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Abstract. Thin films of long and short symmetric AB diblock copolymers are examined using self-consistent
field theory (SCFT). We focus on hard confining walls with a preference for the A component, such
that the lamellar domains orient parallel to the film with an even number ν of monolayers. For neat
melts, confinement causes the lamellar period, D, to deviate from its bulk value, Db, in order to be
commensurate with the film thickness, i.e., L = νD/2. For blends, however, the melt also has the option
of macrophase separating into ν(ℓ) large and ν(s) small monolayers so as to provide a better fit, where
L = ν(ℓ)D(ℓ)/2 + ν(s)D(s)/2. In addition to performing full SCFT calculations of the entire film, we
develop a semi-analytical calculation for the coexistence of thick and thin monolayers that helps explain
the complicated interplay between miscibility and commensurability.

1 Introduction

Confinement of block copolymer melts can have a dra-
matic impact on their behavior, because of the need for
their domains to conform to the confining space. Initial
theoretical calculations [1] and experiments [2, 3] on con-
finement effects focused on symmetric AB diblock copoly-
mers sandwiched between two hard walls separated by
a distance L. Not only are thin films a good system
for studying the fundamentals of block copolymer phase
behavior [3–8], they also possess useful applications in-
cluding nanolithography, surface patterning, porous mem-
branes, reflective surfaces and nanoelectronics [9–15]. In
the last few years, interest has mushroomed with the de-
velopment of new confinement geometries (e.g., cylindrical
pores and spherical cavities) further extending the range of
applications [16,17]. In efforts to gain greater control and
to access a wider diversity of microstructures, researchers
have begun to investigate more complicated block copoly-
mer architectures as well as blends [18–28]. Blending is
the simpler way of controlling morphology, especially com-
pared to synthesizing new block copolymers, but blends
are also prone to immiscibility issues [18–22].

To illustrate the convenience of blending, consider mix-
tures large and small versions of the same block copolymer
with Nℓ and Ns degrees of polymerization, respectively.
By simply adjusting the volume fraction of short diblock,
φ̄s, one can vary the preferred period, Db, from that of
the large molecule to that of the small molecule [29]. Nat-
urally, the more the size ratio α ≡ Ns/Nℓ deviates from
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one, the greater the range over which the period can be ad-
justed. However, it is known that blends of large and small
diblocks will macrophase separate in the bulk if α differs
too much from one [30–32]. Furthermore, the frustration
due to confinement may exacerbate the immiscibility.

The simplest and most natural system for studying
confinement effects on blends is a thin film of long and
short lamellar-forming diblock copolymers. Indeed, there
have already been several experiments [4, 18, 19] on this
system, but they have only scratched the surface. Despite
its relative simplicity, the parameter space for this sys-
tem is still rather large. From a theoretical perspective,
the natural starting point is that of blends confined be-
tween parallel walls with a surface affinity that causes the
lamellar microstructure to orient parallel to the film with
ν monolayers between the two walls. If both surfaces fa-
vor the same component (i.e., symmetric wetting) then
ν takes on an even integer, whereas it is odd for asym-
metric wetting. In cases where one of the two surfaces is
relatively neutral, all integer values of ν are allowed. If
the two diblock copolymers mix, then the melt adopts a
single lamellar period D = 2L/ν, where ν is selected so
as to best approximate the bulk period Db (see fig. 1a).
However, if the blend macrophase separates then it has
two lamellar periods with which to find a better fit to
the confining geometry. The macrophase separation can
occur in the normal or lateral directions as illustrated in
figs. 1b and c, respectively. The former should happen rel-
atively quickly as it only requires a local rearrangement of
molecules, while the latter is likely beyond accessible time
scales as it requires the macroscopic transport of material;
we will have more to say about this later.
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Fig. 1. Schematic diagrams of lamellar morphologies in con-
fined films of long and short symmetric diblock copolymers,
illustrating (a) uniform mixing, (b) macrophase separation nor-
mal to the film and (c) macrophase separation in the lateral
direction. The morphologies in (a) and (b) are denoted by Mν

and Sν , respectively, where ν = 12 refers to the number of
monolayers.

