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ABSTRACT: Using a theoretical model, we compare the relative effectiveness of single-component
compatibilizers and binary copolymer mixtures in lowering the interfacial tension (y) between immiscible
homopolymers. The most dramatic effects are seen for mixtures of diblock and comb copolymers, where
the mixture can reduce the interfacial tension to zero, even though neither component by itself can produce
this effect. Combinations of different comb copolymers are also effective in reducing y to values lower
than those achieved by either component alone. In the case of symmetric diblocks, the mixture is more
effective at lowering y than the individual components if the molecular weights of the two copolymers
are not significantly different. In general, we find that polydispersity has a beneficial effect on the
compatibilizing activity of the diblocks. The results provide guidelines for designing the optimal additives

for reducing interfacial tension.

Introduction

The addition of a small amount of copolymer com-
patibilizer to a mixture of immiscible homopolymers can
significantly alter the behavior of the system.! These
chains effectively act as high molecular weight sur-
factants: they localize at the interface between the
immiscible polymers and lower the interfacial tension,
y, between the incompatible components. An especially
favorable situation arises when the compatibilizers
drive the interfacial tension to very low values or to
zero: there is no longer a substantial energetic penalty
for creating interfaces, and the compatibilizers disperse
the homopolymers into small domains. Consequently,
the degree of adhesion between the different domains
and the mechanical properties of the material are
greatly enhanced.

Considerable attention has been focused on the com-
patibilizing activity of diblock copolymers;2 however,
diblock copolymers are relatively expensive to synthe-
size. Thus, it is of particular interest to determine the
interfacial behavior of other copolymer architectures. In
previous studies,®~5 we adopted the model developed by
Leibler® for the compatibilizing activity of diblocks and
extended the theory to comb copolymers.” Through
these studies, we isolated conditions under which comb
copolymers are more efficient than diblocks at reducing
the interfacial tension. These studies provide guidelines
for enhancing the compatibilizing activity of combs by
tailoring the architecture of the chain.3=>

In this paper, we determine if additional improve-
ments in compatibilizing activity can be achieved by
mixing different copolymers and using the mixture as
a compatibilizing agent. Specifically, we examine (1) a
mixture of diblock copolymers of different molecular
weights, (2) a mixture of diblock and comb copolymers,
and (3) a mixture of different comb copolymers. Our
most dramatic finding is that the diblock—comb mixture
can drive the interfacial tension to zero, even though
the individual components cannot produce such a
reduction in y. In the case of the different combs, we
again find that the mixture is more effective at lowering

* To whom correspondence should be addressed.
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y than either component. For the mixture of diblocks,
we pinpoint the conditions where mixing diblocks of
different molecular weights proves beneficial.

The paper is organized as follows. We first formulate
the theory for the interfacial behavior of a mixture of
copolymers. Using this formalism, we determine the
interfacial tension in the various systems. These find-
ings are analyzed in the Results section. In the Conclu-
sions, we highlight the implications of our findings.

Model

We consider a blend that contains a volume fraction
¢a of homopolymer A and ¢g of homopolymer B. In this
paper, $a = ¢s. The energetic interaction between the
A and B monomers is characterized by the Flory—
Huggins parameter y. We restrict our attention to the
case where y is relatively high. Here, the interface
between the A—rich and B—rich phases is sharp and
can be approximated by a flat plane.b

To this blend, we add a mixture of AB copolymers.
The volume fraction of the copolymer mixture is rela-
tively low and is given by ¢puk. The mixture contains
two distinct copolymer components, the molecular
weights of the different components are given by N; =
N3 + N§ and N, = N3 + N3 (where N}, and N are the
molecular weights of the respective blocks, and the
symbol i equals 1 or 2), and the chains have the same
or different architectures. (Note that in calculations
below, N}, and Ng denote the molecular weights of the
respective blocks in the case where both types of
monomers have the same size. If this is not the case,
then N and N are generally the number of spheri-
cally symmetric units that form the blocks.) The
composition of each component is given by fi = N}/
(N} + Ng), which is the fraction of A monomers in the
molecule of type i. The composition of the mixture is
characterized by the relative volume fraction of the
copolymers in the bulk, gi = ¢i/¢puk, and 3igi = 1, where
i = 1,2 denotes the type of the copolymer molecule.

