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ABSTRACT: A novel fabrication of hierarchically ordered organic and inorganic hybrid structures at length scales

ranging from nanometers to micrometers was demonstrated by oxygen plasma treatment of self-organized silicon-con-

taining block copolymer films. The rod-coil type silicon-containing block copolymer, polystyrene-b-polyisoprene with

polyhedral oligomeric silsesquioxane (POSS) -modified side chains, was successfully synthesized by hydrosilation of

polystyrene-b-poly(1,2-ran-3,4-isoprene) block copolymer with hydrido-heptacyclopentyl substituted POSS. The films

were prepared from the polymer solution by casting on silicon wafers under a moist air flow. The self-organized micro-

structures were investigated by electron microscopy. It was found that the hexagonally packed micropores and phase-

separated nanodomains were formed within the films. Oxygen plasma etching of the films provided novel hierarchically

ordered hybrid structures. [doi:10.1295/polymj.PJ2005140]
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Fabrication of nanometer and micrometer scale
ordered structures at low cost is an essential objective
of a wide range of current science and technology for
the miniaturization of electronic, optic1,2 and magnetic
devices,3–5 and sensors6–9 etc. Numerous methods
such as photolithography10 or chemical vapor deposi-
tion11 have successfully fabricated a variety of ordered
structures over a wide range of length scales, but still
require tedious multiple-step processes with high
costs. On the other hand, instead of these approaches,
combinations of various kind of molecular self-organ-
ization and facile direct lithographic techniques are of
particular recent interests.12–14 The advantage of using
the molecular self-organization is that one can directly
produce ordered two- or three-dimensional hierarchi-
cally structures and tailored surfaces by a single step.
Block copolymers are superior self-organizing

materials with tunable built-in structures and tailored
properties.15,16 Many of coil-coil type block copoly-
mers form a variety of periodic phase-separated struc-
tures such as spheres, cylinders, and lamellae with typ-
ical dimension of 5–50 nm. The sizes and shapes of the
nanostructures can be controlled by manipulating
chain length, volume fraction of each block and chemi-
cal functionality. Among various block copolymers,

silicon-containing block copolymers have been suc-
cessfully used as a template for direct patterning of or-
dered nanostructures by oxygen plasma treatment.17–19

The silicon-containing segments in the block copoly-
mer offer high etch resistance to oxygen plasma com-
pared to hydrocarbon segments due to the stability of
silicon oxide, which is the product of the oxygen plas-
ma etching. Thus, the phase-separated silicon-contain-
ing structures selectively remain as nano-patterns after
the oxygen plasma treatment. However, the length
scales of the direct patterning have been limited to
the dimension of the phase-separated nanostructures.
In comparison to the coil-coil type block copoly-

mers, rod-coil type block copolymers containing a
variety of stiff rigid-rod like molecules such as meso-
genic units or organic semiconducting units offer intri-
guing possibilities for formation of a wide range of
functional self-organized structures at length scales
from nanometers to micrometers.20 We reported a
semi-rod-coil type block copolymer, polystyrene-
b-polyisoprene with oligothiophene-modified side
chains (PS-b-POTI) and the hierarchically structure
within the film which prepared from the polymer solu-
tion by casting under a moist air flow.21 Three tiers of
the ordered empty micropores, the walls of which con-
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sist of the ordered nanostructures of PS-b-POTI, are
formed in the polymer thin film. Moreover, it was
recently revealed that the rod-coil type block copoly-
mers of polystyrene-b-oligothiophenes form a chemi-
cally heterogeneous surface in the microporous film.22

