
Surface Composition Control via Chain End Segregation in Blend Films
of Polystyrene and Poly(vinyl methyl ether)

Daisuke Kawaguchi, Keiji Tanaka, and Tisato Kajiyama*

Department of Applied Chemistry, Faculty of Engineering, Kyushu University,
Fukuoka 812-8581, Japan

Atsushi Takahara

Institute for Fundamental Research of Organic Chemistry, Kyushu University,
Fukuoka 812-8581, Japan

Seiji Tasaki

Research Reactor Institute, Kyoto University, Osaka 590-0494, Japan

Received January 28, 2003; Revised Manuscript Received June 24, 2003

ABSTRACT: Surface aggregation states in miscible blends of monodisperse polystyrene (PS) and poly-
(vinyl methyl ether) (PVME) were studied by X-ray photoelectron spectroscopy (XPS) in conjunction with
neutron reflectivity (NR). In the case of symmetric blends in terms of degree of polymerization, N, PVME
and PS were preferentially segregated at the film surface and the interface with a silicon wafer,
respectively, to minimize free energy of the system. The concentration profile near the surface obtained
by experiments was consistent with a mean-field prediction. Also, the surface composition in symmetric
blends composed of PS terminated by fluoroalkyl groups at both ends (R,ω-PS(Rf)2) and PVME was
examined. In this case, the surface enrichment of PVME was suppressed by virtue of the surface
localization of fluoroalkyl end groups, and the composition was strongly dependent on N. The surface in
asymmetric R,ω-PS(Rf)2/PVME blend, in which N of R,ω-PS(Rf)2 was much smaller than that of PVME,
was mostly covered with the PS segments. The results presented imply a possibility that the surface
composition in miscible polymer mixtures could be perfectly regulated combining the chain end effect
with the molecular weight disparity between the components.

Introduction

Aggregation states and physical properties at poly-
meric solid surfaces are often different from those in
its interior bulk region.1-3 For example, it has been
widely accepted that in the case of symmetric miscible
mixtures of two polymers, a lower surface energy
component is enriched at the surface.4-16 Also, the
concentration profile near the surface can be well
expressed by mean-field and self-consistent mean-field
models.5-11,13,15,16 This can be simply understood by
taking into account thermodynamics at the surface; that
is, the lower surface energy component energetically
prefers to contact with the zero surface energy medium
such as air or vacuum. However, depending on an
objective for technological applications of polymeric
materials, sometimes the surface segregation of a higher
surface energy component in the blends might be
desired. Hence, to design and construct highly function-
alized polymer surfaces, it is crucially important to
explore how the surface peculiarities can be controlled
without changing the bulk structure and properties.

As one of other responsible factors determining on the
surface segregation phenomena in miscible binary mix-
tures, molecular weight disparity between the compo-
nents has been studied experimentally17,18 and theo-
retically.19 Thus far, we have examined the surface
composition in mixtures of two polystyrenes (PS) with
different molecular weights by scanning force micro-
scopy.18 As a result, it was elucidated that a smaller
molecular weight PS was enriched at the surface and

that the inclination became more remarkable with
increasing molecular weight difference. In a strict sense,
it is still an open question at present why a smaller
molecular weight component is preferentially parti-
tioned to the surface. However, it would be accounted
for by two factors: flattened chain conformation20,21 and
localization of chain end groups22-24 at the surface. The
first can be understood by considering that a shorter
component suffers less of a conformational entropic
penalty than a longer one at the surface,2,17,18 and the
second is as though chain ends behave like floating
buoys.25,26 That is, as the number density of chain ends
increases, the segments directly connected to the end
groups are inevitably pulled out to the surface. Probably,
both make the surface free energy of the smaller
molecular weight component lower, resulting in surface
enrichment of the smaller molecular weight component.

