactions with ion pairs it is necessary to use 
salts with a higher dissociation stability in low polarity 
media, With the problems of the solubility of polymers and 
their complexes being taken into account, these requirements 
are adequately satisfied by two systems: alkali metai picrates 
in ether media (e.g. in THF) and KTBF solubie in CF and simi- 
lar solvents. In both cases the dissociation constants are su 
ficiently low, and the sensitivity of the electronic structure 
of anions to the state of ion pairs (interionic distance varia- 
tion) permits using spectrophotometry for their investigation. 
It is important to note that picrates and KTBF, being ion 
pairs of the alcoxide type, are an appropriate model of the 
active centre of ethylene oxide anionic polymerization. 

NO 2 

0 2 N - @ O -  , K + (Na +) 

NO 2 

PiMt 

~ ,  .Br  

EtOCO _ C ~ O - ,  K + 

B r - ~  Br 

d / B r  KTBF 

PiK and PiNa are  known to  e x i s t  at  room t e m p e r a t u r e  i n  THF 
e x c l u s i v e l y  i n  the form of  c o n t a c t  i on  p a i r s  (P iK  d i s s o c i a t i o n  
c o n s t a n t  i n  THF at  25 ~ i s  9 .2  x 10 .8  mo l / 1 )  w i t h  a b s o r p t i o n  
maxima at 357 and 351 nm, r e s p e c t i v e l y .  On add ing  a s o l v a t i n g  
agent  two o t h e r  bands appea r ,  ass i gned  to p e r i p h e r a l l y  s o l v a t -  
ed (357-362 nm) and s o l v e n t  s e p a r a t e d  (380 nm) ion  p a i r s  (see 
FRENSDORF 1971; BOURGOIN et  a l .  1975; SMID 1976) .  

F i g u r e  1 shows the q u a l i t a t i v e  changes i n  PiK and PiNa 
s p e c t r a  i n  THF when PEO was added. I n  i t s  pure form the s o l -  
ven t  s e p a r a t e d  s t a t e  i s  e v i d e n t l y  reached o n l y  when PiK and 
PiNa are  d i s s o l v e d  d i r e c t l y  i n  l i q u i d  l o w - m o l e c u l a r  PEO (~max = 
= 380 nm). I n  the c o n d i t i o n  of  e x p e r i m e n t  PEO a d d i t i o n  to  
PiNa can be assumed to  r e s u l t  i n  the f o r m a t i o n  of  m a i n l y  the 
p e r i p h e r a l l y  s o l v a t e d  i on  p a i r  (~max = 365 nm), w h i l e  i n  the 
case of  PiK (~max = 375 nm) the p o r t i o n  of  the s o l v e n t  
s e p a r a t e  s t a t e  i s  l a r g e r .  F i g u r e  3 shows the PiNa and PiK 
b i n d i n g  iso therms o b t a i n e d  by p r o c e s s i n g  the s p e c t r a l  cu rves  
( F i g .  2) at  30,000 and 26,000 cm -~ . I t  i s  to  be noted t h a t ,  
d e s p i t e  the i n s u f f i c i e n t l y  c l e a r l y  d e f i n e d  i s o s b e s t i c  p o i n t ,  
as w e l l  as the p resence  of  an u n r e s o l v e d  peak i n  the i n i t i a l  
p i c r a t e  spect rum ~nd those  of  s o l u t i o n  w i t h  PEO added ( s h o u l -  
der  at  24,000 c m ' •  o n l y  two s t a t e s  were taken i n t o  account  
i n  c a l c u l a t i o n s  - c o r r e s p o n d i n g  to  the f r e e  and the bound 
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PiNt, with the contribution of the other possible states assum- 
ed to be small. Calculation by equation (I) result in equilib- 
rium binding constants K , i.e. for a complex of Ht(O)~ compo- 
sition of ca. 200 and40~i/mol for PiNa and PiK, respectively, 
which, as seen from the figure, describe quite well the expe- 
rimental data in conjunction with the conventional isotherms 
of the Langmuir-Klotz type (KLOTZ et al. 1946; WONG and SHID 
1980; SINTA and SHID 1980), 

~,,nM 
330 400 500 600 

i I I I I 

D 

I~ P i K ,  T H F  

1// kk,_..._. ~ P i N s ,  THF 
,.- - \ \  

tO0 

75 ' 
30 

" | 

2 5  v x l o  -3. 