In this initial study, we construct phase diagrams
showing the tendency for macrophase separation normal
to the film. This is done by comparing the free energies of
the Mν and Sν morphologies in fig. 1, using self-consistent
field theory (SCFT). In addition to the full SCFT calcu-
lation, we also devise a simple semi-analytical calculation
that helps illustrate the complicated interplay of issues
that determine the preferred morphology.

2 Theory

The specific system of this study is an incompressible
blend of nℓ large AB diblock copolymers each with Nℓ

segments and ns small AB diblock copolymers with Ns

segments, confined between two flat parallel walls sepa-
rated by a distance L. The polymerization of the large
polymer is use as our reference and the relative size of
the small polymer is specified by α ≡ Ns/Nℓ. For con-
venience, the A and B segments are defined based on a
common volume, ρ−1

0 , such that the total volume of the
film is V = (nℓNℓ + nsNs)/ρ0 and the volume fraction
of small molecules (i.e., the composition of the blend) is
φ̄s = nsNs/ρ0V . The incompatibility between unlike seg-
ments that drives microphase separation is controlled by
the usual Flory-Huggins parameter, χ. The present study
is restricted to perfectly symmetric diblock copolymers

with equal numbers of A and B segments of the same sta-
tistical length a, for which the simple lamellar phase is
preferred.

The statistical mechanics of this system are solved us-
ing self-consistent field theory (SCFT), where the molec-
ular interactions experienced by a γ-type segment (γ =
A or B) are represented by the field wγ(z). Since we are
restricting our attention to layered morphologies that are
uniform in the lateral direction, the fields will only depend
on the z coordinate normal to the film. The first step of
SCFT is to evaluate propagators or partial partition func-
tions by solving diffusion equations, for which we use a
fourth-order pseudo-spectral method [33,34]. The two sur-
faces at z = 0 and z = L are treated by invoking reflecting
boundary conditions [35]. From the propagators, we can
immediately calculate the single-chain partition function,
Qδ, and the γ-type segment concentration, φδ,γ(z), of the
δ-sized molecules (δ = ℓ or s). Once we have the concentra-
tions, the fields are adjusted using Anderson mixing [34]
until they satisfy

wA(z) = χNℓφB(z) + ξ(z) , (1)

wB(z) = χNℓφA(z) + ξ(z) , (2)

where φγ(z) ≡ φℓ,γ(z) + φs,γ(z) is the total concentration
of γ-type segments and ξ(z) is the pressure field that en-
forces incompressibility, φA(z)+φB(z) = 1. The field equa-
tions generally exhibit a number of distinct self-consistent
solutions (or morphologies). The relative stability of a
morphology is determined by evaluating its canonical free
energy,

FcNℓ

kBTρ0V
= (1 − φ̄s) ln

(

1 − φ̄s

Qℓ

)

+
φ̄s

α
ln

(

φ̄s

Qs

)

+
1

L

∫

[χNℓφA(z)φB(z) − wA(z)φA(z)

−wB(z)φB(z)]dz . (3)

Note that our derivation does not explicitly include the
surface affinity of the walls that generally appears in the
theory [36]. We will be dealing with melts that are highly
segregated, such that the surface interactions have a neg-
ligible effect on the level of segregation. All they do is
basically exclude the morphologies with an unfavorable
component next to either wall. We can do this ourselves
by restricting the candidate morphologies appropriately.

By using reflecting boundary conditions without ex-
plicitly including surface interactions, the above SCFT
calculation can be applied as is to bulk blends. For the
bulk system, one simply sets the system size to half a
lamellar period (i.e., L = Db/2) corresponding to a single
monolayer extending between the centers of two neighbor-
ing A and B domains. Naturally, the free energy, Fc, has
to be minimized with respect to the bulk period, Db. The
only difference for the film calculation is that L is fixed
at a relatively large value, such that the system contains
a number, ν, of monolayers.

