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Effect of confinement on phase-separation processes in a polymer blend observed by laser scanning
confocal microscopy
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Structure self-assembling in the late stage spinodal decomposition of a polymer blend at its critical compo-
sition has been explored by laser-scanning confocal microscopy with particular emphasis on the effects of
confinementdimensionality and preferential wetting of solid surface by one of the constituent polymers. A
mixture of deuterated polybutadiene and polybutadié?i®) with relatively narrow thicknessd=55 um)
was observed in three dimensions over the entire thickness. Formation of a wetting layer was clearly observed
near the glass surface, while a bicontinuous structure evolved in the middle of the specimen. Global as well as
local features of the phase-separating structures were quantified by several structural parameters, e.g., charac-
teristic lengthA ,,(t), structure factorS(q), interfacial area per unit volumg(t), probability densities of
interfacial curvature®(H,K;t), etc. ¢ is a phase-separation tilmé&rom the time evolution of these structural
parameters, a deviation from the self-similar growth of a bicontinuous structure was found to occur at a
transition timet;,, at which a scaled thicknesB/A ,, approached unity. The breakdown of the self-similar
growth was most sensitively observed by the local characteristicss.{8.andP(H,K;t). On the other hand,
the global characteristic\ ,(t), did not provide useful insight into the effects of dimensionality. It turned out
that the bicontinuous structure, initially growing with dynamical self-similarity, eventually transformed into a
“columnlike” structure (att=t,,) in which cylindrical PB-rich domains bridge the upper and lower PB wetting
layers.
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. INTRODUCTION and 200-A-thick films showed=1 and 0.44, respectively.
Based on this experimental result, Suetcal. concluded that
Phase-separation phenomena have been extensively stufle dimensional crossover from three- to two-dimensional
ied in the past three decades from both fundamental angp occurred somewhere between 1000 A and 200 A sample
industrial points of view. As a fundamental problem, thethickness. Although not mentioned in Sung’s paper, what is
phase separation, especially the one called spinodal deconmtriguing is that the coarsening rate of the PSD-PB blend
position (SD), attracted researchers’ attention as a typicalwas significantly slower in the 1000-A film than in the
example of nonlinear and nonequilibrium phenomghialt  200-um-thick film. Thus, even though the exponent of the
is known that the transient structure developed in the coursgower law agrees with the theoretical prediction of the 3D
of SD shows interpenetrating network morphology exhibit-Sp (n=1), the kinetics of the 1000-A film of PSD-PB blend
ing bicontinuity (*bicontinuous structure} [2]. Most studies  may not be the phase separation in the b(dis observed in
to date have concentrated on morphological and temporahe 200um film).
features of such morphology in the bulk SD. . Thus, spatial dimensionality could strongly affect the ki-
Influences of confinement and spatial dimensionality ometics of SD. It is well known that the preferential wetting of
the kinetics of the phase separation present interesting prokhe surface by one component of a mixture affects the phase-
lems. In the late stage of fluid phase separation, theoreticq,leparation kinetic§5]. For the complete understanding of
and experimental investigations have shown that the powehese effects, it is essential to investigate how the phase-
law behavior,| ~t", realizes in the three-dimensiondD)  separating domains grow both in parallel and perpendicular
case (i=3; d is dimensionality. Here,| andt are a charac- to the surface. In reality, however, it is often difficult to per-
teristic length of domains and time, respectively. Theform 3D real-space observations because the depth of focus
Rayleigh-Tomotika liquid thread instability plays an impor- of objectives is normally thicker than the phase-separating
tant role in the coarsening process: development of capillargtructures, leading to heavy overlap of them in the depth
waves on the locally cylinderlike bicontinuous phase causeslirection. This problem could be even more crucial as they
breakup in the late stage SD. On the other hand, such instdecome complex, e.g., bicontinuous, structures. An effective
bility does not exist id=2 and the corresponding breakup and easy way to get around this experimental problem is to
of domains occurs by a diffusive process, leadingtol/2  reduce the sample thickness to a couple of micrometers. Do-
[3]. Sunget al.[4] studied the dimensional crossover in thin ing so, in turn, makes the phase-separation kinetics two-
films of deuterated polystyrenéPSD and polybutadiene dimensional(2D) or, at least, quasi-3D. What is misleading
(PB) blend. According to their observation, 1000-A-thick is that the experimental results obtained from such 2D or
quasi-3D studies are sometimes treated as if they were 3D
ones, although the obtained structural parameters essentially
*Electronic address: hjinnai@ipc.kit.ac.jp reflect 2D nature. Therefore, fundamental knowledge about
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the effects of dimensionality on the phase-separation pro- ;‘»/“3 Hé "
cesses and morphology is not at all obvious and thus further a‘t £ Ny
studies are needed to examine the effects. i ! .f ‘,’
Direct visualization of phase-separating structures has be- vt,'. ¢ ‘“v -t"
come possible by using laser-scanning confocal microscopy \ > e b
(LSCM) [6,7]. It has far better depth resolutiotiz, than the 4 £ PRAW ¢
conventional microscopedg~1 wm for LSCM) and thus ~waA ¥ !
enables 3D observatiof8]. Time evolution of the phase-
separating structure in SD has been extensively studied using
!‘SCM [2.’6’7]‘ The obtained results were obselfved in the FIG. 1. Two-dimensional2D) optical slices of the DPB-PB
intermediate region of the Sample where no confinement anﬁ\ixture undergoing SD at 40 °C for 2846 min. Binarized images at
surface effects play substantial rolébulk™ ). In the present  ee different depths from the glass surfazeare presenteda)
paper, we examine SD processes of a polymer mixture in 8_ o (at glass surfade(b) z~4 xm, and(c) z=25 xm. White and
confined space. The thickness of the specimen is close to thgack regions of the 2D images correspond, respectively, to PB-rich

