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ABSTRACT: The effect of composition distribution on microphase-separated structures of AB diblock and BAB
triblock copolymers was investigated at the molecular level by measurements of neutron reflectivity. Monodispersed
three poly(styrenefls-blockpoly(2-vinylpyridine) (DP) and three labeled triblock copolymers (PDP) and unlabeled
counterparts were synthesized by a living anionic polymerization process designed to yield constant molecular
weight with different volume fractions. The selective labeling method employs the blending of copolymers for

a segmental distribution study while the labeled polymers are mixed for an interfacial study. Scattering length
density profiles were observed by neutron reflectivity measurements for blended thin films produced by spin-
coating and successive thermal annealing. It was confirmed that the blended thin films exhibit simple alternating
lamellar structures, an observation consistent with the observed structures of bulk specimens. The localization
phenomenon of longer and shorter block chains was also investigated. Longer block chains are generally localized
at the center of the domains while the shorter block chains are localized near the domain interface as suggested
by previous morphological observations. Interfacial thickness increases with an increase in composition distribution
index for both diblock and triblock systems. The incremental increase for the triblock system is larger than that
of the diblock system.

Introduction mers and poly(2-vinylpyridinellock-polystyreneblock-poly-
(2-vinylpyridine) (PSP) triblock copolymers by blending several
monodispersed samplés3! Related investigations have been

lecular weights and compositions are parameters that have beefindertaken by othefS. % Our |nvest|gat|ons indicated that SP .
extensively investigated. Several studies of block copolymers @1d PSP block copolymers with an average S/P volume ratio
employed AB diblock copolymers to take advantage of their of 0.5/0_.5 f_or two different distribution systems'exhlb!t s!mple
basic chemical structurés5-11 although block copolymers with and periodic lamellar structures Whgn the polydispersity indices
complex chemical structures have also been systematically®f Samples are lower than the critical value and that lamellar
investigated2-16 BAB-type triblock copolymers have been _dor_naln spacing increases with an increase in polydispersity
extensively studied. These polymers adopt both bridge and loopindices of the blends. These results led us to propose that the
conformations because their midblocks lack chain éAdsl7.18 microdomain expansion may be caused by the localization of
Studies of samples produced by systematic blending were Io.ng. blqck chains in lamellar mlcrodoma}ms since nonuniform
also performed for AB diblock copolymer/A homopolymer dlstrlbutlons of component polymers, par_tlcularlythose of longer
blendd%-22 and for AB diblock copolymer/AB diblock copoly- chains, were observed for ordered binary block copol_ymer
mer blendg3-26 The block copolymer samples used in these Plends as demonstrated by Mayes et°alforeover, domain
studies have narrow distributions of compositions and molecular €XPansion behavior was observed for block copolymer/ho-
weights because these parameters are thought to affect thénopolymer blend systems where homopolymer chains were
morphologies and properties of block copolymers. Block localized in microdomain¥22 Neutron reflectivity (NR)
copolymers used in industry, however, generally possess widemeasurement? have indicated that partial segments near the
distributions of compositions and molecular weights, and the junction points are localized at the domain interface while the
effects of these two parameters have not been separatelyffee ends are localized at the domain cefitef?
evaluated’ NR profiles are also known to contain information about
We have recently succeeded in quantitatively evaluating the interfacial thickness. As stated above, bulk domain spacing for
dependence of composition distribution and molecular weight polydispersed block copolymer systems is larger than that of
distribution on microphase-separated structures formed by monodispersed systems, while it is unknown whether or not
polystyreneblockpoly(2-vinylpyridine) (SP) diblock copoly- polydispersity of block chains influences interfacial structure.
If interfacial thickness depends on the polydispersity of the

Morphologies of block copolymers have been theoretically
and experimentally studied for nearly four decati€8.Mo-
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Table 1. Molecular Characteristics of Parent Diblock Copolymers DP-19 » PDP-28 AN
sample My #/10P Mu/M,P ¢s° Mw(S)V10* DP-55 AN PDP-55 /AP
DP-19 1.44 1.02 0.100 1.43 7 LONANAS
DP-55 1.24 1.02 0.503 6.21 i i Hii