The self-consistent solution for the mixed Mν mor-
phology with ν identical monolayers (see fig. 1a) is easily
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found, but the solution for the macrophase-separated Sν

morphology with a phase of ν(s) small monolayers coex-
isting with a phase of ν(ℓ) large monolayers (see fig. 1b)
can be challenging to locate. For this, we develop a sim-
ple semi-analytical calculation, where we assume the film
thickness,

L = L(ℓ) + L(s) , (4)

separates into two lamellar phases with periods D(δ) =

2L(δ)/ν(δ) and compositions φ̄
(δ)
s (δ = ℓ or s). Naturally,

the conservation of small diblock copolymer implies that

Lφ̄s = L(ℓ)φ̄(ℓ)
s + L(s)φ̄(s)

s . (5)

The canonical free energy density, fc ≡ Fc/V , of the Sν

morphology is given by

Lfc = L(ℓ)f (ℓ)
c + L(s)f (s)

c + Γb , (6)

where f
(δ)
c is the free energy density of the δ phase and

Γb is the boundary tension between the two phases. The
equilibrium is found by minimizing fc with respect to the

size L(δ) and composition φ̄
(δ)
s of each phase, subject to

the constraints in eqs. (4) and (5). This results in the two
conditions:

μ(ℓ) = μ(s) , (7)

f (ℓ)
g = f (s)

g , (8)

where

μ ≡
∂fc

∂φ̄s
(9)

is a chemical potential and

fg ≡ fc +
∂fc

∂D
D − μφ̄s (10)

is a generalized free energy density.
Although the semi-analytical calculation needs to ad-

just L(δ) and φ̄
(δ)
s for each phase, it is still generally much

faster than the full SCFT calculation particularly for thick
films, because it only needs to solve for a single monolayer
from each phase. There is also the advantage that the con-
vergence to a self-consistent solution is more stable. Ad-
mittedly, the semi-analytical procedure does require the
boundary tension, Γb, but it only needs to be evaluated
once for each blend (i.e., each combination of χNℓ and
α) [37]1.

3 Results

The parameter space of our system is too large to study
completely, and so we focus on blends with χNℓ = 200
and α = 0.1, in which case even the short diblock copoly-
mer has a high segregation strength of χNs = 20. This

1 The boundary tension for the parameters of our blend is

Γb = 0.2836kBTaρ0N
−1/2
ℓ .
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Fig. 2. (a) Canonical free energy, Fc, and (b) period, Db, of the
bulk lamellar phase plotted as functions of blend composition,
φ̄s, for χNℓ = 200 and α = 0.1. For clarity, the slope of Fc has
been reduced by some constant, c. The double-tangent line,

Ftan, in plot (a) determines the compositions, φ̄
(ℓ)
s = 0.2836

and φ̄
(s)
s = 0.9895, and periods, D

(ℓ)
b = 1.442aN

1/2
ℓ and D

(s)
b =

0.526aN
1/2
ℓ , of coexisting lamellar phases.

ensures that the A and B components remain well segre-
gated, which is the requirement allowing us to account for
the surface affinity implicitly by just considering candi-
date morphologies with the appropriate component next
to each wall.

Before examining the thin films, it is useful to establish
the bulk phase behavior. The free energy of a bulk blend
is plotted in fig. 2 as a function of its composition, φ̄s. The
double-tangent construction conveniently determines the
two-phase region, 0.2836 < φ̄s < 0.9895, and provides the
periods of the coexisting lamellar phases. This gives us an
idea of what to expect for thin film blends.