periodicity of the phase-separating morphology. LSCM will and DPB-rich phases. Bar corresponds to50.
be used to obtain not only lateral but also depth profiles of

the concentration fluctuations of the phase-separating struc-
ture to clarify the influence of the limited space on the struc-f
ture evolution. Symmetry breakdown of the phase-separatin
structure near the surface will be discussed.

The volume fraction of the PB-rich phaseépg, was
ound to be nearly 0.8 at the glass surfdsee Fig. 1a)],
While ¢pg at z~4 um was only 0.2[see Fig. 1b)]. 2D
optical slices of the phase-separating structure at this depth
looked much like an “island-in-sea” structuréPB-rich
Il. EXPERIMENT p.hases'are i.slan)jsbeing different from th_at of the conven-
tional bicontinuous structure deeper inside the specinzen (
A binary mixture of deuterated polybutadiefPB) and =25 um) [see Fig. {c)]. Such drastic variation ofpg is
PB was used. The weight-average molecular weidhtt,X  demonstrated in Fig. 2, in whiclpg is plotted against for
and polydispersity ¥,,/M;) of DPB were, respectively, the DPB-PB mixture {= 2846 min).
14.3x10° and 1.12 M, denotes the number-average mo- The PB-rich phase preferentially wets the glass surface.
lecular weight. M,, andM,, /M, for PB were 9.5 10° and  Within ca. 10.m from the glass surface€ 10 wm), there
1.07, respectively. In order to enhance contrast in microsis a wetting layer of the PB-rich phase that is followed by a
copy, a small amount of anthracene was attached to PB. Thelepletion layer” where the PB-rich phase became a minor
mixtures of DPB and PB having the critical compositi@®  phase. Similar composition variation can be observed at the
vol % DPB) were dissolved in benzene to form ca. 7 wt % other side of the specimen (48m<z<55 um).
solution and then lyophilized. The mixture after lyophiliza-  These wetting and depletion layers are similar to those
tion was homogenized by mechanical mixing and placed beobserved in polgethylenepropylene(PEP and perdueter-
tween glass plates. A ring spacer made of aluminum foil wagited polyethylenepropyrene(d-PEP blend having much
used to adjust thickness of the mixtur®, to be ca. |esser thicknes$)~9000 A[10]. They concluded that these
50-55um. The glass plates were cleaned by the UV-0zoneayers were induced by van der Waals interaction from the
cleaner(UV-1, SAMCO Intl. Inc., Japan and their surfaces surface. Namely, breaking translational and rotational sym-
were hydrophilic. metry by the preferential wetting of one of the components
The blend specimen was heated at 40°C for differento the surface caused the spinodal waves to grow normal to
phase-separation timeis,In the present study, spans from
2846 to 21508 min, corresponding to the reduced time,
from 198 to 1500 9]. The phase-separating structures of the
DPB-PB blend were observed at room temperature by
LSCM (Carl Zeiss, LSM 410 A UV laser (wavelengthi, | .
364 nm was used to excite anthracene. Intensity of fluores- | I " |
cence from a particular point in a focal planey or lateral = o I 1
plane at a given deptie, 1(x,y,z), was recorded by the & 05 osoeooneoed WIPO
detector behind the band-pass fil{895-440 nm Experi- S o, 1% o
mental details can be found elsewhg2é: 0 O 1 1% o

