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and Poly(ionic liquid) and Its Alignment Characteristic toward Liquid
Crystal Molecules

Sufang Xiao, Xuemin Lu, and Qinghua Lu*

School of Chemistry and Chemical Technology, Shanghai Jiao Tonggkdity, Shanghai 200240,
P.R. China

Receied April 27, 2007; Reised Manuscript Receed August 16, 2007

ABSTRACT: A new strategy based on ionic self-assembly technology was provided for design of photosensitive
material as liquid crystals (LC) alignment layer. The complex material was constructed by the coupling of poly-
(ionic liquid) and photosensitive unit azobenzene dye methyl orange. The structure, phase behavior and
photoresponse were examined by a variety of techniques including FTIR, NMR, thermal analysis, polarized optical
microscopy, X-ray diffraction, small-angle X-ray scattering, and birefringence measurements. Highly ordered
lamellar nanostructure and photosensitive character were confirmed. Under the irradiation of pulsed UV laser
with certain fluences, a pronounced optical anisotropic surface with the preferred direction perpendicular to the
pulsed polarization or regular periodic grooves microstructure surface parallel to the pulsed polarization was
obtained. The anisotropic surface of oriented molecular chain or topography was demonstrated to result in the
alignment of LC by the optical transmittance plot and polarizing microscopy images of LC cells with different
rotation angles.

Introduction of photosensitive polymers with optimizing properties to satisfy

he desi f ials th h | . different applications is still the most attractive target.
ooy, 1012, Another ereting phenomenon that aeurted on he lgh
hydrogen bonding, coordination binding, acitase interéction Iradiation .Of aze-polymer is the generation of a periodic

9 ' ) ' -~ surface microstructur&.?2 Generally, two methods can be
and ionic self-assembly (ISA), is becoming one of the primary

frontiers of materials researéh3 As a viable and facile route employed to fabricate surface microstructure. One is the
. ) ; ) ) irradiation of two-beam interference of a continuous or nano-
to design various functional or structured materials, ISA has

been gaining increasing attention. ISA mainly emplovs elec- second pulsed laser. The surface microstructure obtained by this
trostatigc intergactions to b?nd the o .ositel charyed t:ctgnic units method is called surface relief grating (SRG), which has been

pp y 9 intensively studied in the past few decad&s® The other way
together, and the complex architectures can be tuned by the

selection of constituents according to the desire of different to fabricate surface microstructure is the irradiation of a single-
J g1to beam nanosecond pulsed la%ef? The interference of incident
applications. Recently, many fascinating results have been

obtained in the ISA of multi- or monocharged rigid tectonic laser and laser scattered by the film surface results in the periodic

units and soft surfactants?3 lonic comolexation of polvelec- surface microstructure, which is namely the laser-induced
trolvte and oppositel cha'r ed low mc[))IecuIar mesg gnic units periodic surface structure (LIPSS). In comparison with SRG,

y PP y 9 o 9 ..~ LIPSS fabrication is more simple, and this structure was found
or surfactant also has been exploited in many systems, aiming

- C ) . to be very effective in aligning LC moleculés:*® Compared
i 23
to produce liquid crystalline polymers with long-range oftfer. to the well-established mechanism for SRG, there are still some

Polymers containing azobenzene chromophores have attractegjisputes on the mechanism of LIPSS formation; nevertheless,
great interest in recent years due to their high optical sensitiv- they may be attributed to the result of thermally induced
ity.#2> Under actinic irradiation, azo groups displd/Z macroscopic mass movement procedure of surface molecules.
isomerization and induce optical anisotropy, which have great According to our previous studies, the formation of LIPSS is
potential applications in many fields such as information storage, accompanied by the orientation of the molecular chain, which
optical memory and processing, waveguide switch, etc. Pres-can be used to control the direction of the LC alignniént.
ently, various photosensitive materials have been exploited by  Here, we design a novel photosensitive supramolecular
doping low-molecular-weight azo dyes in polymers or covalent material by the ionic self-assembly of poly(ionic liquid) (PIL)
synthesis of azo polymers including side ch&i# main chair?® and azobenzene dye with the aim to develop a new approach
and dendrimer8? However, doping films usually have low azo  of creating functional materials for LC alignment and other
content due to poor compatibility, moreover the obtained gpplications. A commercially available methyl orange (MO) dye
photoinduction proved to be temporally unsta#fté? Photo-  was selected as the building unit due to its capability for
sensitive materials obtained from traditional chemical Sy”thESi&photoisomerization. The PIL was selected as a main chain
compared with doped film, have better photoinduction stability; segment for the following reasons: (I) it can be easily
nevertheless, the synthetic processes usually were rigorous an@ynthesized and designed by careful modulation of cationic
fussy and involved many steps with low yiéft?® So the design  structures and the selection of suitable anions; (II) PIL is