DP-91 1.15 1.03 0.911 10.5

SP-19 1.05 1.03 0.100 0.975 SP-19 1y PSP-28 Qe
SP-55 1.35 1.04 0.462 5.96

. . . ) SP-55 PR PSP-55 AP
aWeight-averaged molecular weights measured by multiangle laser light . . .
scattering® Apparent polydispersity indices measured by gel permeation Figure 1. Schematic representations of all parent block copolymers
chromatographyt Volume fractions of polystyrene blocks measured by Uused in this study. Black chains, broken-line chains, and gray chains
pyrolysis-gas chromatography.Molecular weights of polystyrene blocks  ~ represent polystyrengs, polystyrenehs, and poly(2-vinylpyridine),
calculated by usingvl, ¢s, and bulk densities of component polymers, ~fespectively.
i.e., 1.05 for polystyrendés, 1.13 for polystyrenels, and 1.14 for poly(2-

vinylpyridine). 1.0 1 (a) E(2)
Table 2. Molecular Characteristics of Parent Triblock Copolymers W(¢s) w(¢5)
sample M 2/108 Mu/MP P Mu(S)/10* 0.5
PDP-28 1.19 1.05 0.249 2.94
PDP-55 1.43 1.04 0.469 6.68

PDP-82 1.44 1.05 0.758 10.9 0
PSP-28 1.58 1.07 0.224 3.32
PSP-55 1.56 1.05 0.496 7.42
a-dThe meaning of all values are the same as those in Table 1. 1.0 1(c) Ew(2) (d) NE(2)
w(gs) w(¢s
In the present work, the microdomain structures of blended 05
samples with wide composition distributions were investigated
at the molecular level by neutron reflectivity to observe the
localization phenomena of block chains with different chain 0
lengths. Interfacial thickness was also measured. A selective & ¢s

labeling method was employed for the localization study while Figure 2. Blend characteristics of parent diblock copolymers: E)
blends having two d|ff(_arent composition d|st_r|_but|on |nd!ces (b? EL(2), () Ew(2), and (d)NE(2). The horizontal a{(es repres’ent
were prepared for the interfacial study by mixing deuterium- nolystyrene volume fractions of the parent copolymers. The vertical
labeled parent copolymers and retaining an average S/P (0.5/gxes represent weight fractions. The white bars indicate unlabeled SP
0.5) volume ratio and a constant average molecular weight. diblock copolymers. The black bars represent deuterium-labeled DP
diblock copolymers.
Experimental Section polystyrene content of approximately 0.1 and 0.5 and two earlier
All deuterated parent block copolymers, i.e., three poly(styrene)- synthesized unlabeled PSP triblock copolymers withof ap-
dg-block-poly(2-vinylpyridine) (DP) diblock copolymers and three  proximately 0.2 and 0.5 are also listed in Tables 1 and 2. Schematic
poly(2-vinylpyridine)-poly(styrenejs-blockpoly(2-vinylpyri- illustrations and code names of all parent block copolymers used
dine) (PDP) triblock copolymers, were synthesized in tetrahydro- are shown in Figure 1. The perdeuterated polystyrene block chains
furan (THF) at—78 °C by a sequential living anionic polymerization  are illustrated with black bars.
process using cumyl potassium and naphthalene potassium as The blended samples of the diblock and triblock copolymers were
initiators, respectivelj? These copolymers were purified by prepared using three different parent block copolymers with
reprecipitation in hexane and dried in vacl@eeze-drying was  different volume fractions out of five in Tables 1 and 2, respectively.
then carried out to remove remaining solvents. For all blend samples, the weight fractions of the two parent
Gel permeation chromatography was performed to measure copolymers with the smallest and the larggstvere set as equal
polydispersity indices using the HLC-8020 (GPC) system (Tosoh to retain a constangs value of 0.5. With this condition, four blend
Corp.) with three G4000H columns. Absolute weight-averaged samples were prepared for the diblock and triblock systems.
molecular weights of parent block copolymers were determined  Figure 2 shows the blend characteristics of the diblock system
by multiangle laser light scattering (MALLS) using the DAWN as an example, where the horizontal axes represent polystyrene

EOS enhanced optical system (Wyatt Technold§yy.olume content, ¢s, of parent block copolymers and the vertical axes
fractions of the polystyrene block for all block copolymers were represent the weight fractionsy(¢s), of blended parent block
measured by pyrolysisgas chromatography (pyrolysi&C), using copolymers. Figure 2a represents an equal mass fraction blend from