Turning now to thin films, we begin by considering
blends of compositions φ̄s = 0.38 and 0.5, confined be-
tween walls with an affinity for the A component and a

separation of L = 3.2aN
1/2
ℓ . Based on the bulk behav-

ior, we could expect the film to macrophase separate. The
number of large and small monolayers can be estimated
from the bulk behavior in fig. 2 by using the lever rule,

ν(s)

ν(ℓ)
=

D
(ℓ)
b (φ̄s − φ̄

(ℓ)
s )

D
(s)
b (φ̄

(s)
s − φ̄s)

, (11)
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Fig. 3. A-segment concentration, φA(z), (solid curves) and
short-polymer concentration, φs(z), (dashed curves) in the S6

morphology, calculated for films of thickness L = 3.2aN
1/2
ℓ and

compositions (a) φ̄s = 0.38 and (b) φ̄s = 0.5.

in conjunction with L = ν(ℓ)D
(ℓ)
b /2 + ν(s)D

(s)
b /2. Solving

these equations gives ν(ℓ):ν(s) = 3.83:1.66 and 3:08:3.73
for φ̄s = 0.38 and 0.5, respectively. Given that ν(ℓ) and
ν(s) must be integers adding up to an even number (i.e.,
symmetric wetting), we should expect macrophase sepa-
ration with ν(ℓ):ν(s) = 4:2 and 3:3, respectively. Indeed,
the self-consistent solutions from the full SCFT, shown in
fig. 3, correspond to the S6 morphology with these par-
ticular ratios of large and small monolayers. Note that
the total number of monolayers, ν = ν(ℓ) + ν(s), is read-
ily determined by counting the A/B interfaces, defined by
φA(z) = 0.5. We can also see that the large and small
lamellae are reasonably consistent with the compositions

φ̄
(δ)
s and periods D

(δ)
b predicted for the bulk behavior in

fig. 2.

The stability of the macrophase-separated S6 morphol-
ogy relative to the mixed M6 one partly depends on how
well it fits the film thickness L. For instance, the 4:2
configuration at φ̄s = 0.38 prefers a thickness of about

2D
(ℓ)
b + D

(s)
b = 3.41aN

1/2
ℓ which is a superior match to L

than the preferred thickness 3Db = 3.53aN
1/2
ℓ of the M6

morphology. However, there are other issues to consider
such as the free energy cost per unit area, Γb, of forming
a boundary between large and small lamellae as well as
the natural preference for macrophase separation. To de-
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Fig. 4. Free energy, Fc, of the mixed M6 and macrophase-
separated S6 morphologies. Semi-analytical approximations for
S6 with ν(ℓ):ν(s) = 4:2 and 3:3 are plotted with dashed curves.
For clarity, the slopes of the free energy curves have been re-
duced by a constant, c.
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Fig. 5. Widths, wD, of the five inner domains of the S6 phase
in fig. 3 plotted as a function of composition, φ̄s. The full and
semi-analytical predictions are shown with solid and dashed
curves, respectively. The latter predicts a discontinuous tran-
sition from ν(ℓ):ν(s) = 4:2 on the left of the dotted line to 3:3
on the right.

termine which morphology is favored requires calculation
of the free energies, shown in fig. 4. As it turns out, S6 is
indeed more stable than M6.

Figure 4 also includes the semi-analytical predictions
for ν(ℓ):ν(s) = 4:2 and 3:3 corresponding to the morpholo-
gies in figs. 3a and 3b, respectively. As expected, the first
curve is accurate at small φ̄s, while the second is accurate
at large φ̄s. However, there is one significant different be-
tween the full SCFT calculation and the semi-analytical
calculation. The former predicts a smooth free energy im-
plying that the morphology in fig. 3a evolves continuously
into that of fig. 3b as φ̄s increases, whereas the semi-
analytical calculation predicts a discontinuous phase tran-
sition from ν(ℓ):ν(s) = 4:2 to 3:3 at φ̄s = 0.437.

To understand the difference between the full and
semi-analytical calculations, fig. 5 plots the widths, wD,
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curves) and mixed Mν (dashed curves) morphologies calculated
for (a) φ̄s = 0.38 and (b) φ̄s = 0.5, using the full SCFT. The
solid dots denote phase transitions.