Below, we first describe the theory for a mixture of
two copolymers of different molecular weights. We then
apply this formalism to examine the behavior of a
mixture of two diblock copolymers, a mixture of diblock
and comb copolymers, and a mixture of two comb
copolymers.
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For low values of ¢pui, the volume fractions of the
respective copolymers, having molecular weights N; and
N, in the B-rich phase of the bulk can be approximated
as®

¢ = &' = Qbpunl[ds + D XP{x(Ny — Np}H (1)

The corresponding chemical potential of the copolymer
in the bulk is given by

Hbune = IN@IN) + yNf + 1 2

The amount of copolymer at the interface can be
determined by equating the chemical potentials of the
chains in the bulk and at the interface, or

Mo = Higyme 1= 1,2 (3

and the chemical potential at the interface is given by

Iuiilm = OFiim/0Qils=const (4)

Here, S is the area of the interface, and Q; is the number
of copolymer molecules of type i at the interface. All
characteristic lengths are expressed in the units of the
monomer size a, which is assumed to be the same for
both the A and B monomers, and all energetic values
are expressed in units of KT.

The free energy of the interfacial layer or film can be
written as the sum of the interfacial energy, the stretch-
ing energy of the blocks, and the translational entropy
of the chains at the interface:

Feiim = 70S T (Q1 + Qu)F¢ + Q; IN(Q,/S) +
Q, IN(Q,/S) (5)

where yo = (¥/6)? is the interfacial tension of the pure
A—B homopolymer interface.® The stretching energy
(per molecule) of a copolymer at the interface is

Fstr = FA + I:B (6)

where Fa and Fg are the stretching energies for the
respective blocks. Given the values Fa and Fg, we can
obtain the chemical potential of the film through eqs
4—6 and calculate the amount of copolymer at the
interface. We can also calculate the interfacial tension:

Y = (aFfiIm)/(aS)|Qi:const (7)

As previously demonstrated® and as shown below (with
corrections involving the translational entropy terms),
the interfacial tension can also be written as

(8)

where 0 = S/(Q1 + Q) is the average area per copolymer
molecule at the interface.

In this study, we make the following assumptions:3
(1) The volume fraction of copolymer in the bulk is
sufficiently high that the chains form a brush at the
interface. (2) We assume that the brush is “dry” on both
sides of interface. That is, the homopolymers do not
penetrate into the copolymer layer. (3) The copolymers
are symmetric. We focus on the symmetric case because
it was previously shown* that in 50/50 homopolymer

Macromolecules, Vol. 29, No. 23, 1996

mixture, 50/50 copolymers are more effective than other
compositions in reducing the interfacial tension. Itwas
also shown? that in the case of symmetric copolymers,
micelle formation does not occur until the interfacial
tension is reduced to 0. These assumptions were
discussed in detail in refs 3 and 4, where we compared
the results of the analytical theory and the SCF calcula-
tions and found good agreement between two ap-
proaches. This demonstrates that our assumptions are
reasonable.

In formulating explicit expressions for the chemical
potential and stretching energy, we expand on our
previous results and now include the In N term in the
chemical potential, eq 2, which was neglected in prior
studies.®® We also include the terms associated with
the translational entropy of the molecules at the inter-
face in the expression for the total free energy, eq 5,
since the translational entropy can play an essential role
in the properties of the mixture. Below, we consider
three different cases.

Mixture of Diblock Copolymers of Two Different
Molecular Weights. In this section, we consider the
mixture of diblock copolymers of two different molecular
weights, N; and N2 > N;. We characterize the composi-
tion of the copolymer mixture by the relative volume
fraction of the longer diblock copolymer in the bulk, gy
= (2. The composition of the copolymer layer at the
interface is characterized by the number fraction of the
longer diblock copolymer in the layer:

q=Q/(Q; +Qyp) 9)

where Qj represents the total number of the molecules
of type i at the interface. Note, that q = qp.

