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SUMMARY 

The s e p a r a t i o n  of  l i n e a r  o l i g o c a r b o n a t e s  has been c a r r i e d  
out  by the t ype  of  f u n c t i o n a l i t y ,  namely  the number and n a t u -  
re of  t e r m i n a l  c h l o r o a n h y d r i d e  and h y d r o x y l  g roups .  The ana-  
l y s i s  was pe r fo rmed  w i t h  the a i d  of  a n o v e l  v a r i a n t  of  HPLC - 
" s e p a r a t i o n  i n  a c r i t i c a l  r e g i o n "  (SCR). on the boundary  of  
the e x c l u s i o n  and a d s o r p t i o n  s e p a r a t i o n  modes. The SCR method 
i s  c h a r a c t e r i s e d  by p r a c t i c a l l y  comp le te  d i s a p p e a r a n c e  o f  se-  
p a r a t i o n  by m o l e c u l a r  masses ( s i z e s )  w h i l e  chromatograms ob- 
t a i n e d  i n  the c r i t i c a l  r e g i o n  g i v e  i n f o r m a t i o n  o n l y  on the 
t y p e s  o f  f u n c t i o n a l i t y  of  o l i g o m e r s  under  s t u d y .  The c r i t i c a l  
p o i n t  f o r  the o l i g o c a r b o n a t e s  has been found on s i l i c a s  " S i -  
l a s o r b  600" and " L i c h r o s p h e r e  S i  500" i n  a b i n a r y  s o l v e n t  c a r -  
bon t e t r a c h l o r i d e - c h l o r o f o r m .  An e f f e c t  of  pore s i z e  on the 
r e t e n t i o n  vo lumes o f  mac romo lecu les  o f  d i f f e r e n t  f u n c t i o n a l i -  
t y  under  c r i t i c a l  c o n d i t i o n s  i s  d i s c u s s e d .  

INTRODUCTION 

I n  the b e h a v i o u r  of  r e a c t i v e  o l i g o m e r s  the i m p o r t a n t  r o l e  
i s  p l a y e d  both by the n a t u r e  and number of  t h e i r  f u n c t i o n a l  
groups wh ich  a re  c h a r a c t e r i z e d  by the f u n c t i o n a l i t y  t ype  d i s -  
t r i b u t i o n  (FTD) (ENTELIS et  a l .  $973) .  

L i q u i d  ch roma tog raphy  methods a re  u s u a l l y  used f o r  the ex-  
p e r i m e n t a l  d e t e r m i n a t i o n  of  FTD ( r e l a t i v e  c o n t e n t s  o f  the mac- 
r o m o l e c u l e s  w i t h  v a r i o u s  number and t ypes  of  f u n c t i o n a l  g r o -  
u p s ) .  However,  a lmos t  i n  a l l  cases t h e s e D a r a t i o n  by the f u n c -  
t i o n a l i t y  i s  accompanied by s e p a r a t i o n  a c c o r d i n g  to m o l e c u l a r  
masses which c o m p l i c a t e s  the p r o c e s s i n g  of  the o b t a i n e d  c h r o -  
matograms.  

We have r e c e n t l y  proposed and s u b s t a n t i a t e d  e x p e r i m e n t a l l y  
(GORSHKOV et  a l .  $983, 1985a,b)  a new method f o r  c h r o m a t o g r a -  
phy of  mac romo lecu les  - a s e p a r a t i o n  i n  the c r i t i c a l  r e g i o n  
(SCR), which p e r m i t s  one to s o l v e  the problem of  FTD d e t e r m i -  
n a t i o n  f o r  t e l e c h e l i c  p o l y m e r s .  The essence of  the method con-  
s i s t s  i n  t h a t  i n  the  c r i t i c a l  p o i n t  o f  c o i l  - adsorbed c o i l  
t r a n s i t i o n ,  the dependence of  the r e t e n t i o n  vo lumes on macro-  
m o l e c u l e  s i z e s  v a n i s h e s  and s e p a r a t i o n  i s  d e t e r m i n e d  by o t h e r  
f a c t o r s ,  e . g .  by the number and t ypes  of  t e r m i n a l  f u n c t i o n a l  
g roups .  
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In  the p r e s e n t  work the SCR method has been a p p l i e d  to the 
d e t e r m i n i n g  FTD f o r  o l i g o c a r b o n a t e s .  A p o s s i b i l i t y  of  o p t i m i -  
z a t i o n  of  c h r o m a t o g r a p h i c  s e p a r a t i o n  w i t h  r espec t  to  f u n c t i o -  
n a l i t y  t ypes  due to a change i n  the s i z e  of  adso rben t  pores i s  
d i s c u s s e d .  