F i g .  2 .  T y p i c a l  s p e c t r a l  c u r v e s  
o b t a i n e d  when t h e  s p e c t r a  o f  i n -  
v e s t i g a t e d  s o l u t i o n  c o n t a i n e d  
PEO were recorded against ini- 

30 2~ i 15 t i a l  s o l u t i o n  o f  t h e  same s a l t  
-1 -I c o n c e n t r a t i o n :  P i N e ,  C = 3 - 8  x 

x , cm 10 - 5  m o l ~ l ;  [ 0 ] o =  3 . 8 ~ 1 0 - 3 ( 1 ) ,  
F i g .  1.  Changes  i n  t h e  a b s o r p -  9 . 5  x 1 0 - ~ ( 2 ) ,  0 . 0 1 9  ( 3 ) ,  0 , 0 3 8  
t i o n  s p e c t r a  o f  i o n  p a i r s ,  un -  ( 4 ) ,  0 . 0 7 6  ( 5 ) ,  0 . 1 1 4  (6 )  and 
d e r  c o m p l e x i n g  with PEO: I - 0 . 1 9 0  (7 )  m o l / 1 .  
w i t h o u t  a d d i t i o n s ;  2 - w i t h  
PEO a d d i t i o n ,  [ 0 ]  = 0 . 5  t o o l / l ;  
3 - i n  l o w - m o l e c u I a r  PEO as 
s o l v e n t .  

C o m p a r i s o n  o f  t h e  v a l u e s  o f  e q u i l i b r i u m  b i n d i n g  c o n s t a n t s  
f o r  c a t i o n s  i n  p i c r a t e s  and i n  t h e  f r e e  s t a t e  shows t h a t ,  as 
w o u l d  be e x p e c t e d ,  t h e  a n i o n  d e c r e a s e s  m a r k e d l y  t h e  s o l v a t i o n  
o f  c a t i o n  by t h e  p o l y m e r .  T h i s  seems t o  be t a k i n g  p l a c e  o w i n g  
t o  s t e r i c  h i n d r 8 n c e s  and m u t u a l  e l e c t r o s t a t i c  r e p u l s i o n .  I n  
t h e  case  o f  Na + t h a t  f o r m s  a more s t a b l e  i o n  p a i r  t he  a n i o n  
e f f e c t  i s  more p r o n o u n c e d ,  w h i c h  l e a d s  t o  i n v e r s i o n  o f  c o n s t -  
a n t s .  

T h i s  a l s o  e g r e e s  w i t h  t h e  r e c e n t  d a t a  o f  DINOV e t  e l .  1982 ,  
whe re  t h e  e q u i l i b r i u m  c o n s t a n t s  o f  p i c r a t e  b i n d i n g  w i t h  PEO 
d e c r e a s e d  i n  t he  s e r i e s  o f  K + )  N a + )  L i  + .  I t  i s  n e c e s s a r y  t o  
n o t e  t h a t  t h e  a b s o l u t e  v a l u e s  o f  c o n s t a n t s  i n  t h e  m e n t i o n e d  
work  d i f f e r  d r a s t i c a l l y  f rom t h o s e  we have  o b t a i n e d ,  t h e s e  d i s -  
c r e p a n c i e s  c l e a r l y  e x c e e d i n g  t h e  e x p e r i m e n t a l  e r r o r .  I t  i s  
a l s o  u n l i k e l y  t h a t  t h e  d i f f e r e n c e s  i n  t h e  p r o c e d u r e  o f  c a l c u -  
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l a t i n g  the  c o n s t a n t s  - f rom PEO c o n c e n t r a t i o n  n e c e s a r y  f o r  t he  
b i n d i n g  o f  h a l f  the  i n i t i a l  p i c r a t e  c o n c e n t r a t i o n  (as i t  was 
done by DIMOV et  e l .  1982) or  u s i n g  the  who le  i s o t h e r m  - can 
e x p l a i n  such l a r g e - s c a l e  d i s c r e p a n c i e s .  I t ,  t h e r e f o r e ,  seems 
i m p o s s i b l e  at  p r e s e n t  to  comment on t hese  d i f f e r e n c e s .  