The stretching energy per chain within the mixed
interfacial layer for f; = 0.5 can be written in the form®

For = Fa + Fg = 7N, (1 + ag®)/80°  (10)

where o = S/(Q1 + Q) is the average area per chain at
the interface and a = (N2 — Nj)/N; is the relative
difference in the lengths of the long and short diblock
copolymers. Note that eq 10 is written for a brush with
a parabolic density profile rather than a steplike density
profile. The difference between the expressions for the
stretching energy in these two models is in the coef-
ficients: it is z2/8 for the parabolic case and 3/2 for the
steplike case. Hence, the chemical potentials of the
species at the interface are

Usam = 37°N,/86% + In((1 — q)lo) + 1

Ui = 37°N,(1 + agd)/80® + In(glo) + 1 (11)

Equating uf,« = ifm We obtain a system of two
equations for the two unknown variables, o and q:

_ L4 2N1
¢ = Ni— eXp{3ﬂ 807 Xlel}

g 2N1 2
¢, = Nzg expy 37 @(1 + aq”) — xN,f, (12)

From eq 12 we can solve for o(q):
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37T2N1aq2 1/2

O‘ =
¢ N1 — q
8’|n(¢TlN—2T + X(szz - lel)
Substituting this expression for o(q) into eq 12, we
obtain a single equation for g, which we solve numeri-
cally.

From egs 12 and 13, we then calculate the interfacial
tension:

(13)

y =7, — BN,y (1 + aq®)/4o® — 1o =
Vo — 2F o — llo (14)

Note that we can neglect the term 1/o in the expression
for the interfacial tension, eq 14, since it is relatively
small in comparison with the stretching energy term.

Mixture of Diblock and Comb Copolymers. In
this section, we consider a mixture of comb copolymers
of molecular weight N; = N; and diblock copolymers of
molecular weight Ng = Nj, and we characterize the
mixture by the parameter qgibiock = Ob, Which is the
relative volume fraction of the diblock copolymer in the
bulk. The number of teeth in the comb is n, and the
composition of each copolymer is given by the parameter
fi = NW/N,, i = d,c. As above, we set fi = 0.5. In
considering the comb and diblock copolymers at the
interface, we again describe the interfacial layer as
brushes “grafted” to both sides of the interface. Unlike
the case of the diblock mixture, the brushes formed from
the “backbone” and “teeth” of the combs are not sym-
metric, due to the difference in the backbone and tooth
architecture. We consider the A-brush to be composed
of Q¢ number of A-blocks of length Ni = Ngfy and nQ,
number of A-teeth of length Nj = (Ncfo)/n (see Figure
la). We only consider the situation where N3 > Nj,
because this mixture will display particularly interest-
ing features. In the opposite case Ni < Nj, the
influence of combs with long and multiple teeth is more
dominant than the effect of the diblock copolymers.3
Here, we investigate the effect of varying the relative
number fraction of the longer A-block in the A-brush:

Qq
q qA Qd + ch (15)
where Qj is the number of molecules of each type at the
interface.

The B-brush can be described in a similar way, with
the assumption that the B portion of the backbone
between the teeth is sufficiently long that it can be
described by Gaussian statistics. Then, we simply cut
the section of backbone between adjacent teeth into two
equal parts.® In this way, the B-brush is formed by Qq
number of B-blocks of the length Né = Ng(1 — f4) and
2nQ. number of B-chains of the length Né = N¢(1 — fo)/
(2n) (Figure 1b). (Here, “chain” does not mean an entire
copolymer molecule, but refers to a section of the
copolymer. For B’s in the comb, “chain” refers to a
section of backbone, as described above. For A’s in the
combs, “chain” refers to a tooth. And for the diblocks,
“chain” refers to the individual blocks.) For the B-brush
we have

__ QR _ g
9s Qd+2ch 2_q

(16)
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Figure 1. Schematic picture of the interfacial layer formed
by the mixture of comb and diblock copolymers: (a) A-side;
(b) B-side.

