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ABSTRACT: Binary blends of four different high molecular weight poly(styrene-b-isoprene) (SI) diblock
copolymers with a lower molecular weight poly(styrene-b-isoprene-b-styrene) (SIS) triblock copolymer were
prepared, and their morphology was characterized by transmission electron microscopy and ultra-small-angle
X-ray scattering. All the neat block copolymers have nearly symmetric composition and exhibit the lamellar
morphology. The SI diblock copolymers had number-average molecular weights, Mj n, in the range 4.4 × 105-1.3
× 106 g/mol and volume fractions of poly(styrene), ΦPS, in the range 0.43-0.49, and the SIS triblock had a
molecular weight of Mj n ∼ 6.2 × 104 g/mol with ΦPS ) 0.41. The high molecular weight diblock copolymers are
very strongly segregating, with interaction parameter values, �N, in the range 470-1410. A morphological phase
diagram in the parameter space of molecular weight ratio (R ) Mn

diblock/1/2Mn
triblock) and blend composition was

constructed, with R values in the range between 14 and 43, which are higher than previously reported. The phase
diagram revealed a large miscibility gap for the blends, with macrophase separation into two distinct types of
microphase-separated domains for weight fractions of SI, wSI < 0.9, implying virtually no solubility of the much
higher molecular weight diblocks in the lower molecular weight triblock. For certain blend compositions, above
R ∼ 30, morphological transitions from the lamellar to cylindrical and bicontinuous structures were also observed.

Introduction

Polymer-based materials are frequently comprised of different
polymeric species blended together. Blending allows not only
for a reduction in costs but also serves as an inexpensive and
facile method to tune and manipulate the properties of the
polymer system for a given application. Block copolymers are
often used in blend systems as compatibilizers, since most
polymers are immiscible.1 Numerous studies have been under-
taken on blends of block copolymers with homopolymers as
well as block copolymers with other block copolymers.2 In the
latter category, the bulk of the work has been on blends of two
diblock copolymers of moderate molecular weight (predomi-
nantly ∼ 1 × 105 g/mol). A series of publications by Hashimoto
et al. examined the morphology and microphase separation
behavior of blends of two A-B type diblock copolymers
identical in chemical composition but varying in degree of
polymerization and volume fraction of the respective blocks.3–11

The blends displayed a rich variety of single microphase or
macrophase separated morphologies, depending on blend com-
position (volume fraction of the respective diblocks), individual
copolymer composition (volume fraction of the constituent
blocks), and molecular weight ratio (R, defined as the ratio of
the degree of polymerization of the larger diblock copolymer
to the smaller copolymer). Taken together with other stud-
ies,12–17 several key findings were established for the case of
symmetric diblock copolymers, where the pure component
diblocks form the lamellar morphology. First, the blends
displayed complete miscibility (i.e., a single microphase sepa-
rated lamellar morphology) when R < 5. For higher ratios of
molecular weights, the blends were found to macrophase
separate into nearly pure lamellar microdomains with different
domain spacings, corresponding to the larger and smaller
diblocks. Second, a miscibility gap opened up when the weight

fraction of the larger diblock was less than 0.7 for R > 7 (in
the range 5 < R < 7, the miscibility gap was smaller). That is,
at higher loadings of the smaller diblock, the blends showed
two distinct microphase separated phases. Third, morphological
transitions to a cylindrical morphology were seen upon blending
at a particular composition and R value.10

In the present study we build and expand upon the earlier
work. Specifically, we focus on blending lamellar-forming, high
molecular weight diblock copolymers with a lamellar-forming,
low molecular weight triblock copolymer. Only two previous
studies have looked at blends containing triblock copoly-
mers,12,18 but with lower molecular weights and molecular
weight ratios, R < 4. Here we employ diblock copolymers with
molecular weights Mn > 1 × 105 g/mol. This, coupled with the
assertion that the triblock copolymer behaves morphologically
as a diblock of half the molecular weight,19 enables us to access
molecular weight ratios in the range 14 < R < 43 (here R )
Mn

diblock/1/2Mn
triblock), which are well beyond those previously

reported (R < 15). In addition, use of the triblock allows us to
probe the influence of polymer architecture on the behavior of
the blends.

