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ABSTRACT A new method for the determination of the participation of comonomer complexes, 
participation in the formation of the copolymer molecule and the reactivities of comonomers before and 
after their incorporation in the complex, is developed. Its essence consists of the simulation of copolymer 
chain propagation by the regular Markov chain with three types of states reflecting the addition of the 
comonomer molecules and the first or second components of the complex to the propagating chain. The 
problem is in the determination of the transition probabilities of the Markov chain. An algorithm using 
the experimental information for the composition of the triad fractions is proposed to this end. The triads 
for radical-synthesized styrene-methyl methacrylate copolymers calculated by this method are much 
closer to the experimental ones than those calculated by a terminal model which neglects comonomer 
complex participation in the copolymer chain formation. 

Introduction 
As a result of donor-acceptor, ionic, Van der Waals, 

and hydrophobic interactions and of hydrogen bond 
formation, complexes between comonomer molecules are 
formed fairly often. The participation of these comono- 
mer complexes in the macromolecule propagation influ- 
ences considerably the copolymerization velocity, the 
copolymer composition and microstructure, and the 
physicochemical properties of the copo1ymers.l There- 
fore a number of different methods for the quantitative 
estimation of this participation are developed. Some of 
them are based on the deviation of the experimentally 
determined copolymer composition from that calculated 
by the Mayo-Lewis equation or by its derivativese2 
Others are based on the extreme dependence of the 
copolymerization rate on the monomer feed3-5 and the 
third group of methods-on the shift of the configura- 
tional copolymer composition from that calculated using 
the Bernoullian and Markov statistics.6 A method 
taking into account the deviation of the copolymer 
composition triads calculated by the Bovey and Markov 
statistics7 from those determined experimentally by I3C 
NMR is developed in this work. This deviation is 
attributed to comonomer complex participation in the 
propagation reaction. This participation is considered 
by the suggested method while it is ignored by the above 
mentioned statistics. Good agreement between the 
experimentally determined and calculated copolymer 
composition triad fractions is achieved by this method. 
The total probability of macromolecule formation by the 
addition of comonomer complexes to the propagating 
ends can be estimated by this method. Moreover, it 
allows a comparison of the comonomer reactivities 
before and after their incorporation in complexes or 
tetramethylene intermediates at both propagating ends. 
The method is applicable when only comonomer com- 
plexes or tetramethylene intermediates8 take part in the 
propagation reaction. 

Theoretical Background 
The general assumption of our method is the division 

of the bimolecular comonomer complex addition to the 
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propagating chain into two individual steps. If the 
possibility of addition of single monomer molecules is 
also taken into account, the kinetic scheme of the 
copolymer macromolecule propagation should be 

(1) 

(2) 

(3) 

(4) 

( 5 )  

(6) 

k A A  

k h B  

~ A , C A  

-A* + A -  --A* 

-A* + B - --B* 

-A*+AB- -A...B 

-A* + BA AE. -B...A 

k B A  

k B  B 

--B*+A--A* 

NB* + B 1 -B* 
‘B,C!A -B*+AB- -A...B (7) 

-B* + BA * -B...A (8) 
T$e propagating chains with active ends --A.,,B and 
-B...A are intermediates formed after the first step of 
the complex (C = AB) addition to -A* or --B*. Since 
the complex components (A and B) are fixed together, 
the probability that the propagatilng ends obtained from 
the intermediates -I%.. A and -A...B will be -A* and 
-B*, respectively, is unity. However, the introduction 
of an intermediate is particularly useful for the deter- 
mination of the complex participation in the formation 
of copolymer macromolecules and of the reactivities both 
of the comonomers (A and B) and of the two sides of 
complex AB. 

(10) ~ B , B  ~ B , B  ~ B , B  
~ B , C B  = - 

~ B , C B  
rB.J = - ~ B , C A  = 

~ B , A  B,CA 

First of all it is necessary to evaluate the average time 
during which -the propagating chain remains in the 
special states -A...B and -B...A (~’AJB)  and in states 
-A* and -B* (FA,.FB). This is achieved using the 
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regular Markov chaing with four transition states, 
corresponding to the above discussed active ends of the 
propagating macromolecule. The transition matrix (P) 
of this Markov chain is 
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(23) 

(24) A i 0 0  

The above mentioned a-verage times of chain residence 
(ATCR) form a vector F and can be determined by the 
qquationlO = E and the rate-setting one FA + FB + 
FA + P B  = 1. 