1.0

Ill. RESULTS AND DISCUSSION

00 1 1 1 1 1
A. General features of three-dimensional phase-separating 0
structure in confined space r4 (Mm)

Figure 1 shows 2D optical slices of the DPB-PB mixture  FIG. 2. Depth dependence of volume fraction of PB-rich phase,
undergoing SD at 40°C for 2846 min at three different ¢,;. Phase-separation time is 2846 min. The wetting and bulk
depths,z, from the glass surface. regions(labeled as | and Il, respectivélyere observed.
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FIG. 3. 3D representations of phase-separating structayes
the wetting region(b) and in the bulk region. The DPB-PB mixture
was annealed for 2846 min at 40 °C. Images show only PB-rich
phase labeled with anthracene and DPB-rich phase is left empty.
Bar shows 5Qum.

the surface in the early stage of SBurface-directed spin-
odal decompositiony [11]. Note that the thicknesses of the
wetting layers were of the order of the radius of gyration of
polymers,Ry. In the present study, we emphasize that the
wetting and depletion layers in the DPB-PB mixture ex-_,g,¢ min, (b) t=4310min, (c) t=9823min, and (d) t

ter_1ded for as '0”9 as ],Q_m, much Ionger thang. The =21508 min. Solid part of each figure represents PB-rich phase.
existence of the thick wetting and depletion layers cannot bgqtom plane of each 3D image as shown by gray edges represents