Experimental Section

Polymers. The high molecular weight diblock copolymers were
synthesized by anionic polymerization under high-vacuum tech-
niques, using glass reactors equipped with break-seals for the mixing
of the reagents, and with constrictions for the removal of the
products, as reported previously.20 Styrene and isoprene monomers
(Acros, 98%) were purified prior to polymerization, as described
in detail elsewhere.21 Benzene (Fluka 99%), the polymerization
solvent, was carefully purified sequentially over CaH2 and PS-Li+

and then stored under the latter. The initiator sec-BuLi (Aldrich,
1.4 M in cyclohexane) was used as received and diluted to lower
concentrations in either hexane or benzene. Methanol (MeOH,
Lab Scan, 99.8%) was dried over CaH2 overnight under vacuum
and was degassed twice before being distilled in precalibrated
ampules. A typical synthesis began with the polymerization of
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styrene using sec-BuLi in 500 mL of benzene at room temper-
ature for at least 24 h, followed by the addition of the appropriate
amount of isoprene and left to react for another day. The
polymerization was terminated by adding a small amount of
MeOH (1 mL). The molecular weight and polydispersity of the
copolymers were characterized by a combination of size exclu-
sion chromatography (SEC) and membrane osmometry (MO),
while the copolymer composition was determined through 1H
NMR spectroscopy.

The poly(styrene-b-isoprene-b-styrene) (SIS) triblock copolymer
is a commercially available thermoplastic elastomer sold under the
trade name Dexco 4411. The volume fraction of polystyrene is
∼0.41 with a number-average molecular weight of 62 000 g/mol,
which translates into a central poly(isoprene) (PI) block of 35 000
g/mol and two PS end blocks of 13 500 g/mol each. The block
copolymer characteristics are summarized in Table 1.

Sample Preparation. A series of blends were prepared for each
of the high molecular weight diblock copolymers with the lower
molecular weight triblock. The four series of blends are labeled on
the basis of the molecular weight of the large block copolymer,
that is, SI450, SI700, SI1000, and SI1500. The blend compositions
in weight percent SI were 5%, 10%, 25%, 50%, 75%, 90%, and
95%, for a total of 28 blend samples. A particular blend sample is
identified by the series name (as above) and the composition in
weight percent, with that of the diblock copolymer listed first. For
example, SI450 95/5, refers to the blends of the 438 000 g/mol SI
diblock copolymer containing 95 wt % of the diblock and 5 wt %
of the SIS triblock. Additionally, neat films of the SIS triblock and
the four SI diblocks were prepared. The films were cast in ceramic
crucibles of 1.3 mL nominal volume from 1.4% (w/v) toluene
solutions. The solutions were covered with glass coverslips and
placed under a bell jar and then allowed to slowly evaporate over
a period of about 2 weeks, yielding bulk films of ∼0.5 mm
thickness. In order to promote near-equilibrium structures, the films
were subsequently annealed at 125 °C for 72 h under vacuum.

Transmission Electron Microscopy. Thin film cross sections,
in the range of 50-100 nm thickness, were obtained by sectioning
at -100 °C on a Leica EM UC6 microtome equipped with the EM
FC6 cryogenic stage. The samples were then exposed to osmium
tetroxide (OsO4) vapor, which preferentially stains the PI domains
and is used as a contrast agent. The cross sections were then imaged
in bright field in a JEOL 2011 transmission electron microscope
(TEM) operating at 200 kV.

Ultra-Small-Angle X-ray Scattering (USAXS). Scattering
profiles for the blend films were collected using an advanced Bonse-
Hart instrument on the 32ID-B beamline at the Advanced Photon
Source at Argonne National Laboratory using high intensity X-rays
with a wavelength λ ) 0.10419 nm. The data, consisting of absolute
intensity as a function of scattering vector q (q ≡ (4π/λ) sin(θ/2),
where θ is the scattering angle), were corrected for background
and analyzed by fitting model slit-smeared data to the intensity
profiles. The data were also analyzed by desmearing the slit-smeared
scattered intensity using an implementation of the standard method
of Lake22 included in the data reduction tools (“Indra”) provided
by Dr. Jan Ilavsky of the Advanced Photon Source.