-l) (27) -1 YA = [AI + [ B l r ~ , ,  

-1 -1 YB = [Bl + [ A ] ~ B , A  + [ c l ( r B , C A  + rB,CB-l )  (28) 

+ [cl(rA,CA-'  + rA,CB 

It is clear that the copolymerization values can be easily 
calculated from eqs 19-28 if the transition probability 
values are known: (12) 

Pm + PAA 
D F B  = (29) (13) 

[CI P A A  
r ~ ' A , ~ ~  = [AI (30) 

(34) respectively, the following composition equation can be 
deduced for the obtained copolymers: 

Moreover, it is evident from egs 12-17 that ATCR in 
the intermediate states A (FA) and B (PB) can be 
calculated after the determination of the transition 
probability values. These average times determine 
directly the total probability of macromolecule formation 
by the addition of the complex to the propagating ends 
(P(C)) as 

(35) 

Obviously, the problem thus formulated could be 
solved when the transition probability values (the 
matrix P elements) are calculated. The number of the 
unknown probabilities is 6 since the events with prob- 
abilities fomjng a row of, P represent a fuy set and 
hence PAA + PAA + PAB + PAB = 1 and PBB + PBB + PBA 
+ &A = 1. The determination of these six probabilities 
cannot be achieved by the single independent equation 
for the monad copolymer composition (eq 17 or 18). The 
number of linear independent relationships for the diad 
copolymer composition (they are two) is also insufficient. 

P(c) = F A  + P B  

This equation is easily expressed by the monomer 
concentrations and by the copolymerization ratios (eqs 
9 and 10) if the transition probabilities are substituted 
by the expression considering the competition among 
the addition rates of the reactive particles to the 
propagating ends -A* and -B*. 

[AI PAA=- 
YA 

(19) 

(20) 

(21) 
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m m  =Fm + F B A  + fim + f iBA = 1 - - mBB 
(38) 

wheTe FM and f i % ~  are ATCR in the intermepiate states 
-AA... B and -BB...A. The average times Fm and FBA 
are fiefined in the same way for the states -&... A and 
-BA...B. Their expressions can be deduced either by 
Ghe secoqd-order Markov chain with eight states (AA, 
AA, AB, AB, BB, BB, BA, BA) or by the Bovey ~ c h e m e : ~  

FAA = F A P U  Fm = FAPm + P A  
PAA = FAPM Pm = FAPm (39) 

F B B  = F B P B B  F B B  = F B P B B  

FBA = F B P B A  + P B  P B A  = FBPBA (40) 

Identical expressions for ATCR are obtained by both 
methods. They can be used to express the mole frac- 
tions m u ,  mm, and mBB by the transition probabilities 
(eqs 36-38). 

Expressions for the experimentally determined mole 
fractions of the compositional triads in copolymer mac- 
romolecules can be deduced by the same procedure: 

(41) 

(42) 

where 

a, = pAA + PAA 

81 = PBB + P B B  

(47) 

U2=P,+Pm (48) 

(49) 

p2 = PBB + pBA (50) 

are four compound probabilities with values in the 
ranges of 

P , r%11  i = l , 2  (51) 

P B B  I Pi I 1 i = 1 , 2  (52) 

The denominator D can be expressed by these compound 
probabilities 

These substitutions are more convenient for the 
determination of the transition probabilities from the 
experimental mole fractions of the compositional triads. 
The method we suggest uses the ratios between the 
compositional triad equations (eqs 41-46). The prob- 
abilities P u  and PBB are deduced directly from the 
relations m m / m m  and mBBdmBBA 

(54) 

(55)  

Four of the thirteen remaining ratios of the mole 
fractions of the compositional triads define transforma- 
tional relationships between (1 - /32)/(1 - ad and ,%/a1 

1 - B 2  ~AAAPBB Bi - m d l -  PBB) - Bi 
1 - a, ~BBBPAA ai ~ B B A U  - PAA) ai 

-- - -- 

It is worth noting that only the mole parts of compo- 
sitional triads with at  least two identical adjacent units 
(AA or BB) take part in the six ratios. All the other 
nine ratios include mole fractions of the alternating 
triads mmA and mBm. On the other hand they are 
subdivided into three different subclasses. The first one 
includes four ratios between mmA and the nonalternat- 
ing mole fractions, and the second one, the other four 
ratios between mBm and the same nonalternating triad 
mole fractions. The third subclass involves only the 
mmA/mBm ratio. It is easy to show that when combin- 
ing each ratio from the first subclass with one of the 
expressions for (1 - /32)/(1 - ad (56) four different but 
equivalent dependences of a2 on a1 and /31 can be 
deduced. For example, if the ratio (1 - /32)/(l - a21 in 
the expression for mmA/mBBB, obtained by division of 
eqs 43 and 42, is substituted with 2 m ~ ( 1  - PAA)/~I/ 
mBBApAAal (56) 

