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SUMMARY 

The h e t e r o g e n e i t y  o f  copo lymers  o f  s t y r e n e  and d l v t n y l b e n z e n e  
was i n v e s t i g a t e d .  The d i s t r i b u t i o n  o f  d i v i n y Z b e n z e n e  u n i t s  
w i t h i n  the c r o s s l i n k e d  copo lymer  y i e l d s  i n f o r m a t i o n  about  the 
tnhomogene t t y  o f  the ne twork  fo rmed.  Proceed ing from the 
monomer r e a c t i v i t y  r a t i o s ,  the monomer c o m p o s i t i o n s  and from 
the c o n v e r s i o n  we se t  up h is togramms o f  the d i s t r i b u t i o n  o f  
the d f v t n y l b e n z e n - t s o m e r s  w i t h i n  the  formed oopo l ymers .  As a 
ma thema th i ca l  e x p r e s s i o n  o f  h e t e r o g e n e i t y  we used the 
r e l a t i v e  v a r i a n c e .  P o s s i b i l i t i e s  to  i n f l u e n c e  the h e t e r o -  
g e n e t t t e s  found are  d i s c u s s e d .  

INTRODUCTION 

P o l y ( s t y r e n e - c o - d i v i n y l b e n z e n e )  i s  the bas i s  f o r  the p r o d u c -  
t i o n  o f  ton  exchange r e s i n s .  The s t r u c t u r e  o f  these c o p o l y -  
mers p l ays  an e s s e n t i a l  r o l e  f o r  the p r o p e r t i e s  o f  the i o n  
exchangers  produced ou t  o f  them, s .  e .  g .  SCHWACHULA and 
POPOV ( 1 9 8 2 ) .  
Our observations rested primarily upon kinetic investigations 
of the radical and anionic statistic copolymerization as well 
as anionic block copolymerization of the system styrene- 
divinylbenzene. 
For the statistic copolymerizations the monomer reactivity 
ratios were determined and on this basis qualitative state- 
ments on the structure were made. Tn the present contribution 
the heterogeneity should be quantitatively dealt with by 
means of a computer-based analysis. 

EXPERIMENTS 

Styrene and divlnylbenzena w e r e  copolymerized and the 
decrease of monomer concentration was followed up by gas 
chromatographyt POPOV and SCHWACHULA (1979). The monomer 
reactivity ratios were determined and compared by various 
methods. Unknown values for further monomers were borrowed 
from the literature or calculated. The analysis of the 
heterogeneity was accomplished by the following monomer 
reactivity ratios for the radical system styrene-divlnylben- 
zene, POPOV and SCHWACHULA (1981 a). 
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1) S t y r e n e / 2 ) p - d i v l n y l b e n z e n e  
r12 = 0,65 r21 = 1,10 

1) S t y r e n e / 3 ) m - d l v i n y l b e n z e n e  
r13 = 0 ,54  r31 = 0,98 

2) p - d i v i n y l b e n z e n e / 3 ) m - d i v i n y l b e n z e n e  
r23 = 0,88 r32 = 1,11 

1) S t y r e n e / 4 ) a c r y l o n i t r i l e  
r14 = 0,41 r41 = 0 ,04  
(mathemat ica l  mean va lue by YOUNG (1966) 

2) p - d l v i n y l b e n z e n e / 4 ) a c r y l o n i t r i l e  
r24 = 1,44 r42 = 0 ,37  

(exper iment )  

(experiment) 

(calculated) 

( c a l c u l a t e d )  

3) m-d i v i n y l b e n z e n e / 4 ) a c  r y l o n i t  r i l e  
r34 = 1,78 r43 = 0 ,35 ( c a l c u l a t e d )  

For determining the heterogeneity a computer KRS 4200 was 
used. The programme was written in DIWA. 