of the five inner domains of S6 (defined by φA(z) = 0.5) as
a function of φ̄s. We would have plotted the widths of the
monolayers, except that they are not well-defined in the
full calculation. In the semi-analytical calculation, there
are ν(ℓ) − 1 large domains of width D(ℓ)/2, ν(s) − 1 small
domains of width D(s)/2 and one intermediate domain of
width (D(ℓ) + D(s))/4 at the boundary. As we can see,
there is discontinuous change in the widths at the phase
transition identified in fig. 4. In contrast, the full SCFT
calculation shows a continuous variation in the widths. As
φ̄s increases from 0.38 to 0.50, the intermediately sized
domain at the boundary becomes small, while one of the
large domains adopts the intermediate width. Although
the transformation is technically continuous, there is a
fairly abrupt crossover that coincides with the transition
predicted by the semi-analytical calculation. Indeed, we
find that the erroneous transitions (ν(ℓ) → ν(ℓ) ± 1 and
ν(s) → ν(s) ∓ 1) predicted by the semi-analytical calcu-
lation do correspond to abrupt changes in the morphol-
ogy. Although we see no clear indication of it for the thin
films of our study, these abrupt crossovers predicted by the
full SCFT would undoubtedly become sharper eventually
turning into discontinuous transitions for sufficiently thick
films.
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Fig. 7. Phase diagrams for confined films with (a) symmet-
ric wetting and (b) one neutral wall. The top diagram shows
the different ν(ℓ):ν(s) combinations predicted by the semi-
analytical calculation. The horizontal dotted lines show the
binodal, φ̄s = 0.2836, beyond which bulk melts macrophase
separate, while the dotted curves shows the approximate bin-
odal for thin films obtained by including the boundary tension,
Γb, between the coexisting large and small lamellae.

To construct phase diagrams, we need to compare the
free energies of all the potential morphologies. Figure 6
shows the comparison as a function of film thickness at two
different compositions, calculated using the full SCFT. In
this case, we only consider even values of ν, correspond-
ing to symmetric wetting, where an A-rich domain resides
next to each wall. Of course, the morphology with the low-
est free energy is the stable one, and thus the phase tran-
sitions occur at the crossings denoted by solid dots. The
semi-analytical calculation is much the same, except that
for each macrophase-separated Sν morphology we need to
consider different combinations of large and small mono-
layers with ν = ν(ℓ) + ν(s).

Figure 7 shows the resulting phase diagram for thin
films, mapping the stability regions of the various Mν and
Sν morphologies over the parameter space, L and φ̄s. The
top plot corresponds to symmetric wetting where ν is re-
stricted to even values, while the lower plot corresponds to
films with one neutral wall for which all integer values are
allowed. In the first case, we also plot the phase boundaries
from the semi-analytical calculation (dashed curves). The
agreement with the full calculation is excellent. The only
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difference is that the semi-analytical calculation predicts
addition phase transitions in the Sν regions for different
combinations of ν = ν(ℓ) + ν(s). However, as we have al-
ready demonstrated, these erroneous transitions do corre-
spond with abrupt changes in the full calculation, and so
they are in fact meaningful. They are omitted from fig. 7b,
just because the diagram is already quite crowded.

4 Discussion

As mentioned in the Introduction, we ignore the possi-
bility of macrophase separation in the lateral direction
(see fig. 1c). The free energy of the resulting morpholo-
gies would be straightforward to calculate, and would un-
doubtedly represent the global minimum in certain regions
of the phase diagrams in fig. 7. However, we expect that
these morphologies are kinetically inaccessible for normal
experimental conditions [20, 22], where the film is cre-
ated by spin-coating the blend onto a substrate producing
a laterally uniform composition. From this initial state,
macrophase separation in the normal direction should be
reasonably facile given that it only requires a short-range
exchange of molecules between the top and bottom of the
film. On the other hand, macrophase separation in the
lateral direction would require the exchange of material
over much larger distances. To realize an actual reduc-
tion in free energy would entail nucleating regions of the
coexisting phases large enough that the free energy gain
of macrophase separation compensates for the boundary
tension between the phases. The fact that the free energy
gain is tiny (see fig. 2) and the boundary tension of large
and small lamellae joining up end-to-end would be con-
siderable (see fig. 1c) implies that the critical nucleus size
would be enormous. As such, macrophase separation is
unlikely to occur laterally over any realistic timescale.