explained by the short-range interaction, e.g., the van de§jass surface. A part of the phase-separating structue)imas
Waals interaction from surfaces alone. Possible explanatiopmoved to show a cross section of 3D structure, demonstrating the
may be the following. formation of thick wetting layer and “columnar structure.” Bar cor-
The DPB-PB phase-separating structure corresponding f@sponds to 5gm.
the depletion layer consisted of highly anisotropic “tubes”
(as shown later in Fig.)3 most of the tubes are perpendicu- ably different from that of the bulk structure. The time-
lar to the surface and very few domains lie parallel to theevolution of phase-separating structure near the surface will
surface. The wetting layer initially formed due to the van derbe reported in the subsequent paper of this s¢figh
Waals interaction, which was followed by the rapid forma- In the middle of the sample deeper than the wetting re-
tion of the macroscopic wetting layer due to the hydrody-gions, there exists a region whetf-z stayed constant at
namic “pumping” of fluid into the layers through the fluid around 0.5. This composition is consistent with the bulk
“tubes” connected to itf5]. The bicontinuous structure al- composition previously obtained in the thicker specimens
lows the more wettable phase, i.e., PB-rich phase, to beonsisting of the same DPB-PB blenD £ 200 xm) [2]. In
transported into the wetting layer in a very efficient way. Thethis region, the phase-separating structure is free from sur-
strong variation of¢ppg Observed in the DPB-PB mixture face effects and thus exhibits isotropic bulk phase separation
near the glass surfaces may be attributed to the peculiar tubébulk region”).
like phase-separating morphology. Hereafter we call the re- Figure 3 displays 3D phase-separating structures corre-
gion consisting of the wetting and depletion layers a “wet-sponding to the wetting regidie=3~6 um, part(a)] and
ting region.” We note that the phase-separating structure inhe bulk region[z=14~44 um, part(b)] for the DPB-PB
the wetting region was found to be a bdrger in size than  mixture att=2846 min. Reconstruction of 2D binarized im-
that in the bulk regiof12]. ages into a 3D image is described elsewHeie Note that
Wiltzius and Cumming13] and Shiet al.[14] found that  the phase-separating structures near the upper and lower cov-
two distinct coarsening mechanisms exist in the SD proerslips were essentially the same at each phase-separation
cesses under the influence of the preferential wetting. Ongime. The effects of gravity on the phase-separating struc-
corresponds to standard bulk hydrodynamic growth whoseures are negligible in our experiments. The phase-separating
growth rate can be well described by the power lawt"  structure in the wetting region becomes anisotropic network
(n=1). Besides this well-known mechanism, a substantiallystructure as mentioned above. In the bulk region, the phase-
fast growing phase separation in the direction parallel to th@eparating structure is an “isotropic” bicontinuous network
surface, characterized by=3/2 (“fast mode”) was found. structure as expected for the polymer mixture with the criti-
Note that this first mode kinetics was observed in a simplecal composition.
fluid mixture of guaiacol and glycerol-watgt4] as well as Demonstrated in Fig. 4 is the time evolution of the phase-
in a polymer blend of polyisoprene and p@thylene- separating structure of DPB-PB mixtunmeconstructed from
propyreng [13], demonstrating that the observation is as gethe glass surfacez&0) to the bulk regioh Up to t
neric to phase-separating fluid, in general. Although the=4310min, bicontinuous network structure was dominant
polymer mixture used in the present study was similar to thaéxcept for the wetting region, while it transformed into the
of Wiltzius and Cumming13], the growth rate of the phase- “columnar structure” in which cylindrical domains consist-
separating structure near the glass surface was not considétg of PB-rich phase bridge the upper and lower PB wetting

FIG. 4. Time evolution of phase-separating structurdaatt
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layers[see Fig. 4d)]. As shown below, the occurrence of the
topological transition was characterized by the various struc- 10 f g (a)
tural parameters. ;
B. Time evolution of characteristic length of the 'E 1L
phase-separating structure in confined DPB-PB blend 5 ;