It is of interest to study the surface in a binary blend
system, in which a smaller molecular weight component
possesses a higher surface energy. In that case, the both
effects of surface energy and molecular weight disparity
repugnantly act on the surface segregation. So far, such
studies have been made using the mixtures of PS and
deuterated PS (dPS).17,18 Even though the surface
energy of dPS is slightly lower than that of PS, PS can
be enriched at the surface, provided that it is a smaller
molecular weight component. This means that it is
experimentally possible to enrich a higher surface
energy component at the surface in the miscible polymer
blends by utilizing the effect of molecular weight dispar-
ity. Then, a question arises as to whether this notion is
universal over miscible binary mixtures. The surface
energy difference between PS and dPS is only 0.08 mJ
m-1. If the difference becomes extremely larger, what
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happens with the surface segregation?
A pair of PS and poly(vinyl methyl ether) (PVME) has

been widely studied as a complete miscible mixture at
room temperature.27,28 Consequently, it was clearly
shown that PVME with the lower surface energy than
PS by 7 mJ m-2 was preferentially segregated at the
surface.29-35 In this blend system, the surface energy
difference between the two components was 88 times
larger than that for the PS/dPS blend. Hence, in this
study, we focus on the surface in the PS/PVME blend
system. At first, the surface segregation in blend films
composed of monodisperse PS and fractionated PVME
is revisited. This is because details of the segregated
structure at the surface, such as surface decay length
and excess amount, have not been clarified yet. Then,
we present how the chemical composition at the surface
in the PS/PVME blend films can be controlled.

Experimental Section

Polymers used in this study were PS, deuterated PS (dPS),
PS and dPS terminated at both ends with fluoroalkylsilyl
groups (R,ω-PS(Rf)2 and R,ω-dPS(Rf)2) and poly(vinyl methyl
ether) (PVME). PS, R,ω-PS(Rf)2, and R,ω-dPS(Rf)2 were syn-
thesized by living anionic polymerizations. For R,ω-PS(Rf)2 and
R,ω-dPS(Rf)2, metal naphthalene and (tridecafuluoro-1,1,2,2-
tetrahydrooctyl)dimethylchlorosilane were used as an initiator
and a terminator, respectively.24 dPS and PVME were pur-
chased from Polymer Source Inc. and Scientific Polymer
Products Inc. Since the purchased PVME without purification
possessed a broad molecular weight distribution, it was
fractionated by gel permeation chromatography using a Sho-
dex KF-2004 column. Table 1 tabulates number-average
molecular weight, Mn, degree of polymerization, N, and poly-
dispersity index, Mw/Mn, where Mw denotes weight-average
molecular weight, for the polymers used.

Blends of PVME and PS, dPS, R,ω-PS(Rf)2, or R,ω-dPS(Rf)2

were prepared by mixing each toluene solution and were
basically symmetric in terms of N unless it is stated. Also, the
mixing ratio of the blends were fixed to be 50 wt %. The blend
films were spun-coated from the toluene solutions onto silicon
wafers with native oxide layer. The thickness of all blend films
evaluated by ellipsometry was approximately 110 nm, which
was sufficient to avoid any ultrathinning effects on the surface
aggregation states. These films were annealed for 150 h at
333 K, which was well above the bulk glass transition
temperature27,33 and below the lower critical solution temper-
ature (LCST).27,33

Surface chemical composition of the blend films was exam-
ined by X-ray photoelectron spectroscopy (XPS). The XPS
spectra were obtained with a PHI ESCA 5800 X-ray photo-
electron spectrometer (Physical Electronics Co. Ltd.). The
X-ray source was Mg KR X-ray operated at 14 kV and 30 mA.
All C1s peaks corresponding to neutral carbon were calibrated
at the binding energy for 285.0 eV to correct for the charging

energy shift. The analytical depth of XPS, d, from the
outermost surface is given by

where λ and θ are inelastic mean-free path and emission angle
of photoelectrons, respectively.36 According to Ashley’s equa-
tion, λ for C1s and F1s were estimated to be 3.1 and 2.1 nm,
respectively.37 In the measurement, θ was varied from 15° to
90°.