environmentally friendly because the processes for its synthesis

* Corresponding author. E-mail address: ghlu@sjtu.edu.cn. Tel. & and employment only involve water and ethanol; (1ll) as a class
Fax: +86-21-54747535. of novel high-performance polyelectrolytes, it possesses high
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Scheme 1. Synthesis of PIL and the Complex of PIL and MO
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thermal stability and favorable properties of ionic self-assembly.
Moreover, we believe that these preliminary studies may put
more insight into the applications of the polymerized ionic
liquid. In this paper, the complexed materials were studied by
a variety of techniques including FTIR, NMR, polarized optical
microscopy (POM), X-ray diffraction, small-angle X-ray scat-
tering (SAXS), UV-vis spectra, birefringence measurements,
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Figure 1. FTIR spectra of (a) PILMO, (b) MO, and (c) PIL.
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and so on. Furthermore, we investigated the photoorientationalFigure 2. 'H NMR spectra of (A) PILMO, (B) PIL, and (C) MO.

properties of the obtained complex films by singkeeam pulsed
laser irradiation and evaluated the performance of the ISA
polymer in noncontact LC alignment.

Experimental Section

Materials. Methyl orange was purchased from the Sinopharm
Chemical Reagent Company and used without further purification.
The nematic liquid crystal 4-n-pentyl-dyanbiphenyl (5CB) was
obtained from Slichem LC Materials Company, Shijiazhuang,

mA). Differential scanning calorimetry (DSC) was performed on
a Perkin-Elmer DSC-7 instrument with a 2@/min heating rate
from —20°C to 200°C under nitrogen. Thermogravimetric analysis
was performed using a Perkin-Elmer model 7 instrument. Samples
were heated at 20C/min from room temperature to 60C in a
flowing nitrogen atmosphere. Polarized optical microscopy was
performed on a Leica DMLO microscope with a Leitz 350 hot stage.
The surface morphologies of PILMO films were investigated by
AFM (Digital Instruments Inc., Nanoscope llla) in contact mode.

China. All reagents were of analytical grade. The water used was UV —vis spectra of the PILMO films were recorded using a Perkin

doubly distilled.

Preparation of ISA Complexes.Poly(1-ethylvinylpyridinium
bromide) was prepared according to Schem#INMR (400 MHz,
DMSO-dg): 0 8.99 (2H, pyridine-H), 8.04(2H, pyridine-H adjacent
to main chain), 4.57 (2H, C}), 1.54-0.51 (5H,—CH,—CH— and
CHs) as marked in Figure 2. The average molecular weight was

Elmer lamda 20 UV-vis spectrophotometer. The polarized YV

vis spectra were measured using the same device equipped with a
Glan-Taylor prism. Small-angle X-ray scattering experiments were
performed using a Bruker Nanostar SAXS instrument at@5

The X-ray source, a 1.5 kW X-ray generator (Kristalloflexn760)
equipped with a Cu tube was operated at 35 mA and 40 kV. The

about 12600 determined by gel permeation chromatography. Forscattering intensities and patterns were detected by a two-

the preparation of ISA complex, 2 mg/mL PIL aqueous solution

dimensional position-sensitive detector (Bruker AXS) with 542

was added dropwise to MO aqueous solution with the same 512 channels. The magnitude of scattering vector is giveq &y

concentration, i.e., in a 1:1 molar charge ratio. The precipitated
complex was centrifuged and washed five times with doubly