The interiors of the pores on the surface were covered
with the rod segment of oligothiophene, whereas the
surface of the flat area was covered with the coil
segment of polystyrene. The mutual repulsion of the
dissimilar blocks and the packing of the rod molecules
in the rod-coil type block copolymers lead to the
formation of a variety of unique structures which are
not seen in the self-assembling of the coil-coil type
block copolymers.
Most of siloxane-based materials are viscous liq-

uids at room temperature due to the flexible chains,
but some of cubic type polyhedral oligomeric silses-
quioxanes (POSS) possesses high crystallinity and
precisely nanometer-sized structures.23,24 Thus, the
cubic type POSS may have a good candidate for the
rigid-rod molecules of the rod-coil type silicon-con-
taining block copolymers. Herein, we report a novel
fabrication of the hierarchically ordered organic and
inorganic hybrid structures at length scales from nano-
meters to micrometers over an area of more than 1
square centimeter using a rod-coil type silicon-con-
taining block copolymer and direct etching technique
under oxygen plasma. We examined to synthesize
the new rod-coil silicon-containing block copolymer,
polystyrene-b-polyisoprene modified with heptacyclo-
pentyl substituted POSS side chain (PS-b-PIPOSS),
and prepare the self-organized films from the solution
by casting under a moist air flow. The resulting films
were etched under oxygen plasma and fabricated the
hierarchically ordered hybrid structures.

EXPERIMENTAL

Materials
Hydrido-heptacyclopentyl substituted polyhedral

oligomeric silsesquioxane (Hydrido-heptacyclopentyl
substituted POSS) was purchased from Aldrich. Un-
less otherwise noted, all reagents were purchased from
Aldrich, Tokyo Kasei Kogyo Co. (TCI), and Wako
Pure Chemical Industries (WAKO), and used without
further purification. Tetrahydrofuran (THF) was dis-
tilled over sodium/benzophenone. Toluene was dis-
tilled over CaH2. Styrene was purified by washing
with NaOH aq (1M) to remove inhibitor before stir-
ring with CaH2 for 24 h, then vacuum-distilled. Iso-
prene was distilled over CaH2 after stirring for 24 h.
First distilled styrene and isoprene were stirred with
dibutylmagnesium for 6 h, and then finally vacuum-
distilled into a cold trap of a monomer reservoir.
Silicon wafers were used as received.

Measurement
Infrared spectrum was recorded on a JASCO FT/IR-

460 Plus spectrometer. 1H and 13C NMR spectra of the
polymer solutions in deuterated chloroform with tetra-
methylsilane as an internal standard were obtained
with a JEOL JNM-AL 300 spectrometer at 300MHz
and 75MHz, respectively. Gel permeation chroma-
tography (GPC) measurements were carried out us-
ing a JASCO HBPX 880Pu, two polystyrene-divinyl-
benzene columns (Shodex GPC803L and Shodex
GPC804L), and a Shodex RI-71 refractive index detec-
tor. THF was used as an eluent with 1.0mLmin�1 flow
rate at 40 �C.Molecular weights are quoted with mono-
disperse polystyrenes as standards. Thermal analyses
of the copolymers, thermogravimetric analysis (TGA)
and differential scanning calorimatry (DSC), were car-
ried out using a Seiko SSC/6000 (TG/DTA 6200 and
DSC6200) thermal analyzer with ca. 5mg of samples
at a heating rate of 10 �Cmin�1. Nitrogen was used
as purge gas at a flow rate of 50 mLmin�1 in TGA
and DSC measurements. A polarizing microscope
(Olympus BH2) equipped with a high-speed camera
(Photoron DVR) was used to observe self-assembling
behavior of micrometer-sized water droplets during a
formation process of films. Scanning electron micro-
scope (SEM) images were obtained using a HITACHI
FE-SEM S-800 equipped with a field emission gun
(FESEM). A leo922 Energy-filtering transmission
electron microscope (EFTEM), with which an ome-
ga-type electron spectrometer is equipped, was operat-
ed at an acceleration voltage of 200 kV to observe the
cross-sections of the films. For specimen preparation,
the polymer solution was cast on a cured epoxy plate
(Queto812), and then it was embedded in the same ep-
oxy resin to be cured at 60 �C overnight. 50-nm-thick
sections of the films were cut by ultramicrotomy. En-
ergy-filtered images were acquired by a 2K� 2K
slow scan CCD camera. Atomic Force Microscopy
(AFM) measurements were performed on a Seiko
model SPA 300. Small-angle X-ray scattering (SAXS)
profiles are obtained using a Bruker NanoSTAR
(45 kV/110mA) with a 2D-PSPC detector (camera
length 1055mm). The etching process to expose the
hierarchically structures to the surface was performed
by reactive ion etcher (SAMCO Compact Etcher
FA-1) with an oxygen flow rate of 3mLmin�1, a pres-
sure of 8.0 Pa, and a power density of 50Wcm�2.