RESULTS 

The chemical heterogeneity is manifested qualitatively in 
the change of the chemical composition of the copolymer in 
the course of the copolymerization. The reason for it are 
the various monomer reactivities. This involves a more or 
less inhomogeneous incorporation of cross-link components in 
the copolymer. A quantitative expression is given by the 
distribution of the amounts of the cross-linking agent in 
the polymer mixture after completing the polymerization. 
AS numerical value the variance or the ratio of the variance 
to the maximum posslble variance is suitable for characteri- 
zing the heterogeneity. This ratio is referred to as relati- 
ve variance by US. The variance is analogous to the hetero- 
geneity parameter Q according to BUSHUK and BENOIT (1958). 
Q has an equal value to the variance, multipled by the mean 
molecular weight of the polymer. Since the numerical value 
of the variance yields only an insufficient information, it 
is necessary to set up e. g. a histogram for characterizing 
the polymer. 
For this purpose a polymer is subdivided into classes accor- 
ding to its content of a component (chemically approximate 
uniform fractions) and the ratio between the amount of sub- 
stances of these classes and the total amount of substances 
is considered. In the present case we consider the component 
divinylbenzene in the styrene-divinylbenzene-copolymers. 
Thus, a histogram of distribution is being obtained. The 
function formed hereby indicates the distribution of the 
cross-linking agent and in this way distribution of the 
cross-linkage points. 
Ae a basis of the calculation served a system of differenti- 
al equations of the type 
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dHi(C) 
MPi(C) = Hi (C)  - T " (1 - C) 

He r e  

M i = N i ( C )  

MPi= MPi(C) 

C 

mole fraction of the component i in the 
monomer mixture at the conversion C 

mole fraction of the component i of a monomer 
incorporated in the polymer at a certain 
moment (conversion) = the amount of the compo- 
nent i in the polymer being just formed 

conve rsion 

For this system a solution for two arbitrary monomers was 
found by MEYER and L~VRY, 1965. We applied the same system 
to any number of monomers and established the corresponding 
calculating programme. 
Input : 

n number of all monomers; 

k number of the monomers whose distribution in 
polymers should be expressed; 

c interval for the rise of conversion (mole per 
cent) ; 

C e final conversion (~) ; 

HOl...Mon amount of the components in the monomer feed 
(mole per cent); 

Si....S k extent of the class for the components i to k for 
calculating the histogram (mole per cent); 

(rij) monomer relativity ratios in matrix form 

Output : 
the copolymerization diagram (C, H~(C), MP4(C )); 
the histogram of the distribution 'for the 8omponents i to k 
in table form; 
the boundar ies of  the c lasses (mole per c e n t ) ;  
the r e l a t i v e  abundance (~ of the polymer i n  the c lass  mentio- 
ned ) ; 
variance = (~) ; 
relative variance ( r . v . ) ;  
"density" O. It serves as a figure for the graphic 
evaluation and indicates the height of the column in the 
respective class in the histogram. It is defined as- 

n i 
D = 

n t �9 b i 

n i amount of substances of the polymers of the class i 

n t total amount of substance 

b i extent of the class i. 
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If required, the distribution o f  the sum obtained from the 
amounts of several components may be expressed, e. g. the 
distribution of p-divinylbenzene + m-divinylbenzene in the 
polymer. In Fig. 1 and 2 there are histograms of the distri- 
bution of p-dlvlnylbenzene and m-divinylbenzene resp. in the 
polymer composed of 8 mole per cent divinylbenzene and 92 
mole per cent styrene at a 100 ~ conversion. 

D 

0,2 

0,15 

0,1 

0~5 

p-DVB [mol~-%] 

Fig. 1: Histogram of the distribution of p-divinylbenzene 
(8 mole per cent) in the poly(styrene-co-p-divinyl- 
benzene) r.v. 9,61 �9 10 -0 . 

D 
0,15 ! 