4n(sin 0)/1. where26 andZ are the scattering angle and incident
X-ray wavelength (1.542 A). The distance from sample to detector

distilled water to remove residual salts and possible noncomplexedwas 27.1 cm, and the exposure timeswzh for each sample.

precursors and then dried in a vacuum at°60for 12 h.
The PILMO films were prepared by spin-coating a chloroform/

Photoinduced birefringence measurements were investigated with
a He—Ne laser at 650 nm as the probe light, which is far from the

ethanol (9/1) solution (30 mg/mL) onto quartz plates and glass slides absorption band of the photochromic azo groups, and a continuous
(speed, 2000 rpm; time, 18 s). The thickness of the resultant film 532 nm laser as the pump light. The sample (spin-coating film with
was about 108130 nm indicated by atomic force microscopy a thickness about 300 nm) was placed between two crossed
(AFM). polarizers in the path of 650 nm laser and was irradiated by the
Instruments and Characterization. Fourier transform IR (FTIR) pump light linearly polarized at-45° with respect to the vertical
spectra were recoded on a Perkin-Elmer Paragon1000 FTIRaxis. The birefringenceAn) value was calculated using:
spectrometer on pressed thin transparent disks of the samples mixed
with KBr. Spectra were obtained by collecting and averaging 64
scans. Nuclear magnetic resonan¢¢ XIMR) studies were carried
out with a Varian Mercury Plus 400 MHz spectrometer in DMSO- wherel is the intensity of the transmittanck, is the intensity of
ds solvent at room temperatureg, 25 °C). The chemical shifts the probe beam) is the wavelengthd is the film thickness, and
were referenced relative to tetramethylsilane. Wide-angle X-ray An is the birefringence.
diffraction (WXRD) was performed on a Bruker-AXS D8 diffrac- Laser Irradiation and LC Cell Fabrication. An s-polarized
tometer (Cu K radiationA = 0.154 nm,U = 40 kV, | = 100 Nd:YAG laser (355 nm), with a pulse duration of 5 ns and repetition

| = 1, sin(zAnd/A)
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rate of 10 Hz, was used as light source. The polymer film was
fixed on anX—Y platform, and moving speeds were 0.1 and 5 mm/s
in X andY directions, respectively. The incident anglevas fixed

at 15 (Figure S1). A LC cell was fabricated by sandwiching
nematic LC (5CB) between a PILMO-coated substrate and a counter
buffing polyimide (PI) substrate. The two surfaces were separated
by 10 um spacers and held together using ethoxyline. 5CB was
injected to the cell at its isotropic temperature by capillary action
(Figure S2). Optical measurements were carried out by placing LC
cells between crossed polarizers and measuring the transmittance
from a He-Ne laser at 628 nm using a detector coupled to an
oscillograph (Figure S3).

Absorbance (a.u.)

400 500 600

Wavelength (nm)
Figure 3. Normalized U\-vis spectra of (a) MO in wateic&. 1077
mol/L), (b) PIL in ethanol ¢a. 10" mol/L), (c) PILMO in chloroform/
ethanol (v:v 9:1ca 107 mol/L), and (d) PILMO film.

300
Results and Discussion
The Preparation and Characteristics of ISA Complexes.

The PIL was prepared according to Scheme 1. The obtained
PIL polymer has excellent solubility in water. The ISA complex
as precipitated was obtained by 1:1 charge ratio mixing of two
aqueous solutions of MO and PIL as the Experimental Section
described. The resultant complex does not dissolve in water,
ethanol, THF, acetone, or nonpolar solvents and can only be

100

80

dissolved in chloroform/ethanol (v:v 9/1), DMSO, and DMF. g 60+

The successful formation of polymer complexes from poly(ionic ]

liquid) and dye MO was demonstrated by the appearance of 2 404

the FTIR band at 1600, 1520 ct corresponding to the = .‘

characteristic peaks of phenyl bone stretching vibration, and at 20+ \

1200, 1030 cm?, corresponding to the antisymmetric and a _________
symmetric stretching vibrations of the sulfonic groups(in Figure 0100 200 300 400 500 660

1). Similar to the assembly of phosphate or alkylcarboxylic acid
and polyelectrolyté>19we could observe the significant shifts
from 1040 to 1030 cm! in the symmetric stretching vibrations
of the sulfonic groups due to binding.