R e t u r n i n g  to  t he  o b t a i n e d  v a l u e s  of  b i n d i n g  c o n s t a n t s  K 6 
one can no te  t h a t  t h e y  are  s u f f i c i e n t l y  h i gh  and i n d i c a t e  an 
e f f e c t i v e  i on  p a i r  c a t i o n  i n t e r a c t i o n  w i t h  the  m a c r o m o l e c u l e .  
T h i s  p e r m i t s ,  as i n  t he  c a s e  of  f r e e  c a t i o n s  (KAZANSKII 1981) 
t o  assume a c o o p e r a t i v e  mechanism of  b i n d i n g  (STEINHARD and 
REYNOLDS 1969; ENGEL and WINKLMAIR 1972) in  acco rdance  w i t h  
the following scheme: 

oc ,,  O-o 
o~ . Mt § o~.t § .-~ Y~ "t§ 3 j o -- . .~ ~,Mt § ?( 

o ~ o ~  / ~ ~  
OcO~ (.0---0 ---0 .so.JO 

2) 

The most d i f f i c u l t  i n  such a scheme i s  t he  f i r s t  s t age  where 
most o f  t he  e n t r o p y  o f  t he  system i s  l o s t .  A l l  t he  subsequen t  
s t a g e s ,  p r o c e e d i n g  i n t r a m o l e c u l a r l y  by c y c l i z a t i o n  w i t h  the  
me ta l  i on  c o o r d i n a t i o n  s h e l l  be ing  s a t u r a t e d  w i t h  oxygen atoms, 
go w i t h  l e s s  e n t r o p y  l o s s .  The a p p a r e n t  e q u i l i b r i u m  c o n s t a n t  
can be w r i t t e n  as 

K n = K 1 K? -I = ~ Kn 
3 J '  

where  ~ ; K ~ / K j  i s  c o o p e r a t i v i t y  f a c t o r ,  K i s  e q u i l i b r i u m  
c o n s t a n t  . ~ .  the  second and any subsequen t  c o n t a c t .  I f  t he  

v a l u e  i s  s u f f i c i e n t l y  s m a l l  t he  mechanism " a l l - o r - n o t h i n g "  
c o u l d  t a k e  p l a c e  i n  t h i s  sys tem,  i . e .  f r e e  and c o m p l e t e l y  s o l -  
v a t e d  i on  p a i r s  wou ld  o n l y  e x i s t  i n  e q u i l i b r i u m .  A c c o r d i n g  to  
e s t i m a t i o n  ( see  ENGEL and WlNKLNAIR 1972) t he  ~ v a l u e  can be 
as low as 10 -9  1 / m o l ,  than  K = 70 and the  p r o b a b i l i t y  o f  t he  
c y c l i z a t i o n  i n  the  second Jand subsequen t  s t a g e s  i n  scheme 
(2)  c o u l d  reach  0 . 9 5 -  0 . 9 8 .  T h i s  v a l u e  r e f l e c t s  t he  h i gh  a b i -  
l i t y  o f  PEO to  e f f e c t i v e  m u l t i p l e  s o l v a t i o n  o f  c a t i o n .  

E f f e c t i v e n e s s  o f  t he  s o l v a t i n g  agent  w i t h  r e s p e c t  to  t he  
i o n - p a i r  c a t i o n  can a l s o  be e s t i m a t e d  from the  t e n d e n c y  o f  i t s  
s o l v a t e d  s t a t e  to  d i s s o c i a t i o n .  Under  c e r t a i n  c o n d i t i o n s ,  v i z .  
at  r e l a t i v e l y  h i gh  c o n c e n t r a t i o n s  and s l a r g e  excess  o f  t he  
po l ymer  l i g a n d ,  t he  complex  scheme of  the  d i s s o c i a t i o n  ( s e e ,  
e . g . ,  SMID 1976;  FRENSDORF 1971) can be reduced  to  the  f o l l o w -  
i ng  e q u i l i b r i u m :  

KD )+ 
(MtOn)+, Pi- ~ " (MtO n + Pi-. 

The PiK conductivity dependence on concentration in these 
c o n d i t i o n s  i s  w e l l  d e s c r i b e d  by a s i m p l e  d i l u t i o n  law w i t h  a 
d i s s o c i a t i o n  c o n s t a n t  o f  about  10 -4  m o l / 1 ,  a g a i n s t  2 . 4 x  20 - 5 -  
4 . 1  x lO -5  mo l / 1  o b t a i n e d  by Smid and c o - w o r k e r s  f o r  PiK comp- 
l e x e s  w i t h  d i f f e r e n t  p o l y c r o w n s  (BOURGOIN et  e l .  1 9 7 5 ) .  

