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Fabrication of the Alignment Layer with Cavities 
by using Two Dimensional Template of 

Polystyrene Latex Array 

MU-HYUN KIM, WON-SEOK KANG and JONG-DUK KIM 

Dept. of Chemiczll Engineering, Korea Advunced Institute of Science and 
Technology, 373-1 Kusung-dong Yusong-ku, Taejon, 30.5-701, Korea 

Two-dimensional and three-dimensional arrays of small latex particles have been concen- 
trated because of their possibilities of various applications in the oplical storage medium, 
electronics, and optical photonic crystal in templates. The two-dimensional polystyrene latex 
particles are easily packed in highly oriented layers over a wide surface area due to water 
evaporation and lateral capillary forces. The latex array could be dissolved out by solvents 
after making a regular structurc of polymer matrix. Nematic liquid crystal between the poly- 
mer structure with regular cavities showed a random orientation. Each cavity could act as a 
liquid crystal cell with random alignment of liquid crystals. The highly ordered arrays with 
polystyrene latex and its application to liquid crystal alignments have bcen studied. 

Keywords: polystyrene; template; liquid crystal; alignment layer 

INTRODUCTION 

Regular structures of small latex particles have been concentrated 

because of their possibilities of various applications. Three- 
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dimensional macroporous membranes with assemblies of microspheres 

as templates have potential applications in catalysis, separations, 

coatings, microelectronics and electrooptics. An tantalizing uses of the 

crystalline macroporous materials is the field of photonic crystals that 

create photonic band gaps"4J. 

The two-dimensional arrays of small particles have been discussed 

in many reports from the viewpoint of high-density optical storage 

mediak5. 61 optical imaging"', nano-fabrication with a lithography1*], and 

templates of structured porous surfaces[91. The latex particles were 

deposited onto substrates by dipping method['01, casting['], dynamic thin 

laminar flow"'], and movement of x-y stage"]. The two-dimensional PS 

latex particles are easily packed in highly oriented layers over a wide 

surface area due to water evaporation and lateral capillary forces['" "I. 

Our group studied the surface modified liquid crystal alignment with 

the LB method and domain-dispersed film[''. 1 4 ' .  

In this paper, highly ordered arrays of PS latex have been studied 

for possible applications as a template of the homogeneous alignment 

layers in the liquid crystal display because of their ordered structure. 

EXPERIMENTAL 

PS latex particles were synthesized by emulsifier-free emulsion 

polymerization'"]. Some of experiments were carried out with a latex 

suspension containing 2 wt.% of PS particles(A1drich Co.). The 

diameter of the latex particles was lpm. The diameter of the 

synthesized latex particles were measured by a scanning electron 

microscope(XL30SFEG, Philips). The zeta-potential of the particles 
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FABRICATION OF THE LC ALIGNMENT ... [4343]/575 

was measured by a zeta-potential analyzer(Zetaplus, Brookhaven). A 

cationic surfactant, cetyltrimethyl-ammonium bromide (CTAB) 

(Aldrich Co.)was added to change the charge of the particles. 

The latex particles were deposited onto substrates by casting, dip 

coating, water drifting, and moving stage. The arrays were used as a 

template to fabricate an alignment layers with cavities. Figure 1 

illustrates the experimental detail to fabricate the structured alignment 

layer. UV curable epoxy resin was coated on glass substrates. Solvent 

was evaporated in a oven and the coated resin was precured by a UV 

lamp. The synthesized emulsion particles were packed onto another 

substrate. The two-dimensional arrays of the PS particle were attached 

to a conventional 3M tape. Then, the attached arrays were deposited 

onto the upper surface of the precured epoxy resin. 

Figure 1 .  Experimental detail to fabricate the structured layer. 
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After curing the epoxy resin with irradiation of the UV lamp at the 

wavelength of 365nm, the 3M tape was peeled off from the surface. 

