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Abstract: Herein, nanometer-scale morphologies of graft-co-
polymer-like supramolecular thin films, composed of sulfonic
acid terminated polystyrene (SPS) and poly(2-vinylpyridine)
(P2VP), and their application to antireflection coatings were
investigated. The intermolecular complexes of SPS and P2VP,
formed through nonstoichiometric multiple hydrogen bond-
ing between the sulfonic acid group of SPS and the nitrogen
atom in pyridine unit of P2VP, occurring in film deposition
allowed for the formation of spherical micelles (with SPS and
P2VP as the corona and core, respectively) in the thin film.
Interestingly, the domain size of the micelles was tunable

from approximately 20 to 90 nm on average by controlling
either the blend ratio of components or the concentration
of polymer solution. Furthermore, nanoporous thin films
could be easily prepared by removing the core of micelle-
based nanostructures by using a simple solvent etching pro-
cess, leaving sulfonic acid groups on the surface of nano-
pores, which can be utilized as potential functional sites.
Those resultant nanoporous thin films were conveniently
employed as an antireflection layer on a glass substrate,
giving a maximum 97.8 % transmittance in the visible wave-
length range.

Introduction

The bottom-up approach, based on molecular self-assembly
that can utilize molecular-level building blocks for nanometer-
scale pattern formation, has been highlighted as a promising
candidate for next-generation nanopatterning technology due
to the easy and cost-effective accessibility to sub-10 nm scale
dimensions.[1–4] Furthermore, even three-dimensionally defined,
complex nanostructures can be easily prepared by molecular
self-assembly without any expensive additional devices. In par-
ticular, self-assembled systems of macromolecules have been
of great interest, including biopolymers,[5] reactive blends,[6–9]

and block copolymers,[10–14] among which block copolymers
have been widely utilized to fabricate tens-of-nanometer-scale
nanopatterns during the last few decades. Thermodynamically
incompatible polymers of a block copolymer repel each other
and undergo microphase segregation due to covalent links be-
tween the polymers, giving rise to nanoscale ordered struc-

tures. By controlling the ratio of each block and their molecular
weights, a variety of spatially periodic two- or three-dimension-
al nanostructures, such as spheres, cylinders, gyroids, and la-
mellas, can be achieved.[15]

Meanwhile, it has recently been demonstrated that a blend
of block copolymer and small molecules,[16–21] or two compo-
nents of homopolymer with functional groups, which can be
connected by noncovalent bonds, such as hydrogen bond-
ing,[22–26] ionic interactions,[27–30] charge-transfer interactions,[31]

coordination complexation,[32] and halogen bonding,[33] can be
utilized to form block-copolymer-like supramolecular com-
plexes, resulting in various self-assembled nanostructures. Such
supramolecular systems not only take advantage of the fact
that a block copolymer has nanometer-scale structure forma-
tion, but also has additional merits, such as easy control of
domain size and structure by simple blending of two polymers,
as well as facile etchability of specific domains by dissociating
the supramolecular noncovalent bonds, for instance, by using
a selective solvent. Additionally, the remaining functional
groups on the surface of porous nanostructures, after remov-
ing the specific domain, can be further utilized as potential
active sites.[34]

Herein, we demonstrate that graft-copolymer-like supra-
molecular assembly is also useful for fabricating nanostruc-
tured thin films with size-controllable nanopores. Our supra-
molecular assembly is based on nonstoichiometric hydrogen
bonding in film deposition between the hydrogen atom in the
acid end group of sulfonic acid terminated polystyrene (SPS)
and the nitrogen atom in the pyridine unit of poly(2-vinylpyri-
dine) (P2VP). A thin nanostructured film consisting of closely
packed micelles of the graft-copolymer-like complexes with
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cores and coronas of P2VP and SPS, respectively, readily
formed by spin coating. Beneficially, the micelles varied in size
from approximately 20 to 90 nm on average as a function of
either the blend ratio of the components or the concentration
of polymer solutions. The subsequent mild etching of cores of
the micelles by a selective solvent leads to a thin nanoporous
film, the pore size and porosity of which can be controlled.
Furthermore, the porosity-controlled nanoporous films were
successfully applied for as antireflection (AR) coatings, giving
rise to a maximum of 97.8 % transmittance in the visible wave-
length range.

