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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 copolymers.! 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 derivatives.?
Others are based on the extreme dependence of the
copolymerization rate on the monomer feed®° and the
third group of methods—on the shift of the configura-
tional copolymer composition from that calculated using
the Bernoullian and Markov statistics.® A method
taking into account the deviation of the copolymer
composition triads calculated by the Bovey and Markov
statistics? from those determined experimentally by 13C
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 intermediates® 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

~AF + AEA A &)
~A* + B-2% _Bs @)
~A*+AB A% A B @)
~A* +BAAE B A (4)
~B* + A 224 pn (5)
~B* + B 222 B (6)
~B* + AB 22 A B @)
~B* + BA2% B A (8)

The 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 propagating ends obtained from
the intermediates ~B...A and ~A...B will be ~A* and
~B*, respectively, is umty. 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.

kAA kA,A kAA
rAB = kA Taca™ Fron racs = ks ;:B 9
ks kpp ksp
’BA T kBA rpoca = k——B o 'scB = k—B . (10)

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 (Fy,F’s) and in states
~A* and ~B* (Fa,Fp). This is achieved using the
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regular Markov chain® with four transition states,
corresponding to the above discussed active ends of the
propagating macromolecule. The transition matrix (P)
of this Markov chain is

A A B B

Pan Paa Pas Pas
0 0 1 0

Psa  Psa Pes Pee

> @ P> >

1 0 0 0

The above mentioned average times of chain residence
(ATCR) form a vector F' and can be determined by the
equation!® FP = F and the rate-setting one F + Fg +
Fy + F B=1.

P.,+P
F,= _BA_Dﬂ (12)
P.+P
Fp= _AB_D___AA (13)
(Pyg + P, )Py, + (P, + Ppp)P,,
= 5 (14)
. (Pag+ Py )Ppp + (Ppy + Ppp)Pyp
Fy= 5 (15)

where
D=(Pgy+Prp)1+ P, +Pp)+ P+ P, +

As the mole fractions of A and B (ma and mg) in the
copolymers are
my=F,+F, and my=Fy+F; 17

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

my _ (Pagt Ppa)Ppy + (Ppy + Pap)(1 + Pyy)
mg  (Pgy + Ppp)P,p + (Pug + P + Pgp)

18)

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*.

p,, =4 (19)
Ya
B -1
Py = (Blrap (20)
Ya
A C -1
PAA = .[_l'_A_’C_é_ (21)
Va
A C -1
B, = Crace ©2)
Ya
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B
Py = 2 (23)
YB
[Alrg,
Py, = [Alrgs (24)
VB
& [Clrgcs”
VB
. [Clrgca '
Py, = Z7BCA (26)
VB

ya=[Al+ Blryg  +[Cllryca ' +race™ (@7

vp=[Bl+[Alrg, " + [Cllrgca " +racs” )  (28)

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

_[B1Psy

rA’B = [—A—] m (29)

_[C1Pps
raca=[alP,, (30)

_[C1Paa
TacB = mp; (31)

_ [A] Pgg

rB,A = ﬁ}TB; (32)

[C] Pgg

TBca = [B] By, (33)

_[ClPgp
Tsce = B B, (34)

Moreover, it is evident from egs 12—17 that ATCR in
the intermediate states A (F,) and B (Fg) 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

PC)=F, + Fy (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 forming a row of P represent a full set and
hence Paa + Paa + Pag + Pap = 1 and Pgg + Pgg + Pga
+ Pgsy = 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.

. (Pgs + Pyp)(Pyy + Poy)
s = Fap + Fop = BA BBDAA A a6
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(Pag + Pus)(Pgs + Pyp)
D

mpp = Fyp +FBB=

mAB=FAB+FBA+FAB+FBA=1_"mAA'—mBB
(38)

where Fas and Figg are ATCR in the intermediate states
~AA..B and ~BB...A. The average times Fapg and Fga
are defined in the same way for the states ~AB...A and
~BA..B. Their expressions can be deduced either by
the second-order Markov chain with eight states (AA,
AA, AB, AB, BB, BB, BA, BA) or by the Bovey scheme:”

Fy=FP,, Fy=FPy+F,
F,=FpP,, Fy=FpP,y (39
Fgg = FyPgg FBB=FBPBB

FBA=FBPBA+FB FBAzFBPBA (40)