a Shimadzu GC-2010 equipped with a PY-2020s pyrolyzer (Frontier three deuterium-labeled parent diblock copolymeE§2)). This
Laboratory) with an ultra-alloy column and an FID detector as blend has two derivatives. The first or&,(2) as shown in Figure
described previousl§? 2b, includes a labeled long polystyrene chain and two additional
Tables 1 and 2 exhibit molecular characteristics of all parent unlabeled chains for the purpose of determining the segmental
block copolymers used in this study for the diblock and triblock distribution of the long block chain, whil&y(2) in Figure 2c
systems. The molecular weights of all copolymers are close to 130K, includes labeled medium and long chains with an unlabeled short
and their polydispersity indices are all less than 1.07. Volume chain for the purpose of determining the segmental distribution of
fractions of the polystyrene blockgs, for the three DP diblock an unlabeled short block chain. Blend characteristics are similar to
copolymers are approximately 0.1, 0.5, and 0.9, while the volume those employed by Mayes et?lin view of selective labeling of
fractions of the PDP triblock copolymers are approximately 0.2, block chains, but different with regard to retaining constant
0.5, and 0.8. Since a given triblock copolymer with a broad molecular weight and composition. On the other hand, Figure 2d
composition distribution tends toward separation of macropi&des, indicates the symmetric but nonequal distribution of three deuterium-
the volume fraction gap between the smallest parent copolymer labeled parent copolymer$E(2), to investigate the effects of
and the largest parent copolymer for the triblock system was composition distribution on interfacial thickness. These three
designed to be smaller than that of the volume fraction gap of the copolymers were designed to have weight fraction ratios of 1:3:1.
diblock system. Two unlabeled SP diblock copolymers having Successively, the same rationale was employed in the preparéch{V
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Table 3. Codes and Characteristics of Blend Samples

code M¥/10° Mw/Mn(block) st Dsaxs/nm Dnr/NM t9nm
DP-55 1.24 1.02 0.503 56.1 56.6 3:30.3
NE(2) 1.26 1.28 0.504 60.3 60.8 380.3
E(2) 1.27 1.46 0.505 64.2 64.7 400.3
E (2) 1.17 1.44 0.491 64.3 64.8
Ew(2) 1.14 1.43 0.505 62.5 63.0
PDP-55 1.43 1.04 0.469 37.6 38.1 320.3
NE(3) 1.38 1.11 0.483 38.8 36.9 380.3
E(3) 1.34 1.18 0.492 38.8 36.5 400.3
EL(3) 1.52 1.20 0.493 40.4 40.9
EmL(3) 1.48 1.20 0.483 39.4 39.9

aThe calculated average molecular weights usifigvalues in Tables 1 and 2.Composition distribution indices calculated according to the definition
{Mw(S)Mn(S) + Mw(P)My(P)}/2 for all blends.c Volume fractions of polystyrene blocks estimated by usjrgvalues in Tables 1 and 2.Interfacial
thicknesses determined by neutron reflectivity measurements.

(a) (b) (a)

100nm 100nm * . I : ! : !
Figure 3. Typical transmission electron micrographs of the bl&sd 0 0.4 0.8 1.2
for the diblock and triblock systems: (&)Y2) blend; (b)E(3) blend. 1
The light domain represents the polystyrene phase, and the darker g/ nm
domain represents the poly(2-vinylpyridine) phase. Sample specimens
were stained with osmium tetroxide. (b)

of a triblock copolymer system and four blends, iE(3), E, (3), 4
Em (3), andNE(3).

Table 3 compares the characteristics of blend samples. The 2t
polydispersity of parent block copolymers was assumed to be unity X
for calculation of overall “composition distribution” indices, defined 2 0
as the arithmetic averages of molecular weight distribution indices L
of both component blocks as follows: -2}

