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SUMMARY 

A c o m p u t a t i o n a l  m e t h o d  i s  p r o p o s e d  f o r  d e t e r m i n a t i o n  o f  t h e  c o -  

p o l y m e r  c o m p o s i t i o n  and  m i c r o s t r u c t u r e  d e p e n d e n c e  on  t h e  c o n v e r -  

s i o n  on  t h e  b a s i s  o f  f i n i t e  M a r k o v ' s  c h a i n s .  The  m e t h o d  i s  v a -  

l u a b l e  b e c a u s e  o f  i t s  e a s y  n u m e r i c  r e a l i z a t i o n  and  t h e  p o s s i b i -  

l i t y  f o r  a m o r e  p r o f o u n d  c h a r a c t e r i z a t i o n  o f  t h e  m u l t i - c o m p o -  

n e n t  c o p o l y m e r s .  

INTRODUCTXON 

C o p o l y m e r  c o m p o s i t i o n  and  m i c r o s t r u c t u r e  d e p e n d e n c e  on t h e  c o n -  

v e r s i o n  i s  o f  g r e a t  s i g n i f i c a n c e  f o r  t h e  r e g u l a t i o n  o f  t h e  c o -  

p o l y m e r i z a t i o n  and  s y n t h e s i s  o f  c o p o l y m e r s  w i t h  d e s i r e d  p r o p e r -  

t i e s .  The  i n t e g r a l  r e l a t i o n s  (KOENIG 1980) e m p l o y e d  f o r  t h i s  

a im  a r e  c o m p l e x  and  d i f f i c u l t  t o  u s e .  I n  t h i s  a s p e c t  t h e  p r o p o -  

s e d  c o m p u t a t i o n a l  m e t h o d  (COLEMAN e t  a l .  1 9 8 2 ) ,  b a s e d  on  t h e  

c l a s s i c a l  e q u a t i o n s  (MAYO, LEWES 1 9 4 4 )  i s  i n t e r e s t i n g .  The  em- 

p l o y m e n t  o f  t h e  f i n i t e  M a r k o v  c h a i n s  a p p a r a t u s  a l l o w s  t h e  d e v e -  

l o p m e n t  o f  ml e a s y - r e a l i z a b l e  a l g o r y t h m  f o r  n u m e r i c  d e t e r m i n a -  

t i o n  o f  t h e  m u l t i - c o m p o n e n t  c o p o l y m e r  c o m p o s i t i o n  ( d y a d  and  

t r y a d  c o m p o s J t i o n s ) p  t h e  l e n g t h s  and  c o m p o s i t i o n s  o f  t h e  m i c r o -  

b l o c k s  i n  t h e i r  m a c r o m o l e c u l e s ,  a s  w e l l  a s  t h e  s e q u e n t i a l  homo-  

g e n e i t y  2 n d e x e s  f o r  s - c o m p o n e n t  ( s  2)  c o p o l y m e r s .  
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conversion is written on FORTRAN as well as on BASIC and a copy 

of it may be obtained upon request. 

As an example the d e p e n d e n c e  between the composition and 

microstructure of N~N-dimethylaminoethylmethacrylate (A) and 

v i n y l s u l f o n a t e  (B)  c o p o l y m e r  (GEORGIEV a t  a l o  1 9 8 3 )  and  c o n v e r -  

sion is analysed. For binary copolymers 

PAB = [B] /(rA[A] + [B]), PBA ffi [A] I(rB[B] + [A]) 

~I = PBAI(PAB + PBA ), Z2 = I - ~I 

A B 

M = \ -I 
B PBA (PAB+PBA) IPAB 

A B 

A (PAB(2-PAB-PBA)/P~A 
M -- B \ ('PBA)/P~A 
H = (PABPBA(2-PAB-PBA)/(PAB + PBA)3) O'5 

The parameter ~( 

$ :' "~A#( ~A§ ) : P~ + PBA 

(7) 

(8) 

(9) 

2_pAB_PBA)IP~I( I O) PBA ( --/ 

(,i) 

(,2) 

which may be considered to be a measure of the deviation from 

is introduced for these copolymers. LAB is a mole r~ndomne ss 

fraction of the AB dyad in the copolymer chains and is determi- 
s 

ned by the relation s = s ' Z ~ i  =1 (P2 - t r ~ s i t i o n  matrix of 
1 

the second order Markov chain). For redoxinitiated copolymeri- 

z a t i o n  o f  t h e  a b o v e  m e n t i o n e d  m o n o m e r s  i n  w a t e r  (pH = 7)  

r A = 1 . 0 0  ~ 0 . 0 5 ,  r B = 0 . 2 0  ~ 0 ~  The  c o p o l y m e r  c o m p o s i t i o n  

a n d  m i c r o s t r u c t u r e  d e p e n d e n c e  on  c o n v e r s i o n  i s  i l l u s t r a t e d  i n  

T a b l e  I a n d  T a b l e  2 .  



529 

TABLE I. Copolymer composition and mlcrostructure dependence on 

c o n v e r s i o n  (q). [A] = [B] = 0.5 
O O 

m e n .  

comp. 