Identical expressions for ATCR are obtained by both
methods. They can be used to express the mole frac-
tions maa, mas, and mpg 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:

1- P
Mggs = (’8# (41)
1 - ayB,P
Mppp = % (42)
Mapa =
(1= o)1 =B — Pgg) + (1 — By) oy — Pyy)
(43)
D
Mpag =
1~ ~ -P)+@1- ~
D
2(1 ~ 1-P
- ( 132)(D A (45)
2(1 — a,)(1 — Pgp),
Mgpa = Op - B)B1 46)
where
o, =Py + PAB (48)
/31=PBB+PBB (49)
By =Ppp + Py, (50)

are four compound probabilities with values in the
ranges of

Pya=o;=<1
Ppp=f; =<1

i=1,2 (51)
i=1,2 (52)

The denominator D can be expressed by these compound
probabilities
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D=(1—a,z)(l—2PBB+,Bl+ﬂ2)+(1—/32)(1—
9P, s + 0y + ) (53)

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 Psa and Pgp are deduced directly from the
relations maaa/maas and maep/MmBRA

2mppa

P40 = B+ maxs oY
2m

Ppp= 8 (55)

2mppp + Mppa

Four of the thirteen remaining ratios of the mole
fractions of the compositional triads define transforma-
tional relationships between (1 — 82)/(1 — a2) and B1/ay

1_ﬂ2=mAAAPBB_/3_1=mAAB(1_PBB)_:B_1_
1-0ay mpeePaa 0y mppa(1—Pyy) oy

_2mpa (1~ Py By massPee By
MmppaPas @ 2mppp(1 — Py oy
(56)

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 mapsa and mpas. On the other hand they are
subdivided into three different subclasses. The first one
includes four ratios between magps and the nonalternat-
ing mole fractions, and the second one, the other four
ratios between mgpap and the same nonalternating triad
mole fractions. The third subclass involves only the
masa/meas ratio. It is easy to show that when combin-
ing each ratio from the first subclass with one of the
expressions for (1 — B2)/(1 — ap) (56) four different but
equivalent dependences of az on o; and $; can be
deduced. For example, if the ratio (1 — 82)/(1 — ag) in
the expression for masa/mseg, obtained by division of
eqs 43 and 42, is substituted with 2maaa(l — Paa)By/
mppaPaacy (56)

maps 1~ Pppl = B, mppaPraPrpty

Br |2m (1 — Pgp)
(57

=P, +
%2 Ad Mgpp Pyg

Analogously, 16 equivalent dependences of 83 on a; and
B1 can be derived from the second subclass ratios. When
for example, in the expression for mgpap/maas (eqs 41
and 44) the ratio (1 — B2)/(1 — o) is substituted with
its equivalent maapPrpf1/2meea(1 — Paa)ay (56)

— mpap 1 = Ppa 1~ 0] maspPppPasfy
/32 = PBB + -
Maaa Py o J2mpgp(l — Pyy)
(58)

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, a; — 1, and az — f2. The
symmetry is valid also for the other possible expressions
for ag and Ba.
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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 (%) = (m{}} —

m%il"‘) X 10’/m;.§’

G, j, k =8, M)]

mole fraction of S

mole fraction of the compositional triads

no. in monomer feed triads exp!! calc by terminal model” A (%) calc by suggested model A (%)
1 0.40 MMM 0.082
MMS 0.264
SMS 0.204
SSS 0.10s 0.03; 71.3 0.09 16.7
SSM 0.245 0.17; 29.3 0.24¢ 0.8
MSM 0.10¢ 0.243 —148.0 0.12¢ —~20.0
2 0.45 MMM 0.14¢ 0.06p 58.0 0.14¢ 0.0
MMS 0.24, 0.23; 4.2 0.24¢ 0.0
SMS 0.13p 0.22¢ -73.2 0.13¢ 0.0
SSS 0.11, 0.044 54.6 0.11, 0.0
SSM 0.26¢ 0.21 18.8 0.26¢ 0.0
MSM 0.12¢ 0.23¢ —88.5 0.12¢ 0.0
3 0.50 MMM 0.083 0.042 494 0.11, -33.7
MMS 0.225 0.19; 14.2 0.22, 1.3
SMS 0.15; 0.225 -48.0 0.133 9.2
SSS 0.14, 0.065 53.6 0.135 —3.6
SSM 0.27¢ 0.23, 15.9 0.277 0.4
MSM 0.124 0.243 -96.0 0.11g 0.6
4 0.60 MMM 0.02;
MMS 0.145
SMS 0.25¢
SSS 0.16g 0.11¢ 16.5 0.18¢ -12.5
SSM 0.31g 0.284 9.3 0.304 4.7
MSM 0.09; 0.18¢ —40.6 0.097 —4.3
Only two linear-independent relationships between Ppya=1+Pgg— ;- B, (61)

