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ABSTRACT 

(Polymer /liquid crystal:LC) composite films with electro-optical 
characteristics based on the light scattering were prepared by a coating method 
from a solution of poly(methyl methacrylate)(PMMA) and nematic mixture of 
LC(GR-63). The composite films were heated in a water bath up to 323-369 K 
and all the samples were cooled down in an ice water bath to 273 K. Upon heat 
treatment over the nematic-isotropic transition temperature, TNI, the composite 
film was changed from an initial turbid state to a transparent state. When the 
composite film was heated above TNI, the dispersed spherical LC droplets were 
formed in the matrix polymer and the size of LC droplets became smaller than 
the wavelength of visible light, resulting in a trans parentstate. 

An organic dye of azo derivative(M-618) which exhibits a strong absorption 
at the wavelength in the vicinity of 530 nm was dissolved into the (PMMA/GR-
63) composite film. Apoint of the ternary composite film was irradiated by the 
second harmonics of a puls Nd-Y AG laser beam, 532 nm, through a photo 
mask. Since the laser absorbed in the composite film was converted into heat, 
the laser irradiated part was selectively changed to a transparent state. A heat 
mode laser recording was accomplished for the (poymer/LC) composite film 
for the first time. 
*To whom correspondent should be addressed. 
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INTRODUCTION 

Recently, functional characteristics of LC have been studied in many field 
because of their unique orientational behaviors and hydrodynamic properties. 
The composite sysyem of which LC phase is embedded in a three dimensional 
polymer matrix can be self-supportd LC(SSLC) film[l-1 0] in spite of the very 
low viscous character of LC. Therefore, functional characteristics of LC can be 
developed as a flexible SSLC film with ultrathin and large area. The SSLC film 
exhibits an excellent characteristics of electro-optical effect based on the light 
scattering due to optical heterogenity between the components and/or spatial 
distortion of nematic directors. Since the composite film have excellent 
characteristics of the electrically light switching between turbid and transparent 
states, the composite films have been expected as a large area, flexible electro­
optical devices. 

There have been current interests in the development of the laser recording 
system by using several light absorbents. Among possible recording materials, 
chalcogenide thin films[ll-13] have been attracted a great deal of attention, but 
instability against humidity-induced oxidative degradation should have been 
concerned. Recently, organic-based systems[14-19] have been considered due 
to advantages in writing energy, fabrication cost, and stability. Among the 
organic-based systems, dyes[14-16], dye-loaded polymers[l7-18] and metal­
loaded polymers have been used as the promising materials. 

Since, in the case of the (polymer/LC) composite system with an upper 
critical solution temperature (UCST) behavior, the polymer and LC are 
miscible above the critical temperature, the light scattering properties being 
induced from the optically heterogeneous aggregation state must be controllable 
upon heat treatment. Thus, the SSLC films are expected to be applicable as the 
heat-mode laser recording media. 

In this study, thermo-optical effects of the (polymer/LC) composite films 
were initially investigated and then, its application as a novel type of the heat­
mode recording system was discussed. 

EXPERIMENTAL SECTION 

Figure 1 shows the chemical structure and physical properties of the matrix 
polymer, poly(methyl methacrylate)(PMMA) and nematic mixture GR-63, 
Chisso Co.). PMMA was used due to an optical isotropic state and an excellent 
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transparent charactristics. Its glass transition temperature,Tg is 375 K and its 
refractive index ,1.492 for the 589 nm at 293 K. The nematic-isotropic phase 
transition temperature of GR-63 was 337 K and its ordinary refractive index, 
no and extraordinary index, ne is 1.552 and 1.774 for the conditions of 589 nm 
at 293 K, respectively. 

The (PMMA/GR-63) composite films were prepared on a PET film by using 
a bar coating method at room temperature. Chloroform was used as a solvent 
and the concentration was 20 wt%. The weight fraction of GR-63 was 
changed from 0 to 0.7 at 0.1 intervals. In the case that the weight fraction of 
GR-63 was above 0.7, GR-63 could not be self supported in the composite film 
because of its high fludity. The thickness of the composite film was 18 !Jm. In 
order to avoid moisture upon the heat treatment in a water bath, the composite 
films were sandwiched between two PET films. Figure 2 shows the flow chart 
of the heat treatment. The composite films were initially heated for 10 sec in a 
water bath of 323-369 K. Then, all the samples were cooled for 60 sec in an 
ice water bath and taken out to an ambient air. 

For the purpose of the heat-mode laser recording, the organic dye of azo 
derivative(M-615, Mitsui Touatsu Chem. INC.) which exhibits a strong 
absorption at the wavelength of the recording laser beam was dissolved into the 
composite films. A point of the ternary composite film was irradiated by the 
second harmonics of a pulse Nd-YAG laser beam(Continuum NY60-50), the 
wavelength of 532 nm, through a photo mask. 