EXPERIMENTAL 

O l i g o c a r b o n a t e s  w i t h  the f o l l o w i n g  repea ted  u n i t s  have been 
s t u d i e d :  

t L 0 - 0 -  C(CH3)2 - 0 -  0 - C(O) ]" n 

The samples s t u d i e d  c o n t a i n e d  b i f u n c t i o n a l  macromo lecu les  
(n ~ 10) with different functionality: 

CIOC - [  ] -  COC1 (1)  

HO - [  ] -  COC1 (2) 

HO -[ ]- OH (3) 

S i l a s o r b  600 (po res  d i a m e t e r  D < 100 A) and L i c h r o s p h e r e  S i  
500 (D = 500 A) were used as a d s o r b e n t s ;  b i n a r y  s o l v e n t  CC1.- 
CHC13 se rved  as a m o b i l e  phase.  However,  CC14 i s  a bad s o l  -4  

v e n t  f o r  p o l y ( c a r b o n a t e s )  which causes c e r t a i n  d i f f i c e l t i e s  
i n  c r e a t i n g  c r i t i c a l  c o n d i t i o n s  s i n c e  the " c r i t i c a l "  comoos i -  
t i o n  of  a b i n a r y  s o l v e n t  i s  near  the s o l u b i l i t y  l i m i t s  of  the 
samp le .  

The e x p e r i m e n t  was c a r r i e d  out  on a SP-8700 l i q u i d  chroma- 
t o g r a p h  and the r e s u l t s  were t r e a t e d  on a SP-4100 i n t e g r a t o r .  

RESULTS AND DISCUSSION 

S e v e r a l  f r a c t i o n s o f  the sample c o n t a i n i n g  o n l y  macromolecu-  
l e s  o f  t ype  1 o f  d i f f e r e n t  m o l e c u l a r  masses were p r e l i m i n a r y  
c o l l e c t e d  a t  the e x c l u s i o n  mode (100~ o f  OHCI~ S i l a s o r b ) .  An 
a d d i t i o n  of  CC14 to CHC13 made i t  p o s s i b l e  t o ~ ' f i n d  the c r i t i -  

c a l  p o i n t  ( 17~ of  CHCI= i n  CC14, S i l a s o r b ) .  
However,  o n l y  macrom~ lecu les  of  t ype  1 are e l u t e d  w i t h i n  a 

d e t e c t a b l e  range o f  r e t e n t i o n  vo lumes upon s e p a r a t i o n  in  the 
c r i t i c a l  r e g i o n  of  the o l i g o m e r s  w i t h  a l l  t h r e e  t ypes  of  f u n c -  
t i o n a l i t y  w h i l e  m o l e c u l e s  of  t ypes  2 and 3 are  adsorbed " i r r e -  
v e r s i b l y "  ( F i g  l a ) .  To overcome t h i s  o b s t a c l e ,  i t  i s  p o s s i b l e  
to  i n c r e a s e  the s o l v e n t  p o l a r i t y ,  i . e .  to pass to the e x c l u -  
s i v e  mode. But i n  t h i s  case the s e p a r a t i o n  of  m o l e c u l e s  by 
t h e i r  s i z e  l e a d s  to o v e r l a p p i n g  of  zones w i t h  d i f f e r e n t  f unc -  
t i o n a l i t i e s  which makes i t  i m p o s s i b l e  to  d e t e r m i n e  FTD. 

