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The potential of block copolymers with incompatible ~AZu0)-
blocks for nanotechnologies has been widely realized in the of the larger-sized hierarchy of the MPS structure. The key
past decade, and an increasing number of applications hago the successful photoalignment control seems to be the use
been describet? Block copolymers provide highly ordered of the stimuli-responsive soft-block component of PEO
microphase-separated (MPS) nanostructures typically com-exhibiting a low glass-transition temperatuiig)(
prising sphere, cylinder, or lamella shapes through self- With regard to thermal and mechanical stability, polysty-
assembly. For practical applications toward nanotechnologiesrene (PS)-based block copolymers possessing hiihare
such as membrane separation and addressing of nanomates fascinating target. The syntheses and characterizations of
rials, the MPS structures should be homogeneously alignedAz-containing block copolymer films have already been
over large macroscopic areas in the film; however, this is investigated. Ober’s gro@first synthesized a series of block
not attained for most block copolymer systems without copolymers of PS connected with an Az-containing liquid
aligning procedures. Therefore, many efforts have been madecrystalline (LC) polymer derived from polyisoprene, and
for fruition of macroscopic alignment of MPS structures. For structural characterizations were made in detail. Schmidt
example, applications of the external figland alignment and co-worker¥ observed the MPS structure of a diblock
via confinement of chemically or topologically surface copolymer composed of PS and amorphous Az-containing
patterned substrateshave been performed. polymer block. They found that the photoinduced mass

Quite recently, photoalignménand 3D photopatternirig migration was highly hindered by the block architecture in
of the MPS structure has been demonstrated by using diblockcomparison with the behavior of a statistical random
copolymers composed of poly(ethylene oxide) (PEO) and copolymer of the same composition, and applications in
an azobenzene (Az)-containing polymethacrylate. This opti- photoaddressing for optical information are demonstrated.
cal method is based on the angular selected photoreactiorzhao and co-worketsdiscussed the confinement effects on
of azobenzene side chains and the collective molecularthe photoalignment of liquid-crystalline Az side chains.
motions® The nanocylinders of PEO are aligned orthogonal Within the MPS domains of PS, suppressed motions of the
to the direction of the electric field vector of irradiated azobenzene mesogenic groups are manifested. In spite of the
polarized light. Here, the photoaligned Az mesogenic chro- above efforts, no data on the on-demand photoalignment of
mophores induce alignment of the PEO cylinder structure the MPS structure of PS-containing block copolymers have
been reported. We show herein the first example of photo-
*To whom correspondence should be addressed. E-mail: tseki@ alignment and realignment of the MPS structure in a PS-
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Figure 2. A series of optical orientational controls on the mesogenic Az groups and MPS nanocylinder domains of PS ipsthezp($ film (thickness

~ 100 nm) evaluated by phase-mode AFM and polarized-\ig absorption spectroscopy, respectively. (a) Initial state. The annealing induces the perpendicular
orientation to the substrate plane for both Az and PS cylinders. (b) After irradiation with LPL (436 nm) followed by annealing. (c) Successive irradia
tion with LPL (436 nm) at the orthogonal polarization angle followed by annealing. (d) After irradiation with nonpolarized light (436 nm) followed by
annealing.

Figure 2 displays the surface morphologies (8.8.0um) parallel to the irradiated LPL, respectively) of 0.68. The
and UV—visible absorption spectra of light-irradiated p{S photoalignment of Az mesogens in LC polymer films
Az140) films of ~100 nm thickness evaluated by the phase- induced by directionally selective excitation with LPL is
mode AFM measurements using a SPA40/SP13200 (Seikowell-known8 Here, such molecular alignment is reflected
Instruments). For the irradiated film, the LPL exposure (436 to the larger hierarchy of MPS morphology via collective
nm) was performed at 2.0 mW crafor 50 min at 130°C, and cooperative molecular motioh6§The same procedure
followed by gradual cooling to 3€C at a rate of 2C min. was successively performed using LPL set at another angle,
For evolution of MPS structure, the films were successively orthogonal to the previous irradiation (c). Essentially the
annealed at 107C, slightly above théT, of the PS block same results on the MPS morphology and spectral data were
and below the Smtransition to isotropic transition of the obtained except for the direction of molecular orientation
Az polymer block, for 12 h. with S= 0.68 and MPS morphology. The cylinders aligned