The other impressive proof was provided¥¥NMR spectra
of PILMO complexes and two building blocks in DMS@-
As shown in Figure 2, all proton signals belonging to PILMO,

Temperture (°C)
Figure 4. TGA curves obtained at a heating rate of°@min~* under
a nitrogen atmosphere for (a) PIL and (b) PILMO.
shows the degradation of ISA complexes took place in one step

except the 5% weight loss of B at about 100°C, which
illuminated that the PILMO was a kind of new and pure

PIL and MO are confirmed and marked clearly. The chemical
shifts of 7.73 and 6.73 ppm in PILMO come from the proton
signal of azo-moiety. In complex, the proton signals of azo-

compound. The complexes are stable up to at least°275
though it was slightly lower than that of the resource PIL due
to the introduction of MO. Differential scanning calorimetry

moiety undergo obviously broadening compared to the resolved (DSC) was further performed to investigate the thermal behavior
resonances of small molecule MO due to its attachment to PIL. of this material. However, the curve did not show any structural
Moreover, the PIL motif signals of the complex have slight shift thermal transitions in the range20 to +220 °C. POM with
to upfield compared to the resource PIL, which result from the hot stage was also performed and showed that the complexes
influence of the opposite negative charge unit. By comparison melt to some extent when above 2335, but at the same time
of the integral of the proton signal of PIL with that of MO the samples started to blacken. Therefore, it is difficult to
labeled with asterisk, as shown in Figure 2, the ratio of integral observe the characteristic texture by the direct melting of the
areas is about 1:1, we can conclude that the stoichiometry of obtained powder. The reason for this might be due to its rigid
PILMO was about 1:1 (charge ratio). molecular structufe* due to the absence of sufficient soft
Results from the UWvis spectroscopic investigation of segments (without the presence of an alkyl spacer between the
isolated MO, PIL and the resultant complexes PILMO in PIL main chain and rigid azobenzene). However, by casting
solution or film are presented in Figure 3. The YVis spectra from chloroform/ethanol (9:1) solution with a concentration of
of the materials are characterized by maxima in the range of about 30 mg/mL, pronounced Schlieren textures could be
400 to 500 nm, which correspond to a strongsz* transition observed in the POM (see Figure 5a), which indicated high
of the E isomer of the azobenzene moitfJhe PIL has no orientational order of the complexes. It was found that the
absorbances in concerned range (curve b). Maxima of the PILMO complex formed lyotropic phases in DMSO (ap-
absorbances of MO (solution in water) and the PILMO proximately 30 wt %) as determined by POM (Figure 5b). The
complexes in chloroform/ethanol (v:v 9/1)) are at 465 and 425 optical texture was similar to that of the cast film.
nm, respectively. The dramatic blue-shift of the maximum of  In order to put more insight into the phase present in the
the azobenzene chromophores in the complexes compared withmaterial, WXRD and SAXS measurements were performed for
pure dye implied the existence of aggregates, even at such lowthe complexes. WXRD analysis (Figure 5c) shows a broad peak
concentrations. This phenomenon can be ascribed to a stronglyat wide angle 20.Land a sharp peak at small angle°3.Bhe
cooperative complex formation and aggregation proéé§#és wide-angle peak reflection at 20.5uggested that no crystal
shown in curve d, the maximum absorbances of the PILMO exists in the complexes, which is consistent with the intrinsic
complexes in the film is 385 nm, which indicated that the character of mesophas®s'The latter, at 2 = 3.3, is a first-
aggregation is even more pronounced in the thin-film state. order diffraction and indicates a lamellar structure with a
The obtained powder material was subjected to thermal thickness of 2.7 nm, which shows that the complex is organized
analysis to determine its stability. Thermogravimetric analysis in order at the side-chain scale. More convincing evidence for
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Figure 5. Characteristic texture of PILMO (a) film cast from chloroform, (b) DMSO solution (ca. 30% wt %) as observed in a polarized optical
microscope. (c) WAXD and (d) SAXS patterns of PILMO at room temperature.
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Figure 6. Schematic representation of the layered architecture obtained Figure 7. Evolution of the birefringence with time in PILMO film
from PILMO complexes. under irradiation with 532 nm linearly polarized light at room