M,/M(block) = {M(S)M(S) + M, (PYM,(P)}/2 4+

where M,(X) = weight-average and/,(X) = number-average it . L . 1 . 1
molecular weights of component block X (where X denotes S or 0 0.4 0.8 1.2
P) in copolymers® Because the S and P blocks in our blend samples ) ' )
have almost the same composition, i.e., S/B.5/0.5, we employ q / nm‘1
simple arithmetic averages with respect to two polymers to estimate _. ) .
composition distribution indices. It becomes apparent that the er?dur(eb;l'trz\llalﬁ)glzoglfsstgrgz.SH%LriSz'oﬁwqgllzthxsefsorrctagerésa()ar?tlbtlr?gkrfl)cl)snt’]irgtum
Muw/M(block) values of blendEs are much larger than those of  yansfer along the direction normal to the film surfagewhile vertical
NEs, when Figure 2a is compared with Figure 2d. axes represent logarithmic reflectivity. The top profiles areSe(E(2)
The 3 mm thick, 75 mm diameter silicon wafers were rinsed in  andE(3)), the middle profiles ar&_s (E.(2) andE.(3)), and the bottom
a strong oxidizing bath containing concentrated sulfuric acid and profiles areEw.s (Ewm(2) and Ew(3)). Open circles represent the
30% hydrogen peroxide in a volume ratio of 7:3. Thin film measured reflectivities, while the solid lines show the calculated
specimens for reflectivity measurements were prepared by spin-reflectivities.
coating dioxane solutions of the blend samples on the cleaned
silicon wafers and annealed at 17Q for 1 week. The solvent, United Kingdom, was employed for measurements of specular
dioxane, used for spin-coating is a common good solvent for the reflectivities at three constant incident angles of the beér (
two component polymers, S and P. Actually, several thin films with 0.25°, 0.65, and 1.8) against the film surfact Subsequently,
different thicknesses were prepared for each sample, and then thehree profiles were connected and analyzed using Parratt's algo-
best one without “islands” or “holes” formation was selected for rithm.*” The ARISA reflectometer at the Neutron Science Labora-
subsequent neutron experiments by measuring X-ray reflectivity tory, High Energy Accelerator Research Organization in Tsukiiba,
(XR) after thermal annealing. The thicknesses of all the thin film was employed for additional measurements witk= 0.35° and
specimens were determined to be between 130 and 300 nm by XR0.8°. To obtain basic structural features of bulk states of the present
measurements on the Rigaku instrument (Rigaku ATX-G). copolymers, transmission electron microscopy (TEM) and small-
Neutron reflectivity (NR) measurements were performed at two angle X-ray scattering (SAXS) measurements were carried out for
different pulsed neutron source laboratories. The CRISP at ISIS the thermally annealed bulk cast films from THF solutions of
pulsed neutron source, at Rutherford Appleton Laboratory in the blends3® CDV
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Figure 5. Scattering length density profiles along the depth direction for the films oEtkeries for reflectivity calculations: (&(2), (b) EL(2),
(c) EmL(2), (d) E(3), (e) EL(3), and (f) EmL(3). The profiles in boxes drawn with dashed lines in (a), (c), (d), and (f) are analyzed in detail in
Figure 8.

Results the direction normal to the film surfadq| (= 4 sind /1), where
A is the wavelength. Bragg peaks in reflectivity profiles Er
andEy_ blends in Figure 4a,b are fairly weak, especially for
and Figure 3b indicatel§(3), which have relatively |arng|W/ the hlgherq region, indica.ting that the densities of the labeled
M, (block) values. These show simple and homogeneous lamellarS€dMents are not very high for these blends. In Figure 4, the
structures with flat interfaces. SAXS profiles for bulk films of ~©OP€n circles indicate measured reflectivities and are well fitted
all blends show integer-ordered diffraction peaks, indicating that With the calculated solid lines using scattering length density
simple lamellar microdomain structures are formed by mono- (2/2) profiles along the depth direction of the thin films as
dispersed molecules in molecular weights but heterogeneousdiSPlayed in Figure 5, which serves to validate ke profiles
in composition (diffraction patterns are not shown here). I Figure 5. Theb/v proflles forEs in Figure 5a,d reveal that
Lamellar domain spacingD, can be evaluated according to the PSes lamellae with ab/v value of 6-47:< 1(?24 nm-2 and
Bragg’s relationship|g,| = 27/D, between the magnitude of the P2VP Igmellae with {avalue o.f'1.951(T nm2 are stgckgd
the scattering vector where diffracted peaks are locatgf, alternately in pgrallgl with the SI|ICOI’.1 surface of the thin film.
and domain spacind). Estimated values are listed in Table 3. Block chains with different lengths in blerifis appear to be
These data may provide useful references for structural char-Well mixed into one homogeneous lamellar microdomain. A
acteristics of thin films, which are the principal objectives of tyPical example, shown in Figure 5a, indicates that a lamella
this work. It is apparent that tH2 values of the triblock system ~ Of the PSég phase whose thickness is approximately one-half
are considerably smaller than those of the corresponding diblock©f that of the regular PS lamella is located at the top of the film
system, though the molecular weights of the members of the @S & result of the lower surface energy of PS relatl\_/e to P2VP.
triblock system are slightly larger than those of the diblock On the other hand, a lamella of the P2VP phase is set at the
system. This is expected from a structural viewpoint since the Pottom of the film because of higher affinity with the Si@yer
domain sizes of triblock copolymers are identical to those of Whose thickness is-1.5 nm.
the diblock copolymers which have half of the molecular weight ~ Blend samples ofE s and Ey.s have almost the same
of the triblock copolymera?4° composition, molecular weight, and composition distribution as
Figure 4a,b provides a comparison of the NR profiles from Es. It is thus expected that a consistent microdomain must be
Es, ELs, andEy,s for the diblock and triblock systems. The formed. However, fairly different density profiles relative to
vertical axes represent logarithmic reflectivities, and horizontal those of perdeuteratefis blends have been observed Ers
axes represent the magnitude of the momentum transfer alongandEy,_s in Figure 5 because of the coexistence oftig8lock