Characteristic length of the phase-separated structure
An(1), is a first-choice structural parameter in morphologi- I 3
cal studies, especially irlight) scattering experiments. " F o Light Scattering (D:200um) . .
Am(t) can be directly calculated from the LSCM 3D volume [ o LSCM (D:200um) tr
data[2]. In the scattering experiments, the incident laser is L @ LSCM (D:50um) ‘
sent from the film normal4 axis) and the scattering intensity 0.01 sl Syl Sy 5
is measured inx-y plane. The scattering intensity in the 10? 10° 10*
dx-dy plane,l(qgy,qy;t), was first obtained from the 3D im- t (min)
age by taking the square of the magnitude of its 3D Fourier
transformation, which was then orientationally averaged in
the g,-q, plane to calculaté(q,t). Here,q; (i=x andy) | “q,
denotesx andy axes in Fourier space. The characteristic o....
wave number,q.,(t), is related toA(t) in the form of ol g,
An(t)=2m/gn,(t), wheregy(t) corresponds to the wave o .. -1
number at the maximum intensity in the scattering function, L
1(q,t). A .
Figure 5a) shows the time evolution afj,(t) [and thus | .--......_ t "
Am(t) 1] in the DPB-PB mixture P=55 um). For com- T .
parison, the time dependence @f(t) in a thick DPB-PB b = == = = _'"'3.‘_'_ ________
blend ©=200um) is also presented. Hereafter, the o LSCM (D:200um) @
DPB-PB blends whose thicknesses were 55 and200are re LSCM (D:50pm) o
referred to as “thin(or confined” and “thick (or noncon- N 2 3 456789 2 3 4 5
fined” blends, respectively. The filled circles correspond to 10 10
Om(t) estimated for the thin DPB-PB mixture. In Fig(bb, t (mm)
the ratio of the sample thickness to the characteristic length
(scaled thicknegsD/Ar, is plotted against in a double- FIG. 5. (a) Time evolution of characteristic wave number,
logarithmical way for the two DPB-PB mixtures having dif- 4 ({) "in a double-logarithmic plotq,(t) was determined from
ferent thicknesses. The thickness of the thin DPB-PB Mmixpeak position of scattering intensity. Open symbols represgft)

ture became smaller thah(t) at t~9000 min, while that  for the DPB-PB “thick” sample D =200 um), while filled circles
of the thick DPB-PB mixture sta_tye_d always more than, atshowq(t) for the DPB-PB “thin” sample D =55 um). Circular
least, three times the characteristic length of the structurend square symbols correspond to the data obtained from light scat-
over the entire experimental time. It is intriguing that thetering and LSCM, respectivelyb) Time evolution of scaled thick-
time evolution ofq,(t) in the thin blend traced a similar ness,D/A,,, is plotted. Open and filled circles show results for
path as that of the thick DPB-PB mixture. In the late timethick and thin DPB-PB mixtures, respectively.
region, qm(t) showed power law behavior, i.eq,(t)~t"1
regardless of the thicknesses, being consistent with the exqe mean squared amplitude of concentration fluctuations,
perimental observations in liquid mixtures free from the Vis-and S(x,t) is the structure factor at a givenduring SD
coelastic effect$15]. We here note that the last point of the \hich characterizes the form of the phase-separating struc-
thin DPB-PB blend, i.e.qn(t=21508 min), may deviate e
from the power law behavior. The time evolution @§(t) |5 Fig. 6, F(x,t) is plotted double logarithmically against
indicates that the growth of the bicontinuous structure N, reduced wave numbet. The intensity scale oF (x,t)
!ateral plane |s_not §|gn|f|cantly affectetty the confinement | -< heen scaled by the maximum intensity in order to com-
in the depth direction. pare the forms of the phase-separating structure at different
_ ) phase-separating times and hence it is essentially equivalent
C. Time evolution of scaled structure factor to S(x,t). Note thatF(x,t) depends both of 77(t)2> and
A scaled structure factoF (x,t), is often used to statisti- S(xt), the former may be constant in the late stage of SD. In
cally characterize the form of the phase-separating structur@e present study, we are interested in the latter al6(re.)

Am

IN

]

D/A,,

that can be estimated from the following equation: obtained from the LSCM 3D image at differeticely falls
onto a single master curve up te- 4310 min. Although not
FOGH=1(X,1)qm(1)3=C(n(1)*)S(x,1), (1) shown,F(x,t) was found to be in good agreement with that

estimated by a computer simulation based on the time-
with x=q/qm(t). C is a proportionality constan{(t)?) is  dependent Ginzburg-Landau theofd5]. F(x,t) at t
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the 3D reconstructed images. As reported bef@fea power

law behavior,>(t)~t~1, was observed for the thick blend,
while the thin blend showed same exponent utjtil and
stayed constant afterwards. This experimental observation
indicates that the phase-separation kinetics was changed
when the periodicity of the bicontinuous structure ap-
proached the thickness of the sample, iR/A =1 [see

Fig. 5(b)]. After the morphological transition, the reduction
of interfacial area will no longer be a major driving force of
the phase separation, but the pressure difference between the
tubes and the wetting layer will play a significant role in
inducing hydrodynamic flow from and into the tubes, de-
pending upon the lateral size of the tuljgsl?2].