Neutron reflectivity (NR) measurement was carried out
using the multilayer interferometer for neutrons (C3-1-2-2,
MINE)38 at the Institute for Solid State Physics, the University
of Tokyo. Incident neutrons have a wavelength, λN, of 0.88 nm
and a resolution of 5.1%. The reflectivity was calculated on
the basis of the scattering length density profile along the
depth direction by using Spreadsheet Environmental Reflec-
tivity Fitting.39

Results and Discussion
Surface composition in PS/PVME blend system was

first studied by Pan and Prest using XPS in 1985.29 At
that time, they used polydisperse PVME. Also, PVME
with a broad molecular weight distribution has been
used for following studies related to the surface segre-
gation phenomena in the PS/PVME blends.30-35 Since
we have been now aware that a lower molecular weight
component is generally enriched at the surface,17-19 the
surface composition of the PS/PVME, in which PVME
was fractionated, was revisited at first in this study
using XPS and NR. Figure 1 shows the XPS C1s spectra
of symmetric dPS-128K/PVME-68.2K (NdPS ) 1140,
NPVME ) 1180) blend film collected at various θ. Here,
the usage of symmetric means that N values for the both
components are almost the same. Also, dPS was used
instead of PS so that the surface composition in the
blend films obtained by the both techniques of XPS and
NR can be directly compared later. Two peaks over-
lapped in the spectra, and each peak observed at 285.0
and 286.5 eV corresponded to neutral and ether carbons,
respectively. Photoelectron intensities of the neutral and
the ether carbons decreased and increased with de-
creasing θ, respectively. Since the ether carbons are only
present in PVME, Figure 1 qualitatively indicates that
the PVME component is segregated to the surface. The
surface composition in the blend films can be extracted

Table 1. Polymers Used in This Study

sample Mn N × 10-3 Mw/Mn

dPS 128K 1.14 1.11
107K 0.96 1.11
49K 0.44 1.06
27K 0.24 1.05

R,ω-dPS(Rf)2 157K 1.40 1.11
R,ω-PS(Rf)2 47.8K 0.45 1.18

25.2K 0.24 1.12
10.2K 0.09 1.11

PVME 87.7K 1.51 1.19
77.0K 1.33 1.18
68.2K 1.18 1.14
61.2K 1.06 1.12
28.9K 0.50 1.27
25.7K 0.44 1.17
15.0K 0.26 1.28
12.5K 0.22 1.26

Figure 1. XPS C1s core-level spectra for symmetric dPS-128K/
PVME-68.2K (NdPS ) 1140, NPVME ) 1180) blend film as a
function of emission angle of photoelectrons.

d ) 3λ sin θ (1)
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deconvoluting the spectra into two contributions, e.g.,
neutral and ether carbons, as follows:

where φave is average volume fraction of PVME within
a given analytical depth. MdSt and MVME are molecular
weights of the repeating units for deuterated styrene
and vinyl methyl ether, respectively. Also, FdSt and FVME
are mass densities of dPS and PVME.

Figure 2 shows the surface composition in dPS/PVME
blend films with various Mn pairs as a function of sin
θ, corresponding to analytical depth. Each inset depicts
the corrected composition profile in the surface region
down to 10 nm. For all films studied, φave increased with
decreasing sin θ, meaning that the PVME component
was gradually enriched toward the surface. However,
the inclination was not so sensitive to Mn namely, N,
as long as the blends were symmetric.