temperature. The moments of switching on and off of the pumping
light are marked with arrows.
the lamellar nanostructure was provided by the SAXS result.
As depicted in Figure 5d, the PILMO shows a clear scattering shown in Figure 7. The birefringence increased rapidly with
peak atq = 0.23 A"* along with well-defined g (0.46 A™) the irradiation time increase at first, then relatively slowed down,
and 31 (0.69 A™%), which further verified the lamellar organiza-  and at last reached a saturation value after irradiation for about
ti0n47 W|th a perIOdICIty Of 2.7 nm. The SAXS result iS in gOOd 300 s. For the present case, a Steady ValuArDto be about
agreement with WXRD analysis, and thus the lamellar nano- g 067 was obtained under the irradiation of pump light with an
structure of the PILMO complexes was confirmed. On the basis intensity of 150 mW/crh This birefringence behavior indicated
of X-ray data and molecular calculations on the size of the side that the PILMO was an ideal photosensitive material. Another
chain, we proposed the molecular organization model SketChednoteworthy phenomenon was that the photoinduced birefrin-
in Figure 6 for the resultant supramolecular polymer. Within gences showed a slight decay and then achieved a steady value
the PILMO lamellae, there exists lamellar self-assembly at a (An, 0.060) after the pump light was turned off. The ultimate
periodicity of 2.7 nm with alternating disordered PIL soft staple orientation was attributed to the rigid molecular structure
segments and the stacking of the MO rigid side-chain. and the fact that the orientation was stored in the aggregated
Photoresponsive Character of the PILMO Film. In order phase®
to explore the dynamic process of photoresponse and orientation LC Alignment on Irradiated PILMO. In order to prove
in the complex film, birefringence measurements were per- the potential uses of this novel liquid-crystalline material in
formed. Here, the photoinducedn upon irradiation with devices or optical components, preliminary optical investigations
linearly polarized 532 nm light was probed by 650 nm weak in the field of LC alignment were performed. It is well-known
probe light at 25°C. The birefringence evolution with time is  that the alignment of LC molecules can be controlled by the
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Figure 8. (a) Changes of polarized absorbance spectra in a film of the PILMO polymer under irradiation with pulsed UV laser at laser fluence of
3.6 mJ/cr. (b) Changes of the dichroism with temperature, the orientated films were annealed for 30 min at each tempeeatdre; are the
absorbance parallel and perpendicular to laser polarization dire@&jpmespectivelyD = AJ/A,.

anisotropic surface of the alignment layer, either by its
topography or by an oriented molecular chain, which was
referred to as the “command surfaces”. Here, we investigated
the photoinduced behavior of the ISA supramolecular complex
film under irradiation of a pulsed UV laser to evaluate the
validity for LC alignment.

In this work, ans-polarized laser (355 nm) was used as the
light source. Different from the cast film, the spin-coated PILMO
films were proved to be isotropic and uniform with low surface
roughness by optical microscopy and AFM. First, we investi-
gated the anisotropic orientation of azo groups in the complex
film under laser irradiation with a fluence lower than the
threshold of the formation of LIPSS. As shown in Figure 8a, a
small irradiation dose of 3.6 mJ/éinduced very pronounced