Results

TEM analysis reveals, as expected, that all the neat block
copolymers, having near-symmetric composition, form the
lamellar structure in the bulk state (data not shown) and is
corroborated by the scattering data. The TEM images of the
various blend series are shown in Figures 1–3. As a general
observation, the majority of the blends exhibit macrophase
separation into two distinct morphologies, and the presence of
the two kinds of microdomains is also evident in the scattering
profiles, shown in Figures 4–7. Thus, the reflections from the
diblock occur at lower q values, with multiple reflections from
the triblock appearing at higher q, the strength of these scattering
peaks depending upon blend composition. In the case of the
SI450 and SI700 blends (images of the latter not shown), the
behavior is very similar, and all blend samples exhibit solely
the lamellar morphologies of the original block copolymers, with
the exception of SI700 5/95, where PS cylinders in a PI matrix,
in addition to thin lamellae and thick lamellae, were observed
(Figure 1h). In this instance, however, the USAXS data indicate
a predominantly lamellar-lamellar morphology (Figure 5),
suggesting that only a small volume percent of isolated islands
of cylinders exist. In the case of the two higher molecular weight
diblock blends (SI1000 and SI1500), the macrophase separation
is accompanied by the appearance of nonlamellar morphologies
in a wide range of compositions (see Figures 2 and 3).

The shift of the first-order scattering peak (q1) with increased
SIS loading provides a means of tracking the change in domain
spacing of the high molecular weight diblock-rich phase (Figure
8). For all the blends studied, the domain spacing of the diblock-
rich phase decreases upon addition of the triblock until a
saturation point is reached, and thereafter the domain spacing
remains relatively unchanged. This decrease in domain spacing
upon addition of a suitable surfactant-like modifier is well-
known and arises as a result of the localization of the triblock
at the intermaterial dividing surface (IMDS) between the two
high molecular weight blocks, effectively increasing the interface
area per unit volume and leading to chain relaxation near the
interface.6,23 On the other hand, the domain spacing of the
triblock rich phase remains constant throughout, indicating very
little solubility of the large diblocks in the triblock. A final
observation from the scattering data, specifically for the SI450
and SI700 blends, is that the long-range order of the diblock-
rich domains appears to improve with added triblock, as
evidenced by the sharper and more pronounced low-q scattering
peaks. It is presumed that this arises from the shrinking size of
the diblock phase regions as their volume fraction decreases,
thereby leading to an enhanced effect of the phase boundaries
to “template” the ordering, in analogy to the commensurate
ordering of block copolymers in troughs reported previously
by our group.24 Additionally, the added triblock copolymer could
be acting as a plasticizer for the diblock domains, reducing the
glass transition temperature, and diluting the entanglement
networks of both the PS and PI domains, thus allowing for

Table 1. Molecular Characteristics of the Block Copolymers

sample (Mj n)PS × 103 a (Mj n)total × 103 a (Mj w)total × 103 c PDIb ΦPS
d �N f Rh

SI450 212 438 460 1.05 0.47 470 14
SI700 351 715 751 1.05 0.49 760 23
SI1000 443 944e 1001e 1.06 0.44 1010 30
SI1500 613 1318e 1437e 1.09 0.43 1410 43
SISg 13.5 62 65 1.05 0.41 34

a MO in toluene at 35 °C. b SEC in THF at 35 °C. c Calculations are based on the equation Ib ) Mj w/Mj n
a. d 1H NMR in CDCl3. Volume fraction based

on 1H NMR values using the equation vol %(PS)copolymer ) wt %PS FPI/(wt %PS FPI + [100 - wt %PS]FPS) (FPS ) 1.06 g/mL, FPI ) 0.911 g/mL). e The total
molecular weights for the samples SI1000 and SI1500 were calculated in combination with SEC/MO (calculating PS) and 1H NMR (calculating volume
fraction of PS). f The segregation strength was computed based on the equation � ) 33/T - 0.0228 from ref 36. g Only the molecular weight profile of the
purchased triblock was detemined using SEC. The volume fraction of PS is based on the manufacturer’s reported weight fraction, and the PDI is that for the
entire triblock copolymer. h R is the molecular weight ratio for each series of blends containing the respective high molecular weight diblock, i.e., R )
Mn

diblock/1/2Mn
triblock.
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enhanced mobility of the chains.25 It is also noteworthy that
the diblock-rich domain spacing begins to plateau at around 25
wt % addition of the triblock, which is likely a good estimate
of the solubility limit of the triblock in the diblock.