Results and Discussion

Figure 1 a shows the supramolecular self-assembly of SPS and
P2VP. Through the hydrogen bond between the sulfonic acid
group of SPS and the nitrogen atom in the pyridine unit of
P2VP, graft-copolymer-like supramolecules, composed of SPS

graft and P2VP backbone, can be formed. Because benzene is
a relatively poor solvent for the P2VP polymer chains, they
tend to reduce the interface area with benzene, whereas the
SPS polymer chains, which are compatible, have a much
higher interface area with benzene. We expect that these su-
pramolecules can be assembled into micellar structures, which
consist of the P2VP core and SPS corona when the film is
formed. Supramolecular bonding between the sulfonic acid
group of SPS and the nitrogen atom in the pyridine unit of
P2VP could be indirectly confirmed by checking the H2O con-
tent of several polymer films: those containing SPS only, P2VP
only, PS-b-P2VP block copolymer, or a mixture of SPS and P2VP
(SPS–P2VP; weight fraction of P2VP�0.4) by using FTIR spec-
troscopy. All polymer concentrations in solutions were fixed at
1 wt %. Because nitrogen atoms in the pyridine unit of P2VP
can react with H2O molecules in the atmosphere, the appear-
ance of a band at l�3375 nm, which corresponds to vibration
of the hydroxyl groups of H2O molecules, indicates that certain
pyridine units of P2VP remain unreacted in the films. The sup-
pression of the band intensity of the SPS and P2VP mixture in
the thin film (SPS–P2VP) apparently suggests that most func-
tional sites of the pyridine unit are noncovalently connected to
a sulfonic acid group of SPS for supramolecular complexes and
only a small number of sites remain active for H2O (Figure 1 b).

Spin coating of a solution of supramolecular micelles pro-
duced a thin polymeric film with closely packed micelles. All
thin-film samples were prepared by casting 1 wt % polymer
solutions on silicon wafer at 4000 rpm for 60 s, and those films
were subsequently dried under ambient conditions for 1 day.
The tapping-mode (TM) AFM images in Figure 2 a–d show the
resultant nanostructured films, and it is clearly shown that
nanoscale micellar structures develop in the thin film, even
without any surfactant, which is often needed to disperse mi-
celles uniformly. It should be noted that no supramolecular mi-
celles developed in the solution state, as confirmed by dynam-
ic light scattering (DLS) results of the initial solutions and the
micelles formed during rapid evaporation of the solvent
during spin coating (Figure S1 in the Supporting Information).
We further investigated the morphology of a supramolecularly
assembled film prepared upon very slow drying. The film
shows again closely packed micelles, but their size was much
larger than that of micelles obtained during rapid spin coating.
The solvent removal speed seems to affect the size of the mi-
celles, rather than their ordering; this has been frequently ob-
served in block copolymer systems (Figure S2 in the Support-
ing Information).[35] All diameters of micelle nanostructures
were calculated by particle analysis of AFM images by using
the ImageJ program; the results are summarized in Figure 2 e
and detailed histograms are given in Figure S3 in the Support-
ing Information. The diameter of micelles in the thin film in-
creases as the portion of P2VP increases with a narrow size dis-
tribution. The distribution, however, becomes broad at fP2VP =

0.5.
Meanwhile, different from covalently bonded block- or graft-

copolymer-based micelle systems, in which the dimensions of
the micelles are rarely tunable without molecular weight
changes[36] or swelling by adding a homopolymer,[37] the

Figure 1. a) Scheme of micelle structure and porous thin film formation
through supramolecular interactions. b) FTIR spectra of supramolecular
blend film (SPS–P2VP); block copolymer (PS-b-P2VP); and homopolymers
(SPS and P2VP), which signify hydrogen bonding in reactive blending.
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domain size of our supramolecular micelles can be readily con-
trolled by the blend ratio of components. The composition of
graft-copolymer-like supramolecules, which affects the size of
both the core and corona of micelles, can be adjusted accord-
ing to the blend ratio of SPS and P2VP, as summarized in Fig-
ure 2 f. Consequently, by increasing fP2VP from 0.2 to 0.5, the
size of the micelle grows from about 20 to 90 nm on average,
and even micelles with a maximum diameter of 150 nm were
observed for the fP2VP = 0.5 sample. Beyond this weight-fraction
range, the thin films show miscible blend morphology for
fP2VP<0.2, and ill-defined morphologies (a mixture of small mi-
celles and P2VP aggregates coexisting in the structure) were
observed for fP2VP>0.5 (Figure S4 in the Supporting Informa-
tion). The TEM image also confirms the formation of molecules
with P2VP cores (Figure S5 in the Supporting Information).