Transmittance [a.u.]
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Figure 9. Optical transmittance of LC cells as a function of the rotation

anisotropic orientation. The absorbance in the direction parallel angle of the cell between crossed polarizers. The cell was assembled
to the polarization of the laser beam is obviously smaller than 2Y & PILMO substrates imadiated with pulsed laser at a fluence of 3.6
. . . . e (®) and 6.0 mJ/crh(m) and a counter buffing polyimide substrate.
that in the direction perpendicular to the polarization of the laser
beam, which suggests that the preferred direction of the cell, Anis the refractive index of the filled LC molecules, and
azobenzene chromophores is perpendicular to the laser polariza4 is the wavelength of the detected laser. For a given cell, the
tion direction. For the practical application, the time and terms except are fixed and the transmittance is only related
temperature stability of the orientated anisotropic surface is to the rotation anglé. In our experiment, the initial position
particularly important. Although the obtained dichroism was Of LC cell was considered to be &hen the buffing direction
moderate, as presented in birefringence evolution plot, it of the reference substrate was parallel to either polarization
achieved an ultimate stable value after irradiation was ceased.direction of the polarizers. In the case of 3.6 m¥@s shown
Here, the orientation stability was further tested in the large in Figure 9 ¢(-@—), the LC cell exhibited a dark field at the
time scale by testing the changes of dichroism with time. After initial position, indicating that the directions of LC alignment
keeping the orientated film at room temperature for 2 months, on the two substrates were parallel to each other, which suggests
negligible decrease of the dichroism was observed. The tem-that the director of the LC molecules aligned parallel to the
perature stability of dichroism was testified by annealing the aligned chromophores in the film of the complexes. Optical
orientated films at 88180°C for 30 min. As shown in Figure  transmittance of LC cells presents regular change according to
8b, the induced anisotropy is stable up to P20 the rotation angle of the cell between crossed polarizers, which
To investigate the LC alignment on the azo-containing confirmed that uniform alignment of the LC in parallel-mode
complexes after being irradiated by laser, a LC cell was was obtained in the combined LC cell. In addition, as shown in
assembled using the irradiated film of PILMO and a Pl counter Figure 10, the POM images of LC cell with different rotation
substrate buffed in the direction perpendicular to laser polariza- angles also further illuminated explicitly the alignment of LC.
tion acting on PILMO, isotropic 5CB was injected into the cell The light field presented alternative change of dark or bright
by capillary force and the cell gap was fixed to 4 using a under crossed polarizers according to the rotation of the cell
polyethylene film. The cell was examined by placing LC cell Wwith a period 90, which further demonstrated that the homo-
between two crossed polarizers and measuring the transmittancgeneous and stable LC alignment was achieved on the PILMO
from a He-Ne laser at 628 nm using a detector coupled to an azo anisotropic orientation film. The scheme of the LC
oscillograph as shown in Figure S3. For a cell with uniform alignment in the cell was proposed in Figure 10c. Moreover,
LC alignment between crossed polarizers, the transmittancethe photoorientation were performed using an ultrahigh-pressure
changes with the rotation of LC cell with respect to the normal Hg lamp equipped with Glan-Taylor polarizing prism and very

line of the substrate can be calculated according to the following effective induction of optical anisotropy was also observed. All
formula®? these examples confirmed that the complexes are capable of

light-induced anisotropy and can be used in the alignment of
LC.

Laser-induced periodic structures on surface can be formed
when the polymer is subject to enough pulsed laser fluence.
For PILMO film, under the illumination of pulse UV laser, the

T = sin?(20) sin{wAnd/A)

whereT is the transmittance of the light though the LC céll,
is the rotation angle of the LC celd] is the thickness of the
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Figure 10. POM images of LC cell with alternative change of light field under crossed polarizers? (8)018C°/270C; (b) 45°/135°/225°/315.
(c) Scheme showing the LC alignment in the cell. The arrow indicates the buffing direction of the counter polyimide substrate. The cell was
assembled with an irradiated PILMO substrate at a fluence of 3.6 rAdfiecha counter buffing PI substrate.
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Laser polarization

150.0 nm
mmw N
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Figure 11. Typical AFM image of LIPSS on the PILMO film irradiated with pulsed UV laser at a fluence of 6.0 MJRight: a cross-sectional
profile along the line marked in the topographical image.

