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Markov Chains Computational Method for Determination
of the Copolymer Composition and Microstructure as a Function
of the Conversion
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University of Sofia, Department of Chemistry, Sofia - 1126, Bulgaria

SUMMARY

A computational method is proposed for determination of the co-
polymer composition and microstructure dependence on the conver-
sion on the basis of finite Markov’s chains, The method is va~
luable because of its easy numeric realization and the possibi-
1ity for a more profound characterization of the multi-compo-
nent copolymers,

INTRODUCTION

Copolymer composition and microstructure dependence on the con-
version is of great significance for the regulation of the co-
polymerization and synthesis of copolymers with desired proper-
ties. The integral relations (KOENIG 1980) employed for this
aim are complex and difficult to use., In this aspect the propo-
sed computational method (COLEMAN et al. 1982), based on the
classical equations (MAYO, LEWIS 1944) is interesting, The em-
ployment of the finite Markov chains apparatus allows the deve-
lopment of an easy-realizable algorythm for numeric determina-
tion of the multi-component copolymer composition (dyad and
tryad compositions), the lengths and compositions of the micro-
blocks in their macromolecules, as well as the sequential homo-

geneity indexes for s-component (s 2) copolymers.
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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 dependence between the composition and
microstructure of N,Nidimethylaminoethylmethacrylate (A) and
vinylsulfonate (B) copolymer (GEORGIEV at al, 1983) and conver-

sion is analysed. For binary copolymers

P = (8] /(r, WAl + IB1), Py, = [A] /(rp(] + A1) (1)
dy = PBA/(PAB + PBA). dy =1 - .!.1 (8)
A B
A (PAB+PBA)/P§A P:u:a
M = -1 (9)
B Fpa (Pyp+Ppa)/Ppp
A B
A P ,p! 2P, 5Pp ) /Pa, 1-PAB)/piB
M = 2 2 (10)
B (1-Pp,)/Pp, Ppal2-P 5Py ) /Pip
H = (P ypPpa(R-P =P )/ (Pyp + Ppa)’)0 (1)
The parameter X
Y=g/ (dyedy) = Py v Py, (12)

which may be considered to be a measure of the deviation from
randomness is introduced for these copolymers, LAB is a mole
fraction of the AB dyad in the copolymer chains and is determi-
ned by the relation aZ.P2 =4 ’ Z?J.i-J (P2 ~transition matrix of

the second order Markov chain). For redoxinitiated copolymeri-

zation of the above mentioned monomers in water (pH = 7)
r, = 1.00 ¥ o.05, ry = 0.20 ¥ 0.04. The copolymer composition

and microstructure dependence on conversion is illustrated in

Table 1 and Table 2,
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TABLE 1, Copolymer composition and microstructure dependence on

mon. pol. - - - -

comp. | * | comp. X H Ly |18 ar | ™as | "B | "BB
A]0.500|0.0|0.625(1.333/0.342/2.000 {1,800 |1,600/0.4802,666{2.222
B| 0, 500 0.375
A 0.469;0.2 0.6051,346|/0,.340{1,.883(1.227(1,651/0,523/2,534,1,.890
Bl 6. 531] 0.395
A 0.&35;0.“ 0,5841,358/0,339/1,770{1,2611,712,0,576| 2,403[1,596
B 0.565% 0.416
A 0.398i0.6 0.561/1.370| 0,336, 1.661|1.302 | 1,784 0,643| 1.783|1.336
B 0.602% 0.439 :
A 0.358!0.8 0.534/ 1,378 0.335{1.557 1.3591,872/ 0,736/ 2,146[1,111
BLO.6132J! 0.466 '
TABLE 2, Number fractions of (A)n and (B)n sequences as a

function of conversion {q)
q NUMBER FRACTION
n=1 n=2 n=3 n=4 n=5

A 0,0 0.500 0.250 0.125 0.062 0.031
B 0.833 0.139 0.023 0.004 0 0006
A 0.2 0.531 0.249 0.116 0.055 0.026
B 0.815 0.151 0,028 0.005 0.001
A 0.4 0.565 0.246 0.107 0.046 0.026
B 0.793 0.146 0.034 0.007 0.001
A 0.6 0,602 0.239 0,095 0.038 0.015
B 0,768 0,178 0,041 0,009 0,002
A 0.8 0,642 0.230 0.082 0.029 0.010
B 0,736 0, 194 0,051 0.013 0,003
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RESULTS AND DISCUSSION

The elements of the transition matrix (P)

A-‘ A2 COOOIDCAS
A P P cesasP
1 AA, A4, AL
A P P P
P o= 2 Aty Aty Aphg (1)
A, Paa Paa o Py
s s 2 s's

of the Markov chain which simulates the propagating chain are
expressed by the copolymerization constants and the molar frac-

tions of the monomers in the monomer feed:
-1 2 -1
Paga, T[A3)75y/ (A 254 =) (2)
The elements of the limiting vector (i ) represent the molar
fractions of the monomers in the copolymer (GEORGIEV 1976,A)
S
and can be determined by the equations: LP=J and 2 d,= 1.
1
Then the algorythm for a determination of the copolymer compo-
sition dependence on the conversion (q) is reduced to a succes-
sive calculation of the iterative values of the transition pro-

babilities P (i3 = 1,5.4498) with the growth of the conver-

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

sult of the change of [Ai](i=1,...,s)

[A4]

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

H

k-1
([A]a = =Zih)p A)/(1 = (k1) Ao) (3)

the i monomer in the initial monomer feed, A similar approach
is used for determination of the dyad and tryad copolymer com-

position dependence on the conversion. In this case second and
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third order Markov chains are analyzed and the dimension of P

3

is 32 and s~ 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, = (1 - PA.A‘)'1 (i = 1,00ey8) (%)
Ny (n) = (PAiAi)“"<1 - Taa) (1= 1y0ueys) (5)
Wy (n) = e, 37T p, )P (1= Tyeeeys) (6)

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 methods. For example the elements of the matrix of the ave-
rage times (mij) and dispersions (ﬁij) for the first approach
give the lengths of the segments, located between Ai and Aj mo-—
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 multi-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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