Discussion

Based on the microscopy and scattering data, a morphological
phase diagram in the parameter space of molecular weight ratio

(R) and composition was constructed and is shown in Figure 9.
As mentioned previously, the molecular weight ratio was
computed on the basis of the assumption the triblock copolymer
behaves morphologically as a diblock of half the molecular
weight.19 There are two key features of note in the phase
diagram. First, all the blends become multiphased in the weight
fraction range of SI, wSI < 0.9. That is, the blends phase separate
into two distinct types of microdomain structures, one of which

Figure 1. Bright field TEM micrographs of thin OsO4-stained sections of blends of SI450 with SIS, with compositions in weight percent (SI450/
SIS): (a) 5/95, (b) 10/90, (c) 25/75, (d) 50/50, (e) 75/25, (f) 90/10, (g) 95/5, (h) the exceptional SI700 5/95 blend exhibits some cylindrical domains
in the minority SI700 phase in addition to thick and thin lamellar regions. Note that the micrographs were taken from areas containing both the thin
triblock lamellae and thick diblock lamellae, to indicate the coexistence of the two phases, and are not representative of the actual volume percent
of each type of domain, which varies strongly with blend composition.

Figure 2. Bright field TEM micrographs of thin OsO4-stained sections of blends of SI1000 with SIS, with compositions in weight percent (SI1000/
SIS): (a) 5/95, (b) 10/90, (c) 25/75, (d) 50/50, (e) 75/25, (f) 90/10, (g) 95/5. The 10/90 and 50/50 blends exhibit a disordered morphology with
IMDS curvature toward the PS domains, whereas the 25/75 and 75/25 blends reveal a PS cylindrical morphology. According to the scattering data,
the 10/90 blend appears to be disordered cylinders, whereas the 50/50 blend could be double gyroid, but it is not entirely clear. Nonetheless,
micrographs for the latter blend suggest a bicontinuous morphology.
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is always the lamellar-structured SIS triblock. This macrophase
separation has been observed before in previous studies3–5,7,13

and was attributed to the initial onset of microphase separation
of the larger block copolymer upon solvent evaporation.4

Nonetheless, in the present investigation, the miscibility gap is
larger than that reported in the earlier studies, where the block
copolymers were found to be immiscible for a weight fraction
range of the large copolymer, wlarge < 0.7.10 This is undoubtedly
linked to the much larger mismatch in the molecular weights

of the diblocks with respect to the triblock in the present study
and implies that the former is virtually insoluble in the latter.
This larger miscibility gap was predicted in a theoretical study
of block copolymer blends by Matsen.26 This study presented
two phase diagrams, for R ) 10 and 25 and up to �Nlarge ) 600
(cf. Figure 2 in ref 26). The phase diagrams showed that for
blends where the interaction parameter and molecular weight
ratio are large, as is the case in the present study (e.g., �Nlarge

∼ 700 and R ∼ 25 for the series of SI700 blends), the blends

Figure 3. Bright field TEM micrographs of thin OsO4-stained sections of blends of SI1500 with SIS, with compositions in weight percent (SI1500/
SIS): (a) 5/95, (b) 10/90, (c) 25/75, (d) 50/50, (e) 75/25, (f) 90/10, (g) 95/5. The 5/95, 10/90, and 25/75 blends exhibit a disordered morphology,
which once again appears from the scattering data to be cylinders. The 75/25 blend appears to exhibit a poorly ordered double-gyroid structure, and
a detail of the structure, showing characteristic serpentine features, is shown in the inset of (e). Note that while the effective volume fraction of the
blends remains in the lamellar region of the phase diagram (0.41 < ΦPS

eff < 0.44), the IMDS is nonflat, with curvature toward the PS domains.

