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ABSTRACT: Miscibility-induced sequential reordering (MISR) was investigated using a Monte Carlo
simulation method in two systems, i.e., a ternary copolyester system and a binary copolyester system in
the presence of a third noncondensation polymer. A homogeneous AB random copolymer/C homopolymer
blend was used as an initial blend. Phase separation and ester-interchange reactions were performed
simultaneously at a trial ratio of 100/1 using a one-site bond fluctuation model. MISR was monitored by
calculating the number-average sequence length of each segment. In the case of the ternary copolyester
system, ester-interchange reactions between segments A, B, and C were attempted under various attractive
and repulsive interaction energies between the three. It was found that MISR of segment A was induced
only when segment C was miscible with segment B. The more repulsive segments A and C are and the
more attractive segments B and C are, the longer the sequence length of the segment A becomes. In the
case of a binary copolyester system in the presence of a third noncondensation polymer, segment A or B
is sequentially reordered, accompanied by phase separation of the blend, when segment C is miscible
with either segment A or B, respectively. The more repulsive the interaction between segments A and C
is and the more attractive the interaction between segments B and C is, the longer the sequence length

of segments A and B becomes.

Introduction

It is generally well-known that ester-interchange
reactions between homopolyesters in the melt produce
first block copolymers and finally random copolymers.1—6
The large increase in entropy which accompanies the
transition of the block copolymer to a random copolymer
is considered to be the main driving force. However, it
has been reported that ester-interchange reactions can
lead to sequential reordering of a random structure, i.e.,
the formation of block structures, under certain condi-
tions. Lenz et al.”~11 first reported the crystallization-
induced sequential reordering (CISR) of random copoly-
esters via ester-interchange reactions below their melting
temperatures. For example, the number-average se-
quence length of terephthalate units in poly(ethylene
terephthalate-co-2-methyl succinate) containing 78.5%
ethylene terephthalate units and 21.5% ethylene 2-m-
ethyl succinate units was increased from 5.3 to 6.8 when
the copolymer was annealed at 220 °C for 30 h.8 Fakirov
et al.’2=14 also reported CISR in copolyesters prepared
by immiscible and miscible polyester blends such as
poly(ethylene terephthalate) (PET)/polycarbonate (PC),
PET/polyarylate (PAr) (a copolymer of bisphenol A and
an equimolar mixture of terephthalic and isophthalic
acid), and poly(butylene terephthalate) (PBT)/PAr. Fur-
thermore, they first proposed that PBT/PC/PAr and
PBT/nylon 66 (PA66)/PAr terpolymers show miscibility-
induced sequential reordering (MISR) when they were
annealed above their melting temperature to exclude
the possibility of CISR.15

In our previous study,1617 the effect of phase separa-
tion and ester-interchange reactions on the homogeni-
zation of immiscible polyester blends was investigated
using a Monte Carlo simulation method. The results
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showed that the homogenization of the phase-separated
structure of the immiscible polyester blend proceeds by
ester-interchange reactions without a change in the
domain size, while the concentration difference between
the two phases becomes smaller. Also, when phase-
separated structures were monitored until the degree
of randomness (DR) reached 0.8 (DR is defined in the
next section describing the model and simulation
method), the results showed that the homogenization
is accomplished via ester-interchange reactions over
most of the polyester chains. Therefore, it is considered
that the simulation method is suitable for the study of
MISR in copolyesters. Fakirov et al.’271> used dif-
ferential scanning calorimetry, X-ray measurements,
and NMR?!® to monitor sequence reordering due to
MISR. However, it is not always possible to systemati-
cally analyze the factors affecting the MISR in real
systems, because experimental variables cannot be
controlled precisely in the experiments. In this regard,
computer simulation may provide a useful tool for
analyzing such phenomena, because it can be carried
out under controlled conditions in which experimental
variables are readily factorized and can therefore yield
useful results that cannot be obtained from experiment.

The purpose of the present study is to systematically
analyze the conditions for MISR in a ternary copolyester
system as well as a binary copolyester system in the
presence of a third noncondensation polymer. To ac-
complish this, Monte Carlo simulations are performed
using the model employed in our previous studies6.7
under varying attractive and repulsive interaction ener-
gies. The rationale for MISR is also discussed thermo-
dynamically.

