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ABSTRACT: We study theoretically the effects of competing surface interactions in a system of two miscible
polymers (A and B) in a good solvent, using the self-consistent mean-field formulation with ground-state
dominance, as is appropriate to moderately concentrated systems. We take the A chains to be attracted to
the surface and the B chains to be repelled. From susceptibility arguments, one expects a wide A-rich zone
to appear at the surface, close enough to the A-B demixing transition. This (and several other qualitative
expectations) is confirmed here by explicit numerical and analytic calculations of (1) concentration profiles
and (2) interfacial energies, for various values of the excluded volume parameters and bulk concentrations.
Our results are also applicable to the description of A-B block copolymer solutions with competing surface

interactions.

1. Introduction

The physics of polymer—surface interactions and poly-
mer adsorption phenomena has been of experimental and
theoretical interest for a number of years.!!! Recently,
particular attention has been paid to the surface properties
of multicomponent polymer systems, especially to the
structure and energetics of the interface between immis-
cible simple polymers and/or block copolymers in solutions
and blends.!%1?

In the present work, we extend the study of interfacial
properties of multicomponent polymer systems in a
somewhat different direction. Our concern is with the
system polymer A + polymer B + good solvent (with A and
B compatible) interacting with a boundary surface that
is attractive to one polymer species (A) but repulsive to
the other (B). This situation can presumably be realized
experimentally, although we known of no example in-
volving the mica surfaces that so far have ordinarily been
used for this type of experiment.!111415 We will presume
the bulk concentrations of the two species to be high
enough that mean-field theory is applicable and, moreover,
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that the surface interactions are of such a strength that
the assumption of “ground-state dominance”!® is appro-
priate for both polymer species. (For a comprehensive
review of these ideas, see ref 4.)

As will become clear, under these conditions, much of
the physics is controlled by the A-B excluded volume
interaction, wag. For example, if this is zero, the A and
B profiles are just those given in ref 3 for independent
systems of attracted (A) and repelled (B) polymers.
Whenever the coupling w,p is nonzero, however, new ef-
fects arise, in both the interfacial energy and the concen-
tration profiles of the two species. For example, when this
coupling is strongly enough repulsive that the bulk A-B
mixture is close to phase separation, the surface interaction
can induce a strong local segregation, and the concentra-
tion profiles of A and B are extremely different from those
that each polymer would have in the absence of the other.

While our discussion is phrased in terms of a mixed
solution of A and B chains, it is notable that given our
assumption of ground-state dominance, the computed
profiles also apply (under appropriate conditions of con-

© 1988 American Chemical Society



Macromolecules, Vol. 21, No. 5, 1988

centration) to the case of A-B block copolymers with se-
lective surface interactions. (This is shown in section 3.)
Some experiments on these systems are reported in ref 14
and 15. So far, the experiments have been restricted to
conditions when the bulk chain concentration of the A-B
block is very small. Our work, however, concerns the op-
posite regime, in which the behavior of the block reduces
to that of a simple A-B mixture.

2. Self-Consistent Equations for Concentration
Profiles

We start by recalling the self-consistent equation!*!2 for
the ground-state “wave function” y(z) appropriate to a
polymer solution in an external potential V(z), which is
a function of the one-dimensional coordinate 2:

a? 9%Y(2)

6 922

Here a is a monomeric length, w is the excluded volume
parameter, and the concentration ¢(z) obeys

¢(2) = W) 2

The eigenvalue ¢ is fixed by imposing the boundary con-
dition ¢(z) — ¢, at z — +; here ¢ is the value of the bulk
concentration.

For the case when V(z) represents an impenetrable wall
(at z = 0, say) with a localized surface interaction, it is
possible formally to set V = 0 in (1), while retaining the
effect of the potential through the boundary condition?

Ldy
1//d22=0

where « is a parameter (with dimension of 1/length) that
is negative for an attractive surface while for a purely
repulsive wall, x — +, which ensures from (3) that ¢(0)
— 0.

Under these conditions and with y = ¢'/%, (1) becomes

a.f =2(f*-f) 4)

where x = z/£g and ¢ = a/(3cw)!/? is the Edwards cor-
relation length. The interfacial energy v can be written
as

Y= Yo _ Egwe’

T 2 (cetafi2 + j:,m(axf)2 + (2 -12dx) 5)

where v, is the interfacial energy of the pure solvent and
f; is the value of f(x) at the wall. The energy difference
is negative for attractive and positive for repulsive walls.
Note that (3) and (4) can be obtained minimizing (5) with
respect to f, and f(x).