Analogously, 16 equivalent dependences of /32 on a1 and 
can be derived from the second subclass ratios. When 

for example, in the expression for mBA$mu (eqs 41 
and 44) the ratio (1 - /32)/(l - a2) is substituted with 
its equivalent mdBBp1/2mBBB(1 - Pula1 (56) 

It is evident that the last two expressions are sym- 
metrical and can be derived from each other by the 
substitutions A - B, B - A, a1 - PI, and a 2  - B2. The 
symmetry is valid also for the other possible expressions 
for a 2  and /32. 
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Table 1. Experimental Data and Calculated Values by the Terminal and Suggested Models of the Mole Fractions of the 
Compositional Triads for S-M Copolymers, Obtained at Different Monomer Feeds [A (a) = (mzp - m?) x 10a/mzp 

(i, j, k = S, MI1 
mole fraction of the compositional triads mole fraction of S 

no. in monomer feed triads expl1 calc by terminal model7 A (%) calc by suggested model A (%) 

1 0.40 MMM 
MMS 
SMS 
sss 
SSM 
MSM 

2 0.45 MMM 
MMS 
SMS 
sss 
SSM 
MSM 

3 0.50 MMM 
MMS 
SMS 
sss 
SSM 
MSM 

4 0.60 MMM 
MMS 
SMS 
sss 
SSM 
MSM 

0.108 

0.100 
0.242 

0.140 
0.240 
0.130 
0.110 
0.260 
0.120 
0.083 
0.22~ 
0.152 
0.140 

0.124 
0.276 

0.168 
0.319 
0.093 

Only two linear-independent relationships between 
experimentally determined mole fractions of the com- 
positional triads are used when the probabilities PAA 
(54) and PBB (55) are determined. The other three 
relationships are (56)-(58). It is clear that they define 
a correspondence between planes (al, PI) and ( a 2 ,  Pz). 
Therefore each point (al, B1) of the rectangle (PAA I a1 
I 1, PBB I PI I 1) corresponds to one set pf valueqfor 
a1 and PI, i.e., for unknown probabilities PAB and PBA. 
Here it is necessary to establish a criterion for the 
optimum choice of the basic probability (a1 or value. 
The minimum of the residual sum of squares (SS) is 
proposed as such a criterion. 

R - 
min SS = min x(mfpxkP - m$2 i, g, k = A, B 

(59) 
M A  1 

where my; and m$ are the experimental and calcu- 
lated mofe fractions of the compositional triads. The 
sum is double in order to  account for the differences 
between the experimental and the calculated composi- 
tional triad values in copolymers, obtained for all 
compositions of the monomer feed (MA is the mole 
fraction of monomer A in the monomer feed). It is clear 
that the above discussed algorithm could be achieved if 
the compositional triad values of at least two copoly- 
mers, obtained at  different monomer feeds are deter- 
mined. The PAA and PBB values for one of the copoly- 
mers (denoted as the "basic" one) are calculated by 
relations 54 and 55. The relationships az(a&), and 
/32(a1$1) for basic experiments are determined by eqs 
57 and 58. Then a series of a1 and B1 values in the 
ranges of eqs 51 and 52 are set with a fxed step. For 
each point (al, B1) the values of a2 and BZ are obtained. 
They are used in the calculation of the transitional 
probabilities (eqs 20-22 and 24-26) by applying the 
already determined PAA, PBB, the definition equations 
(47)-(50), and the following relationships: 

PAB = 1 + P A A  - a, - a2 (60) 

0.082 
0.264 
0.204 
0.031 
0.171 
0.248 
0.060 
0.230 
0.220 
0.049 
0.211 
0.230 
0.042 
0.193 