Polystyrene-b-poly(1,2-isoprene-ran-3,4-isoprene) (PS-
b-PI)
Polystyrene-b-poly(1,2-ran-3,4-isoprene) block co-

polymer, namely, PS1200-b-PI94, (the subscripts indi-
cate the number of repeat monomer units) was synthe-
sized by anionic polymerization, as reported previ-
ously.25
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The number-average of molecular weight (Mn) of
the polystyrene precursor of PS1200-b-PI94 is 125,000
in GPC measurement. 1H NMR spectroscopy was
used to determine the composition of the block co-
polymers. The PS-b-PI had about 40% 1,2-addition
and 60% 3,4-addition of isoprene units in the PI block.
The molecular weight of the PI block of PS1200-b-PI94
was 6,500, which was calculated from the composi-
tions determined by 1H NMR in CDCl3. GPC chro-
matogram of PS1200-b-PI94 gives Mn of 130,000
(Mw=Mn:1.12). IR (NaCl): � (cm�1) = 3060, 3030,
2925, 2855 (C-H, st), 1635, 910 (C=C, st), 1600 (ben-
zene, st). 1H NMR (300MHz, CDCl3) � (ppm) =
0.90–2.31 (br, CH3, CH2, CH), 4.63 (br, -C(CH3)=
CH2, 2H), 4.86 (br, -CH=CH2, 1H), 5.72 (br, -CH=
CH2, 1H), 6.38–7.24 (br, benzene, 5H).

Polystyrene-b-polyisoprene with Polyhedral Oligomer-
ic Silsesquioxane-modified Side Chains (PS-b-PIPOSS)
The PS1200-b-PI94 (0.2 g, 0.143mmol/vinyl groups),

hydrido-heptacyclopentyl substituted POSS (0.142 g,
0.157mmol) and toluene (2mL) were added to a dry
20mL Schlenk-type glasstube with a rubber septum
cap and a stir bar under an argon atmosphere. After
the PS-b-PI and the POSS dissolved, Karstedt’s cata-
lyst of platinum[0]-1,3-divinyl-1,1,3,3-tetramethyl
disiloxane complex solution in xylene [Pt(dvs)] (0.1
mol l�1) (7.2 ml, 0.5mol%) was added via microsyr-
inge to the glasstube at room temperature. Then, the
mixture was stirred at 80 �C for 24 h. The solution
was poured into methanol. The precipitate was collect-
ed, washed with methanol and dissolved in toluene,
and then the solution was poured into methanol again.
This precipitation was repeated three times to remove
a small excess of the POSS and the catalysts. Finally,

the precipitate collected was dried in vacuo at 50 �C for
24 h to yield 0.289 g (88%) of PS-b-PIPOSS, Mn ¼
152;000 and PDI ¼ 1:14. IR (NaCl): � (cm�1) = 3059,
3025, 2980, 2840 (C-H, st), 1600 (benzene, st), 1105
(Si-O, st). 1H NMR (300MHz, CDCl3) � (ppm) =
0.85–1.11 (br, Si-CH-cyclopentyl, Si-CH2-CH2-poly-
isoprene), 1.20–2.28 (br, CH2, CH), 4.63 (br, -C(CH3)=
CH2), 6.38–7.24 (br, benzene). 13C NMR (75Mhz,
CDCl3) � (ppm) = 13.5, 21.8, 22.1, 25.4, 25.6, 26.9,
27.0, 40.7, 40.9, 42.9, 44.2, 46.0, 125.7, 125.8, 127.5,
127.6, 127.9, 128.1, 128.4, 145.4, 145.9, 146.3.