As discussed in ref 1, 4, and 18, (1-5) provide an ade-
quate description of the concentration profile and free
energy of polymers, at an adsorbing or repelling surface,
under two general conditions: (1) the concentration of the
bulk solution is high enough (and/or that the solution is
close enough to 6 conditions) for mean-field averaging to
be applicable; (2) the characteristic length scale for the
decay of the concentration profile, toward its bulk value,
is small compared to the radius of gyration of a single chain
in solution. When condition 2 holds, the concentration
profile and interfacial free energy for chains of finite length
approach what they would be for a system of infinitely long
chains (at the same monomer concentration, in bulk).
Since all monomers become equivalent in this limit, it is
no longer necessary to keep separate track of the spatial
densities associated with different monomer positions in
the chemical sequence. Correspondingly, only a single
“order parameter”, ¥(z), needs to be considered. The

+ WVW(2) + we(z) Y(2) = ey(2) (1)

K 3
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calculation of ¥(z) amounts to finding the ground-state
wave function of the self-consistent Schroedinger equation
(1); hence the term ground-state dominance is used to
denote situations in which such a treatment is appropriate.

The modifications required to (1-5) are rather
straightforward to describe a mixed polymer solution under
similar conditions. Each component (A or B) is described
by a separate wave function; these obey!®

a? *Yal2)
6 922

+ Vaval2) +
[Waada(2) + wapdp(2)] Yal2) = eaya(z) (6a)

+ Vpyp(z) +
[wppedn(2) + wapda(z)] ¥u(2) = egyp(z) (6b)

The local concentrations are
Pa(2) = [Yal2)? (7a)
¢p(2) = [Yp(2) (7b)

The eigenvalues ¢, and ¢g are fixed by requiring that at
z — +» the concentrations ¢,(x) and ¢g(x) reach their
bulk values, ¢, and cg, respectively. In the above equa-
tions, we have omitted terms corresponding to the entropy
of mixing of the two species. This is appropriate in the
limit of long chains. (Formally, these terms are of the same
order as those already omitted in the ground-state dom-
inance treatment.)

For each species A and B it is again possible to replace
the short-range surface potentials V, and Vg by a
boundary condition as in (3); from now on we shall take
V4 attractive and Vg repulsive so that the corresponding
parameters x4 and xg are respectively negative and positive.
We will be mainly interested in the case when «, is finite
(finite surface attraction) and kg — = (perfect repulsion
from the surface).

Setting Ya(2) = (ca)'/*f and Y5(2) = (cg)"/*fs, (6a) and
(6b) can be rewritten as

8.2 fa = 2((1 = na)fa? + nafeDfa — 2fa (8a)
89, g = 2(npfa® + (1 - np)fs?fs - 2fp (8b)
where we have defined

Na = WARCB/ €A (9a)
mB = WaBCA/ €B (9b)
€4 = WaaCA + WaARCE (10a)
€g = WaRCs + WRRCH (10b)
£a = a/(3ey)'? (11a)
s = a/(3e)'/? (11b)

6 = £g?/E,° (12)

In (8a) and (8b) we have chosen ¢, as our unit of length
(i.e., x = z/&,), so the equations depend only on three
independent bulk parameters, n,, 75, and 5.2 We discuss
the solution of the equations for various values of these
parameters in section 4.

In terms of these parameters the interfacial tension in
the presence of both species can be written as

- ]
’Y—T% = EA;A cA[ (kaéa)fas® + (KBEAnA )st2 +
B

- 5
j; (afo)Z + UTAB_(axfB)Z + (1 - nA)(fA2 - 1)2 +

:—:(1 - 7e)(fg? — 1 + 2na(fs® - D(fp® - 1) dx ] (13)
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Note that the only coupling between (8a) and (8b) is
through the mutual excluded volume, wyp. For wsg =0
the two equations are decoupled, so the two polymer
species behave independently. In this case exact solutions
can be given; they are?

+

F4° = coth (z ; jOA) (14a)
A
+

fg° = tanh (z ; jOB) (14b)
B

where the boundary condition at the surface are used to
determine the integration constants 2y, and 2z, and we
have used the notation £,° = £4(wp = 0) and £5° = £g(wap
= 0).