Figure 4. USAXS profiles for the SI450 series of blends. The lamellar
reflections from the two different phases are clearly evident, with the
intensities of the SIS triblock reflections increasing with the weight
fraction of the triblock in the blend. A single box outline indicates
reflections from the diblock domains and a double box those of the
triblock domains.

Figure 5. USAXS profiles for the SI700 series of blends, which are
qualitatively similar to those of the SI450 blends. A single box outline
indicates reflections from the diblock domains and a double box those
of the triblock domains.
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become immiscible when wlarge < 0.85, in close agreement with
our experimental results.

The second notable feature is that morphological transitions (i.e.,
to nonlamellar morphologies) begin to appear in the SI majority
phase at R ∼ 30. Compared to the consolidated phase diagram
previously presented by Yamaguchi and Hashimoto,10 where a two-
phase region begins at R ∼ 7 and is assumed to extend beyond R
> 15, here we find no morphological transitions in the range 10
< R < 30 (with the single exception of the SI700 5/95 blend).
Moreover, though morphological transitions have been reported
previously,3,7,10 these were restricted to the formation of the
cylindrical microstructure.27 In the present study, in addition

to hexagonally packed PS cylinders (Figures 2c,e and 3d), a
disordered or wormlike cylindrical (PS) phase (Figures 2b,d and
3a-c) and a bicontinuous phase resembling the double gyroid
(Figure 3e) are observed. As a direct result of the very high
molecular weights of the diblock copolymers, the SI1500 and
especially the SI1000 blend samples show rather poor long-
range order in TEM images and in USAXS, as evidenced by
the broad peaks and weak (or absent) higher-order reflections
(Figures 6 and 7). The USAXS data are largely consistent with
the microscopy observations, with characteristic scattering peak
ratios at 1 and �4 present in the SI1500 scattering results (as
well as �12 in SI1500 50/50), substantiating the characterization
of these samples as having the cylindrical morphology in the
diblock-rich phase. For the SI1000 blends (10/90, 25/75, and
75/25), though the low-q scattering data show essentially one
peak, a thorough analysis of many TEM micrographs and
comparison to the SI1500 TEM data allows for the assignment
of the cylindrical morphology to these samples with a high
degree of certainty.

In the blend sample exhibiting the presumed double-gyroid
morphology, SI1500 75/25, the scattering data show two distinct
peaks, with peak ratios of 1 and ∼2.75, which is inconsistent with
a cylindrical morphology but coincides with the {631} reflection
of the double gyroid [(23/3)1/2 ≈ 2.77]. Furthermore, the disap-
pearance of the peak at �4, evident in the neighboring blend
sample (SI1500 50/50) which shows the cylindrical morphology,
requires the assignment of another, noncylindrical, morphology to
this blend. The TEM micrograph (Figure 3e) of this blend is
reminiscent of the double-gyroid morphology and extends over
large areas (see Supporting Information). The morphology is
clearly disordered, resulting in only a few broad scattering peaks,
which do not allow for conclusive definition of the blend
morphology. Nonetheless, taken together, the data suggest that

Figure 6. USAXS profiles for the SI1000 series of blends. The higher
order peaks of the large diblock are weak or absent, indicating poor
long-range order. A single box outline indicates reflections from the
diblock domains and a double box those of the triblock domains.

Figure 7. USAXS profiles for the SI1500 series of blends. The change
in the scattering profile going from 25% SIS to 50% SIS is clearly
evident, indicating a change in the morphology from double-gyroid-
like to cylinders. A single box outline indicates reflections from the
diblock domains and a double box those of the triblock domains.