KTBF i s  a new r e a g e n t  i n  s t u d y i n g  the  i o n - p a i r  s o l v a t i o n .  
T h i s  compound i s  o f  s p e c i a l  i n t e r e s t  not  o n l y  because o f  t he  
w i d e l y  spaced peaks of  t he  i n i t i a l  (394 nm) and the  s o l v a t e  
o r  f r e e - i o n  s t a t e s  (615 nm) ( F i g .  1 ) ,  but a l s o  owing to  t he  
p o s s i b i l i t y  o f  u s i n g  i t  i n  v e r y  low p o l a r i t y  med ia .  I n v e s t i g e -  
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tions have shown PEO to bind readily KTBF in CF, with the iso- 
therms, as in the case of picrates, being close to Langmuir's 
(Fig. 3). Calculation by equation (1) results in equilibrium 
binding c o n s t a n t  K6~ 400 i/mol. 
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In going from THF to C~ 
which has no affinity to 
cations and is less polar, 
one would expect a great 
increase in binding effec- 
tiveness. This, however, 
is not observed if KTBF is 
compared with PiK. Quali- 
tative experiments show 
that KTBF is bound by PEO 
macromolecules in THF, but 
only very slightly, since 
the reagent itself is in 
this case in solvated sta- 
te. Thus, a decrease in 
polarity and solvating 
ability here is almost 
completely compensated by 

Fig. 3 Isotherms of ion-pair bind- the anion becoming more 
�9 complex�9 It should be 

ing with PEO. noted that in the condi- 
tions of a low polarity medium there is marked interaction 
between KTBF and polysiloxanes that are much weaker donors 
than PEO, but these effects lend themselves with great diffi- 
culty to quantitative evaluation�9 

The separation of the contributions of free and bound sta- 
tes to the spectra, conductivity, etc. makes, from the metho- 
dic point of viev, analysis of the interaction between poly- 
mers and ion pairs as well as cations (see ARKHIPOVICH et al. 
198i) in solution more difficult. One could avoid these dif- 
ficulties, at least partially, by using a polymer in the 
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K = 900 ~ "  
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Fig. 4�9 Isotherms of PiK bind- 
ing with cross-linked PEO gel. 

cross-linked form and solving 
the problem in question with 
the heip of absorption methods. 
Such exampies are avaibie in 
iiterature (TAKAGISHI et ai. 
1980) �9  

We have pe r fo rmed  p r e l i m i -  
na ry  e x p e r i m e n t s  i n  wh ich  ge l  
of  PEO c r o s s - l i n k e d  by i r r a d i -  
a t i o n  was used.  A f t e r  be ing  
c r o s s - l i n k e d  i n  aqueous medium 
the g e l  was f r e e z e - d r i e d  and 
kept  u n t i l  e q u i l i b r i u m  s w e l l -  
ing  i n  THF�9 Sma l l  p i e c e s  of  
s w o l l e n  g e l  were p laced  in  PiK 
s o l u t i o n  i n  THF, w i t h  the f r e e  
p i c r a t e  c o n c e n t r a t i o n  ove r  the 
g e l  be ing p e r i o d i c a l l y  d e t e r -  
mined by spectroscopy. A f t e r  
the e q u i l i b r i u m  c o n c e n t r a t i o n  
had been reached the g e l  was 
t r a n s f e r r e d  i n t o  a new e o l u t i -  
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on w i t h  a h i g h e r  i n i t i a l  PiK c o n c e n t r a t i o n ,  and so on u n t i l  
the  s a t u r a t i o n  was c o m p l e t e .  R e s u l t s  of  t h i s  e x p e r i m e n t  show 
t h a t  the g e l  can absorb  up to  0 . 1 0 -  0 .15  mol PiK per  PEO u n i t ,  
i . e . ,  the  c a p a c i t y  reached i s  c l o s e  to  t h a t  observed  at  b i n d -  
ing  in  s o l u t i o n .  B i n d i n g  a b i l i t y  i s  a l s o  h igh  he re :  c a l c u l a t i -  
on y i e l d s  the b i n d i n g  c o n s t a n t  of  ca.  900 1 / m o l .  Some unce r -  
t a i n t y  i s  b rought  i n t o  c a l c u l a t i o n  by an i n c r e a s e  i n  g e l  v o l u -  
me i n  the  course of  e x p e r i m e n t ,  most p r o b a b l y  caused by a p a r -  
t i a l  d e s t r u c t i o n  of  c r o s s - l i n k s  d u r i n g  s t o r a g e  i n  THF. 