0,1 

OD5 
b" 
~c 

m-DVB [rnole-%] 

Fig. 2 :  Histogram o f  the distribution o f  m-divinylbenzene 
(8 mole per cent) in the ~oly(styrene-co-m-divinyl- 
benzene)  r . v .  1 7 , 3 5  �9 :tO--~. 
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The h e t e r o g e n e i t y  o f  the  d i s t r i b u t i o n  o f  d i v i n y l b e n z e n e  i n  
the  p o l y ( s t y r e n e - c o - m - d i v i n y l b e n z e n e )  was found to be l a r g e r  
than  t h a t  i n  the p o l y ( s t y r e n e - c o - p - d i v i n y l b e n z e n e )  ( r . v .  
17 ,36 �9 10-3 reap .  9 ,61  �9 1 0 - 3 ) ~  I f  a t h i r d  comonomer a c r y l o -  
n i t r t l s  i s  pu t  i n  the amount o f  2 o r  8 o r  10 mole per  c e n t ,  
the homogene i ty  i n  the p o l y ( s t y r e n e - c o - p - d i v i n y l b e n z e n e )  
( F i g .  3)  improves  and the  r e l a t i v e  v a r i a n c e  decreases= 
8 ,01  �9 10 -3  reap~ 5,65 ~ 10-3 reap~ 3 ,90  �9 1 0 - 3 .  Ana logous  
to  i t  the  h e t e r o g e n e i t y  i n  the p o Z y ( s t y r e n e - c o - m - d i v i n y l b e n -  
zene)  ( F i g ~  4) and the r e l a t i v e  v a r i a n c e  15,09 �9 10-3 reap~ 
11 ,42  �9 10 -~ reap .  8 ,43  �9 10-3 d e c r e a s e .  

D 

oJ 

o7 

OJ 

0.4 

o3 

o~ 
o.1 

i 2 3 4 $ 6 ~ 8 r = 
p-ova [mol,-%] 

F i g .  3 :  H is togram o f  the  
d i s t r i b u t i o n  o f  p - d i v i n y l -  
benzene (B mole per  c e n t )  
i n  the p o Z y ( s t y r e n e - c o - p -  
d i v i n y l b e  nzene-co -a  c r y l o -  
n i t r t Z e ) .  
ACN 10 mole per  c e n t ,  r . v .  
3 ,90  �9 10 " 3 .  

D 

O,4 

0,3 

O2' 

0,1, 

m - DV B [mote-% ] 

F i g .  4 :  H is togram of  the d i s t r i b u t i o n  o f  m - d i v i n y l b e n z e n e  
(8 mole per  c e n t )  i n  the p o l y ( e t y r e n e - c o - m - d i v i n y l -  
b e n z e n e - c o - a t  r y l o n i t  rs ) .  
ACN 10 mole per  c e n t ,  r ~  B,43 �9 10 -3  

A l s o  i n  a copo lymer  o f  s t y r e n e ,  p - d i v i n y l b e n z e n e ,  m - d i v l n y  ! -  
benzene and a c r y l o n i t r s  the r e l a t i v e  v a r i a n c e  7 ,25  �9 10-~ 
shows t h a t  the  h e t e r o g e n e i t y  i s  r e l a t i v e l l y  smaZl ( F i g .  5) 
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Fig. 5: Histogram of the distribution of dlvinylbenzene (p- 
divlnylbenzene + m-divinylbenzene = 8 mole per cent 
in ratio 1 : 4) in the copolymer of styrene, divi- 
nylbenzene and acrylonitrile, ACN 10 mole per cent, 
r . v .  7 ,25 �9 10 - 3 .  

The results presented show that the addition of acrylonl- 
trile improves the homogeneity of the distribution of the 
cross-llnklng units, whereas the same system without 
ecrylonltrlle indicates the relative variance 15,4 �9 10 -3 . 
Thls statement was confirmed by the testlng of some proper- 
tles of the ion exchange reslne produced out of them, 
SCHWACHULA and POPOV (1982). 
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