In  such a s i t u a t i o n  the s i m p l i e s t  way to o p t i m i z e  the sepa-  
r a t i o n  by f u n c t i o n a l  t ypes  under the c r i t i c a l  c o n d i t i o n s  i s  to  
change the s i z e  o f  s t a t i o n a r y  phase po res .  As f o l l o w s  from the 
t h e o r y  deve loped  f o r  l a t t i c e  and Gauss cha ins~ the d i s t r i b u t i -  
on c o e f f i c i e n t s  K~ ~ f o r  non- ,  mono- and b i f u n c t i o n a l  molecu-  
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C-COCt 

CLOC- COC[~ 

b 

CLOC~OH 

o co 
s 

F i g . 1 .  E f f e c t  of  po- 
re s i z e  of  s t a t i o n a -  
ry  phase on r e t e n t i -  
on volume s c a l e  of  
o l i g o c a r b o n a t e  f unc -  
t i o n a l  m o l e c u l e s .  
( e l u e n t  CC14-CHCl3, 
u=l ml/min, sample 
volume 10 ul, UV,co- 
lumn 250x4 mm) 
a - S i l a s o r b  600, 17% 
CHC13; 

b - L l c h r o s p h e r e  $1500, 
30% CHCl 3 . 

VRmi 
l e s  under  c r i t i c a l  c o n d i t i o n s  have the form (GORSHKOV et a l .  
1982; GORBUNOV and SKVORTSOV 1984) :  

K~ o) : 1 

K 1)~ = & + 2aD (exp(  O f -  Oc)  - 1) 

4a 2a 2 
I<~ 2) = 1 +--~- ( e x p ( S f -  8 c ) - l ) + ~ - - ~ O ( e x p (  8 f -  8 c ) - 1 )  2 

R < D 

where ~ f -  ~c i s  the d i f f e r e n c e  between i n t e r a c t i o n  e n e r g i e s  

of  the t e r m i n a l  ( f u n c t i o n a l )  and m idd le  u n i t s  w i t h  the a d s o r -  
bent  s u r f a c e ,  a- i s  the va lue  of  the o r d e r  of  segment s i z e ,  
D i s  the pore s i z e ,  R i s  the macrcmo lecu le  s i z e .  

As i s  seen from e x o r e s s i o n s ,  the g r e a t e r  the pore s i z e , t h e  
s m a l l e r K  d and, hence, VR~ For mo lecu les  c o n t a i n i n g  CIOC- g r o -  

ups,  Of = ~ c '  and in  terms of  e q u a t i o n s  t hey  may be a t t r i b u -  

ted to " n o n f u n c t i o n a l "  ( t y p e  1) and "mono-" and " b i f u n c t i o n a l "  
mo lecu les  ( t y p e  2 , 3 )  w i t h  respec t  to -OH. 

When R > D f o r  the b i f u n c t i o n a l  mo lecu les  the t e r m i n a l  g r o -  
ups are  s t s t i s t i c a l l y  i ndependen t .  When R < D i t  i s  necessa ry  
to  take i n t o  account  a c o r r e I a t i o n  in  the d i s p o s a l  of  cha in  
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ends.  I t  shou ld  be noted t h a t ,  i n  wide p o r k i e r  < D c o n t r a r y  
to  nar row ones R �9 D, some dependence of  K~ -J on the macromo- 
l e c u l e s  s i z e  R i s  obse rved .  

S ince  the pore s i z e  a f f e c t s  the s c a l e  V R of  the f u n c t i o n a l  

m o l e c u l e s ,  the use of  wide porous L i c h r o s p h e r e  S i  500 p e r m i t -  
ted us to  s e p a r a t e  o l i g o c a r b o n a t e s  by f u n c t i o n a l  t ypes  i n  c r i -  
t i c a l  r e g i o n  w i t h i n  an optimum range of  V v a l u e s ,  F i g .  l b .  

O the r  p o s s i b i l i t i e s  f o r  o p t i m i z a t i o n  o~ the s e p a r a t i o n  o f  
f u n c t i o n a l  mac romo lecu les  under c r i t i c a l  c o n d i t i o n s  c o n s i s t  
i n  r e g u l a t i n g  the d i f f e r e n c e  ~ f -  ~ due to s p e c i f i c  i n t e r -  
a c t i o n s  of  the f u n c t i o n a l  groups wi~h the m o b i l e  phase,  mo- 
d i f i c a t i o n  of  the adso rben t  which changes i t s  s e l e c t i v i t y  w i t h  
r e s p e c t  to  t e r m i n a l  and cha in  u n i t s ,  or  m o d i f i c a t i o n  of  f u n c -  
t i o n a l  g roups t h e m s e l v e s  i n  the a n a l y s e d  o l i g o m e r .  
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