experimentally determined mole fractions of the com-
positional triads are used when the probabilities Pas
(54) and Pgp (55) are determined. The other three
relationships are (56)—(58). 1t is clear that they define
a correspondence between planes (a1, £1) and (og, S2).
Therefore each point (o, 1) of the rectangle (Psa < a;
= 1, Pgg = 1 = 1) corresponds to one set of values for
a; and By, i.e., for unknown probabilities Pag and Pga.
Here it is necessary to establish a criterion for the
optimum choice of the basic probability (¢ or ;) value.
The minimum of the residual sum of squares (SS) is
proposed as such a criterion.

mE? i g k=AB

6

min SS = min 2 Z(mfgﬁ’ — Mgy
Ma 1

(59)

where m{i¥ and m{3’ are the experimental and calcu-

lated mole 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 (Ms 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 Pgp values for one of the copoly-
mers (denoted as the “basic” one) are calculated by
relations 54 and 55. The relationships ag(a;,81), and
Ba(a1,51) for basic experiments are determined by eqs
57 and 58. Then a series of a; and 8; values in the
ranges of egs 51 and 52 are set with a fixed step. For
each point (a1, 81) the values of oz and S are obtained.
They are used in the calculation of the transitional
probabilities (eqs 20—22 and 24—26) by applying the
already determined Paya, Pgg, the definition equations
(47)—(50), and the following relationships:

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 a;
and f;. Criterion 59 allows one to choose the optimum
point (o1, §1) 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) copolymers!! are used. M and S are two monomers
with fairly different values of the ¢ parameters!? (es = —0.80,
em = 0.40). These copolymers are obtained by radical bulk
copolymerization with AIBN as initiator at a temperature of
60 °C.!! The experimentally determined (by *C 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 terminal'! 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. Pgs and Pum
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 a; and §; values: a4 = 0.605,
Biopt = 0.715. 04 and f; caleculated 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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rys = 1.81 rey = 4.09
™MCM _ Tscs _

% = 391 X —098 (62)
MOS_ 154 BM_q79

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 [C] = K[S][M]. 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 41-486) 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 (59), 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;13-16

_ [(ss)term - (Ss)cum]/(Ncom - Nterm)
cale ™ (89)ra/™ — Nogrm)

(63)

where (SS).erm and (SS)eom are the residual sum of squares
calculated by the terminal and the suggested (complex)
methods, respectively, Niwerm and Neom are the corresponding
numbers of the variable parameters in both models (Nierm =
0, Neom = 2), and n is the total number of data points. If the
basic experiment (no. 2) is excluded, n = 12 and (SS)erm =
74.128; (SS)eom = 2.336 (Table 2). Thus, according to eq 63,
Feac = 5.811. This value is greater than the values from the
statistical tables!é for the significance levels 0.95 (Fo95(2.12)
= 3.88); since F95 < Feql, 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
rus, r/mow'K, ru,es/K; sy, rsow/K, and rscg/K. The last values
allow us to calculate the transition probabilities Paa, Paa, Pas,
Pap, Pgg, Pgg, Pra, and Pg, 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 (Psg, Pum, Pug, Psm) and
the complex addition probabilities (Pss, Py, Pus, Psw) to the
propagating ends on the monomer feed. The dependences of
the first type are monotonous, while those of the second type
are extremal with a maximum close to the equimole comono-
mer composition. The same differences can be observed
between the dependences of Fg and Fu on the one hand and
Fs and Fy 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-

Comonomer Complexes in Macromolecule Propagation 6887

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

SS x 103
mole fraction calc by calc by
of Sin terminal suggested
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
2 0.45 MMM 0
MMS 0
SMS 0
SSS 0
SSM 0
MSM 0
3 0.50 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
4 0.60 MMM
MMS
SMS
SSS 2.704 0.441
SSM 1.225 0.225
MSM 7.569 0.016
74.128¢ 2.336¢

@ Total sum SS.