The p r e s e n t l y  a v a i l a b l e  e x p e r i m e n t a l  d a t a ,  as w e l l  as the 
absence of  r e l i a b l e  data  on c r o s s - l i n k i n g  d e n s i t y  i n  the g e l s  
used,  are  i n s u f f i c i e n t  to  d i s c u s s  the causes of  the d i f f e r e n -  
ces i n  the e f f e c t i v e n e s s  of  s a l t s  b i n d i n g  w i t h  PEO macromole-  
c u l e s  i n  the c r o s s - l i n k e d  and the  f r e e  s t a t e s  ( F i g .  4 ) ,  I t  i s  
p o s s i b l e  t h a t  complexes of  a n o t h e r  s t o i c h i o m e t r y  are  formed i n  
the g e l ,  i t  c o n t a i n s  more r e a d i l y  bound " t r a p s " ,  o r  t h i s  i s  
i n f l u e n c e d  by a s m a l l e r ,  i n  compar ison w i t h  s o l u t i o n ,  e n t r o p y  
l o s s  by mac romo lecu les  at  c o m p l e x i n g .  

I t  i s  n e c e s s a r y  to  note t h a t  the bound form i s  a lmos t  comp- 
l e t e l y  l o c a l i z e d  i n  the g e l ,  and the s p e c t r a  of  s o l u t i o n  over  
i t  a re  i d e n t i c a l  w i t h  those of  i n i t i a l  P iK .  

A s p e c t a c u l a r ,  t h rough  p u r e l y  q u a l i t a t i v e ,  e x p e r i m e n t  was 
pe r fo rmed  w i t h  KTBF: i n t r o d u c i n  9 g e l  p i e c e s  i n t o  a b r i g h t -  
y e l l o w  KTBF s o l u t i o n  i n  CF brought  about an a lmos t  i n s t a n t a n e -  
ous d e c o l o r a t i o n  of  s o l u t i o n ,  and, as the s w e l l i n g  i n c r e a s e d ,  
the g e l  became i n t e n s i v e l y  b lue  i n  c o l o u r .  

Po lymer  g e l s  appear  to  be p r o m i s i n g  as media f o r  i n v e s t i g a ~  
ing  the k i n e t i c  s t ages  of  c e r t a i n  p r o c e s s e s .  T h i s  " c r o s s - l i n k -  
ed" s o l v a t i n g  media can be used not o n l y  f o r  the m o d e l l i n g  and 
l o c a l i z a t i o n  of  p rocesses  in  which s o l v a t i o n  p l a y  a d e c i s i v e  
role but also for carrying out a number of nucleophilic reac- 
tions, in particular, in the conditions of interphase cataly- 
sis (STARKS and LIOTS i978) where low-molecular crown-ethers 
or cryptands, or those immobilized on polymeric carriers, pre- 
dominate at present. 

CONCLUSIONS 

The data  on the comp lex ing  of  p i c r a t e s  w i t h  PEO lead  to  the 
c o n c l u s i o n  t h a t  the an ion  competes w i t h  the po l ymer  l i g a n d s  in  
the c a t i o n  s o l v a t e  s h e l l .  As the r e s u l t  the b i n d i n g  c o n s t a n t s  
of  ion  p a i r s  are s u b s t a n t i a l l y  l owe r  then those of  f r e e  c a t i -  
ons.  The p i c r a t e  an ion  seems to be a more p o w e r f u l  l i g a n d  than 
PEO because of  a h i g h e r  degree of  the n e g a t i v e  charge l o c a l i -  
z a t i o n .  An i n c r e a s e  i n  the s i z e  or i n  the degree of  charge l o -  
c a l i z a t i o n  on the an ion  must weaken even more the c a t i o n  b i n d -  
i n g .  N e v e r t h e l e s s ,  s o l v a t i o n  of  ion  p a i r s  by mac romo lecu les  
p roceeds  s u f f i c i e n t l y  e f f e c t i v e  to  be r e s p o n s i b l e  f o r  the s o l -  
v a t i n g  e f f e c t s  i n  a n i o n i c  p o l y m e r i z a t i o n .  The a b i l i t y  of  PEO 
to  s e p a r a t e  c o u n t e r i o n s  in  the ion  p a i r  i s  p r a c t i c a l l y  the 
same as t h a t  of  po l yc rown  e t h e r s .  The v a l u e s  of  c o n s t a n t s  
200-400 1 / m o l ,  w i t h i n  f ramework of  the mechanism of c o o p e r a t i -  
ve b i n d i n g ,  co r respond  to  h igh  v a l u e s  of  the p r o b a b i l i t y  of  
cha in  c a p t u r e  round the c a t i o n  i n  the form of  a c y c l i c  s o l v a t e  
s h e l l .  Being c r o s s - l i n k e d  PEO p r e s e r v e s  a h igh  a b i l i t y  to  b ind  
and l o c a l i z e  ion  p a i r s ,  which i s  of  i n t e r e s t  from the p o i n t  o f  
v i e w  of  p r e p a r a t i v e  r e a c t i o n s  i n  t h i s  med ia .  
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