As shown, obvious effects of light irradiation on the in the in-plane direction was again reverted to the out-of-
molecular orientation and morphology of MPS were ob- plane (normal) mode by irradiation of nonpolarized light
served. These images indicate that the nanocylinder structurd'radiation in the normal direction (d). The final state obtained
of PS were formed. Nonirradiated film provided PS cylinders exactly coincides with that of the initial state (a). These facts
in the upright orientation (a) after annealing. The spectral Unequivocally indicates that 3D ordering, namely both in-
data also indicate that the annealing induces the Az orienta-Plane and out-of-plane orientational control, of a nanocylinder
tion normal to the substrate plane. The reduction in absor- ©f PS domain is achieved by light. Such realignment of MPS
bance of ther—z* band peaking at 338 nm whose transition  Structure required irradiation at a temperature above the
moment is along the long axis of Az indicates this fact. A order—disorder transition temperature (118, i.e., above
hypsochromic shift was also observed, indicative of further Poth Tg of PS and the smectic-to-isotropic transition tem-
promotion of H-aggregation. The diameter of the cylinders Perature of Az LC polymer). In the series of present
was 14+ 1 nm, with an average cylinder to cylinder distance €XPeriments, the samples were heated to°I3@nd slowly
of 32 nm. After LPL irradiation, a stripe morphology whose cooled to 30°C, as described in the experimental precedures.
direction was highly controlled orthogonal to the direction It is thus assumed that the directed MPS structure evolved
of LPL was observed (b). The average line-to-line distance from a photooriented nucleation formed in a disordered
was 32 nm, which agrees with that evaluated above. TheState.

Az group showed a strong in-plane anisotropy with the  Next, photopatterning was achieved (Figure 3). The LPL
orientational order parametes & (Ag — A)/(Ag + 2A), irradiation was performed on a perpendicularly aligned film
where Ay and A, denote the absorbance orthogonal and (a) through a line and space photomask (4@ period)
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Figure 3. Orientational control of the PS cylinder by patterned irradiation
of LPL (436 nm) in the p(&—Az149) film (thickness~ 100 nm). (a) Phase-
mode AFM image of the initial annealed state, where all cylinders are
aligned in the normal orientation. (b) Topographical AFM image after
patterned irradiation with LPL. (ee) Phase-mode AFM images taken at
the (c) irradiated area, (d) boundary region, and (e) non-irradiated area.

followed by annealing. The topographical image of the
resulting film indicated that the surface was flat within 4
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nm (b). The phase-mode image—g) clearly indicated the
patterned orientation of the nanocylinders. The LPL-irradi-
ated area exhibited the horizontal orientation of the cylinders
with orientation orthogonal to the direction of LPL (c),
whereas the perpendicular orientation was maintained in the
nonirradiated area (e). The observation of the boundary
region indicated that there was no gradient region between
the two in-plane and out-of-plane oriented areas (d).

In the above manner, we succeeded in on-demand 3D
orientational alignment of the MPS structure of the PS-based
block copolymer. We are now conducting further experi-
ments with a lamella-forming block copolymer of the
identical components. In this case, the continueous phase of
PS domains impeded the reorientation of the MPS structure.
An interesting aspect observed for the lamella-forming block
copolymer is that clear memory effects on the orientation
of Az-containing LC phase were observed. The details for
the features of cylinder-forming and lamella-forming pho-
toresponsive block copolymers will be presented in due
course. We believe that the development of photoinduced
3D orientation and patterning of the MPS structure of block
copolymers with relatively higfiy values will be particularly
useful for fabrication of new information materials and
devices.
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