RESULTS AND DISCUSSION

Synthesis of Silicon-Containing Rod-Coil Type Block
Copolymer
The synthetic procedure of the polystyrene-b-poly-

isoprene with the POSS-modified side chains (PS-b-
PIPOSS) is illustrated in Scheme 1. As the base poly-
mer, polystyrene-b-poly(1,2-ran-3,4-isoprene) block
copolymer having vinyl groups in the side chain
(PS-b-PI), which is one of typical coil-coil type block
copolymers, was prepared by anionic polymerization
of styrene and isoprene with the number of repeat
units of 1200 and 94, respectively. It is known that
this coil-coil type block copolymer can be easily con-
verted to a series of rod-coil type block copolymers by
incorporation of a variety of rigid-rod molecules into
the side chains.25–29 The synthesis of polystyrene-b-
polyisoprene with the POSS-modified side chains
(PS-b-PIPOSS) as a silicon-containing rod-coil type
block copolymer was carried out by hydrosilation of
polystyrene-b-poly(1,2-ran-3,4-isoprene) with the hy-
drido-heptacyclopentyl substituted POSS in the pres-
ence of a catalytic amount of Pt(dvs) in toluene at
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80 �C for 24 h. The reaction was proceeded in homo-
geneously. After the reaction, the solution was poured
into methanol. The precipitate was filtered, washed
with methanol and dissolved in toluene, and then the
solution was poured into methanol again. This purifi-
cation repeated three times to remove a catalyst of
Pt(dvs) and a small excess amount of the hydrido-
heptacyclopentyl substituted POSS. The yield of PS-
b-PIPOSS was 88%.
The structure of the resulting PS-b-PIPOSS was

characterized by IR and NMR spectroscopies. In the
IR spectrum, peaks due to the Si-O stretching vibra-
tion at 1105 cm�1 corresponding to the siloxane bonds
of the POSS were observed. The degree of hydrosila-
tion of the POSS to the 1,2- and 3.4-isoprene units
was calculated from 1H NMR spectra. The peaks as-
sociated with the double bonds were used in determin-
ing the conversions of the 1,2- and 3.4-isoprene
blocks. As shown in Figure 1, the two peaks at 4.86
(-CH=CH2) and 5.72 (-CH=CH2) ppm of PS-b-PI
were completely disappeared in the 1H NMR spec-
trum of the resulting PS-b-PIPOSS. However, very
weak signal at 4.63 ppm corresponding to the double
bond of -C(CH3)=CH2 was observed in the spectrum.
This analysis of 1H NMR spectrum reveals that 92%

of the hydrido-heptacyclopentyl substituted POSS
was incorporated into the block copolymer. Even with
excess amount of the POSS, the catalyst, longer reac-
tion times, higher conversion was not achieved. The
proton signal associated with the hydridosilyl groups
of the POSS at 4.12 ppm was not observed in the re-
sulting polymer. This indicates that the slightly excess
amount of the POSS were able to be removed com-
pletely by the reprecipitation steps. The proton signals
corresponding to the heptacyclopentyl groups of the
PIPOSS block was observed around 1.2–1.8 ppm,
but the precise assignment was difficult due to the
overlap of the proton signals of the methylene units
of PS-b-PI main chain. In the 13C NMR spectrum,
characteristic three signals were observed at 22.1,
25.4 and 27.0 ppm due to the methane and methylene
groups of the cyclopentyl groups, respectively. The
other signals were also successfully assigned with
the final product. Analysis of the NMR spectra con-
firm the desired structure of PS-b-PIPOSS and reveals
that the POSS was incorporated into the coil-coil type
PS-b-PI in high yield without any side reactions.
Gel permiation chromatography (GPC) indicated a