For the polymer solution described by (8a) and (8b)
phase separation in the bulk occurs for?!

wAB2 > WaAWBRB (15)

Correspondingly our equations become unstable?? in the
limit wsg = (waawge)/% The solution of the equations as
this limit is approached is among those discussed in section
4,

3. Block Copolymer Solutions

Consider again a single species of chain. In the limit of
high molecular weight, the propagator G(s,s%z,z", which
denotes!* the statistical weight for configurations in which
monomers s and s’ on the chain occupy spatial positions
z and 2/, respectively, depends on s and s’ only through n
= |s — s’|. Under conditions of ground-state dominance,
it is factorable over spatial positions, as follows:

G(s,8%2,27) = Gu(z,27) « Y(2) Y(2’) exp(-en) (16)

Here y(z) is the ground-state wave function obeying (1),
and ¢ is the corresponding eigenvalue. The partition
function per chain is simply

Z= fdz dz’ Gy (z,2’) = }? exp(-eM) a7

where M is the chain length and ¥ = fdz ¥(2).

For a diblock copolymer, containing M, monomers of
type A and My of type B, we should distinguish three
different propagators G4(z,2"), GB(z,2’), and G5B (z,2").
The first of these is the weight for configurations in which
two monomers of species A, a distance n apart in the
chemical sequence, are at positions z and z% the second
describes a similar quantity for monomers of species B.
The third propagator, GAE (z,2'), is the weight for a mo-
nomer of type A, located on the chain n monomers from
the A-B junction point, to be at spatial position z, while
a monomer of type B, m monomers from the junction on
the opposite site, is at z".

Assuming ground-state dominance for both components
A and B, we write

GAz,27) @ Yu(2) Ya(2?) expl-esn) (18a)
GB(z,2") « Yg(2) Yn(z’) exp(-epn) (18b)
GaBe2") = [ dz” GA(227) GB(2%2") =
(Val¥s) ¥a(2) Yp(z’) exp(-ean — egm) (18c)
where

Walts) = [ dz ¥a(2) ¥a(2)

The partition function per chain is now
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Z= fdz dz’ GiP p(2,2) =
(Val¥s)¥a¥sp exp(—exMs — egMp) (19a)

where ¥, = [dz ¢a(2) and Y5 = [dz Yg(2). More precisely,
(19a) may be rewritten in the form

z= e,

N

where Z_;, denotes the partition function (per pair of
chains) of a mixture of equal numbers of chains of the two
species rather than that of diblocks. Since the extra factor
Z/Z i« is independent of chain length, when we take the
logarithm of Z to obtain a free energy, this factor will give
a term that is negligible compared to those linear in M,
and Mg: log Z = log (Z,;,) + O(1) =~ e,M, + egMp + O(1).
Thus the free energy of the diblock system, as a functional
of the wave functions ¥, and Yy, may be taken as identical
with that of the corresponding mixture, at this level of
approximation. It follows that the equilibrium concen-
tration profiles and interfacial energies will themselves be
the same for the diblock as for the mixture.

This result may be understood physically by recalling
that the ground-state dominance calculation for a mixture
is valid only if the characteristic length scales of the in-
terfacial profiles are much smaller than the gyration radii
of the corresponding chains (see section 2). On the other
hand, the distinction between a mixture of chains and the
corresponding system of diblocks is only manifested on
scales comparable to the radius of a block or chain. Thus
one indeed expects the two systems to be equivalent with
regard to interfacial profiles and energies. It is clear,
moreover, that block copolymers of any other geometry
(triblock, star, etc.) are also equivalent to mixtures, for the
purposes of this treatment.

(19b)

4. Solutions of the Equations

Equations 8a,b were solved numerically by relaxation
methods for various values of the excluded volume pa-
rameters and bulk concentrations. Solutions were also
found analytically in some limiting cases. In section 4.1,
we give detailed results for the case when the bulk con-
centrations and self-excluded volume parameters are equal
for the two species. (This leaves w,p as the single con-
trolling variable.) The results for ws, # wpp and/or ¢,
# cp are qualitatively similar and are described more
briefly in sections 4.2 and 4.3.

4,1 w,, = wpgand ¢, = ¢y = ¢. In this case the
equations can be rewritten as

8. a = (2~ Ofa® + ¢fs® - 2fa (20a)
8.5 = (¢fa + (2 - Ofs® - 2fp (20b)
which involve the single independent parameter
{ = 2wap/(was + wap) (21)
One can define the Edwards length £g(¢$) = £4 = £ so that

x =z/&p.

