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Summary 

The relationship between the electrooptical properties, morphology and 
molecular weight of polymethylmethacrylate (PMMA) in PMMMliquid crystal 
composite films is clarified. The LC droplet size has decreased with increasing molecular 
weight of PMMA. The threshold voltage has increased with increasing molecular weight 
of PMMA in good agreement with a equation of Doane et al, qualitatively. 
Electrooptical response characteristics have included fast and slow mode. Thermal 
motion of PMMA at the interface between PMMA and LC seems to affect response time. 

Introduction 

Polymer/low-molecular-weight liquid crystal (LC) composite films constitute a 
novel type of materials possessing exciting physical and chemical properties leading to 
wide varieties of applications, such as light shutters, flexible displays without polarizer, 
switchable windows, and other devices due to the possibility of electric-field-controlled 
light scattering.[ 1-7] Several methods to disperse LC droplets in a polymer matrix were 
reported with regard to methods of a solvent-induced phase separation (SIPS),[ 7] a 
photopolymerization-induced phase separation (PPIPS)[5, 6] and an LC emulsion in 
aqueous polymer solution. [2,3] 

Kajiyama et al. proposed the composite film consisting of 
polymethylmethacrylate (PMMA)/LC formed by the SIPS method and obtained the 
driving voltage of 40-120 Vrms.[7] One of the problems of the polymer/LC composite 
film is that the driving voltage is relatively higher than that of the conventional LC 
display which dose not contain a polymer matrix. Recently we have reported a new type 
of composite film prepared from two-step phase separation method composed of the 
SIPS method followed by the PPIPS method in order to fabricate a thin photocured 
polymer layer between the PMMA and the LC.[8, 9] Electrooptical properties of the 
composite films had a low driving voltage of 18 Vrm s. In order to apply the composite 
film to the devices, it is important to control the morphology and optical properties. 
However fabrication methods for controlled droplets sizes in PMMA/LC composite films 
have not been presented. 
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The purpose of the present study is to clarify the relationship between the 
electrooptical properties, morphology and molecular weight of PMMA. 

Experimental 

Three kinds of PMMA with different molecular weight were used in the present 
study. PMMA with low molecular weight (Mw: 12,300, Mn: 5,920 (L-PMMA)) was 
obtained from Aldrich Co., Ltd., PMMA with middle molecular weight (Mw: 62,000, 
Mn: 31,500 (M-PMMA)) was synthesized by Kuraray Co. Ltd., and PMMA with high 
molecular weight (Mw: 313,000, Mn: 114,000 (H-PMMA)) was supplied from Kodak 
Co. Ltd. A nematic LC mixture with positive dielectric anisotropy (E7) was obtained 
from Merck Japan Ltd. The glass substrate with an ITO electrode was obtained from 
Matsunami Glass Company. 

PMMA/LC composite films were prepared by a SIPS method. Four hundreds 
nag of PMMA and 600 nag of E7 were dissolved in 2 g of chloroform. The solution was 
spin-coated on an ITO-coated glass substrate. The composite films were then dried at 
23 ~ PMMA and E7 were phase separated and the composite films scattered light due 
to the difference between the refractive index of PMMA and that of E7. Film thickness 
of composite films was determined by a Rank-Tayler Hobson Talystep on the basis of a 
stylus contact method and were controlled at 15-17 Inn. 

Morphology of the composite films were observed by a scanning electron 
microscopy (SEM) and transmittance spectra. The samples for SEM observation were 
extracted with methanol at 23 ~ for 60 s. Transmittance spectra of composite films 
were measured with a Hitachi U-4000 UV-VIS spectrometer. 

Electrooptical measurements were carded out by measuringtransmission of a 
He-Ne laser beam (632.8 nm) through a PMMA/LC composite film with increasing and 
decreasing the applied voltage between 0 and 80 Vrm s at a rate of 0.89 Vrms/S. 
Switching behavior of the film was also measured with an applied voltage 80 Vrm s- 
Measurement system was described in detail previously.[10] 

Results and Discussion 

SEM photographs of three PMMA/LC composite films with different molecular 
weight of PMMA are shown in Figs. l(a)-l(c). LC droplet size in PMMA films 
decreased with increasing molecular weight of PMMA. LC droplet size in L-PMMA 
increased with closing to glass substrate, as shown in Fig. l(a). This is primarily due to 
the higher solution viscosity of high M w polymer. Since the composite films were 
prepared from solvent, the LC droplet is formed in solvent removal, followed by 
agglomeration of small droplets to from large ones. The LC droplet agglomeration is 
more feasible in low M w polymer, clearly, consistent with the results. 
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Fig. 1. SEM photographs of PMMA/LC composite films with different molecular weight. 

LC droplet size migfit be small at the film surface since speed of solvent 
removal at the film surface was faster than that at the interface between the composite 
film and glass substrate. The LC droplet size can be observed by transmittance spectra 
on the basis of Rayleigh-Gans-Debye theory.Ill] Figure 2 shows the transmittance 
spectra of three composite films with different molecular weight of PMMA. Slope of 
spectra increased with increasing molecular weight of PMMA. The color of transmitted 
light changed between white, red and yellow with increasing molecular weight of PMMA. 
The result suggests, from Rayleigh-Gans-Debye theory, that the LC droplet size 
decreased with increasing molecular weight of PMMA and was consistent with SEM 
photographs. 
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Fig. 2. Transmittance spectra of composite films with different molecular weight of 
PMMA. 

The relation of applied voltage and transmittance is shown in Fig. 3. Threshold 
voltage (Vth) increased with increasing molecular weight of PMMA. In particular, H- 
PMMA/LC composite films could not be switched to transparent state even by the 
addition of 80 Vrm s. The threshold voltage has been found to be dependent on the size 
of the LC droplets and should be a linear function of a reciprocal size of the droplets R 
according to Eq. (1): [12] 

Vth=R Ae ' (1) 

where d is film thickness, R is droplet radius, K is effective elastic constant, Ae is 
dielectric anisotropy, and I is aspect ratio of elongated droplet. From Eq. (1), threshold 
voltage decreases with the rise of the droplet size. As shown in Figs. l(a)-l(c) and 3, 
threshold voltage increased with decreasing the LC droplet size and showed LC droplet 
size dependence in good agreement with Eq. (1), qualitatively. Since H-PMMA/LC 
composite films had small LC droplets and threshold voltage was higher than 80 Vrms, 
the composite films could not be switched to transparent state. 
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Fig. 3. Relation of applied voltage and transmittance in PMMA/LC composite films with 
different molecular weight of PMMA. 

Maximum transmittance of both L-PMMA and M-PMMA was 82 % because 
the refractive index of PMMA was independent on molecular weight. Large hysteresis 
was observed in both L-PMMA/LC and M-PMMA composite films, as shown in Fig. 3. 
The hysteresis might have a relation to the switching behavior as described below. 
Electrooptical response characteristics of L-PMMA/LC and M-PMMA composite films 
are shown in Fig. 4. Slow component of decay time was observed. The thermal motion 
of PMMA could cause the hysteresis of the composite films. The slow component may 
be originated from thermal motion of PMMA at the interface between PMMA and LC. 
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Fig. 4. Electric switching characteristics of L-PMMA/LC and M-PMMA/LC composite 
films. 
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Conclusions 

Morphology and electroopticai properties of PMMA/LC composite films with 
different molecular weight of PMMA were investigated. LC droplet size decreased with 
increasing molecular weight of PMMA. Threshold voltage increased with increasing 
molecular weight of PMMA because LC droplet size decreased. The result was 
consistent with a equation of Doane et al, qualitatively. 
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