The size variation phenomenon is consistent with the chain
number ratio mechanism in a graft copolymer (Figure 2 g).
When the micelles form graft copolymers while they were dis-
solved in good solvent for the corona, it has been found that
the more graft chains would make the micelle aggregation
numbers low.[38] It can be explained that there are some kinetic
limits in corona chains per area of the core. In other words, if
the chain ratio increased, the SPS chain number per area in
the corona of micelle was not as stable as an identical one
with a low chain number ratio because they would be too
crowded to be located in the core–shell interface areas, which
would make the micelle unstable. Consequently, its size is

smaller than that of a graft copolymer system with a low graft
chain number ratio. Although there was a report on the supra-
molecular micelle behavior of P4VP and carboxyl-terminated
polybutadiene (CPB) blend in solution, depending on the
blend ratio,[39] the authors could not demonstrate micelle
nanostructures in the thin-film format for functional nanopo-
rous structures; this is discussed in the next section.

The noncovalent nature of the supramolecular bond offers
unique opportunities for functional nanostructures. In our
system, the P2VP core, confined within the supramolecular mi-
celle, can be easily removed by a simple solvent etching pro-
cess. Different from block-copolymer-based systems, the sec-
ondary bond between SPS and P2VP, a hydrogen bond in our
system, can be easily cleaved and P2VP molecules can be per-
manently removed by the solvent. For this purpose, the films
were immersed in ethanol, a selective solvent for P2VP, to solu-
bilize the P2VP molecules, eventually releasing them from the
micelles. It is expected that ethanol molecules selectively pene-
trate into the P2VP nanodomains, which lowers the density of
polymers in P2VP to weaken the hydrogen bonding. Conse-
quently, P2VP molecules can be removed from the micelles to
give bowl-like circular nanoporous structures. A similar open
core of monolayered micelles upon solvent exposure has been
frequently observed in block copolymer systems.[40–42] During
core-selective solvent exposure to the micellar thin film, the
solvent penetrates through the thin corona and diffuses into
the core of the micelle, which makes the core swell. After re-

Figure 2. AFM images in height contrast of the supramolecularly assembled SPS–P2VP blend film prepared at different P2VP weight fractions (fP2VP) of 0.2 (a),
0.3 (b), 0.4 (c), and 0.5 (d), with a 1 wt % blend solution. The height scale of each AFM image is a) 5, b) 10, and c)–d) 50 nm. e) Micelle size distributions ob-
tained from the AFM results by particle analysis, and f) the average micelle size values dependent on fP2VP. g) The supramolecular assembly of the graft-copoly-
mer-like blend system allowed for control of micelle sizes by controlling the polymer blend ratio.
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moval of the solvent, the core that has been swollen shrinks,
leaving a void volume, which gives rise to a core-opened mi-
celle film. In our supramolecular case, similar swelling and
shrinkage of P2VP cores occurs during solvent treatment,
which results in the surface-initiated porous structure.

Meanwhile, the domain sizes of nanopores in all micellar
compositions (fP2VP from 0.2 to 0.5), calculated from SEM
images (Figure 3 a–d), were smaller than those of micelles
before etching. The dimension of the micelles, shown in the

AFM images (Figure 2), is determined by both P2VP and SPS
components, whereas that of the nanopores is defined by only
the P2VP core phase, which will be removed by subsequent
solvent etching. The domain size of the nanopores, shown in
the SEM images (Figure 3), was also calculated by the ImageJ
program, similar to that of micelles in the thin film, and their
trends are summarized in Figure 3 f. Elimination of the P2VP
core phase from micelles by a solvent etching process could

be further confirmed by XPS (Figure 3 g). The strong electron
emission peak at 399 eV, which corresponds to the 1 s electron
peak of nitrogen of the P2VP polymer chains, is significantly
suppressed after solvent washing, which means the P2VP
nanodomains are removed by ethanol rinsing (Figure 3 g). XPS
depth profile and FTIR spectroscopy results of an ethanol-
etched film further provide evidence for the complete removal
of P2VP chains in the film (Figure S6 in the Supporting Infor-
mation).