Model and Simulation Method

The model and simulation method used in this study
are detailed in our previous papers,'617 so only the main
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points are summarized here. The simulations were
performed on a simple cubic lattice of 50 x 50 x 50 (L
x Ly x L) sites with periodic boundary conditions.'® The
cubic lattice was filled with homopolymers A, B, and C
at a blend ratio of 1/1/1 (v/viv), where 60% of the lattice
sites were occupied by segments. For convenience, we
assume that a segment in the lattice corresponds to one
Kuhn segment. The initial chain length was set at Na
= Ng = N¢ = 20, and consequently 1250 chains of each
homopolymer A, B, and C were present on the lattice.
All the chains were arranged initially at randomly
chosen positions with fully extended chain conforma-
tions. This initial structure was then relaxed under
athermal conditions through the bond diagonal method,2°
generating self- and mutual-avoiding walks on the
lattice. After the conformational state of the polymer
chains reached equilibrium, ester-interchange reactions
between the same kind of segments (homo-ester-
interchange) were executed to prepare polymers with
polydisperse molecular weight distributions (MWD).
The polydispersity index of each chain was 2.0 after the
system reached equilibrium. In this work, two kinds of
ester-interchange reactions (i.e., end attack and bond
flip) corresponding to alcoholysis (or acidolysis) and to
a direct ester—ester interchange reaction, respectively,
were executed as suggested by Mansfield.2!

After polydisperse polymer blends were prepared,
hetero-ester-interchange reactions between polymers A
and B were performed to prepare AB random copoly-
mers (A-r-B) under the condition of Eag = 0.15, Eac =
0, and Egc = 0 (Ejj = €ij/ks T where ¢jj is a pair interaction
energy between segments i and j, kg is the Boltzmann
constant, and T is the absolute temperature). Although
polymers A and B are now immiscible, they were
homogenized by ester-interchange reactions as shown
in our previous study,'” which will be discussed in detail
later. This A-r-B/C blend was used as an initial blend.
An ester-interchange reaction was then attempted once
every 100 segment movements on average, and homo-
and hetero-ester-interchange reactions were assumed
to have the same probability of occurring as long as the
geometric condition was satisfied.

The sequential reordering of each type of segment was
evaluated by calculating its number-average sequence
length, i.e.,, LAl gl and O.cO) which denote the
number-average sequence length of segments A, B, and
C, respectively. The degree of randomness (DR) of the
A-r-B copolymer was calculated by using the following
relation:??

DR = 1/ ,0+ 1/[Lg0 (1)

Theoretically, the values of the DR vary from 0 for a
homopolymer with infinite chain length to 1.0 for
completely random copolymer. As the time unit, a Monte
Carlo step (MCS) was defined as one attempted trial
per segment to move or to react on the average. Phase
separation was monitored by calculating the collective
structure factor S(q,t), which has often been used to
investigate the time evolution of long-range ordering.
To monitor the phase separation in the A-r-B/C blend,
the time-dependent collective structure factors S(q,t)
were calculated at equal time intervals and spherically
averaged as described in our previous papers.’17 To
improve the statistics of the results, three independent
runs were performed for each case, and the results were
reported by averaging the data from three independent
runs.
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Figure 1. Changes of [La0Oand [Lg[with Monte Carlo step
during the preparation of an initial A-r-B/C blend.
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Figure 2. Collective structure factor S(q,t) of an A-r-B/C blend
prepared with Eag = 0.15, Eac = 0, and Egc = 0.

Table 1. Effect of Interaction Energies on LAl OLgll and
[LcOWhen Ester-Interchange Reactions between A, B,
and C Segments Are Attempted; Number-Average
Sequence Length of Each Segment Is Taken after 30 000