Figure 8. Domain spacing (d ) 2π/q1) as a function of the triblock
content for the (a) SI450 and SI700 blend series and (b) for the SI1000
and SI1500 blend series, obtained by tracking the position of the first-
order reflection in the USAXS data. The domain spacing decreases
with increased triblock content and levels off after around 25 wt %.
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the observed morphology is likely double gyroid. With respect
to the stability of this phase, the sample was annealed for an
extra 7 days with no change observed in the scattering, indicating
that the morphology is likely not kinetically trapped. The
observation of this double-gyroid-like phase, which was not
reported in previous studies on blends of diblock copolymers,
is not only appealing from a strictly morphological perspective
but also lends further evidence as to the stability of the double-
gyroid phase in block copolymer melts in general at high
segregation strengths.28–30

Since the effective volume fraction of the blends remains
within the lamellar region of the phase diagram, Yamaguchi
and Hashimoto ascribed the morphological transitions into
curved IMDS morphologies, to the influence of the asym-
metric composition of the lower molecular weight block
copolymer, which prefers a spontaneous nonzero curvature
at the IMDS between the dissimilar blocks. They argued that
in the neat lower molecular weight copolymer this small value
of interface curvature would promote large radius domains,
inconsistent with chain packing considerations, and hence
the resulting neat morphology is lamellar. However, upon
addition of a second, higher molecular weight block copoly-
mer, the preferred nonflat curvature of the IMDS can be
realized, since the larger block copolymer chains can fill the
extra space required to accommodate the small nonzero
spontaneous curvature (cf. Figure 14 in ref 10).7,10 It is evident
then that, for a small compositional asymmetry in the lower
molecular weight block copolymer, higher values of R (i.e.,
longer chains of the large block copolymer) would be required
to induce the nonflat IMDS morphologies by allowing the
formation of larger radius structures. This is precisely what is
observed in the present study. As in the prior work, the overall
volume fraction of the blends here would indicate a lamellar
morphology in the diblock-rich phase (ΦPS in the range
0.41-0.44); nonetheless, as the molecular weight of the diblock
increases, curved IMDS morphologies appear in the blends
composed of SI1000 and SI1500. Also noteworthy is that the
size of the cylindrical domains stays relatively constant in the
blends, as evidenced by the roughly constant domain spacing

in the blends with a cylindrical morphology (see Figure 8b).31

Since the spontaneous curvature is expected to be determined
by the mismatch in size of the respective blocks in the triblock,
which is constant, this lends further support to the explanation
for the appearance of cylindrical domains resulting from an
expression of a spontaneous curvature, as outlined above.

Despite experimental observations, prior theoretical studies
have not predicted this morphological transition in nearly
symmetric block copolymer blends, with the exception of
the strong segregation limit (SSL) theory of Lyatskaya et
al., where a lower free energy for the cylindrical morphology
was found in a certain composition window with wlarge e
0.4 for two lamellar-forming diblock copolymers.32 However,
the composition of one of the two diblocks was rather
asymmetric (nearly cylinder-forming), and the molecular
weight ratio was R e 2. Yamaguchi et al. applied this model
in their study and were unable to demonstrate that the
cylindrical microstructure is favored over the lamellar
microstructure in their blends.7 The self-consistent field
theory (SCFT) study by Matsen26 focused on selected values
of �N and R, and although it demonstrated the macrophase
separation into two coexisting lamellar phases, no cylindrical
domains were reported. Shi and Noolandi utilized the SCFT
to map out a phase diagram (“phase cube”) for a pair of
diblocks of equal length (i.e., R ) 1) and found interesting
changes in the phase diagram, but again their work did not
predict phase transitions to curved IMDS structures when
the effective volume fraction of the blends was near 0.5,
unless one of the diblocks was highly asymmetric (i.e., nearly
a homopolymer).33 In another study, Shi and Noolandi
investigated the effects of short diblocks (effectively non-
ordering surfactants) on the phase behavior of strongly
segregated long diblocks (R ) 10),34 and two of their findings
are of note in the present context. First, when their composi-
tion was near 0.5, a sizable proportion (∼20%) of the short
diblock chains tended to segregate to the interface between
the large diblock domains, acting as surfactants. This is near
the estimated value of ∼25% for the solubility limit of the
triblock in the domains of the large diblock in this study.