The dimensions of the nanoporous structures were further
characterized by GISAXS (Figure 3 e). Nanoporous samples with
fP2VP = 0.2 and 0.3 show the strong first peaks of the in-plane
scattering vector, qxy, at 0.021 and 0.015 A�1; this indicates that
the domain spacings among the nanopores are approximately
30 and 42 nm, respectively, which are consistent with the re-
sults shown in the SEM images. The 2D GISAXS patterns of
each film are shown in Figure S7 in the Supporting Informa-
tion. Unfortunately, scattering signals from the samples with
fP2VP = 0.4 and 0.5 were not detectable due to their larger di-
mensions in the films. Another unique property of our supra-
molecular system is that the sulfonic acid functional groups,
which remain on the surface of the SPS nanoporous structure
after solvent etching, can be further utilized as potential func-
tional sites for various applications. For example, our former
studies, based on an end-functionalized polystyrene and poly-
(ethylene oxide) polymer blend system, demonstrated that
these could be used as the solid-state oxidation and reduction
reaction with metallic salt.[34] Meanwhile, solvent vapor treat-
ment could also be utilized for the pore-opening process in-
stead of solvent washing; however, remaining P2VP molecules,
which were not permanently removed, induced smaller nano-
pores (Figure S8 in the Supporting Information). Furthermore,
these nanopores could not have functionality on the surface
due to the remaining P2VP molecules.

The dimension of our supramolecular micelle was also con-
trollable by changing the concentration of the blend solution.
Particle analysis from the SEM (Figure 4 a–d) and AFM (Fig-
ure S9 in the Supporting Information) images, summarized in
Figure 4 f, showed that the size of the micelle could increase
from about 20 to 80 nm, according to the concentration of so-
lution (from 0.1 to 5 wt %) at a fixed weight fraction of compo-
nents (fP2VP = 0.4). The pore size distributions are shown in Fig-
ure S10 in the Supporting Information. Correspondingly, the
size of the nanopores in the thin film, prepared by an addition-
al solvent-etching process, could change from about 10 to
75 nm on average, as shown in the SEM images. The dimen-
sions of the nanostructures from both AFM and SEM images
were also calculated by ImageJ analysis. This relationship is
similar to that of poly(acrylic acid)/polystyrene (PAA-g-PS) graft
copolymer micelle system in water.[43] The micelle size de-
creased drastically when the polymer concentration of the so-
lution decreased from about 0.65 to 0.05 wt %. The relationship
between concentration and micelle size behavior was con-
trolled by the kinetics of aggregation. Meanwhile, domain
spacing among nanopores fabricated from a 0.1 wt % blend so-
lution could be further characterized by GISAXS signals, which
showed the strong first peak of in-plane scattering vector, qxy,

Figure 3. Nanostructures and surface chemical characteristics of SPS–P2VP
thin films with different blend ratios after washing with ethanol. The concen-
tration of each polymer solution was fixed at 1 wt %. SEM images of
fP2VP = 0.2 (a), 0.3 (b), 0.4 (c), and 0.5 (d). e) The 1D grazing-incidence small-
angle X-ray scattering (GISAXS) patterns of fP2VP = 0.2 and 0.3 blend films.
f) Correlation of the average micelle sizes versus fP2VP. g) The X-ray photoelec-
tron spectroscopy (XPS) results for the nitrogen signals of fP2VP = 0.4 films
before (gray) and after (black) the etching process.
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at approximately 0.0174 A�1, which was comparable to
a center-to-center distance of 36 nm (Figure 4 e); however,
other samples could not show strong diffraction signals due to
their larger dimensions (Figure S11 in the Supporting Informa-
tion).

Our nanoporous films with controlled porosity can be uti-
lized for efficient AR coatings (Figure 5). In general, reflection
from the film-coated surface is minimized when the refractive
index of the coating layer (nc) is the geometrical mean of the
surrounding indices, substrate (ns) and air (nair), with the equa-
tion nc = (nsnair)

1/2 approaching about 1.23 on a glass substrate,
which has ns�1.5.[44] However, because most single-layered
materials have higher values than this, nanoporous films, for
which nc can be adjusted through Equations (1) and (2), which
have been widely studied as a promising candidate to ap-
proach that value.[45]

reflectivity ¼ ðns � n2
cÞ2

ðns þ n2
cÞ2

ð1Þ

n2
c ¼ n2

polymerð1� fporeÞ þ n2
airfpore ð2Þ

In Equation (2), npolymer and fpore are the refractive index of
the polymer film and the pore volume fraction in the porous

film, respectively. In particular, due to the dimensions of the
nanopores, which are generated by removing P2VP molecules
from the core of the micelle structure by using ethanol etch-
ing, being easily changed by adjusting the blend ratio of com-
ponents and polymer concentration, our system is advanta-
geous to control the refractive index of the nanoporous thin
film. Meanwhile, reflection is further minimized by designing
the thickness of the AR coating to be one quarter of the wave-
length of light in the coating layer (l/4nc), which induces de-
structive interference between two reflected light waves at the
upper and lower boundaries of the AR coating. Therefore, we
prepared nanoporous films from 2 wt % solutions, giving thick-
nesses of about 85 nm to focus on the AR behavior in the visi-
ble wavelength. Different sizes of nanopores, according to fP2VP

at a fixed solution concentration (2 wt %), are shown in SEM
images in Figure S12 in the Supporting Information.