MCS

interaction energies

Eac Egc 1INE| MgO IO

0.15 0.15 1.60 1.60 1.60
-0.15 -0.15 1.52 1.52 1.39

0.15 0.0 1.75 1.53 1.53

0.15 —-0.05 2.02 1.55 1.55

0.15 -0.15 3.05 1.63 1.63

0.15 -0.20 3.75 1.65 1.65

0.20 -0.20 4.55 1.66 1.71

Results and Discussion

Preparation of a Miscible A-r-B/C Blend. Fakirov
et al.’® reported that randomized PBT/PC/PAr and PBT/
PAB6/PAr ternary copolymers were sequentially reor-
dered due to transreactions in the direction of an
entropy decrease when these copolymers were annealed
for a prolonged period in the melt state. Those ternary
copolymers were prepared by adding PBT and PAr to
PC/PAr and PBT/PA66 random copolymers as the third
polymer, respectively. They concluded that the driving
force for reordering is related to the miscibility of PBT
and PAr in any composition. In these two systems, both
PC/PAr and PBT/PA66 were immiscible. In this study,
the conditions for MISR in a ternary copolyester system
and in a binary copolyester system in the presence of a
third noncondensation polymer were investigated using
the Monte Carlo simulation. The interaction energies
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Figure 3. Change of the number-average sequence length [L;(in an A-r-B/C blend with Monte Carlo step when ester-interchange
reactions between A, B, and C segments are performed under various interaction energies.

(Eas, Eac, and Egc) between segments A, B, and C were
systematically varied in order to examine the effect of
interaction energy on the MISR. To directly compare
simulation results with experimental ones, a homoge-
neous blend of polydisperse homopolymers A, B, and C
at a blend ratio of 1/1/1 (v/v/v) was first prepared, and
then ester-interchange reactions between homopolymers
A and B were allowed to occur under the condition of
Eag = 0.15, Eac = 0, and Egc = 0, resulting in a blend
of A-r-B/C. The values of [ILa[Cand [ILg[decreased rapidly
with MCS while the value of [LcOremained constant at
20, because ester-interchange reactions between homo-
polymers A and B were only allowed to occur, as shown
in Figure 1. After 40 000 MCS, the values of OLa[and
[Lglreached 2.15 and the DR was 0.93. When S(q,t) was
plotted against the scattering vector for the A-r-B/C
blend taken after 40 000 MCS, it revealed that the
scattering intensity did not show q dependence, indicat-
ing the initial blend was a homogeneous mixture, as
shown in Figure 2.

According to the Flory—Huggins theory,?® the free
energy of mixing per unit volume of a binary polymer
system is described by the well-known relation

AGIRT = (¢4/ny) In ¢y + (do/Ny) IN @y + Ypiena102  (2)

where ¢; and n; are the volume fraction and the degree
of polymerization of components i, respectively. For the

case of an Ay-r-B;-,/C binary system, where Ay-r-B,—y
is a copolymer with the composition y of A monomer,
and C is a homopolymer, the net interaction parameter
¥olend 1S given by the following relation:?4-26

Xotend = YXac T (1 = Yec = Y — Yias 3)

wherey is the volume fraction of segment A in the A-r-B
copolymer and y;; is the interaction parameter between
segments i and j. Examination of eq 3 tells us that it is
possible for ypena to become negative under a proper
condition even if all segmental interaction parameters
are positive. Therefore, the miscibility of the A-r-B/C
blend prepared under the condition of Eag = 0.15, Eac
= 0, and Egc = 0 can also be explained by eq 3.

MISR in a Ternary Copolyester System. Ester-
interchange reactions between segments A, B, and C
were then allowed to occur in the A-r-B/C blend under
various attractive and/or repulsive interaction energies.
It was assumed that all of the homo- and hetero-ester-
interchange reactions occur with the same probability.
When segments B and C experience an attractive
interaction, the blend becomes more miscible, as can be
seen from eq 3. However, since all types of ester-
interchange reactions between segments A, B, and C
had the same probability, it is expected that the blend
would be homogenized irrespective of the interaction
energies.
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Figure 4. Change of the number-average sequence length in an A-r-B/C [L;[blend with Monte Carlo step when ester-interchange
reactions between A and B segments are performed under various interaction energies.

When segment C is miscible only with segment B, [ILa[]

increases while [Lg[0and [Lc[decrease rapidly and level
off with time, as shown in Figure 3c,d, indicating that
only segment A is sequentially reordered. The number-
average sequence lengths taken after 30 000 MCS are
listed in Table 1. When the values of Exc and Egc are
both positive (repulsive) or both negative (attractive),
the ternary copolymers are randomized, as shown in
Figure 3a,b. The more repulsive the interaction between
segments A and C is and the more attractive interaction
between segments B and C is, the longer the sequence
length of segment A becomes. It is concluded that the
attractive interaction energy between segments B and
C is a driving force for MISR. However, Fakirov et al.1®
observed that all of components were sequentially
reordered in the randomized PBT/PC/PAr and PBT/
PAG6/PAr ternary copolymers, when annealed at high
temperature for longer than 20 h, although the glass
transition of PAr was not observed. Here PC, PAr, and
PBT in PBT/PC/PAr ternary copolymer correspond to
A, B, and C, respectively, and PA66, PBT, and PAr in
PBT/PAG66/PAr ternary copolymer correspond to A, B,
and C, respectively. In our simulation, however, when
segment C is miscible only with segment B, Lgand
[LcOincreased slightly after a rapid decrease at the
initial stage and then leveled off with time. This slight
increase is not sufficient to completely explain sequen-

tial reordering of segments B and C observed in Fakirov
et al.’s experiment.