Figure 3 compares typical examples of TEM images for
diblock and triblock systems in bulk. Figure 3a indica&g)

Ccbv
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estimated fronb/v profiles in Figure 7 is listed in Table 3. From

a

this table, it is readily seen that the microdomain repeating

4 distances in thin films are similar to those observed in bulk
films. This indicates that equilibrium structures have been

2L M,/M,(block) formed due to annealing in both films.

0

The interfacial thicknesses between PS and P2VP lamellae,
R 1.02 ty = 1/(dgi(2)/d2)4=0.5 defined as the inverse of the tangential
slope at the middle point in the interfacial profiles, were also
2t 1.28 evaluated, and the obtained values are listed in Table 3. The
interfacial thicknesses of the parent block copolymers, DP-55
-4t 1.46 and PDP-55, are 3.3 and 3.2 nm, respectively, and in good
agreement with the results of our latest investigations on DP
B L L L L L L 1 and PDPP while not with those of the other previous works on
0 04 0.8 1.2 the same polymer systeth>1-52The discrepancy in the evaluated
interfacial thickness among those studies may be attributed to
the difference in sample preparation of thin film specimens. In
(b) the previous studies toluene was used for spin-coating, which
is not a good solvent for P2VP. Once the nonequilibrium factor
is introduced into a thin film, it cannot be removed easily and
erfectly by thermal annealing during short period of time even
ijMn(bIOCk) gt high )t/en)wlperature. On the ?)ther h%ndor IE)IES andEs are
1.04 3.8 and 4.0 nm, respectively, for both diblock and triblock

systems. These measurements are meaningfully larger than those
1.1% of monodispersed parent block copolymers. Thus, it has been
clarified that the interfacial thickness depends on the block chain
length distribution and will be further discussed below.

Discussion

We first discuss the localization phenomena of short and long
0 0.4 0.8 1.2 chains. These blend samples were prepared from two labeled
q/ nm-" block copolymers and one unlabeled block copolymer with a

short PS block, for the purpose of indirect observation of the

Figure 6. NR profiles of perdeuterated blends for (a) the diblock segmental distribution of the short block chain. For extraction

system and (b) the triblock system. The top profiles are for pure block et ; ;
copolymers, DP-55 and PDP-55, the middle profiles arédfes (NE(2) Of. thz SengtnFal dIStrlbu“otn of unlapeled Cham.f).l.ltn the.
andNE(3)), and the bottom profiles are fds (E(2) and E(3)). The microdomain, it Is necessary to assume incompressibility as Is

curves are displayed in order of the magnitude of composition expressed in eq 1 and additivity biv as is shown in eq 2
distribution indices from top to bottom. Open circles highlight the

|3 . 1 . 1 . 1

measured reflectivities, and the solid lines highlight the calculated _
reflectivities. Z‘Pi(z) =1 (1)
chains in the PS phase, whdsle value is 1.41x 1074 nm2, (blv)(2 = Z(b/U)i¢i(Z) (2)