Experiments by Zhang et al. [18] support our asser-
tion that macrophase separation is restricted to the nor-
mal direction. They considered a blend with α ≈ 0.13,
close to the value we examined, but their surfaces were
relatively neutral, although not perfectly so. Interestingly,
neat films of their large diblock formed perpendicular
lamellae, while those of the small diblock formed par-
allel lamellae. Consequently, when their thin-film blends
underwent macrophase separation, the coexisting phases
adopted different orientations. Nevertheless, the separa-
tion only occurred in the normal direction despite the
fact that the boundary tension, Γb, between perpendicular
lamellae would be much higher than between the paral-
lel lamellae of our study. Thus we can be confident that
macrophase separation in the lateral direction is also ki-
netically inaccessible for the conditions of our study.

The principle aim of our study was to investigate the
impact of confinement on macrophase separation. The first
important observation from our phase diagrams is that the
region of macrophase separation in thin films is reduced
from that of the bulk phase, 0.2836 < φ̄s < 0.9895; the
lower binodal of this interval is denoted in fig. 7 by hor-
izontal dotted lines. The reduction can be attributed to
the unfavorable boundary tension, which effectively raises

the double-tangent line, Ftan, in fig. 2 by V Γb/L. The dot-
ted curve in fig. 7 shows the resulting shift in the binodal,
which indeed passes though the middle of the sawtooth
boundary between the mixed Mν and phase-separated
Sν morphologies. Our semi-analytical calculation provides
the simple explanation for the sawtooth deviations from
the dotted curve. Macrophase separation is enhanced

when the preferred thickness, ν(ℓ)D
(ℓ)
b /2 + ν(s)D

(s)
b /2,

of the Sν morphology provides a better match to the
film thickness, L, than the preferred thickness, νDb/2, of
the Mν morphology, and vice versa. As it happens, this
confinement-induced effect is smaller than the shift due
to Γb. This is because Γb is reasonable large; in fact it is
approximately 5% the size of the A/B interfacial tension2.
This will be good news for those wanting to use blending
to tune the behavior of a block copolymer morphology
(e.g., its preferred domain size), for which immiscibility
would be an unwelcome occurrence.

The experiments by Williamson and Nealey [19] also
reported a reduced tendency for thin-film blends to
macrophase separate. They examined diblock copolymer
blends from α = 0.34 for which there is no macrophase
separation to α = 0.11 where macrophase separation read-
ily occurs. In their case, the surfaces were sufficiently neu-
tral that both large and small lamellae oriented perpen-
dicularly to the film. Naturally, the macrophase separa-
tion occurred in the lateral direction given the perpendic-
ular orientation of the lamellae. Even still, the domains
of the two phases remained very small, emphasizing again
just how slow any long-range exchange of material is. As
a result of the small domains, the films still contained
an extensive amount of boundary between the coexisting
phases, which suppressed macrophase separation just as
for our system.

As mentioned earlier, the surface affinities of the two
walls do not have to be explicitly included in the SCFT
calculation when the centers of the lamellae are sufficiently
pure, which conveniently reduces the number of relevant
system parameters by two. This is because a surface affin-
ity does not affect morphologies that already exhibit a
pure concentration at the wall; all it does is increase
their free energies by a fixed amount equal to the sur-
face tension of the preferred component times the area of
the wall. However, the surface affinities must be included
as soon as the domain centers contain a significant frac-
tion of the unfavorable component, because they enhance
the segregation at the walls. This decreases the entropy,
and consequently the surface tension of the short-period
lamellar phase will then become greater than that of the
long-period lamellar phase. Thus the short-period lamel-
lar phase will in general favor the wall with the weaker
affinity. If the tension of the short-period phase becomes
too great, it may become advantageous to have the long-
period phase wet both walls with the short-period phase
in the middle of the film.