narrow polydispersity index of 1.14 with a number
average of molecular weight Mn of 152,000 (versus
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polystyrene standard in tetrahydrofuran). The PS-b-
PIPOSS was colorless solid and soluble in tetrahydro-
furan, chloroform, dichloromethane, and toluene but
insoluble in hexane, methanol and acetone. The ther-
mal behavior of the PS-b-PIPOSS was examined by
thermogravimetric analysis (TGA) and differential
scanning calorimeter (DSC). In the TGA curve, the
weight loss started at 345 �C and continued slowly.
10% of weight was lost around 408 �C in nitrogen.
In the 2nd DSC curve, the transition was observed at
104.5 �C due to the glass transition of the PS block.
No evidence for the transition of the PIPOSS block
was observed in the DSC curve.

Preparation of Self-Organized PS-b-PIPOSS Film
The film was prepared by casting the 0.2wt% PS-

b-PIPOSS solution (0.2mL) in toluene at room tem-
perature (25 �C) under a moist air flow on a variety
of substrates such as glass slides, silicon wafers, ep-
oxy resins or polyimide films. The humidity and flow
rate were kept at 85% and 3.0 lmin�1, respectively.
Observation under a polarized optical microscopy
with a high-speed camera showed that the water vapor
derived from the moist air flow condensed into drop-
lets in the solution owing to the latent heat of evapo-
ration of the solvent. The droplets of water immedi-
ately grew after the moist air flow was started, and
interference color appeared on the solution surface, in-
dicating the formation of ordered structure of water
droplets of an order of micron with a narrow size dis-
tribution. Further evaporation of the solvent and water
solidified the ordered structure. The solvent and water
completely evaporated within 60 s, and the structured
films formed over an area of 1–2 cm2. When other sol-
vents such as chloroform, dichloromethane and car-
bon disulfide were used instead of toluene, the films
were obtained as well, but the film preparation time
depends on the boiling temperature of the solvents.
It took around 30 s when these volatile solvents were
used.

Characterization of Self-Organized Hierarchically
Structure and Chemically Heterogeneous Surface
Figure 2 shows the scanning electron microscopy

(SEM) images which were obtained from the film pre-
pared on a silicon wafer. Observation using SEM con-
firmed the formation of hexagonally packed micro-
pores with a narrow size distribution. The diameter
of the open pores was approximately 1.7 mm. A cross-
sectional view shows a single layer of empty spheres,
which have a diameter of 2.2mm and are separated by
the thin walls of less than approximately 100 nm.
AFM studies showed very smooth and flat surface
morphology of the film. The surface roughness was
less than 1 nm (Figure 3).

3.0 µm

2.0 µm

(a)

(b)

Figure 2. SEM images of self-organized PS-b-PIPOSS film

with microporous structure. (a) Top view and (b) Side view of

the perpendicularly cross-sectioned film.

Figure 3. AFM image of self-organized PS-b-PIPOSS film

with microporous structure. (a) Top view and (b) Cross-sectional

profile along the line in image (a).
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In order to observe nanostructures of PS-b-PIPOSS
in the film by using an energy-filtering transmission
electron microscope (EFTEM), the film prepared on
the epoxy plates with an area of�1 cm2 was cross-sec-
tioned perpendicular to the substrate to obtain thin
specimens with 50 nm thicnkness after embedding
in epoxy resin. The micrographs in Figure 4 are the
energy-filtered images with an inelastically-scat-
tered electrons with 250� 10 eV energy losses. The
EFTEM images clearly showed the hierarchically
structures consist of the nanodomains within the
micrometer-sized porous structures. The nanostructure
was hardly observed in the corresponding convention-
al TEM image but clearly observed in the energy-
filtered image at the energy loss level of 285 eV, which
corresponds to the carbon K-edge. In a specimen
where carbon is the majority element, optimum con-
trast is usually achieved at around 250 eV, where the
domains containing less carbon appear bright. There-
fore, the brighter nanodomains were corresponding
to the PIPOSS block within the PS matrix, in which
an averaged size of the nanodomains and an averaged
distance between the nanodomains are approximately
25 and 35 nm, respectively.