The total free energy of stretching (per chain), eq 6,
can now be written in the form

_ 22|Qa T Q) + a0 IN;
8 Q.+ Qd)OAz
(Qq + 2nQY(1 + agas)Ng
Q. + Qg)ag’

F

(17)

where ga = S/(NQ; + Qq) and og = S/(2nNQ. + Qq) are
the respective average areas per chain in the A- and
B-brushes. The parameters ax = (N3 — N3)/N; and os
= (N3 — NL)/N3 define the relative difference in the
chain lengths in the A- and B-brushes, respectively.

We calculate the chemical potentials of the species
at the interface in a similar way as before:

NA

n
1 _ 2
Wiilm = 37 >
80,

QL+@-q?)+ In(ln;Aq) +1

NJ 1
Hiim = 3”2_80A2(1 +o,” +5(2 - o) + anZ)) +
A

|n(i) +1 (18)

Op

By equating ,uLu,k = ufym We obtain a system of two
equations for two unknown variables, oa and q:

1
_ l — q 2nNA _ 2y
¢, = Ny o, exp{ 3 _80A2(1 +2-0q)) Xlel]

Nl
_ q 2 YA 2
6, =N, L exp 3n—(1+aq +
2 20, 80,2 A

2@~ @ + o) - Xszz} (19)

Again, we solve these equations numerically and
present the results in the form of plots, which we discuss
below.

From eqs 7 and 17, we then calculate the interfacial
tension:
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2
N, [T, o 1 3
V_VO_4UA3[H(1+aAq)+ 2n ((Z_q) +
a9 _1-gq_, LFw g 1-g
g )] e R el CY

where 0 = S/(Qq + Q) is the average area per block
copolymer molecule at the interface.

Results

Mixture of Diblock Copolymers of Different
Molecular Weights. We begin by calculating the
interfacial tension, y, of a mixture of diblock copolymers
of two different molecular weights, N; = 100 and N, =
150. Figure 2 shows the dependence of y on the volume
fraction of the mixed copolymer in the bulk, ¢pux. Curve
1 represents a mixture composed almost entirely of the
short diblocks (N; = 100), and curve 6 represents the
opposite limit, a mixture composed essentially of long
diblocks (N, = 150). A comparison of these curves
shows that at a fixed ¢puik, the higher molecular weight
diblock (curve 6) is more efficient at lowering the
interfacial tension than the lower molecular weight
component (curve 1). In carrying out our calculations,
our aim is to find the most “efficient” additive. We say
that one additive is more efficient than another if a
smaller amount is needed to achieve a desired reduction
in the interfacial tension.

Mixtures of the two components, at different relative
volume fractions of the longer copolymer, qp, Yield
interfacial tensions in the range between the two
limiting curves. When ¢puik is held fixed, a gradual
decrease in vy is observed with an increase in the relative
volume fraction of the longer component in the bulk,
gb. This effect is also illustrated by the solid curve in
Figure 3, which shows a “cross-section” of Figure 2 at
douik = 0.1. Since the longer component is more ef-
ficient, the higher the amount of long copolymer in the
mixture, the lower the interfacial tension.

To understand the contribution from each component
in decreasing the interfacial tension, we introduce the
dependence y(qgp) for the individual long (dashed curve)
and short (dash—dotted curve) copolymers (see Figure
3). Specifically, the dashed curve represents the reduc-
tion in interfacial tension produced just by a volume
fraction gp¢ppuik of long copolymer, and the dash—dotted
curve represents the reduction in y brought about solely
by a volume fraction (1 — qp)@buik Of the short copolymer.
Note that the solid curve is the result of the mixture of
Obdouik long copolymers and (1 — gp)Pbuik short copoly-
mers in the bulk. It is seen that the solid and dashed
curves lie very close together, displaying the significant
effect of the longer block copolymer.