Subsequent solvent treatment was carried out. The polystyrene 

particles were dissolved in toluene for 1 hr. The ordered arrays of the 

particles and the surface of the alignment layers were monitored by a 

microscope(CSJ3-HPS, Samwon Co.) and the scanning electron 

microscope(XL30SFEG, Philips). After assembling cell with two 

substrates coated with the films, nematic liquid crystal (E7, Merck Co.) 

was filled by the capillary force. The gap between two IT0  substrates 

was hold by inserting 6pm polyethyleneterephthalate (PET) film. 

Textures of the liquid crystal were observed by a polarized 

microscope(CSB-HPS, Samwon Co.). 

RESULTS AND DISCUSSION 

Synthesized polystyrene latex particles were negatively charged due to 

the initiator"']. The diameter of the synthesided polystyrene particles 

was 1.7pm. In order to increase hydrophobic attraction between the 

particles, the cationic surfactant was utilized for the coupling of the 

negative charges on the surface of the beads"']. Measured zeta- 

potentials were -30.59 mV for cationic surfactant-free particles. -29.33 

mV for 10" M of CTAB added, - I5.9mV for I U4 M, 39.9mV for 10.' 

M, and 58.31mV for M, respectively. 

The 2D PS latex particles were easily packed on the hydrophilic 

substrate in highly oriented layers over a wide surface area due to water 

evaporation and lateral capillary forces"' 1 2 ] .  Microscopic images of the 

latex particles on the hydrophilic slide glasses show two-dimensional 
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hexagonal array despite some defects because of the size distribution of 

the particles in the case of synthesized polystyrene particles. Figure 2 

shows the SEM images of latex particles on the glasses. The wettabiiity 

of the substrate is important to form the 2D arrays of the latex particles. 

As shown in figure 2.  the smaller particles were inserted between the 

particles of two-dimensional array in the synthesized sample. We could 

solve this problem by perfect separation of the smaller particles by 

filtration after emulsion polymerization. Figure 3 shows the SEM 

images of 2D structured polymer surfaces after dissolving the latex 

particles with toluene. The surface showed a regular structure having 

cavities with the same size of the synthesized polystyrene particles. 

(a) (bl 
Figure 2 SEM image of latex particles on the glass; ( a )  Ipin, o n  the 
silanized glass, (b) I .7pili, on the slide glass. 

Figure 3. SEM images of2D striicttired polymer surfaces. 
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Alier assembling the glass substrates coated with the alignment laycrs. 

117 liquid crystal was filled into a liquid crystal cell. Textures of thc 

liquid cr? stal werc observed by polarized microscope. Figure 4 

illustrates the textures oi'the l,C' cell. 

Uccause the cured epoxy film can align the liquid crystals Mith 

twmogcneous orientation without rubbing. nematic liquid crystals 

sub.jectcd to the surface of the cavity can have various directors. Each 

dornaiti of the random orientation was the same order of the siie ol'thc 

polystyrene latex. A similar structure of multi-domain alignment ~ v a s  

reported by tising amorphous 90pm size of conic-cylindrical- 

cavities"". axially symnictric microcell"". and random domain'i')'. If 

we adapt thc homeotropic alignment. the template process can be 

applied to the multi-domain vertical alignment['"- 2 i ' .  

CONCLUSIONS 

PS latex particles werc synthesized by emulsi tier-free emulsion 

polynieri/ation and thc diameter of' the synthesized polystyrene 

particlcs wab 1.7pm. The atlraction between the particles was changed 
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by incorporating CTAB because of the coupling of the negative charges 

on the surface of the beads. The 2D PS latex particles were easily 

packed on the hydrophilic substrate in highly oriented layers over a 

wide surface area due to water evaporation and lateral capillary forces. 

The wettability of the substrate is most important factor to form the 2D 

arrays of the latex particles. After dissolving the latex particles with 

toluene, 2D structured polymer surfaces were obtained. The surface 

showed a regular structure having cavities with the same size of the 

synthesized polystyrene particles. Nematic liquid crystals subjected to 

the surface of the cavity have various directors. The liquid crystal cell 

showed the random orientation, which was the same order of the size of 

the particles. As a conclusion, multi-domain structure was obtained by 

using the template method. 
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