The discrepancy between the simulations and experi-
ment may arise from other factors ignored in simulation.
In the randomized PBT/PC/PAr ternary copolymers,
PBT/PAr and PC/PAr have a common chemical moiety
in their repeating units. The repeating unit of PAr can
be formed via interchange reactions between PBT and
PC units. As a result, in the experiment a blocky
structure can be induced via interchange reactions in
the PBT/PC/PAr ternary copolymer irrespective of MISR.
Moreover, in the case of the PBT/PA66/PAr ternary
copolymer, new repeating units, such as butylene adi-
pate and hexamethylene terephthalamide units, are
formed by interchange reactions, which can affect MISR.
However, in the simulations these segmental changes
were not considered while only the miscibility effect was
taken into account.

It is also possible that different reaction conditions
may be one of the reasons for the discrepancies. In the
experiment, PBT was mixed with PC/PAr random
copolymer to prepare the PBT/PC/PAr ternary copoly-
mer, but PBT was not completely randomized even after
annealing for 500 min at 280 °C, whereas segment C,
corresponding to PBT, was completely randomized in
the simulations. In the case of PBT/PA66/PAr ternary
copolymer, there are ester and amide bonds in the
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Figure 5. Time evolution of collective structure factor S(q,t). The interaction energies of Eac = 0.15 and Egc = —0.05 are given
for (a-1) and (a-2), and the energies of Eac = 0.15 and Egc = —0.15 are given for (b-1) and (b-2). The numbers 1 and 2 behind a
and b in figure numbering denote the case without (1) and with (2) ester interchange reactions between segments A and B.

random copolymer. In the simulations, all segments had
the same reactivity, but in the experiment, the reactivity
of interchange reactions may be different from one
another. Indeed, we showed in a previous report that
differences in reactivities of ester-interchange reactions
between segments can induce a blocky structure in even
miscible polyester blends.?”

MISR in a Binary Copolyester in the Presence
of a Third Noncondensation Polymer. The MISR
in an A-r-B copolyester in the presence of a third
noncondensation polymer (homopolymer C) was also
simulated under various attractive and repulsive inter-
action energies. Since the third component was not a
condensation polymer, no ester-interchange reactions
between segments C and A and between C and B are
allowed. Ester-interchange reactions between segments
A and B were performed with the same probability.

The variations of Lafand LgOwith time for various
interaction energies are shown in Figure 4, and the
number-average sequence lengths taken after 30 000
MCS are listed in Table 2. Since the homopolymer C is
not a condensation polymer, the value of LcOremains
constant at 20. When segment C is miscible only with
segment B, the values of OLaland [LgOincrease rapidly
with time and then level off after 30 000 MCS, as shown
in Figure 4c,d, indicating that both segments A and B
were sequentially reordered. The value of LaOwas
slightly larger than that of (Lg[]because segment B was

Table 2. Effect of Interaction Energies on LaOand g
When Ester-Interchange Reactions between A and B

Segments Are Attempted; Number-Average Sequence
Length of Each Segment Is Taken after 30 000 MCS

interaction energies

Eac Esc a0 MgO
0.15 0.15 231 231
—0.15 —0.15 2.13 2.13
0.15 0.0 2.70 2.63
0.15 —0.05 3.38 3.26
0.15 —0.15 4.73 4.58
0.15 —0.20 5.31 5.25
0.20 —0.20 571 5.58

miscible with segment C. As the interaction between
segments A and C becomes more repulsive while the
interaction between segments B and C becomes more
attractive, the sequence length of segments A and B
becomes longer.