For wyg positive, { — 1 corresponds to the limit of
miscibility., As {is increased from 0 to 1, polymer B (which
is subject to a repulsive potential) is progressively expelled
away from a wider and wider zone near the wall; polymer
A moves in to fill the region depleted of species B. This
situation is illustrated in Figures 1 and 2, which show the
evolution of the concentration profiles with ¢ when B ex-
periences perfect repulsion while A is subject to weak
(Figure 1) and moderately strong (Figure 2) attraction
(note that the total concentration of polymer close to the
surface increases with ¢). For ¢ — 1, the two species be-
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Figure 1. Case wsy = wgp, ¢ = ¢4 = cg. Concentration profiles
¢a(x) (upper curves) and ¢g(x) (lower curves) in units of ¢c. Here
B experiences perfect repulsion and (see ref 20) «,° = —0.02 (weak
attraction for A). The curves correspond to ¢ = 0 (continuous
line), { = 0.6 (dashed line), { = 0.99 (dotted line), and { = 0.9999
(dash dotted line); note that in this latter case ¢p(x) ~ 0.
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Figure 2. Same as in Figure 1 but with «,° = -1.5 (moderately
strong attraction for A).

come indistinguishable insofar as excluded volume inter-
action is concerned; the presence of the wall then induces
a phase separation where all of the polymer B is pushed
further away from the wall than all of polymer A. Close
to the surface, the profile of species A is simply what it
would be in absence of B, but for a bulk concentration
equal to 2¢. This corresponds to the formal limiting so-
lutions

falx) = 2Y2 coth (x + x,) falx) =0  (22)

(where x,, =1/, sinh™ (2/|ks£g({=1)])). Indeed, in both
Figures 1 and 2, the profile corresponding to { = 0.9999
nearly coincides with this solution. One can define the
characteristic lengths L, and Ly where

La=tef 4 -1l ds (23)

with a similar expression for Lp; these lengths measure the
distance over which the effect of the surface potential is
felt within the bulk. It is found numerically that as ¢ =
(1 - 9 — 0 these lengths diverge as ¢/2. This is, of course,
the power expected from a mean-field calculation: recall
that in mean-field theory, the susceptibility of the mixture
diverges as ¢/? as the demixing point is approached.!

Since the effect of the attractive potential increases with
wyp, the interfacial free energy is a decreasing function of
{; in the limit ¢ — 0 it reaches the value corresponding to
(22); i.e., for a perfectly repulsive potential

Y~ %Yo Egeac

T 3
This is indeed confirmed by a numerical evaluation using
the computed profiles in conjunction with (13). Figure 3
shows the behavior of the interfacial tension as a function
of { for different values of the attraction parameter «4. For

[4 — 3 coth (x,4) — coth® (x,4)] (24)
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_EC 1
00 G2 24 06 08 1.0
Figure 3. Interfacial energy (v — v,) measured in units of
(Twaacg(¢=0))/2 as a function of { when species B is subject
to perfect repulsion. The curves correspond to «,° = -0.02
(continuous line), x,* = -0.5 (dashed line), k,* = -1 (dashed dotted
line), and «,° = ~1.5 (dotted line).

30

25 |

00 02z C4 08 08 10

Figure 4. Case wp, = wpg, ¢ = c5 = cg. Concentration profiles
¢,,b(x) (upper curves) and ¢p(x) (lower curves) in units of c. Here
kY = -0.5 and xg® = 0.4. The curves correspond to { = 0 (dashed
line), { = -16 (dotted line), and ¢ = ~256 (continuous line).

¢ — 1 this quantity is negative for any x, < 0, and it is
finite as should be expected of surface properties in cor-
respondence to singularities of bulk parameters.

While the situation with w,g positive is easier to realize
physically, the case w,p negative (a net attraction between
the two polymer species) may also be of some interest. The
limit of solubility (wag — —waa) corresponds to { — —.
(For a stronger attraction than this, precipitation of a
highly concentrated A-B mixture will occur.) In this limit
the Edwards length diverges as |{]'/2 As { decreases from
0 to —=, the profiles f, and fg tend to coincide everywhere
except in a region immediately adjacent to the wall, whose
width is of order £g° = £g({=0). This behavior is shown
in Figures 4 and 5. Note that in the region where the two
profiles coincide they have the form of (14); i.e., the two
components behave as a single species that can experience
either a net attraction (Figure 4) or a net repulsion (Figure
5) from the interface.