To prepare AR films, a glass substrate was sequentially
cleaned by acetone, ethanol, and deionized (DI) water, fol-
lowed by O2 plasma treatment for 2 min on both sides. Then,
blend films were spin cast on both sides of the substrate. Sub-
sequently, the films were immersed in ethanol to produce the
nanoporous structure. Most of resultant AR nanoporous film-
coated glasses showed superior transmittances to that of bare
glass, and the transmittance was improved with fP2VP (Fig-

Figure 4. Surface and cross-section views of SEM images of the nanoporous thin films spin cast from 0.1 (a), 0.5 (b), 2 (c), and 5 wt % (d) solutions of SPS–
P2VP at a fixed fP2VP of 0.4 and subsequent etching with ethanol. e) The 1D GISAXS pattern of circular nanopores of the 0.1 wt % blend film. f) Changes in mi-
celle and nanopore sizes with different concentrations of polymer solution, as characterized by particle analysis from the AFM image shown in Figure S9 in
the Supporting Information and the above SEM results, respectively.
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ure 5 a), which affected the portion of nanopores (fpore) accord-
ing to Equations (1) and (2). The low transmittance of the
fP2VP = 0.2 film may be due to the small portion of nanopores
that could not efficiently decrease nc. Consequently, a maxi-
mum transmittance of 97.8 % at l= 511 nm was achieved from
the nanoporous film prepared from the fP2VP = 0.5 blend. The
porosity of the films as a function of the weight fraction of
P2VP in a supramolecular film was obtained from the reflec-
tance results in Figure 5, and the values are approximately
48.6, 29.8, 25.5, and 2.5 % for fP2VP = 0.5, 0.4, 0.3, and 0.2, re-
spectively. The values are close to those expected for complete
removal of P2VP chains. The AR performance depends mainly
on the porosity of a film, the refractive index of a substrate,
and the refractive index of a porous film matrix. In our system,
the optimum porosity for the best AR performance is approxi-
mately 69 %. Unfortunately, the porous film with 69 % porosity
was rarely obtained in our supramolecular assembly and the
maximum porosity we achieved was 48.6 %. The performance
we obtained was comparable with those based on block copo-
lymer self-assembly[44] and nanoparticle aggregation.[46]

We also tested AR films of PS-b-P2VP diblock copolymers
and PS/P2VP homopolymer blends with similar portions of
P2VP to a supramolecular assembled nanoporous film with
fP2VP = 0.5 for comparison. The transmittance values at 500 nm
of the samples in Figure 5 b show the excellent AR per-
formance of our supramolecularly assembled film, which arises
from its uniform porous morphology, compared with other
samples (Figure S13 in the Supporting Information). To further
demonstrate the ability to tune the transmission of a substrate
with our nanoporous film, we examined the AR performance
of our nanoporous films on sapphire substrates (Figure S14 in
the Supporting Information). As expected, the AR performance
was tuned as a function of porosity of the films. The best
transmittance of approximately 97.7 % was also obtained. Our
supramolecular films, as shown in Figure 5 c, can be an effec-
tive way to prepare the efficient nanoporous AR coating for
optical devices such as solar cells.

Conclusion

We demonstrated that a supramolecular micelle system could
be utilized as a functional nanoporous thin film. For this pur-
pose, polymer blends of end-functionalized SPS and P2VP
formed graft-copolymer-like supramolecules through hydrogen
bonds. Different from covalently bonded copolymer systems,
our supramolecular system has advantages such as the dimen-
sion tunability of the nanostructure as well as the easy cleav-
ability of secondary bonds, which are beneficial for generating
functional nanostructures with different sizes of nanopores.
Furthermore, the functional groups, which remained on the
surface of nanotemplates after removing specific domains,
could be utilized as potential functional sites. Finally, our
supramolecular micelle-based nanoporous thin films showed
strong potential as AR films, showing 97.8 % transmittance at
l= 511 nm on both glass and sapphire substrates.