Note that the two experiments [18, 19] on thin film
blends actually correspond to soft confinement, where the

2 The A/B interfacial tension for the parameters of our blend

is γA/B ≈ kBTaρ0(χ/6)1/2 = 5.77kBTaρ0N
−1/2
ℓ .
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top of the film is in contact with air as opposed to a hard
wall. This permits terrace formation, where the film can
further reduce its free energy by separating into coexist-
ing thicknesses [6, 38–41]. Although this did not happen
in these particular experiments probably because they in-
volved perpendicular lamellae, we would expect it to occur
for the soft confinement of parallel lamellae. In principle,
the coexisting terraces would be determined by applying
a double-tangent construction to the free energy curves
for films of uniform thickness [36]. However, the flow of
material to the higher terrace could lead to lateral vari-
ations in the composition of the blend. Even if the vari-
ations were small to start with, the broken homogeneity
of the film would facilitate an exchange of large and small
molecules between the two film heights. The free energy
minimization would have to take this into account. It is
also very possible that the system would never reach the
true equilibrium, in which case one might have to resort
to dynamical simulation in order to predict the behav-
ior. Furthermore, it would have to be a remarkably ac-
curate simulation capable of capturing the subtle physics
responsible for the macrophase separation of large and
small block copolymers.

5 Summary

This study was motivated by the fact that blending large
and small block copolymers is a simple way of controlling
the preferred domain size of microstructures used in ap-
plications involving confinement. The concern, however,
is that confinement may seriously reduce the miscibility
of the blend. To address this issue, we selected a sim-
ple model system, symmetric AB diblock copolymers con-
fined between two flat walls separated by a distance L.
The diblock copolymers were chosen to be well segregated
(χNℓ = 200 and χNs = 20) with a sufficient size difference
(α ≡ Ns/Nℓ = 0.1) to cause bulk melts to macrophase sep-
arate into large and small lamellae for blend compositions
of 0.2836 < φ̄s < 0.9895. Our focus was on walls with
an affinity for A-type segments (i.e., symmetric wetting),
where the melt forms an even number ν of monolayers par-
allel to the film. As suggested by recent experiments [18],
we assumed that any macrophase separation in the film
would be limited to the normal direction (see fig. 1b), for
which no long-range transport of material is required.

The effect of confinement on the miscibility of the
blend was determined from phase diagrams (see fig. 7)
constructed by comparing the free energies of mixed Mν

and macrophase-separated Sν morphologies (see fig. 1),
using self-consistent field theory (SCFT). To enhance our
understanding, we devised a semi-analytical approxima-
tion that illustrates the complex interplay of issues in-
volved in selecting the number of large and small mono-
layers, ν(ℓ) and ν(s), in the formation of Sν morphologies
with ν = ν(ℓ) + ν(s). The semi-analytical calculation pre-
dicts phase boundaries in excellent agreement with the full
calculation, and furthermore it is computationally less in-
tensive and more stable, particularly for thicker films. The

only significant difference is that the semi-analytical calcu-
lation predicts phase transitions as a monolayer switches
between large and small (i.e., ν(ℓ) → ν(ℓ) ± 1 and ν(s) →

ν(s) ∓ 1), whereas the full SCFT predicts an abrupt but
nevertheless continuous transformation (see fig. 5).

Although the complicated constraints of confinement
can either enhance or suppress macrophase separation,
the effects are relatively small. The bigger effect, partic-
ularly for small L, comes from the unfavorable boundary
tension, Γb, between the large and small lamellae, which
causes an overall suppression of macrophase separation.
This is consistent with experiments [19] that observed a
reduced two-phase region in thin films, which we simi-
larly attribute to an extensive boundary between the co-
existing phases. This enhanced miscibility will be good
news for those wishing to use blending as a way of con-
trolling the properties of a block copolymer melt (e.g., its
preferred domain size). Hopefully, our SCFT calculations
will also motivate future experiments on the model system
considered in this study. Not only is it a good way of ex-
ploring the intriguing tendency for large and small block
copolymers to macrophase separate, it could also provide
a means of measuring the boundary tension between the
coexisting phases.

This work was supported by start-up funds from the University
of Waterloo, and calculations were performed on the Shared
Hierarchical Academic Research Computing Network (SHAR-
CNET) of Compute Canada.
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