When segment C is miscible with either segment A
or B, the A-r-B/C blend becomes more miscible, as
expected from eq 3. Parts a-1 and a-2 of Figure 5 show
the time evolution of S(q,t) plotted against the scattering
vector at given interaction energies of Eac = 0.15 and
EBC = —0.05 and EAC = 0.15 and EBC = —0.15,
respectively, when ester-interchange reactions between
segments A and B are not allowed to occur. In the case
of Egc = —0.05, a distinct maximum of S(g,t) was
observed, indicating a phase-separated structure was
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developed. However, in the case of Egc = —0.15, the
scattering intensity does not show a g dependence,
indicating that the blend is almost a homogeneous
mixture. On the other hand, when ester-interchange
reactions between segments A and B are allowed to
occur under the conditions of Eac = 0.15 and Egc =
—0.05 and Eac = 0.15 and Egc = —0.15, as shown in
parts b-1 and b-2 of Figure 5, respectively, a scattering
maximum (Smax) is distinctly observed in both cases, and
its value increases with time. When Figure 4c is
compared with Figure 5b-2, it is realized that Smax
reaches a maximum as the value of a0 and [OLgO
approaches respective equilibrium value. This indicates
that phase separation is induced as the structure of
copolymer changes from random copolymer to block
copolymer.

It is clearly shown in this study that the attractive
interaction energy between segments B and C is a
driving force for MISR in both cases. To more clearly
understand this phenomenon, ypiend Was monitored as
a function of time in a binary copolyester in the presence
of a third noncondensation polymer with/without ester-
interchange reactions between segments A and B.
According to the mean-field approximation, the ypjeng for
a Ayr-B;-,/C blend can be related to the reduced
interaction energies as follows:282°

Yotend®1®2 = (LN} EagNpg + EacNac + EgcNpe —
¢1EAB(NAB)c0,y} (4)

where the subscripts 1 and 2 designate the A-r-B and
C polymers in the mixture, respectively, and Nj; is the
equilibrium overall number of heterocontacts between
segments i and j. The average number of heterocontacts
Nij(Ej) is a function of the reduced interaction energy
Ejj. The first three terms on the right-hand side of eq 4
are accounted for by interactions between segments in
the mixture, while the last negative term is taken into
account by considering the reference state of the pure
copolymer on a lattice under the same condition as used
in the mixture. In eq 4, (Nag)wy is the number of
heterocontacts in the copolymer with the copolymer
composition y, and N is the total number of sites in the
system.

Parts a and b of Figure 6 show the changes of homo-
and heterocontacts per segment without and with ester-
interchange reactions between segments A and B,
respectively, at a given value of Eac = 0.15 and Egc =
—0.15. When MISR was induced via ester-interchange
reactions, larger values of Naa, Ngc, and Ngg and
smaller values of Nag and Nac were obtained, as shown
in Figure 6b. In this case, the value of ypeng calculated
from eq 4 is much smaller than that obtained in the
case where ester-interchange reactions do not occur.
Since ester-interchange reactions do not change the
degree of polymerization, the free energy of mixing
calculated from eq 2 decreases as the MISR proceeds.
This is because the number of homocontacts per seg-
ment increases as the MISR proceeds, indicating that
homo-ester-interchange reactions become more favor-
able. Consequently, MISR is induced by a decrease in
the free energy of mixing, and as a result phase
separation occurs in the blend.

Conclusions

Conditions for MISR were investigated using a Monte
Carlo simulation method in two cases: one is a ternary
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Egc = —0.15 are given.

30000

copolymer system, and the other is a binary copolyester
in the presence of a third noncondensation polymer. In
the case of a ternary copolyester system, when segment
C is miscible only with segment B, the value of [La0
increases while the values of O.gJand [cCdecrease
rapidly and level off with MCS, indicating that only
segment A is sequentially reordered. The more repulsive
the interaction between segments A and C is and/or the
more attractive the interaction between segments B and
C is, the longer the sequence length of segment A
becomes. In the case of a binary copolyester system in
the presence of a third noncondensation polymer, where
segment C is miscible with either segment A or B, the
values of [Laland [LgOincrease rapidly and level off
after 30 000 MCS, indicating that both segments A and
B are sequentially reordered. This reordering is ac-
companied by phase separation of the blend. The more
repulsive segments A and C are and the more attractive
segments B and C are, the longer the sequence lengths
of the segments A and B are. Under these conditions,
the number of homocontacts increases, and therefore
homo-ester-interchange reactions contribute to decrease
the free energy of mixing. It is concluded that MISR in
this case is induced by a decrease in the free energy of
mixing in the system.