A line scan of SAXS data for PS-b-PIPOSS is
shown in Figure 5. The profile exhibits a domain
spacing of 339 Å. This is a good agreement with
the averaged distance between the nanodomains in
EFTEM observation. These findings indicate that the
PS-b-PIPOSS film is constructed by the hierarchically
ordered structure which has three tiers of the micro-

100 nm
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Figure 4. EFTEM images created with inelastically scattered electrons of 250 � 10 eV energy losses of self-organized PS-b-PIPOSS

film. The bright and dark color regions are corresponding to the PIPOSS and the PS nanodomains, respectively. (a) Perpendicularly cross-

sectioned microporous film (Medium-magnification). (b) High-magnification micrograph at the top-surface region of (a). The flat and curve

areas indicate the surfaces are covered with the PS and the PIPOSS blocks, respectively. (c) High-magnification micrograph at the interiors

of the microporous film.
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Figure 5. SAXS pattern and line profile of the self-organized

PS-b-PIPOSS film.
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pores of which walls consist of the nanodomains of
the PIPOSS containing the molecular cubic of POSS:
the structure of the length scales from angstrom to
micrometer (Figures 6a–6c).
Furthermore, it was also found the formation of the

chemically heterogeneous surface in the resulting
film. As reported in our recent study,22 the micropo-
rous film prepared from a solution of rod-coil type
block copolymer under a moist air flow can form
the chemically heterogeneous surface which the inte-
riors of the pores and the flat areas on the surface were
covered with the rod block and the coil block, respec-
tively. As shown in Figure 4c, a bright color line was
observed at the interiors of the pore. This indicates
that the interiors of the pore on the surface are covered
with the PIPOSS block. The thickness at the top layer
is less than �20 nm, based on TEM observations. Oth-
erwise, there is no bright color region at the flat sur-
face of the topologically microporous film (Figure
4b), which indicates the flat surface is covered with

the PS block. The reason for the formation of the
chemically heterogeneous surface in the microporous
film is in the behavior of the rod-coil type block co-
polymer during the self-assembly of water droplets.
In the self-assembling process of water droplets, the
rod-coil type block copolymer plays a role as a surfac-
tant to stabilize the inverse emulsion of water. In this
case, the rod segment block of the PIPOSS block,
which is relatively more hydrophilic than the PS
block, is partitioned to the water side of the interface
between the water droplets and the polymer solution.
After evaporation of the solvent and water, the rod
segment of the PIPOSS block remains at the interiors
of the micropores. At the other surface, which had
been the interface with air, the PS block is segregated
due to the low surface energy component in the block
copolymer. As a result, the chemically heterogeneous
surface of the PS and the PIPOSS components are
formed in the microporous film (Figures 6d–6f).
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Figure 6. Schematic representation of self-organized hierarchically structure and chemically heterogeneous surface of PS-b-PIPOSS

film. (a) microporous structure (b) phase-separated nanodomains (c) molecular structure of the PS-b-PIPOSS (d) cross-sectioned structure

(e) self-organized structure at interior surface of the micropores (f) self-organized structure at flat surface of the film.
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Fabrication of Ordered Hierarchically Surface Struc-
tures by Applying Oxygen Plasma
Based on the hierarchically structure at length

scales from nanometers to micrometers and the chem-
ically heterogeneous surface of the self-organized
PS-b-PIPOSS film, we attempt to fabricate the hier-
archically ordered organic and inorganic hybrid struc-
tures under oxygen plasma. The etch resistance of the
PIPOSS block to oxygen plasma may be higher than
that of the PS block because of containing the silicon
units of the POSS in the PIPOSS block. The differ-
ence of the etch resistance leads to selective etching
of the chemically heterogeneous surface of the PS-b-