Figure 4 shows that the discrepancy between two
curves diminishes when the molecular weight of the
longer component is increased (N, = 200). This implies
that the longer component plays the dominant role, and
at an appreciable difference in the molecular weights,
it controls the interfacial tension. The pronounced effect
of the long copolymers is due to the fact that the
chemical potential of the long chains in the bulk is
higher than that of the short chains. Consequently,
more of the long chains are localized at the interface
than the short copolymers. Indeed, as seen from Figure
5, the number fraction of the long component at the
interface, q, is very high even at very small values of
gb, and is higher at higher values of N.
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two diblock copolymers:
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Figure 2. Behavior of y(¢pui) for the mixture of two diblock
copolymers of molecular weights N; = 100 and N, = 150. The
relative volume fraction of the longer component in the bulk,
Ob, is noted on the plot.
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Figure 3. Dependence of y on gy, the relative volume fraction
of the longer component in the bulk, for the mixture of two
diblock copolymers of molecular weights N; = 100 and N, =
150 (solid line), individual long copolymers (dashed line),
individual short copolymers (dash—dotted line), and diblock
copolymers of averaged molecular weight (dotted line). Here,
Ppuic = 0.1.

We also compare the properties of the above mixture
to the behavior of diblock copolymers that have a
molecular weight equal to the average of the molecular
weights of the two components (Figure 3, dotted curve):

n,;N; +n,N,

N=—+n, (1)

where n; are the numbers of molecules of type i in the
bulk. It follows from Figure 3 that the interfacial
tension produced by the mixed copolymers (solid curve)
is lower than that produced by copolymers of the
averaged molecular weights (dotted curve). From this
study, we demonstrate that the polydispersity of the
compatibilizing agents can play a positive role in the
reduction of the interfacial tension. At wide polydis-
persity, we expect, however, that the longer components
dominate the behavior of the system, while the rest of
the mixture acts as relatively inert components.
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two diblock copolymers:
N,=100, N,=200, f=0.5, x=0.1 ¢,,,=0.01
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Y
Figure 4. Dependence of y on g, the relative volume fraction
of the longer component in the bulk, for the mixture of two
diblock copolymers of molecular weights N; = 100 and N; =
200 (solid curve) and individual diblock copolymers of length
N, = 200 (dashed curve) at ¢pux = 0.01.

two diblock copolymers:
N,=100, f=0.5, x=0.1 9,,,=0.01

1.0

—— N_=200
——- N=150

0.0 0.5 1.0
9y

Figure 5. Dependence of g, the number fraction of long chains

at the interface, on gy, the relative volume fraction of the longer

component in the bulk, for the mixture of two diblock copoly-

mers of molecular weights N; = 100 and N; = 150 (dashed

curve) and N; = 100 and N, = 200 (solid curve) at ¢puk = 0.01.

Mixture of Diblock and Comb Copolymers. We
also examine the compatibilizing properties of a mixture
of diblock and comb copolymers. When there is a large
difference between the molecular weights of the diblocks
and combs, we expect that the longer copolymer will
dominate the behavior of the system and control the
interfacial tension, in analogy with the binary mixture
of diblock copolymers. Consequently, we do not consider
this limit; our interest is focused on a mixture of
copolymers with comparable molecular weights, or,
more precisely, with comparable interfacial activities.

For the mixture of diblock and comb copolymers, we
set the molecular weight of the diblock at Ny = 200 and
vary the molecular weight of the comb from N, = 200
to N; = 400. The number of teeth within the combs is
fixed at n = 5 and the composition of the copolymers is
set at f, = fy = 0.5. Figure 6 shows the dependence of
the interfacial tension, y, on the relative volume fraction
of diblock copolymers in the mixture, Qgiblock, at ¢puik =
0.01. The fraction of diblock in the mixture increases
from O to 1 along the horizontal axis. As follows from
Figure 6, the pure diblock copolymers (Qgibiock = 1) lower

Compatibilizing Immiscible Homopolymer Blends 7585

comb (N,, n=5) + diblock (N,) copolymers:
N,=200, {=0.5, x=0.1, ¢,,,=0.01

0.10

—— N,=200 (1)
——~ N,=300 (2)

—--~ N,=320 (3)
—-— N,=400 (4)

Y o005 F-.