In general, photoelectrons cannot travel for a long
distance in a solid due to inelastic scattering. This
means that only photoelectrons emitted from the region
in close proximity to the surface can get out of the solid,
resulting in the surface sensitivity of the XPS technique.
The photoelectron intensity for j-core level at θ is
expressed as

where z and nj(z) represent depth and atomic composi-
tion-depth profile, respectively. F and k are the trans-
mission function and a factor related to sensitivity.
Hence, even though the sampling depth is z, photoelec-

trons are not uniformly emitted from the depth region
from the surface to z. Instead, the detected amount of
photoelectrons exponentially decays with increasing
depth to z. This means that the dependence of surface
composition on sin θ cannot be simply regarded as the
compositional depth profile. Thus, the following treat-
ment was made to extract the real composition profile
near the surface. Schmidt and Binder, using a mean-
field approximation, proposed that the surface composi-
tion profile in a miscible polymer blend can be given
by5

where φs and φ∞ are surface (z ) 0) and bulk volume
fraction of a component, respectively, and ê is decay
length showing how the surface composition reaches the
bulk value. Thus, the composition by XPS at a given θ
can be expressed by

In this study, φs and ê in eq 4 were arbitrarily changed,
and φ∞ was set to the mixing ratio. And then, the φave-
sin θ curve was calculated on the basis of eq 5. The solid
curves in the main panels of Figure 2 denote the best-
fit ones to the experimental data. The insets show the
φ(z) for the best-fit curves and should correspond to the
real composition profiles near the surface. For all cases
employed, φs was estimated to be 1.0, and ê became
slightly larger with increasing N. Thus, it seems most
likely that the outermost surface of the dPS/PVME
blend films was completely covered with PVME being
independent of N.

A concentration profile normal to the surface in blend
films can be directly examined by NR measurement as
well. The NR measurement enables us to gain direct
information about the overall concentration profile
through the dPS/PVME film,40,41 meaning that it is also
possible to discuss about how the concentration varies
in the vicinity of the interface with the substrate. Figure
3 shows the scattering vector, q [) (4π/λN) sin θN],

Figure 2. Sin θ dependence of average PVME volume fraction
for symmetric dPS/PVME blend films with different Mn pairs.
The abscissa of sin θ corresponds to the analytical depth. Open
circles are the experimental data, and solid curves in the main
panels denote the best-fit ones. The insets show real composi-
tion profile in the surface region deduced by a mean-field
approximation using the XPS data.

ICO

Itotal
)

2φaveFVME/MVME

3φaveFVME/MVME + 8(1 - φave)FdSt/MdSt
(2)

Ij(θ) ) Fk∫0

∞
nj(z) exp{ -z

λj sin θ} dz (3)

Figure 3. Neutron reflectivity profiles for symmetric dPS/
PVME blend films with different Mn pairs. Experimental data
sets are shown by symbols. Solid curves depict the best-fit ones
calculated from model scattering length density profiles, which
are shown in the inset of Figure 4. Experimental data and solid
curves are vertically offset for clarity.

φ(z) ) φ∞ + (φs - φ∞) exp(-z/ê) (4)

φave(θ) ) ∫0

∞
φ(z) exp{ -z

λ sin θ} dz (5)
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dependence of neutron reflectivity for the dPS/PVME
blend films with the same Mn pairs as those for the XPS
measurements. Each film thickness was fixed to be
about 110 nm. The data for the dPS/PVME films are
offset by 2 decades for the sake of clarity. The solid
curves denote the best-fit calculated reflectivity to the
experimental data based on the model scattering length
density (b/V) profiles, as shown in the inset of Figure 4.
The (b/V) profiles were basically drawn on the basis of
eq 4 in a similar way as the XPS measurements. Since
the calculated curves are in good agreement with the
experimental data, it can be claimed that the model (b/
V) profiles well reflect the compositional changes in the
blend films along normal to the surface. For dPS and
PVME, the (b/V) values of 6.46 × 10-4 and 3.40 × 10-5

nm-2 were used, respectively. Hence, the composition
at a given depth was deduced from the (b/V) value at
the corresponding depth. The PVME fraction exponen-
tially decayed with increasing depth in the surface
region and eventually reached the bulk value, whereas
dPS was enriched at the polymer/substrate interface.
This result can be simply explained in terms of mini-
mization of free energy at the both of surface and
interface. That is, the lower and higher surface energy
components energetically prefer to contact with the
hydrophobic air or vacuum and the hydrophilic silicon
wafer with native oxide layer, respectively.