1. Polymer 2. Liquid Crystal 
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PMMA : Poly(methyl methacrylate) 

n=1.492 T g = 355 K 

Mn=l.S-2.0 x 10 5 
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(nematic mixture with positive 
dielectric anisotropy) 
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L1fl = 0.222 

Figure 1. Chemical structure and physical properties of the matrix polymer, 
poly (methyl methacrylate) (PMMA) and nematic liquid crystal mixture (GR-63) 
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Figure 3 shows the heating 
temperature dependence of 
transmittance for the (PMMA/GR-
63) composite films with the GR- -g. 

80 

thickness 18j.tm 
cooling temp. 273K 

1. GR-63 wt. fraction of 0.4 
2. GR-63 wt. fraction of 0.5 

63 weight fraction of 0.4-0.6. At - 60 3. GR-63 wt. fraction of 0.6 

around room temperature, the 
composite film was turbid due to 
its strong light scattering being 
caused by optical heterogenity. 
However, the transmittance was 
abruptly enhanced above the 
neighborhood of the nematic-
isotropic phase transition 
temperature, TNI of GR-63. The 
contrast between an initial turbid 
state and a heat-treated transparent 
state is in a desired level as the 
thermal-recording system. 

Figure 4 shows the SEM 
photographs for the (PMMA/GR-
63) composite films with the GR-
63 weight fraction of 0.6, (a) the 
as-cast sample from a chloroform 
solution and the heat-treated 
samples at (b) 333K, (c) 343K and 
(d) 369K. In the case of the as-cast 
sample and the heat-treated one 
below TNI, the matrix polymer 
formed a three dimensional 
spongy matrix and the LC did a 
continuous phase in the polymer 
matrix. Upon heat treatment above 
TNI, the LC formed the dispersed 
spherical droplets in the polymer 
matrix, and the higher 
temperature made the size LC 
droplets smaller. Therefore, it is 
apparent that the miscible 
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Figure 3. Heating temperature 
dependence of transmittance for 
(PMMA/GR-63) composite films. 
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Figure 4. . SEM photographs for 
the (PMMA/GR-63) composite films 
with GR-63 weight fraction of 0.6, 
(a) the as-cast sample from a 
chloroform solution and the heat 
treated samples at (b) 333K, {c) 
343K and (d) 369K. 
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aggregation between PMMA GR-63 on an optically phase-separated level 
is induced by the heat treatment above TNI of GR-63. Since, in the course of 
cooling process, the partially compatible aggregation structure was quenched, 
the size of LC droplets became smaller than the wavelength of a measuring 
laser beam for transmitted light intensity. Thus, the optical heterogenity was 
diminished, resulting in a remarkable increase in the transmittance. The result 
mentioned above indicates that composite film can be a candidate for a 
novel type of thermal-recording system. 

3.2 A heat-mode laser recording of the (PMMA/GR-63) composite films 
For the purpose of the heat-mode laser recording on the basis of the transient 
heat effect being induced by a beam, an organic dye of azo derivative(M-
618), which exhibits a strong absorption at the wavelength in the vicinity of 
530 nm, was introduced into the (PMMA/GR-63) composite film, because the 
composite film itself can not much energy. The organic dye was 
miscible in the composite film and exhibited thermal stability. A point of the 
ternary composite film was irradiated by the second harmonics of a Nd-Y AG 
laser through a photo mask. A power of laser beam was 60 mJ. 

Figure 5 shows the optical of the heat-mode laser recording by using 
the (PMMA/GR-63/M-618=50/50/0 wt%) ternary composite film. Since the 
laser energy absorbed in the composite film was easily converted into heat, the 
sample temperature rose over TNI and irradiated area ----, 

then, a laser irradiated part through 
a photo mask(K letter) was selectively 
changed to a transparent state. 
The transparent state exhibited a 

long-term stability, at least 
sever! years in a noncontrolled 
atmosphere. As the edge of 
irradiated part was sufficiently 
sharp, the heat-mode 
with a fairly high resolution is 
expected for this composite 
system. A heat-mode 
recording has been accompanished 
for the (PMMA /GR-63/M61 
composite film for the first time. 

Smm 

sample 
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thickness 18~m 

recording laser beam 

pulse YAG laser (CONTINUUM NY60-50) 
wavelength 532nm 

single shot (recording power 60mJ) 10 times 

Figure 5. Optical image of the 
heat-mode laser recording by using 
the (PMMA/GR-63/M-618) (50/50/1 
w/w/w} ternary composite film. 
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