PIPOSS film.
The films etched by oxygen plasma as a sequence

of time are shown in Figure 7. When the etching time
of the self-organized PS-b-PIPOSS film was 30 s, the
flat surface was selectively etched that had been cov-
ered with the PS block, and the dot-like nanostructures
appeared in the SEM image (Figure 7b). The nano-
dots are obviously derived from the nanodomains of
the PIPOSS block that were oxidized to the silicon
oxide. The diameter of the open micropores on the
surface increased to approximately 2.7mm. Interest-
ingly, the interiors of the micropores on the surface
were not etched in this condition. With increasing

(a) 0 s

3.0 µm

(b) 30 s

3.0 µm

(c) 60 s

3.0 µm

(d) 90 s

3.0 µm

(e) 120 s

3.0 µm

(f) 180 s

2.0 µm

Figure 7. SEM images of the self-organized PS-b-PIPOSS film with microporous structure before etching and after 30 to 180 s of

etching under oxygen plasma.

1.5 µµm

5.0 µm

(a) 30 s

1.0 µm

(b) 120 s

10.0 µm 300 nm

380 nm

Figure 8. High-magnification SEM images of the self-organized PS-b-PIPOSS film with microporous structure after 30 and 120 s of

etching under oxygen plasma.
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the etching time from 30 to 45, 60, 90, and 120 s, the
interiors of the pores were gradually etched and simul-
taneously the nano-dots appeared (Figures 7b–7f). Af-
ter the oxygen plasma treatment of 180 s, the nano-
dots almost disappeared in the film, but the hexago-
nally packed array structure still remained. The diam-
eter of the nano-dots are less than �20 nm, based on
SEM observations. To compare with the films which
were etched with 30 and 120 s, it clearly can be seen
that two different types of the hierarchically surface
structures were obtained by the fabrication of the orig-
inal self-organized films via the simple oxygen plasma
treatment (Figure 8).
As shown in Figure 9, the SEM images of the etch-

ed film with 45 s indicate the remaining domains of
the PIPOSS block at the edge of the microporous film.
This fact evidently indicates that the interiors of the
micropores had been covered with the PIPOSS block.
This caused by the chemically heterogeneous surface
and silicon-containing hierarchically structures of the
PS-b-PIPOSS film (Figure 10).

CONCLUSIONS

We have demonstrated a facile fabrication of hier-
archically ordered organic and inorganic hybrid struc-
tures based on the self-organized hierarchically struc-
tures of the POSS functionalized rod-coil type block
copolymer film and an oxygen plasma treatment. The
rod-coil type block copolymer, PS-b-PIPOSS, was
successfully prepared by incorporation of rigid-rod
silicon molecule of the POSS into the coil-coil type
block copolymer of polystyrene-b-poly(1,2-ran-3,4-
isoprene) via hydrosilation. The hexagonally ordered
microporous film of the PS-b-PIPOSS was obtained
by casting of the solution in toluene onto silicon
wafers under a moist air flow. The PIPOSS block
was self-assembled into the PS matrix and formed
nanometer-scale domains with a size of approximately
25 nm. It was observed the formation of the chemical-
ly heterogeneous surface consisting of the PS and the
PIPOSS components in the film, in which the interiors
of the micropores on the surface were covered with

the PIPOSS block and the flat area on the surface
was covered with the PS block. An oxygen plasma
treatment turned the microporous film into the nano-
dots structures within the micrometer scale hex-
agonally ordered structures. These structures can be
further designed by the choice of blocks to offer very
promising applications such as nano- or microelec-
tronics, sensors, various templates.
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