Lee and Sung also studied surface and interfacial
compositions in the PS/PVME blend films prepared on
quartz disks by UV reflection spectroscopy34 and con-
cluded that the PVME component was enriched at the
polymer-quartz interface as well as the surface. Al-
though our result related to the interfacial composition
is inconsistent with what they observed, it is hard at
the moment to identify why the discrepancy was ob-
served in the two experiments because they used
polydisperse samples and the blend films with a thick-
ness much thinner than ours such as 30-50 nm. If their
PVME contains much shorter chains, they should be
entropically driven to the substrate interface.17-19 And,
in the case of ultrathin blend films, the surface and
interfacial structure should be perturbed with each
other.42,43 This might be the case for their thickness
region. Besides, it may be possible that chemical nature
at the surface of their quartz disks differs from that of
our silicon wafers with native oxide layer.

We now turn to a comparison of our data with the
prediction by a mean-field approximation. According to
Schmidt and Binder, the concentration profile near the

surface can be expressed by eq 4.5 Hence, the φs and ê
values for the current blend system should be antici-
pated at first. For a symmetric miscible blend, φs can
be estimated from

where t is a parameter related to surface energy
difference between the components, ∆γ, and to Flory-
Huggins interaction parameter, ø. Here, t is given by

where b3 is the volume of a Flory-Huggins lattice site,
a is the statistical step length, kB is the Boltzmann
constant, T is the absolute temperature, and ∆ø ) øb -
ø. For the blends, the b3 and a values were taken to be
averaged for PS and PVME: b3

PS ) 1.41 × 10-1 nm3,
b3

PVME ) 7.87 × 10-2 nm3;44 aPS ) 0.68 nm,45 aPVME )
0.69 nm.46 And, ∆γ is known to be 7 mJ m-2.30 Also, øb
was introduced by Jones and Kramer as ø on the
coexistence curve, which can be given by the expres-
sion10

Besides, ê should be equal to the correlation length for
bulk concentration fluctuations and is given by2

Here, ø at the annealing temperature of 333 K was
deduced to be -2.02 on the basis of small-angle neutron
scattering data by Stein and co-workers.47

Since the øb value could be ignored for the current
situation because of φ∞ ∼ 0.5, ∆ø and t were supposed
to be independent of N. This led to the N independence
of φs. And, t was much larger than φ∞. Hence, φs was
almost unity. This theoretical consideration was in good
accordance with the XPS results shown in the insets of
Figure 2. Figure 5 shows the N dependence of ê and z*
for the dPS/PVME blend films obtained by the XPS and
NR measurements. Here, z* is the total excess amount
of PVME at the surface and is defined by2

These characteristic values calculated from the afore-
mentioned mean-field theory were also plotted in Figure
5. As a general trend, z* and ê slightly increased with
increasing N. And, the both z* and ê values evaluated
by XPS were in good accordance with the predicted
values by the mean-field theory. On the other hand, the
ê and z* values evaluated on the basis of NR were
higher than others, although how ê and z* increased
with increasing N was quite similar to others. A possible
explanation of this difference might be correlated to the
conditional difference for the both measurements. NR
was carried out in an ambient atmosphere, whereas
XPS measurement was made under an ultrahigh
vacuum. In the ambient atmosphere, PVME absorbs
water molecules in the air, and then, the water mol-
ecules would diffuse into a surface region of the blend

Figure 4. Enlarged scattering length density profiles near
the surface region for symmetric dPS/PVME blend films. The
inset figure shows the whole profile of dPS-128K/PVME-68.2K
blend film as a typical example.