Figure 9. Morphological phase diagram of the binary blends in the parameter space of molecular weight ratio, R ) Mn
diblock/1/2Mn

triblock, and blend
composition, in weight percent SI (to facilitate comparison with previous studies). The data points for each blend series are depicted in a unique
color. The yellow shaded area represents the region where the blends are miscible and exhibit a single microphase separated morphology, whereas
the blue shaded area indicates the macrophase separated region with two coexisting microphase separated morphologies. Above the dotted line,
morphological phase transitions are observed, from lamellar arrangement to structures with IMDS curvature, i.e. cylinders and double-gyroid-like,
identified by different data point shapes on the graph.
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Second, the chain end distribution of the long diblock was
found to deviate from the analytical SSL theory of Se-
menov,35 with the chain end density increasing gradually from
the interface to the center of the domain. This hints at the
possibility of chain end effects playing a role in determining
the microstructure. In the case of the SSL theory of Lyatskaya
et al., the chains are presumed to be highly stretched, and
the long diblock chain ends are explicitly excluded from
folding back and mixing with the short diblock segments near
the interface.32 That the long diblock copolymer chains could
be folding back on themselves inside the cylindrical domains
is supported by our data, where the cylinder radius is much
smaller than the length of the high molecular weight chains
in the lamellar domains (see Figure 8).31 It seems logical that
in order to best fill the cylindrical space the long diblock chains
would fold back toward the cylinder IMDS to maintain constant
segmental density and to avoid overcrowding in the center of
the cylinder. It would be of great interest to have SCFT studies
in the relevant composition range, which account for chain
segment distribution, in order to compare to the experimental
results and assess whether this hypothesis is correct.

The strongly segregating high molecular weight diblock
copolymers used in this study, having very high �N values,
allowed for the exploration of the phase space that was not
accessed in previous studies. Additionally, the higher absolute
molecular weights of the diblocks contributed to an increased
miscibility gap and permitted the extension of the morphological
phase diagram for molecular weight ratios R > 15. It remains
to be seen in follow-up studies whether these factors influenced
the morphology of the blends. In particular, it is of interest to
investigate blends where R < 5, but the absolute molecular
weights are large (Mn ∼ 1 × 106 g/mol). In previous studies,
blends with R < 5 were miscible at all compositions, but the
increased molecular weights and segregation strength of the two
components could lead to phase separation and/or morphological
transitions. It is also important to determine whether chain
architecture influences the observed morphology. In the current
study, we postulate that the morphology of the neat triblock is
equivalent to that of a diblock of half the molecular weight, as
was demonstrated previously,19 and it is on this basis that the
molecular weight ratio, R, is calculated. Nonetheless, the con-
nectivity of the blocks is a factor for the morphology of the
blends, possibly influencing the nature of the morphological
transitions and the solubility of the block copolymers. For
instance, it is clear that bridges are not possible for the triblock
in the large molecular weight diblock, since the PI middle block
would not be able to span the large domain sizes present in the
diblock. As such, only midblock loops or homogeneous solubil-
ity of the triblock in the diblock are possible. It is interesting to
consider the possibility that the connectivity of the triblock (as
opposed to diblock) copolymer could be favoring the formation
of 3-D bicontinuous structures with nonzero mean curvature
over the 2-D cylindrical structure, and this also forms the basis
of future studies.

Conclusion

A series of blends of high molecular weight diblock
copolymers with a lower molecular weight triblock copolymer
were prepared and their morphological characteristics ex-
pressed on a phase diagram in the parameter space of
molecular weight ratio and blend composition. Molecular
weight ratios in the range 14 < R < 43 were accessed,
considerably extending the range previously studied. The
observed blend morphologies shared many of the same
features previously reported, including miscibility gaps with
macrophase separation into two distinct microphase separated
domains and morphological transitions from lamellar to

cylindrical structures. Additionally, disordered bicontinuous
and double-gyroid-like structures were also observed at
certain compositions. The change from the flat zero curvature
IMDS of the lamellar morphology to curved IMDS structures
was presumed to result from compositional asymmetry of
the block copolymers (ΦPS in the range 0.41-0.44) and the
preference for a nonzero IMDS curvature in the SIS triblock.
The phase diagram showed a narrow region of complete
miscibility, for wSI > 0.9, in line with theoretical studies.26

Future studies will focus on the role of the high absolute
molecular weights, as well as chain architecture, on the
morphological behavior of the blends.
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