4.2 wy, = wggand ¢, = cg = ¢. In this case § =
ng/na 80 that there are only two independent parameters.
As wyp is increased from 0 to the miscibility limit w,g —
(waawgp)?? (i.e., (ny + ng) — 1), the qualitative behavior
of the system is similar to that discussed in section 4.1:
species A displaces species B from an increasingly wider
region close to the wall. The formal limiting solution for
e=(1—~qA+nB)—>0iS

1
falx) a- UA)1/2
(where x4 = 1/, sinh™! (2/]ka£a(e=0)])). Due to the dif-
ference in self-interaction parameters the bulk polymer
concentration corresponding to this solution is different
from the total concentration 2¢ at wyp = 0. It is smaller
than 2¢ if wpp < wa,, larger otherwise. The profiles shown

coth (x + xlA) fB(x) —0 (25)
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Figure 5. Case wyy = Wpp, ¢ = ¢4 = cg. Concentration profiles
¢lx) (upper curves) and ¢g(x) (lower curves) in units of c. Here
B experiences perfect repulsion, and «,° = —0.5. The curves
correspond to { = 0 (dashed line), { = -16 (dotted line), and ¢
= -1024 (continuous line).

o 20 40 B2 B0 100
Figure 6. Case wyy = wgp, ¢ = ¢, = cg. Concentration profiles
¢a(x) (upper curves) and ¢g(x) (lower curves) in units of c. Here
wgp = Waas/4; B experiences perfect repulsion, and x,° = -0.5. The
curves correspond to ¢ = 1 (continuous line), ¢ = 0.2 (dashed line),
e = 0.01 (dotted line), and ¢ = 0.0004 (dash dotted line).

in Figure 6 refer to the first situation. One can define
characteristic lengths L, and Ly in analogy to (23): as
expected they diverge as ¢1/2 as the limit of miscibility is
approached.

4.3 w,, = wpg and ¢, # cp. Again the situation is
not qualitatively different from the corresponding one
discussed in section 4.1: as {’ = wyp/wy4 is increased from
0 up to the miscibility limit ({” — 1), polymer B is expelled
away from the wall. The limiting solutions for {’ — 1 are

(ca + cp) \/*
fA<x)—»(—“'—"-;—°—B—) coth (x + x1)  falx) = 0
A
(26)

(where x15 = 1/, sinh™ (2/lka£4(¢’=1)])). Note that in this
case since wy, = wgp the total bulk concentration in the
miscibility limit is the same as the bulk concentration for
wap = 0. The case ¢, < cy is illustrated in Figure 7: as
w,p increases the concentration of A close to the wall
becomes larger than that of B; it reaches a bulk value (¢,
+ ¢g) in the limit of miscibility (dash dotted line). Again,
it is found numerically that the characteristic lengths L,
and Ly diverge with the expected mean-field theory be-
havior (1 - ¢/)71/2,

5. Discussion

The calculations presented above are expected to be
valid for moderately concentrated systems of long chains,
for which the assumptions of mean-field theory and
ground-state dominance are appropriate. The latter re-
quires that the characteristic lengths L, and Ly are small
compared to a chain radius, and clearly this breaks down
close enough to the phase separation ({ — 1) at which the
interfacial thickness diverges. Similarly, the distinction

Macromolecules, Vol. 21, No. 5, 1988
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Figure 7. Case wy, = wgp, ¢4 # cg. Concentration profiles ¢4(x)
(decreasing curves) and ¢g(x) (increasing curves) in units of c,.
Here cg = 4c,; B experiences perfect repulsion, and «,° = -0.5.
The curves correspond to {’ = 0 (continuous line), {’ = 0.8 (dashed
line), {’ = 0.99 (dotted line), and ¢’ = 0.9999 (dash dotted line).

between mixed solutions and block copolymer solutions
will become important near this point. Nonetheless, the
calculations presented here have confirmed explicitly a
number of qualitative expectations for the density profiles
and interfacial energies of such systems in the presence
of competing interactions.