φs )
φ∞ + t
1 + t

(6)

t ) (3b3∆γ
akBT )2 1

∆ø
(7)

øb ) 1
N(1 - 2φ∞)

ln(1 - φ∞

φ∞
) (8)

ê ) a
6

/( 1
2N

- øφ∞(1 - φ∞))1/2
(9)

z* ) ∫0

∞
[φ(z) - φ∞] dz (10)
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films. If that is the case, (b/V) values in such the region
become lower because of a smaller (b/V) value for water
molecules.2 This leads to an exaggeration of the PVME
fraction in the surface region as long as the PVME
content is calculated under the assumption that the (b/
V) value at a given depth is averaged only for dPS and
PVME.

We finally come to the surface segregation phenomena
in R,ω-PS(Rf)2/PVME blend films. So far, we have
studied surface aggregation states in the dPS/PVME
blends and reached a conclusion that the lower surface
energy component of PVME is enriched at the surface.
To control the surface chemical composition, we incor-
porate an extremely lower surface energy component,
fluoroalkyl group, into both ends of PS and then analyze
the surface composition in the blend films with PVME.
Schacht and Koberstein studied phase behavior of blend
systems of PS, in which one end was terminated by the
fluoroalkyl group, and PVME based on cloud point
curves.48 In that case, the LCST of the blend increased
by 10 K in comparison with before the incorporation of
the fluoroalkyl group, resulting in enhanced miscibility.
Hence, if the LCST for our blend system alters by the
fluoroalkyl end groups, it would increase. Therefore, it
seems reasonable to infer that the R,ω-PS(Rf)2/PVME
blend systems are also in a miscible state at tempera-
tures employed. Figure 6 shows the analytical depth
dependence of surface PVME fraction for the symmetric
R,ω-PS(Rf)2/PVME blend films as a function of N. The
dotted line denotes the PVME volume fraction in the
bulk. In the case of the R,ω-PS(Rf)2-157K/PVME-87.7K
and the R,ω-PS(Rf)2-47.8K/PVME-28.9K films, the sur-
face PVME fraction was higher than the bulk value and
was invariant with respect to sin θ, implying that there
exists a uniform PVME-rich layer in the measured
depth region. Also, the surface composition was almost
equivalent to the bulk one for the R,ω-PS(Rf)2-25.2K/
PVME-12.5K film. That is, no surface enrichment took
place for this blend film. These results were inconsistent
with the prediction of the composition profile near the
surface by eq 4. In other words, the mean-field theory
failed for this system.14 Since the surface PVME fraction
decreased with decreasing N, or increasing number

density of Rf chain ends, it is conceivable that the
surface enrichment of PVME was suppressed by the
presence of Rf chain end groups.

To address Rf chain end distribution near the blend
surface, XPS measurement was made. Figure 7 shows
the analytical depth dependence of peak intensity ratio
of F1s to C1s, IF1s/IC1s, in the R,ω-PS(Rf)2/PVME blend
films as a function of N. Since F atom is contained only
in the chain end portion, the IF1s/IC1s value can be
regarded as an indicator of the chain end concentration.
For all R,ω-PS(Rf)2/PVME blend films employed, the IF1s/
IC1s value increased with decreasing sin θ. This result
clearly indicates that the Rf end groups are preferen-
tially partitioned to the surface. However, the IF1s/IC1s
vs sin θ relation cannot be directly referred as the true
depth profile, as mentioned above. Hence, the true depth
profile was obtained on the basis of Paynter’s algo-
rithm.49 The details have been described elsewhere.24

The solid curves in Figure 7 depict the best-fit relations
of IF1s/IC1s to sin θ using models shown in the inset.50

On the basis of the inset of Figure 7, it is envisaged that
even in the R,ω-PS(Rf)2/PVME blend films, the Rf end
groups are almost perfectly localized at the surface due
to the lowest surface energy in the system. Since the
PS segments are directly connected to the Rf groups,
they are inevitably pulled out to the surface. This is as
though the chain ends behave like floating buoys for the

Figure 5. Degree of polymerization dependence of (a) decay
length, ê, and (b) surface excess amount, z*.