A 0 . 5 0 0  

!B 0 . 5 0 0  
J 

1)~ I q ,~ H 

comp. I 

0.0 0.625 1.333 0.342 

0 . 3 7 5  

"LA ['B mAA ~AA mBB ~BB 

2 .000  1.,1~00 1 . 6 0 0  0 . 4 8 0  2 . 6 6 6  2 . 2 2 2  

A 0.669 

~ 0 . 531  

0 . 6 3 5  0 . 4  

o.565! 
! o398i Io6 

o.  6021 

B 0"358 i O.8 
0 . 6 4 2  

I r e . 2  0.60.5 1 .346  0 . 3 4 0  1 . 8 8 3  1 .2 2 7  1.651 0 . 5 2 3  2 . 5 3 4  1 . 8 9 0  

0 . 3 9 5  

0.584 1 . 3 5 8  0 . 3 3 9 1 1 . 7 7 0  1 . 2 6 1 i l . 7 1 2 ] 0 . 5 7 6  2 . 6 0 3  1 .5 9 6  

0 . 6 1 6  i 

0 .561  1 . 3 7 0  0 . 3 3 6  1 .661 1 .3 0 2  1 .784  0 . 6 4 3  1 . 7 8 3  1 .3 3 6  

! 0.639 I j 

' 0 . 3 3 5  0.534 1.3781 1 . 5 5 7  1 . 3 5 9  1 .872  0 . 7 3 6  2 . 1 4 6  1 .111 

1 ' 0.666 ,i i 

TABLE 2 .  Number fractions of (A)n a n d  (B)n sequences as a 

function of conversion (q) 

q NUMBER FRACTION 

..... n=l  n=2 n= 3 n=4 n=~ 

A O.O 0 . 5 0 0  0 . 2 5 0  O. 125 0 . 0 6 2  O. O31 

B 0.833 0.139 0.023 0.004 0 000 

A 0 . 2  O.531 0 . 2 4 9  O. 116 0 . 0 5 5  0 . 0 2 6  

B O.815 O. 151 0 . 0 2 8  0 . 0 0 5  O.OO1 

A 0 . 4  0 . 5 6 5  0 . 2 4 6  O. 107 0 . 0 4 6  0 . 0 2 6  

B 0 .793  o. 146 0 .034  0 .007  o . 0 o l  

A 0 . 6  0 . 6 0 2  0 . 2 3 9  0 . 0 9 5  0 . 0 3 8  0 . 0 1 5  

B 0 . 7 6 8  0 . 1 7 8  0 .041  0 . 0 0 9  0 . 0 0 2  

A 0 . 8  0 . 6 4 2  0 . 2 3 0  0 . 0 8 2  0 . 0 2 9  O.OLO 

B 0 . 7 ~ 6  0. I~4 o . 0 ~ 1  0.01~ 0 . 0 0  ~ 
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I~SULTS AND DISCUSSION 

The elements of the transition matrix (P) 

A I 

A 2 
= : 

A 
8 

A I A 2 ....... A s 

I PAIA I PAIA 2 ..... PAIAs 

PA2A I PA2A 2 �9 �9 �9 �9 PA2As 

�9 �9 �9 �9 �9 �9 �9 �9 �9 �9 �9 �9 �9 

PAsA I PAsA 2�9149 A 
s s 

(1) 

of the Markov chain which simulates the propagating chain are 

expressed by the copolymerization constants and the molar s 

tions of the monomers in the monomer feed: 

(2) 

The elements o f  the l im i t ing  vector ( ~ ) represent the molar 

fractions of the monomers in the copolymer (GEORGIEV 1976,A) 
s 

and can be determined by the equations: ~P=~ and __ ~t= I. 
I 

Then the algorythm for a determination of the copolymer compo- 

sition dependence o n  the conversion (q) is reduced to a succes- 

sire calculation of the iterative values of the transition pro- 

babilities PAiAj (i,j = 1,..�9 with the growth of the conver- 

sion by a step q. The change of these probabilities is a re- 

sult  of the change of ~Ai~( i=, , �9149 ) 

k-1 
C3) 

where k is the step number and [Ai~ o is the mole fraction of 

the i monomer in the initial monomer feed�9 A similar approach 

is used for determination of the dyad and tryad copolymer com- 

position dependence on the conversion�9 In this case second and 



531 

t h i r d  o r d e r  M a r k o v  c h a i n s  a r e  a n a l y z e d  a n d  t h e  d i m e n s i o n  o f  P 

2 s 3 i s  s and respectively. 

From the elements of the transition matrix, the average 

lengths of the homoblocks in the copolymer chain and the number 

and weight fractions of sequences of homoblocks with a different 

length are determined. 

L.x = (I - PAiAi)-I (i = 1,...,s) (4) 

NAi(n) = ( P A ' A ' ) n - I ( l l  x - PA'A')x 1 (i = 1,...,S) (5) 

WA.(n ) = nPA.A.n-I(I - PA.A.)2 (i = 1,...,s) (6) 
1 II II 

An advantage of the proposed method is the possibility for a mo- 

re profound numeric information for the change of the microst- 

ructure from the conversion which is difficult to obtain with 

other me~hods. For example the elements of the matrix of the ave- 

rage times (mij) and dispersions (~ij) for the first approach 

give the lengths of the segments, located between A. and A. mo- x j 

nomer units and the dispersions of these values (GEORGIEV 1976, 

B). The compositions of these segments when the number of the 

components is more than three are determined by an iterative 

calculation of the elements of the corresponding absorbing 

Markov chains (GEORGIEV 1976,B). In this way a full numeric des- 

cription for the microstructure of the multl-component copoly- 

mers is obtained by means of cyclic matrix operations. 

The sequential homogeneity index (H) is a general charac- 

teristic for the distribution of the monomer units. Its value 

is calculated by means of diagonal elements of the covariation 

matrix (C) of the Markov chain (GEORGIEV 1979). 

The programme for calculation of the dependence of, the 

multi-component copolymer composition and microstructure on the 
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