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

. Ms Pss Psy Pss Psvu Pwm Pus Pwum  Pums

0.1 0.21; 0473 0.19g 0.11, 0.86s 0.05;5 0.02; 0.057
0.2 0.30s 0.30p 0.25 0.144 0.755 0.105 0.039 0.09g
0.3 0372 0.21; 0.26; 0.155 0.663 0.15; 0.05; 0.12
0.4 042 0.15; 0.263 0.15; 0.57s 0.213 0.055 0.15¢
0.5 0483 0.113 0.249 0.144 0.499 0.275 0.064 0.169
0.6 0.554 0.099 0.225 0.13¢ 0.42; 0.349 0.065; 0.164
0.7 0.63, 0.06s 0.193 0.11; 0.34; 0.44; 0.06; 0.15¢
0.8 0.723 0.04, 0.143 0.08; 0.25; 0.56; 0.05; 0.13;
09 0.84; 0.023 0.08¢ 0.049 0.14; 0.733 0.03; 0.08¢

=
=]

OQO-IM U WN -

Table 4. Dependence of the ATCR in All S, M, 8, and M
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

Mg Fg Fum Fy Fu P(C)

no.
1 0.1 0.092 0.81¢ 0.064 0.025 0.09;
2 0.2 0.17; 0.66; 0.123 = 0.044 0.167
3 0.3 0.237 0.54¢ 0.154 0.063 0.217
4 0.4 0.302 0.469 0.154 0.07, 0.229
5 0.5 0.367 0.399 0.15¢ 0.07g 0.234
6 0.6 0.43¢ 0.333 0.153 0.07s 0.23;
7 0.7 0.51s 0.267 0.14; 0.07, 0.215
8 0.8 0.624 0.195 0.11g 0.063 0.18;
9 0.9 0.772 0.11 0.07¢ 0.042 0.11g

gible for the observed alternating tendency. The comonomer
addition in the noncomplexed state does not contribute to the
alternating sequence formation, as both rys and rsy are greater
than 1 (62). Since K < 1, the copolymerization constants rv,cm,
rmcs, r's,cM, and rgcs 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 at much smaller complex concentrations.

The experimental data on the composition and triad frac-
tions of the methyl acrylate (A)—1,1-diphenylethylene (D)
copolymer obtained by Ito and Yamashita in a block radical
copolymerization!” provide a partial possibility for an ad-
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Table 5. Experimental!” and Calculated, by Cais et al.!3 (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)—1,1-Diphenylethylene (D) System

ma MAAA MAAD MADA
calc calc cale cale calc cale cale cale
no. Ma expl?” (CM)® (SM) exp” (CM)® (SM) exp!” (CM)¥¥ (SM) exp!” (CMD¥® (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 0.40 041 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 Seiner!® prove the better
description of the same data by the complex participation
model. This model is confirmed also by Cais et al.!? using the
direct search method for the determination of the “best-fit”
reactivity ratio values (r; = ky/ky, pi = Rio/kiq, 81 = Rig/kyjs i, ] =
A, D) from the available experimental information. Their
calculated 75 p value (9.7 x 1072) is smaller than that (rap =
28) determined by Litt and Seiner.!®* Comparison of the
copolymer composition and triad fractions (only A-centered
triads) calculated by Cais et al.}® and by the method developed
in this work is shown in Table 5. The direct application of
the suggested method for the calculation of the rap, raca, raco,
DA, ™pca, and rpep 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: rap =ra = 9.7 x 1072 raca
= ra/PaSa = 5.565 x 1072 racp = ra/Sa = 4.62 x 1072, rps =
rp; rpcp = ro/PpSp; rpca = ro/Sp. Since Cais et al.13 set rp =
Pp = 0, here also the very small value of 106 is assumed for
DA, DD, and rpca. 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
of P(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 rags, raa, raas/K, rasa/K, rap/
K, rpa/K, 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 methods.35 Its application is possible if the
copolymer compositional triad composition is deter-

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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