Specifically, it was seen that the difference between the
concentration profiles of the mixture and those of separate
solutions of the two species depended principally on the
mutual excluded volume parameter wsg. When this pa-
rameter is small, the two profiles are essentially super-
posed. For positive values of w,p, the attracted species
(A) partially displaces the repelled one (B) in a region near
the surface, the width of this region diverging with the
usual mean-field exponent as the point of bulk-phase
separation is approached. The interfacial energy increment
remains finite and depending on the interaction parame-
ters and bulk concentrations can be positive or negative.
Close enough to demixing, however, it is always negative,
since the attracted species benefits from the presence of
the surface while the repelled one can be displaced from
the surface region with only a small free-energy cost. One
the other hand, when w,p is negative, the two profiles
approach one another, and except for a layer immediately
adjacent to the wall the system eventually behaves as a
single species with an averaged surface interaction. While
similar effects may be expected? in A-B blends of pure
polymer (with no solvent present), there will be significant
differences due to the constraint on the total density (¢4
+ ¢p = 1), which is absent from the systems considered
here. Indeed, the numerical results indicate a total chain
density that departs strongly from a constant value, in the
interfacial region.
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The relation between the effective excluded volume parame-
ters waa, Wag, and w,p and the Flory parameters is as follows:
Let &,, &5, and ®g be the volume fractions of polymer A,
polymer B, and solvent, respectively. The Flory-Huggins
free-energy form F = F;, + F,,,, where (in the long chain limit)
Foix = Tdg In &g and

Fiu/ T = /hLxid:3
i
Expanding to quadratic order in &, and ®g (and using 3°;®;
= 1), we obtain
F/T = Y(®4 + &) - Zx;;®:%;
ij
where the sum is over species A and B only. The resulting
Flory-type parameters obey
xas = x38 - (e + xd8) /2

xss = xBE - (x8E + xd) /2
xap = (A8 + x88 - xdB - x8%) /2
On the other hand, in terms of the excluded volume parame-
ters, F is written as
F/T = Vz%wi@i‘l’j

Hence the excluded volume parameters are related to the Flory
x parameters as follows:

wap = 1 - 2xas
wpp = 1 - 2xas
wag = 1 - 2xap

(20) Note that the unit of length £, does depend on these param-
eters. On the other hand, the surface potential experienced by
the polymer is independent of the bulk parameters. Therefore,
we introduce the dimensionless surface parameters x,® = £,%,
and xg° = £,%g; we ask that the logarithmic derivative of f, and
fs with respect to x be equal to (£4/£,")x,% and (£4/£2%x5°,
respectively.

(21) Under the assumption that the free energy is dominated by
two-body repulsions, the bulk free energy per unit volume for
the mixture is

fmix = (Wasca® + wppep® + 2wapcacg) /2
while for a phase-separated state
fos = (waaca® + wpnes? + 2(waawpn)/%cacs) /2

from which (15) follows immediately.
(22) We are indebted to Prof. Daniel W. Hone for illuminating
comments on this point.

Interphase Composition Profile in SB/SBS Block Copolymers,
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ABSTRACT: The behavior of microphase-separated block copolymers has major contributions from the mixed
interphase existing between the two homogeneous phases. However, relatively little has been known about
the interphase itself and, in particular, its composition profile has never been measured directly. Here, we
have used quantitative transmission electron microscopy to acquire the shape of the volume-fraction composition
profile across this interphase. Measurements were made on four styrene (S)/butadiene (B) block copolymers
having structure SBS (three) and SB (one), with molecular weights 1.0-2.3 X 10° g/mol and overall volume
compositions of 0.24-0.38 styrene. Results, averaged over the four samples, depict an asymmetric interphase
profile, being rich in styrene (54 vol %) in agreement with new differential scanning calorimetry data and
with dynamic mechanical testing studies of others. This profile is then used in an equilibrium thermodynamic
theory (which extends earlier work by adding an enthalpic “Debye” term that accounts for molecular interactions
beyond nearest neighbors) to predict various microstructural and thermal properties of the bulk polymer.
Excellent agreement with reported data is obtained for the predicted interphase thickness and interphase
volume fraction and for predictions of the repeat distance for lamellar SB copolymers.

Introduction

Block copolymers are known to undergo microphase
separation under certain conditions (normally encountered
in practice) of composition, molecular weight, temperature,
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and molecular architecture. The result of this microphase
separation is the formation of either a cocontinuous com-
posite of lamellar elements or a dispersed phase of domains
distributed in a continuous matrix (Figure 1). Since these
microphase-separated block copolymers exhibit thermal
and mechanical properties unlike those of either homo-
polymer or a random copolymer of similar composition,
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