0.065 
0.232 
0.243 

0.143 

0.22~ 

0.021 

0.11~ 
0.256 

0.284 
0.180 

71.3 
29.3 

58.0 
4.2 

-73.2 
54.6 
18.8 

-88.5 
49.4 
14.2 

-48.0 
53.6 
15.9 

-96.0 

-148.0 

16.5 
9.3 

-40.6 

0.090 

0.120 
0.240 

0.140 
0.240 
0.130 

0.260 
0.110 

0.120 
0.110 
0.222 
0.138 
0.135 
0.277 
0.11s 

0.189 
0.304 
0.097 

16.7 
0.8 

-20.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-33.7 
1.3 
9.2 

0.4 
0.6 

-3.6 

-12.5 
4.7 

-4.3 

Then the copolymerization reactivity ratios can be 
calculated after eqs 29-34. The fact that these ratios 
are the same for all monomer feeds allows their use in 
calculating the compositional triads for all copolymers. 
The inverse problem is solved in this case: the transi- 
tional probabilities (eqs 19-26) and then the mole 
fractions of the copolymer compositional triads (eqs 41- 
46) are calculated using the already determined reactiv- 
ity ratios of the comonomers and their complexes. 
These calculated values are compared to those obtained 
experimentally. The procedure is run for each set a1 
and PI. Criterion 59 allows one to  choose the optimum 
point (al, #I,) and hence the optimum copolymerization 
reactivity ratio values. The algorithm described can be 
easily realized with this program. 

Experimental Check of the Method 

In order to check the suggested model, data for the compo- 
sitional triad composition of styrene (S) and methyl methacry- 
late (M) copolymersll are used. M and S are two monomers 
with fairly different values of the e parameters12 (es = -0.80, 
e M  = 0.40). These copolymers are obtained by radical bulk 
copolymerization with AIBN as initiator at a temperature of 
60 "C." The experimentally determined (by 13C NMR spec- 
troscopy) mole fractions of the compositional triads of four 
compositions obtained at different monomer feeds are com- 
pared to the mole fractions calculated by the terminalll and 
by the suggested models (Table 1). The basis for calculations 
by the suggested method is experiment no. 2 (Ms = 0.45). It is 
evident that the copolymer obtained in this case is one of the 
two copolymers with all experimentally determined mole 
fractions of the compositional triads. This is a necessary 
condition for the application of the method. PSS and PMM 
values for the basic experiment calculated by eqs 54 and 55 
are 0.458 and 0.538, respectively. The double sum SS is 
minimized at the optimum al and PI values: al,opt = 0.605, 
Pl,opt = 0.715. a2 and P 2  calculated by eqs 57 and 58 amount 
to 0.695 and 0.606, respectively. They are used for the 
determination of the copolymerization reactivity ratios by eqs 
29-34: 
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rs cs 3.91 - = 0.98 %CM - 
K K (62) 

-- 1.54 - 1.70 ‘M,CS - rS C M  
K K 

It is clear that the copolymerization constants of the copolymer 
complex SM are determined as ratios of these constants with 
an unknown equilibrium complexing constant K.  This is a 
result of the assumption that the K value is small enough to 
satisfy the equation [Cl = K[SI[Ml. The reactivity ratios (62) 
are used for the determination of the transitional probabilities 
(eqs 19-26) and through them the mole fractions of the 
compositional triads (eqs 41-46) of the copolymers, obtained 
at  other monomer feeds. It is evident from the data in Table 
1 that the mole fractions thus calculated are closer to the 
experimental ones than those calculated by the terminal 
model. Comparison of the SS values (591, calculated from the 
deviation of experimentally determined mole fractions of the 
compositional triads with those calculated by the above 
mentioned methods (Table 2) leads to the same conclusion. 
As could.be expected, there is no deviation of the experimen- 
tally obtained values from those calculated by the methods 
discussed for the basic experiment (Table 1, no. 2); hence, this 
experiment should not be taken into account when the statisti- 
cal confidence of the results obtained by both methods is 
estimated. This statistical confidence is estimated by Hill’s 
F-test:13-15 

where (SS)b, and (SS),,, are the residual sum of squares 
calculated by the terminal and the suggested (complex) 
methods, respectively, Nkm and Nco, are the corresponding 
numbers of the variable parameters in both models (Nk,  = 
0, N,,, = 21, and n is the total number of data points. If the 
basic experiment (no. 2) is excluded, n = 12 and (SS),, = 
74.128; (SS),,, = 2.336 (Table 2). Thus, according to eq 63, 
Fcdc = 5.811. This value is greater than the values from the 
statistical table@ for the significance levels 0.95 (F0.95(2.12) 
= 3.88); since F0.95 < Fdc, the values of the compositional triads 
calculated by the suggested method are statistically more 
significant than those calculated by the terminal model for this 
significance level. This result proves the necessity to account 
for the possibility of chain propagation by comonomer complex 
addition to the active ends in the cases when the comonomer 
polarities differ from each other and especially when the 
differences between the values found experimentally and 
calculated by the terminal model compositional triad mole 
fractions are considerable. 