E. Time evolution of interfacial curvature distributions

In addition to the interfacial area, shape of the interface is
another important aspect of the phase-separating structure.
Two kinds of curvatures, the mea, and GaussiarK, cur-
vatures, were measured at many points on the interface in
order to evaluate the probability density of the interfacial
curvatures,P(H,K;t) [2,16]. Here, H=(k1+ k5)/2 and K
= k1K (k1 andk, denote the principal curvatures at a given
point on the interface FromP(H,K;t), the probability den-
sities of the mean and Gaussian curvaturieg(H) and

=8309 min got broader than the master curve around th&€«(K), respectively, can be elucidated. In order to facilitate
scattering peak and thus deviated from it, indicating occurcomparison,P(H) and Py (K) have been scaled with re-
rence of some sort of morphological transition. The scaledPect to the interfacial area per unit volunig, in the fol-
thickness D/A ,,, corresponding to the transition is roughly lowing fashion:

unity, i.e., D/A,~1 at t=t,=9000 min [see Fig. ®)].

Heret,, denotes a characteristic time when the morphologi- Pu(H)=Py(H)Z, (2a)

cal transition took place. Note that the reduced timegor-
responding td,, turned out to be approximately 630.

D. Temporal change of interfacial area of the confined blend

Interfacial area per unit volumeX() is an essential struc-

Pr(K)=Py(K)32. (2b)

HereH=H3 ! andK=K3 2

tural measure since the reduction of the interfacial area is one Figure 8 shows the time evolution Eh(ﬁ) [part(a)] and

of the main driving forces of the phase separation.
Depicted in Fig. 7 is the time evolution &(t) for the
thin and thick DPB-PB mixturesX (t) was measured from

—~ I
£
o1t
W g
7+ .
ol 1
i o LSCM (D:200um) . A —
4 o LSCM (D:50um) O — .-
1°03 2 5 4 56955'4 2
t (min)

FIG. 7. A double-logarithmic plot of interfacial area per unit
volume, 3 (1), as a function ot. Open and filled circles represent
data from thick and thin DPB-PB mixtures, respectively.

P(K) [part (b)]. Note that bothP,,(H) and Px(K) were
measured in the “bulk” region. Up to=4310 min,P,(H)
andPy(K) fall onto master curves, indicating that the local

interfacial structure evolved in a self-similar fashion. These
results are in consistence with our previous observation on

the thick DPB-PB blend?2]. P(H) exhibits a broad maxi-
mum atH=0; the interface is equally concave and convex.
Most data points 0P (K) shown in Fig. 8b) resides aK

<0, demonstrating that the interface is mainly hyperbolic.
At a later time than 8309 min, botR,(H) andP(K) de-
viated from the master curves, just as the results observed in
F(x,t) and3(t). The maximum ofP(H) gradually shifted
from zero to a positive value and got broader with time,
while the change oP,(K) was rather subtle except for the
sudden change at=9823 min, which is in good agreement
with t;, obtained in the analyses described in Secs. Ill C and
Il D. This change is considered to be the collapse of bicon-
tinuous structure into the “columnar structure” in which the
columnar domains havid>0 and slightly negativ&. This
result was also supported by the 3D reconstructed images
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1

—o— 1638 min
1F (a) _o- 2846 min
—A— 4310 min
g —v— 8309 min
X —— 9823 min

10

FIG. 8. Scaled probability densiti¢a) P,,(H) and(b) P, (K) for the thin DPB-PB mixture. In paft), comparison of master curves of

P, (H) obtained from thick(filled squares and thin (filled circles DPB-PB mixtures is made. Data before morphological transition (
<4310 min) are used to construct the master curve in the thin DPB-PB mixture.

where the anisotropic columns are bridging the wetting lay=200 xm). S(x,t) fell nicely onto a single master curve
ers att=9823 min. until t=9000 min.