Experimental Section

Materials and film preparation

SPS (polydispersity index (PDI) = 1.12) and P2VP (PDI = 1.08) were
purchased from Polymer Source, with molecular weights of 17 and
12 kg mol�1, respectively. Notably, the other end of SPS was
a methyl group. The SPS-b-P2VP block copolymers were also pur-
chased from Polymer Source with molecular weights of 109, 44.5,
and 16.5 kg mol�1, which corresponded to P2VP weight fractions of
0.52, 0.27, and 0.50, respectively. PS with a molecular weight of
35 kg mol�1 was purchased from Sigma Aldrich. Benzene and etha-
nol were purchased from Duksan and Sigma Aldrich, respectively.
All chemicals were used as received. One-end-functionalized SPS
and P2VP were dissolved in benzene, followed by stirring at 50 8C
for 1 day. Subsequent spin coating (SPIN 1200 Midas system,
Korea) at a spin rate of 4000 rpm for 60 s produced thin blend
films with a thickness of approximately 50 nm (1 wt %) on silicon
substrates with a native silicon oxide layer of about 2 nm. The
films were dried under ambient conditions for 1 day. The film thick-
nesses were measured by using an Alpha step 500 surface profiler
(AS500). To form the nanoporous structure, the thin films were im-
mersed in ethanol for 20 min.

Figure 5. a) Transmittance curves of AR films made from SPS–P2VP blend
solutions with different P2VP weight fraction versus wavelength. Inset :
a schematic image of the AR sample. b) Transmittance values of AR samples
at 500 nm with blended and block copolymer films. c) Photographs of AR
samples and bare glass. Each film was made with solutions with different
fP2VP values of 0.2, 0.3, 0.4, and 0.5, respectively, with a 2 wt % blend solution.
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Antireflection (AR)

The glass substrate was cleaned with acetone, ethanol, and DI
water, followed by O2 plasma treatment for 2 min at 50 V and
40 sccm on both sides. Subsequently, the film was spin cast on
both sides of the substrate. The film was dried under ambient con-
ditions for 1 day. Then, the supramolecular and homopolymer
blend films were immersed in ethanol for 20 min and the block co-
polymer films were solvent annealed by ethanol for 1 h. The trans-
mittance of the AR layer-coated glass was detected by UV/Vis spec-
troscopy (Lambda750, PerkinElmer).

Characterization

TM-AFM (Nanoscope Iva Digital Instruments) was used to charac-
terize the height and phase images of supramolecularly self-assem-
bled thin films. Field-emission scanning electron microscopy
(FESEM; JEOL 6701F) in bright-field mode was utilized to character-
ize the nanoporous films. The GISAXS experiments were conducted
at the 9A beam lines of the Pohang Accelerator Laboratory (PAL) in
Korea. The operating conditions for GISAXS were set to have
a wavelength of 1.2081 � and a sample-to-detector distance (SDD)
of 4 m. The incident angles were changed from 0.09 to 0.198 to
probe the surface and internal structures of the entire film by ena-
bling the X-rays to pass through the thin film above the critical
angle (ac) of the thin-film samples. The 2D GISAXS patterns were
recorded by using a 2D detector MAR165. TEM (JEM-ARM 200F)
was conducted with a beam energy at 80 kV. XPS was measured
with a Sigma Probe unit (Thermo VG, UK) at room temperature by
using a monochromatic AlKa X-ray source at 15 kV and 300 W. The
sample analysis chamber of the XPS instrument was maintained at
a pressure of 1.3 � 10�9 mbar. DLS (NanoZS, Malvern) was measured
with a quartz cuvette cell because benzene might affect disposable
cuvettes composed of PS or poly(methyl methacrylate) (PMMA). A
UV/Vis spectrophotometer was operated in transmittance mode
from l= 400 to 700 nm and the nanoporous film was coated on
both sides of the glass substrate. FTIR spectroscopy (Spectrum 100,
PerkinElmer) was measured in transmission mode to determine hy-
drogen bonds in SPS and P2VP.
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Controlled Nanopores in Thin Films of
Nonstoichiometrically
Supramolecularly Assembled Graft
Copolymers

Hard graft! The graft-copolymer-like
supramolecular assembly of end-func-
tionalized polymer and homopolymer
blend, based on nonstoichiometric hy-
drogen bonding, offers size-controllable
nanopores. The resultant films were em-
ployed as an antireflection layer on
a glass substrate, which gave rise to ex-
cellent visible-light transmittance (see
figure).
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