Figure 12. POM images of LC cell with alternative change of light field under crossed polarizers /@iy 80°/27C7; (b) 45°/135°/225°/1315.
(c) Scheme showing the LC alignment in the cell. The arrow indicates the buffing direction of the counter polyimide substrate. The cell was
assembled with an irradiated PILMO substrate at a fluence of 6.0 rAdfiecha counter buffing Pl substrate.
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generation of LIPSS showed threshold behavior: no periodic through LC cells was present in Figure 9-HM—). The
microstructure was formed until the fluence reaches a critical dependence of optical transmittance on the rotation angle of
value 3.8 mJ/crh The experiment results demonstrated that LC cell between crossed polarizers with a period of 90
LIPSS amplitude increased markedly with laser fluences fol- demonstrated that homogeneous LC alignment was achieved
lowed by leveling off at a fluence of 5.6 mJ/émand then on the PILMO films. In the case of 6.0 mJ/énthe LC cell
decreased when the laser fluence higher than 9.0 MJ7dne exhibits maximum transmittance at the initial position, indicating
phenomenon was consistent with that of covalent polymer, that the direction of LC alignment on the two substrates were
which was attributed to the mechanism of LIPSS formation perpendicular to each other (twist-mode LC cell); i.e., the LC
being considered to be a result of thermal induced macroscopicmolecules on the laser-irradiated PILMO film were controlled
mass movement procedure of surface molect#é%As shown by topography and aligned along the microgrooves of LIPSS.
in Figure 11, rather regular periodic grooves microstructure was As shown in Figure 12, the alternative change of light field
obtained on the PILMO films after irradiation at a fluence of with a period of 90 further illuminated explicitly that a

6.0 mJ/cm The cross-sectional profile of the grooved structure homogeneous and stable LC alignment was achieved on the
indicated nearly sinusoidal variation of the groove shape with LIPSS orientation film. The scheme of the LC alignment in the
100-110 nm depth. The period of the grooved structure dependscell was proposed in Figure 12c. Thus, the photosensitive ISA
strongly on the incident angle of the laser beam. In our case, material can provide two approaches with different alignment
the period was typically 396 nm for a 15ncident angle. modes to control LC direction just by adjusting the irradiated
Moreover, the annealing experiments proved that the LIPSS film laser fluence, and we believe it has great potential in mutidomain
has high thermal stability with an erase temperature of°T30 LC display and other optical designs. Related systemic studies

To investigate the behavior of LC alignment on the PILMO Will be explored.
with periodic grooves, a LC cell was also fabricated with the .
laser-irradiated PILMO substrate (with laser fluence of 6.0 mJ/ Conclusions
cm?y and a buffing Pl substrate with the buffing direction on In this contribution, we designed a novel photosensitive
the PI substrate perpendicular to the laser electric veetor supramolecular material by the ionic self-assembly of poly(ionic
the irradiated PILMO film. The transmittance of Hble laser liquid) and azobenzene dye methyl orange. A highly ordered
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lamellar nanostructure with a periodicity of 2.7 nm was (12) Camerel, F.; Faul, C. F. €hem. Commur2003 1958-1959.
identified by means of X-ray diffraction and SAXS measure- (13) %%%efa'v S.; Antonietti, MAngew. Chem., Int. E€002 41, 2957~
ments. The blrefnngenpe measurements proved that the gomple 14) Canilho, N.; Kagei, E.; Mezzenga, R.: Schier, A. D.J. Am. Chem.
films possess fast optical response and a strong photoinduce S0c.2006 12813998-13999.

anisotropy with excellent stability. The resultant ISA material (15) Ozer, B. H.; Smarsly, B.; Antoniettia, M.; Faul, C. F.Sbft Matter

in noncontact alignment of liquid crystal was further exploited. 2006 2, 329-336. }

Under pulsed UV laser irradiation with fluence lower than the *6) gg(%erlnoanlrgg_iégg.ppe"' D.; Burger, C./Men, K. J. Mater. Chem.
threshold of LIPSS, for example of 3.6 mJ&ra pronounced  (17) Thinemann, A. F.; Ruppelt, D.; Ito, S.; Men, K. J. Mater. Chem.
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