0.00

qdiblock

Figure 6. Dependence of y on Qaibiock, the relative volume
fraction of diblock copolymer in the bulk, for the mixture of
diblock and comb copolymers of molecular weights N, = 200
(curve 1), 300 (curve 2), 320 (curve 3), 400 (curve 4), n = 5,
and Ng = 200. Here, ¢puk = 0.01.

the interfacial tension better than any of the pure comb
copolymers (Qaibiock = 0). In all cases, addition of diblock
copolymers to the mixture results in the lowering of the
interfacial tension with respect to the pure comb
copolymer case (Qgiblock = 0).

When the molecular weight of the comb with multiple
teeth (here, n = 5) is equal to the molecular weight of
the diblock copolymer (curve 1), the interfacial tension
produced by the pure comb (Qaibiock = 0) is significantly
higher than the interfacial tension produced by the
same amount of diblock copolymer (Qgibiock = 1). Curve
1 shows that increasing the fraction of diblock in the
mixture causes a monotonic decrease in y.

Increasing the molecular weight of the comb copoly-
mers increases their efficiency in reducing the interfa-
cial tension. In addition, at N, = 300, 320, and 400,
the curves (2—4 in Figure 6) exhibit a pronounced
minimum, which indicates that the mixture is more
efficient in reducing y than either of the pure compo-
nents. In fact, curve 4 shows that while the individual
components cannot reduce the interfacial tension to 0,
there is a wide composition range where the mixture
drives y to O (provided that ¢pui is held fixed).®

The above effect is a result of a segregation of short
blocks from the combs and long blocks from the diblock
copolymers to the interfacial layer.1 As shown in ref
10, the grafted layer formed by chains of two different
lengths can be viewed as two sublayers: an “inner” layer
(closer to the interface), where the ends of the short
chains are localized, and an “outer” layer (farther from
the interface), where the ends of the long chains are
localized. The stretching energy of the short chains does
not depend on the length of the long chains, and at an
appreciable difference in the molecular weights of the
chains, the two sublayers do not affect each other.
Hence, the equilibrium amount of each copolymer at the
interface can roughly be estimated as a balance between
the chemical potentials of the species in the bulk and
in the individual sublayers. In this way, chains do not
compete for space at the interface, and the interfacial
layer is more crowded than in the case of either of the
pure components. Consequently, the interfacial tension
is lower than that for the limiting cases of the pure
components.
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comb (N,, n=5) + diblock (N,) copolymers:
N,=200, f=0.5, x=0.1, 9,,,,=0.01
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Figure 7. Dependence of Q, the number fraction of diblock
molecules at the interface, on Quibieck, the relative volume
fraction of diblock copolymer in the bulk, for the mixture of
diblock and comb copolymers of molecular weights N, = 200
(curve 1), 300 (curve 2), 320 (curve 3), 400 (curve 4), n = 5,
and Ng = 200. Here, ¢puk = 0.01.

Another way to understand this phenomenon is to
consider diblocks and combs that have the same com-
patibilizing activity. Note that in curve 4 of Figure 6,
the y’s at the pure comb and pure diblock cases are ap-
proximately equal. When these components are mixed,
the diblocks can easily penetrate the interfacial layer
formed by the combs. Consequently, the number of
chains at the interface is relatively high (compared to
the respective pure cases). The presence of a large num-
ber of interfacial chains contributes to further reduction
in y and gives rise to the minima in the curves.

This mixing is also favorable in the case of the two
diblock copolymers of different molecular weights, but
in this mixture, the lower molecular weight copolymer
has a much lower chemical potential in the bulk, and it
contributes very little to the decrease in the interfacial
tension. Indeed, as it was shown in Figure 5, the num-
ber fraction of short molecules at the interface is very
small; i.e. short diblocks are almost totally excluded
from the interfacial layer. With combs, the effect is
quite different. We let Q be the relative number fraction
of diblock molecules in the mixed interfacial layer given

by

_ Qq _ 1
Qi+ Q. 1+ (1-a0)(ng)

Q (22)

Although the number fraction of diblock molecules,
Q, relative to the comb molecules is very high (see
Figure 7), the number fractions of long chains (=diblock)
and short chains (=teeth or parts of backbone in comb)
in the interfacial layer are comparable over a wide range
of gy (see Figure 8). Thus, both types of chains contrib-
ute to a decrease in interfacial tension. (For a mixture
of two diblock copolymers, similar results could conceiv-
ably be obtained if somehow the shorter components
would be driven to the interface in sufficient amounts.)