It is intriguing thatP,,(H) has thickness dependence even  After t=9000 min, S(x,t) of the DPB-PB mixture
in the time regions where the master curves were obtainee 55 um) started deviating from the master curve. Interfa-
[see Fig. &)]. P, (H) of the thin DPB-PB blend is notice- cial area per unit volumeX(t), and interfacial curvature
ably broader than that of the thick blend. The thickness dedistributions, P(H,K;t), both characterizing the local fea-
pendence oP(K) was negligibly smallnot shown. Even tures of the phase—s_eparatmg structure, exh|b|te_d this struc-
though the local structure evolved with dynamical self-tural change dramatlgzilly. The power law beha-wor&(t.)
similarity (t<4310 min), the interfacial shape was somewhatchanged from= (t)~t~" to % (t)~t" and P(H,K;t) devi-

affected by the confinement and thus the phase-separatir‘i"éeq from the master curve. Thus, from the time evolution of
structure “felt” the limited space of the container. various structural parameters, we conclude that the self-

similar growth of the bicontinuous structure broke down and
the occurrence of this event was ca. 9000 mis: 630). We
IV. SUMMARY call this phase-separation timie. It is quite intriguing that a
o . scaled thicknessD/A,,, approached unity af;,, [see Fig.
_ The structure evolution in the late stage of SD with par-5)|. |n other words, the DPB-PB blend began “feeling” the
ticular emphasis on the effect of confinemédimensional-  .ontainer wall and kinetics of the phase separation changed
ity) was investigated by LSCM. A binary polymeric mixture \yhen the characteristic length of the bicontinuous structure
of DPB and PB with a relatively narrow thicknes® ( yeached the thickness of the sample. Together with the
=55 um) was heated tc_) mdgce SD. The phase—se.paratlngSCM 3D images, at=t,,, it was found that the phase-
morphology over the entire thickness was observed in 3D ageparating structure transformed from the bicontinuous struc-
a function of timet. The morphological change was observedye to the columnar structure, i.e., tubes bridging the wetting
over the extended period of time, as long as 21508 MiNayers.
corresponding to the reduced time,of ca. 1500. A wetting Note that the local characteristics such Et) and

layer consisting of a PB-rich phase formed in the vicinity of p k1) were more sensitive measures of the effect of con-
the glass wall(within a couple of micrometeyswhile the  finement than the global characteristics,(t) and S(x,t).
bicontinuous structure was formed in the middle of the specCitherefore, in most of the existing studies that used the global

men. Between the wetting layer and the bicontinuous strucgyyctural parameters alone to characterize the kinetics of
ture, a region was found where the volume fraction of thegp the effects had not been evident.

PB, ¢pg, became considerably smalléca. 0.2 than the
bulk ¢pg (0.5 (“depletion region”). In the depletion region,
the phase-separating structure was anisotropic; cylindrical
domains perpendicular to the glass surface were dominant.
Overall dynamics and morphology were governed by the This work was supported by the Japan Society of Promo-
bicontinuous nature, which was confirmed by analyzing theion of Science(Grant-in-Aid for Encouragement of Young
time evolution of characteristic length of the morphology, Scientists, No. 12750799H. J. was partially supported by
A (1), and structure facto§(x,t). Time evolution ofA (t) the Grant-in-Aid for Scientific Research on Priority Areas
in the DPB-PB blend D=55 um) was found to balmost  (A), “Dynamic Control of Strongly Correlated Soft Materi-
identical to that of the DPB-PB blend made of the sameals” (Nos. 413/13031057 and 14045246m the Ministry
constituent polymers but having different thicknesS ( of Education, Science, Sports, Culture, and Technology.
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