The considerable statistical confidence of the mole fractions 
of the compositional triads calculated by the method suggested 
also proves the reliability of the copolymerization constants 
r ~ s ,  ~M,cMIK, r~,csIK; rsM, rs,cdK, and r s d K .  The last values 
allow us to calculate thetransition probabilities P u ,  P u ,  P m ,  
P m ,  PBB, ~ B B ,  PBA, and PBA for the copolymerization of S and 
M at  different monomer feeds (Table 3). Using these prob- 
ability values, it is possible to calculate the dependence of P(C) 
on the monomer feed (Table 4) by eqs 14-16 and 35. Table 3 
shows the significant difference between the dependences of 
the comonomer addition probabilities ( P s ~ ,  PMM, P M ~ ,  PSM) and 
the complex addition probabilities (&, P m ,  &, P S M )  to the 
propagating ends on the monomer feed. The dependences of 
the first type are monotonous, while those of the second type 
are extrema1 with a maximum close to the equimole comono- 
mer composition. The same differences can be observed 
betweenA the dependences of Fs  and FM on the one hand and 
FS and FM and P(C)  on the other hand on the monomer feed 
composition. 

Although the maximum value of P ( C )  is only 0.234, the 
participation of complexes in the chain propagation is respon- 

Table 2. Residual Sum of Squares of the Differences 
between the Experimental and Calculated Mole 

Fractions of the Comwsitional Triads 
ss 103 

2 0.45 

3 0.50 

4 0.60 

mole fraction calc by calc by 

no. monomer feed triads model model 
1 0.40 MMM 

MMS 
SMS 
sss 5.929 0.324 
SSM 5.041 0.004 
MSM 21.904 0.400 
MMM 0 
MMS 0 
SMS 0 
sss 0 
SSM 0 
MSM 0 
MMM 1.681 0.729 
MMS 1.024 0.009 
SMS 5.329 0.126 
sss 5.625 0.025 
SSM 1.936 0.001 
MSM 14.161 0.036 
MMM 
MMS 
SMS 
sss 2.704 0.441 
SSM 1.225 0.225 
MSM 7.569 0.016 

of S in terminal suggested 

74.128a 2.336a 
a Total sum SS. 

Table 3. Calculated Transition Probabilities of S-M 
Copolymerization at Different Monomer Feeds 

no. Ms Pss PSM Pss PSM PMM PMS PMM ~ ’ M S  

1 0.1 0.215 0.473 

3 0.3 0.372 0.212 
4 0.4 0.429 0.157 
5 0.5 0.488 0.119 
6 0.6 0.554 0.090 
7 0.7 0.630 0.066 
8 0.8 0.723 0.044 
9 0.9 0.842 0.023 

2 0.2 0.306 0.300 
0.868 0.053 0.022 0.057 

0.663 0.157 0.051 0.129 
0.578 0.213 0.059 0.150 
0.499 0.275 0.064 0.162 
0.422 0.349 0.065 0.164 
0.342 0.441 0.061 0.156 
0.254 0.562 0.052 0.132 
0.147 0.733 0.034 0.086 

0.758 0.105 0.039 0.098 

Table 4. Dependence of the ATCR in All S, M, 9, and i’h 
States and of the Total Probability for the Copolymer 
Macromolecule Formation by the Complex Addition to 

the Propagating Ends (P(C)) on the Mole Fraction of S in 
the Monomer Feed 

no. Ms Fs F M  P S  P M  p(c )  
1 0.1 0.092 0.816 0.064 0.028 0.092 
2 0.2 0.172 0.661 0.123 0.044 0.161 

4 0.4 0.302 0.469 0.158 0.071 0.229 
5 0.5 0.367 0.399 0.156 0.07s 0.234 
6 0.6 0.436 0.333 0.153 0.078 0.231 
7 0.7 0.518 0.267 0.141 0.074 0.216 
8 0.8 0.624 0.195 0.118 0.063 O M 1  
9 0.9 0.772 0.110 0.076 0.042 0.118 

3 0.3 0.237 0.546 0.154 0.063 0.217 

sible for the observed alternating tendency. The comonomer 
addition in the noncomplexed state does not contribute to  the 
alternating sequence formation, as both m and rsM are greater 
than 1 (62). Since K -x 1, the copolymerization constants ~ M , C M ,  
m,cs, rspM, and ~ S , C S  are smaller than 1, too. This result proves 
that the complex reactivities are much greater than those of 
the free monomers. For this reason the alternating tendency 
appears a t  much smaller complex concentrations. 