For both mixtures, comb + diblock and two diblocks,
a minimum in the curve y(q,) does not occur when the
individual components vyield significantly different
values of y. As was shown for the mixture of comb and
diblock copolymers, y(Qdiblock) has @ minimum only when
the efficiencies of two components are comparable,

Macromolecules, Vol. 29, No. 23, 1996

comb (N,, n=5) + diblock (N,) copolymers:
N,=200, #=0.5, x=0.1, ¢,,,=0.01
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Figure 8. Dependence of g, the number fraction of long chains
in the A-brush at the interface, on Quibiock, the relative volume
fraction of diblock copolymer in the bulk, for the mixture of
diblock and comb copolymers of molecular weights N, = 200
(curve 1), 300 (curve 2), 320 (curve 3), 400 (curve 4), n =5
and Ng = 200. Again, ¢puk = 0.01.

Figure 9. Schematic picture of the interfacial layer formed
by two combs.

i.e. when both sublayers contribute to the interfacial
tension.

Mixture of Two Comb Copolymers. In this sec-
tion, we consider the mixture of two comb copolymers
of the same molecular weight and number of teeth, with
the only difference being in the architectures: we
assume that the one comb copolymer has a B-backbone
and A-teeth, while the other has an A-backbone and
B-teeth. When the volume fraction of copolymer in the
bulk is fixed, the efficiency of either of these copolymers
is the same; nevertheless the efficiency of the mixture
should be different. Our hypothesis is that the mixture
is more favorable because these combs can interpen-
etrate and thereby allow the teeth and backbones to
segregate to the appropriate sides of the A/B boundary
(see Figure 9). Here, the B-backbones occupy the
“inner” layer, while the B-teeth are localized in the
“outer” layer (and the same is true for the A-backbones
and A-teeth). Thus, the different copolymers do not
block each other from the interface, and more chains
will localize at the interface than in the single-
component case. The validity of this hypothesis can be
seen from Figure 10, which shows that indeed the
interfacial tension produced by the mixture of combs is
lower than that produced by the either component.

Conclusions

In this paper, we considered binary mixtures of
different AB copolymers and determined the effective-
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Figure 10. Dependence of y on gy, the relative volume fraction
of one of the combs in the bulk, for the mixture of two comb
copolymers of molecular weights N; = 200, n = 5, and N, =
200, Pouik = 0.01.

ness of the mixtures in lowering the interfacial tension.
A significant finding is that mixtures of diblock and
comb copolymers can reduce the interfacial tension to
zero, even though neither component by itself can
produce this effect. This phenomenon is attributable
to the relatively high molecular weights of the chains
and the differences in architecture. At high molecular
weights, the copolymers are rather insoluble in the bulk
and are thus driven to the interface. Due to the
differences in architecture, the chemically identical
segments do not compete for space at the interface and
therefore do not exclude each other from this layer. As
a consequence, the interface is more heavily saturated
with copolymers and y is significantly more reduced
than in either of the single-component situations.

The differences in architecture also prove advanta-
geous for the mixture of comb copolymers. Again, the
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mixture yields a greater number of chains at the
interface than either of the individual components.

In the case of symmetric diblocks, the mixture is more
effective at lowering y than the individual components
if the molecular weights of the two copolymers are not
significantly different. If one copolymer is substantially
longer than the other, this component will control the
reduction in interfacial tension. The mixture, however,
is better at lowering y than diblocks whose molecular
weights are an average of the two components. Thus,
we can conclude that polydispersity has a beneficial
effect on the compatibilizing activity of diblock copoly-
mers.
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