7536 Youk and Jo

Acknowledgment. The authors thank the Korea
Science and Engineering Foundation (KOSEF) for fi-
nancial support for this work through the Hyperstruc-
tured Organic Materials Research Center (HOMRC).

References and Notes

(1) Porter, R. S.; Wang, L.-H. Polymer 1992, 33, 2019.
(2) Fernandez-Berridi, M. J.; Iruin, J. J.; Maiza, I. Polymer 1995,
36, 1357.
(3) Lee, S. C,; Yoon, K. H.; Park, I. H.; Kim, H. C.; Son, T. W.
Polymer 1997, 38, 4831.
(4) Okamoto, M.; Kotaka, T. Polymer 1997, 38, 1357.
(5) Ha, W. S.; Chun, Y. K,; Jang, S. S.; Rhee, D. M.; Park, C. R.
J. Polym. Sci., Polym. Phys. Ed. 1997, 35, 309.
(6) Chang, Y. K.; Youk, J. H.; Jo, W. H.; Lee, S. C. J. Appl. Polym.
Sci. 1999, 73, 1851.
(7) Lenz, R. W.; Go, S. J. Polym. Sci., Polym. Chem. Ed. 1973,
11, 2927.
(8) Lenz, R. W.; Go, S. J. Polym. Sci., Polym. Chem. Ed. 1974,
12, 1.
(9) Lenz, R. W.; Schuler, A. N. J. Polym. Sci., Polym. Symp. 1978,
63, 343.
(10) Lenz, R. W,; Jin, J.-1.; Feichtinger, K. A. Polymer 1983, 24,
327.
(11) Chen, G.; Lenz, R. W. Polymer 1985, 26, 1307.
(12) Fakirov, S.; Sarkissova, M.; Denchev, Z. Macromol. Chem.
Phys. 1996, 197, 2837.
(13) Denchev, Z.; Sarkissova, M.; Fakirov, S.; Yilmaz, F. Macro-
mol. Chem. Phys. 1996, 197, 2869.
(14) Denchev, Z.; Sarkissova, M.; Radusch, H.-J.; Luepke, T.;
Fakirov, S. Macromol. Chem. Phys. 1998, 199, 215.

Macromolecules, Vol. 34, No. 21, 2001

(15) Fakirov, S.; Sarkissova, M.; Denchev, Z. Macromol. Chem.
Phys. 1996, 197, 2889.

(16) Jo, W. H.; Kim, J. G.; Jang, S. S.; Youk, J. H.; Lee, S. C.
Macromolecules 1999, 32, 1679.

(17) Youk, J.H.;Jang, S. S.; Jo, W. H. J. Polym. Sci., Polym. Phys.
Ed. 2000, 38, 590.

(18) Fakirov, S. Transreactions in Condensation Polymers; Wiley-
VCH: Weimheim, 1999; p 319.

(19) Binder, K.; Heermann, D. W. Monte Carlo Simulation in
Statistical Physics, 2nd ed.; Springer-Verlag: New York,
1992.

(20) Dotera, T.; Hatano, A. J. Chem. Phys. 1996, 105, 8413.
(21) Mansfield, M. L. 3. Chem. Phys. 1982, 77, 1554.

(22) Koenig, J. L. Chemical Microstructure of Polymer Chains;
John Wiley and Sons: New York, 1980.

(23) Flory, P. J. Principles of Polymer Chemistry; Cornell Univer-
sity Press: Ithaca, NY, 1953.

(24) Kambour, R. P.; Bendler, J. T.; Bopp, R. C. Macromolecules
1983, 16, 753.

(25) ten Brinke, G.; Karasz, F. E.; MacKnight, W. J. Macromol-
ecules 1983, 16, 1827.

(26) Paul, D. R.; Barlow, J. W. Polymer 1984, 25, 487.

(27) Youk, J. H.; Jang, S. S.; Park, C. R.; Jo, W. H. Polymer (Korea)
1998, 22, 651.

(28) Cifra, P.; Karasz, F. E.; MacKnight, W. J. J. Polym. Sci.,
Polym. Phys. Ed. 1988, 26, 2379.

(29) Cifra, P.; Karasz, F. E.; MacKnight, W. J. Macromolecules
1989, 22, 3649.

MAO001286V