Figure 6. Sin θ dependence of surface PVME fraction for
symmetric R,ω-PS(Rf)2/PVME blend films with different Mn
pairs.

Figure 7. Relation between sin θ and intensity ratio of F1s to
C1s for R,ω-PS(Rf)2/PVME blend films with different Mn pairs.
Open symbols are the experimental data sets, and solid curves
are the best-fit ones calculated on the basis of model depth
profiles of (F/C) shown in the inset.
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PS segments. If this notion is correct, to what extent
the PVME component is enriched at the surface should
be inversely proportional to the number density of the
Rf chains ends, namely N. This is actually what was
observed in Figure 6. Hence, it seems reasonable to
conclude that the PVME fraction at the surface in the
R,ω-PS(Rf)2/PVME films was suppressed, owing to the
surface localization of the Rf chain ends. The results
presented here make it clear that surface chemical
composition in polymer blends can be somehow con-
trolled by chain end chemistry of a component.

Although we have seen that chemical modification of
the chain ends of PS was quite effective to control the
surface composition in the blends, it was not good
enough to achieve the surface segregation of the PS
component. Hence, an effect of molecular weight dispar-
ity between components is combined with chain end
chemistry. As stated in the Introduction, a low molec-
ular weight component is generally enriched at the
surface17-19 due probably to the both of conformational
entropy loss and localization of chain ends at the sur-
face. Figure 8 shows the relation of sin θ vs surface
composition for asymmetric R,ω-PS(Rf)2-10.2K/PVME-
77.0K (NPS ) 90, NPVME ) 1330) blend film. Interest-
ingly, the PVME fraction decreased with decreasing sin
θ, meaning that the PS segments were enriched at the
surface and that the concentration asymptotically reached
the bulk value with increasing the depth. On the other
hand, in the case of asymmetric PS-10.2K/PVME-77.0K
film, the surface PVME fraction was still higher than
the bulk value, although the extent was also suppressed
(not shown). For example, the PVME fraction at sin θ
of 0.259 for this blend was about 65 vol %. The difference
in the two, R,ω-PS(Rf)2-10.2K/PVME-77.0K and PS-
10.2K/PVME-77.0K, was only chain ends of the PS used.
Nevertheless, such the chain end effect altered the sur-
face PVME fraction by the factor of approximately 2.

The surface segregation of the PS component could
be attained only combining the chain end chemistry
with the effect of molecular weight disparity, as shown
in Figure 8. Of course, it may be possible that the PS
component can be driven to the surface without the
chain end chemistry, if the PS component is extremely
short. However, such a PS component is no longer
polymer and is out of our interests at present. Our
results clearly indicate a possibility that surface com-
position in miscible binary polymer mixtures can be

perfectly regulated by chain end chemistry with the aid
of molecular weight disparity.

Conclusions
Surface and interfacial aggregation states in sym-

metric dPS/PVME blend films were studied by XPS in
conjunction with NR. It was found that PVME and dPS
were enriched at the surface and the interface with
silicon wafer, respectively, to minimize interfacial free
energy of the system. Also, the concentration profile
near the surface and the surface excess amount of the
PVME component obtained by experiments were in good
agreement with those values anticipated by a mean-
field approximation. To control the surface chemical
composition in the blends, a lower surface energy
component of Rf group was incorporated to both ends
of PS and then mixed with PVME. In that case, the
surface segregation of the PVME segments was discern-
ibly suppressed on account of the surface localization
of the Rf groups. This result tells us that chain end
chemistry can be one of the responsible factors for the
determination of the surface segregation phenomena in
miscible binary polymer blends. Finally, combining the
chain end chemistry with molecular weight disparity
between the components, it was successfully attained
that the PS segments were preferentially segregated at
the surface in the blend films.
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