From Figure 5b,e it is apparent that deuterated segments of the
longer chains are localized broadly with peaks at the center of where p/v); and¢i(2) are theb/v value ofi componenti(denotes
the lamellar domains, while it is difficult to recognize the PSdg, PShsg, or P2VP) and its volume fraction at distanze
segmental distribution of the unlabeled short chains ftdm  along depth direction from the thin film surface, respectively.
profiles in Figure 5c,f. This issue will be discussed in more The value ofgpave(2) in the PS phase and botbs 4,(2) and
detail below.D values were determined frobiv profiles and ®ps-hs(2) in the P2VP phase are assumed to be zero, since the
are also listed in Table 3. PS and P2VP phases separate in the strong segregation regime.
The NR profiles of perdeuterated parent copolymers and their At the lamellar interfaces dEy, s, the segmental distributions
blends for both diblock and triblock systems are compared in of PS (containing both P8sand PShg) or P2VP were assumed
Figure 6. Profiles for the diblock system are shown in Figure to be described by error functions as in the caseE®rsince
6a, while those of the triblock system are shown in Figure 6b. Es andEy.s should have essentially the same structures and
The top profiles are for simple parent block copolymers, interfacial profiles. Figure 8a,b compares the volume fraction
DP-55 and PDP-55 as references. The remaining reflectivity profiles. It should be noted that the vertical axes represent the
profiles are arranged with respect to the order of the magnitude polystyrene volume fractiogs instead oft/v. The solid lines
of Myw/Mp(block) from top to bottom (reference block copoly- representing short chains were derived by subtraction of the
mers,NEs andEs). Two reflectivity profiles are displayed for  contribution of the middle and the long chains represented by
each blend: one for measured reflectivities shown as openb/v profiles within boxes drawn as dashed lines in Figure 5c,f
circles and one representing calculated reflectivities depicted (also expressed as dotted lines in Figure 8a,b to distinguish from
as solid lines. The latter were obtained using scattering lengththe polystyrene chains designated in boxes drawn as dashed
density profiles along the depth direction of the thin films, as lines in Figure 5a,d and represented by the broken lines in Figure
displayed in Figure 7. The experimental data are all well-fitted 8a,b, respectively). Both parts a and b of Figure 8 clearly reveal
with the calculated lines in Figure 6, showing that thedgS- the localization behavior of short chains near the domain
and P2VP lamellae are stacked alternately parallel to the siliconinterface. In accord with the results of Figures 5 and 8, the
surface in these thin films. The total domain spacimy, corresponding chain distributions in the microdomain 8E§V
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Figure 7. Scattering length density profiles along the depth direction for the films of perdeuterated blends used for reflectivity calculations: (a)
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0.8F e \\ Figure 9. Schematic comparison of three different domain structures:
0.6k /",: '\,.\‘ (a) monodispersed diblock system, (b) polydispersed diblock system,
o o4 /, 3 and (c) polydispersed triblock system.
T i k!
0.2M increases with an increase in tMg,/Mp(block) value for the
0 2 diblock and triblock systems. To gain a further understanding
30 20 50 80 of this phenomenon in a more quantitative sense, interfacial
Depth / nm thicknesses for the blends having hityh/Mn(block) values

. N N were normalized to those of monodispersed parent copolymers
Figure 8. Estimation of segmental distributions of short polystyrene P P poly

chains in lamellar domains: (a) diblock system; (b) triblock system. (ti0): top-ss)for the (_jlblock_system ankleop-ss) for the triblock
The broken lines denote perdeuterated bleE¢®) and E(3). The system. The normalized thickness valtifigo have been plotted
corresponding areas are surrounded by dashed boxes in Figure 5a,dagainstVl,/Mn(block) values in Figure 10. It is clear from Figure
while the dotted lines indicate selectively labeled blend&@f(2) and 10 that (i) interfacial thicknesses increase with increasing
Ew.(3). These areas are boxed in Figure 5c.f. The solid lines for £omposition distribution indices for both systems and that (i)
unlabeled short polystyrene chains are estimated by subtraction of dotte . . . .
lines from broken lines. Horizontal axes are depths from film surface the mcremental increase for the triblock system IS larger than
while the vertical axes are volume fractions. that of the diblock system. However, the absolute incremental
increase of the interfacial thickness is relatively small for both
schematically drawn in Figure 9, where the localization of short systems.
chains in the vicinity of the domain interface and the localization ~ The apparent thickness, evaluated by NR, for polymer
of long chains at the domain center are both evident. The interface is usually much larger than the prediction of the mean-
localization phenomena of thin films in polydispersed systems field theory, and this discrepancy can be quantitatively explained
evidenced by these experiments are quite consistent with resultshy introducing the concept of thermal capillary wave on polymer
obtained by transmission electron microscopy and small-angleinterface3°-5354According to the concept of capillary wave, its
X-ray scattering for bulk films having similar polydispersitiés® contribution to interfacial broadening is inversely proportional
The observations of ordered binary block copolymer mixtures to the magnitude of interfacial tension. Though interfacial
by Mayes et al. provide additional supporting evideffce. tension cannot be exactly evaluated for the polydispersed block
Next, we discuss the composition distribution dependence of copolymer system studied here, it was calculated by the mean-
interfacial thickness. Table 3 indicates that interfacial thickness field theory for a bimodal block copolymer blend by Shi a&%v
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