The experimental data on the composition and triad frac- 
tions of the methyl acrylate (A)-1,l-diphenylethylene (D) 
copolymer obtained by Ito and Yamashita in a block radical 
cop~lymerization~~ provide a partial possibility for an ad- 
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Table 5. Experimental" and Calculated, by Cais et al.ls (CM) and by Suggested (SM) Models, Copolymer Composition, 
Triad Fractions, and Total Probability for the Copolymer Macromolecule Formation by the Complex Addition to the 

Propagating Ends (P(C)) for the Methyl Acrylate (A)- 1,l-Diphenylethylene (D) System 

mA m m  m m  mADA 
calc calc calc calc calc calc calc calc 

no. MA exp17 (CM)13 (SM) exp17 (CM)13 (SM) exp17 (CM)13 (SM) exp17 (CM)13 (SM) P(C) 
1 0.700 0.56 0.56 0.55 0.09 0.05 0.05 0.35 0.34 0.33 0.56 0.62 0.62 0.014 
2 0.854 0.61 0.61 0.61 0.16 0.13 0.14 0.44 0.46 0.46 0.40 0.41 0.40 0.013 
3 0.900 0.65 0.65 0.65 0.20 0.20 0.21 0.48 0.50 0.50 0.32 0.30 0.29 0.012 
4 0.930 0.68 0.68 0.69 0.28 0.29 0.30 0.52 0.50 0.51 0.20 0.22 0.20 0.011 
5 0.960 0.74 0.75 0.76 0.48 0.44 0.48 0.42 0.45 0.43 0.10 0.11 0.09 0.009 
6 0.984 0.85 0.85 0.87 0.70 0.69 0.72 0.23 0.28 0.25 0.07 0.03 0.03 0.005 

ditional check of the model. These authors consider their data 
in terms of the terminal and penultimate models, the former 
one being preferred. Litt and Seinerl8 prove the better 
description of the same data by the complex participation 
model. This model is confirmed also by Cais et al.13 using the 
direct search method for the determination of the "best-fit" 
reactivity ratio values (ri = kiilkij, pi = kidkicj, si = kidkij; i, j E 
A, D) from the available experimental information. Their 
calculated rA,D value (9.7 x is smaller than that (rA,D = 
28) determined by Litt and Seiner.ls Comparison of the 
copolymer composition and triad fractions (only A-centered 
triads) calculated by Cais et al.13 and by the method developed 
in this work is shown in Table 5. The direct application of 
the suggested method for the Calculation O f  the m , D ,  rA,cA, rA,cD, 
rD,A, rD,CA, and TD,CD values in this case is impossible, as 
experimental information is available only for A-centered 
triads. However, these values can be expressed by the above 
mentioned "best-fit" parameters: rA,D = FA = 9.7 x loT2; rA,CA 

rD; rD,CD = rD/PDSD; rD,CA = rD/SD. Since Cais et al.I3 set T D  = 
PD = 0, here also the very small value of is assumed for 
rD,A, Q C D ,  and rD,CA. Comparison of the results included in 
Table 5 clearly indicates that the copolymer composition and 
triad fractions calculated by both methods are very close one 
to another and to the experimenal ones. This fact proves the 
reliability of eqs 18-28 and 41-50 used in the calculation by 
the suggested method. The advantages of the proposed model 
are the smaller number of parameters (two against seven) of 
the optimization procedure, the possibility for direct calculation 
ofP(C) (eq 35), and last but not least, the possibility for simple 
expansion of the applicability of the method to three- 
component and multicomponent copolymerization. 

Conclusion 
The advantages of the proposed method reside in the 

direct determination of r m ,  ?BA, rA ,dK,  rA,BA/K, ?%,A$ 
K,  rg,BAIK,  and P(C), the simple calculation procedure, 
and the more reliable initial experimental information 
in comparison to the dependences of copolymerization 
rate on monomer feed used in the other above men- 
tioned  method^.^-^ Its application is possible if the 
copolymer compositional triad composition is deter- 

= rA/PASA = 5.565 x lo-'; rA,CD = ?'A/SA = 4.62 x lo-'; rD,A = 

mined. The Hill F-test used in this work is an objective 
criterion for the discrimination of the terminal, penul- 
timate, and complex copolymerization models. The 
method offers an interesting evaluation under the 
assumption that the probability of the second complex 
component addition to the propagating end differs from 
unity. 
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