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Abstract . Polymer/LC composite films of various compositions, potentially applicable for optical disp-
lays, have been prepared from poly(diisopropy! fumarate) (PDF) and E8 by solvent casting. Effects
of film composition, applied electric voltage and frequency, and temperature on the electro-optic per-
formance are reported. In addition, phase transition temperature and orientation changes in the com-
posite have been studied using DSC and X-ray diffractometer, respectively. Threshold voltages of

PDF/E8 composite films were around 25V, independent of composition. Rise time decreased with

increasing LC content.

INTRODUCTION

Recently, there has been an increasing interest
in the use of polymer/liquid crystal(LC) composite
film in the area of liquid crystal display(LCD).
This film is commonly called as polymer dispersed
liquid crystal(PDLC) and is applicable for a wide
range of areas including displays, switchable win-
dows and other light shutter devices.!™®

The operating principle of polymer/LC compo-
site films is based on the reversible operations be-
tween light scattering(unpowered) and light tran-
smittance(powered). Consequently, immisciblity of
polymer with LC is a prerequisite for light scatte-
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ring, which can be induced by two basic techni-
ques, ie., phase separation and encapsulation.
Phase separation technique is again divided into
three, viz., polymerization induced phase separa-
tion(PIPS), thermally induced phase separation
(TIPS), and solvent induced phase separation
(SIPS) f~10

This work is a continuation of our earlier works
" which were confined to a specific film composi-
tion and limited measurements. We have prepared
poly(diisopropy! fumarate)/E8 composite film in a
wide range of film composition using a SIPS tech-
nique. The effects of polymer/LC composition, ap-
plied voltage, frequency, and temperature on elec-
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tro-optic properties were investigated. In addition,
phase transition temperature and change in orien-
tation were also studied using a differential scan-
ning calorimeter(DSC) and an X-ray diffractome-
ter.

EXPERIMENTAL

The liquid crystal(LC) material used in this
study was E8, which is a commercial nematic LC
mixture with positive dielectric anisotropy, and
polymer matrix is poly(diisopropyl fumarate)
(PDF). Table 1 lists the detailed characteristics of
the materials used.

PDF and LC in desired proportions were dissol-
ved in chloroform at room temperature. The ho-
mogenized solutions were then poured on a PET
film. For electro-optic measurements, the cells
were prepared by sandwiching the composite film
between two indium-tin oxide(ITO)-coated glass
plates. Electro-optic properties were measured
using our lined-up facilities described earlier.>!!

To observe the aggregation structure of the co-
mposite film, LC phase was extracted in methanol
for 10h at room temperature. Morphology was
studied using a scanning electron microscope
(SEM, Hitachi S-430) from the fractured surface
(in liquid nitrogen), which was subsequently sput-

Table 1. Characteristics of Materials Used in the Ex-

periment
Materials Characterics Producer

n=1464

Poly(diisopropyl M, =2.45X%10° Nippon Oil

fumarate)(PDF) T,~500 K & Fat

(decomposition)
n =1.774
n,=1527

E8 n(298°F) =54cPs BDH
Tkn=261K
Tai= 345K

Chioroform d=1492
bp,=334K Aldrich
FW=119.38
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tered with gold before viewing.

Thermal properties of the films were determi-
ned from 200 K to 400 K using a differential scan-
ning calorimeter(DSC). The composite films were
sealed in DSC pan with a crimping and welding
press. The DSC thermograms were taken at a hea-
ting rate of 10 K/min.

X-ray diffraction photographs were taken using
an X-ray diffractometer. Quartz was used as a re-
ference sample to calculate Bragg spacing. For X-
ray measurements, PDF film and PDF/LC compo-
site film were laminated to 3mm in thickness
while LC was filled into a container. Irradiation
time, voltage, current, and camera length were 3 h,
50 kV, 200 mA, and 65.54 mm, respectively.

RESULTS AND DISCUSSION

Morphology. In SIPS, phase morphology is gove-
rned by a number of factors such as type of sol-
vent, solvent evaporation rate, casting tempera-
ture, and polymer/LC composition.>>? The phase
morphologies of PDF/E8 composite films are
shown in Fig. 1. In PDF-rich composition(>60 wt
% PDF), E8 formed isolated spherical domains,
less than 0.5um in diameter, and the morphology
is non-uniform along the thickness direction due
to the rapid evaporation and solidification near the
air facing surface.!” However, as the content of LC
increases, liquid crystal domains are interconnec-
ted to form co-continuous structure. This intercon-
nected structure resuits in strong light scattering
of the unpowered films.2 The LC domain size is
larger in E8-rich than in PDF-rich films.

Electro-Optic Properties. Fig. 2 shows transmit-
tance as a function of the applied voltage. Trans-
mittance shows a minimum at 60 wt% LC both for
powered and unpowered( V ,=0) films. Light
scattering in off-state is also caused by the spatial
distortion of nematic directors in curved LC chan-
nels as well as refractive index mismatching bet-
ween polymer matrix and LC.}*!" Consequently,
the degree of light scattering depends strongly on
the film morphology. SEM micrographs suggest
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Fig. 1. SEM micrographs of PDF/E8 composite films cast at different LC weight fraction : (a) PDF/E8(80/20).

(b) PDF/E8(60/40), (c) PDF/E8(40/60).
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Fig. 2. Transmittance as a function of applied voltage
(1kHz, 293 K, 11um).

that co-continuous structure should give film hi-
gher light scattering, and maximum light contrast
is obtained at 40/60 composition. The threshold
voltages of the films are observed at about 25 v,
o The transmittance increases with voltage up to
150V, beyond which it is almost independent on
the applied voltage, indicating that the director
orientation is almost completed at 150 V
transmittance reaches its maximum.!
Rise time(ty) of the films are shown in Fig. 3.
At lower voltage(<100 V,p), rise time decreases
rapidly and at higher voltage(>150 Vo) it dec-
reases slowly with voltage. It is generally accepted
that the shape and size of LC domains can be a si-
gnificant factor to control the response timef As
the LC content increases, droplet size increases,
the total interfacial area decreases and thus LC

pp and
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molecules could easily be oriented toward the ex-
ternal field to make rise time short.* In conventio-
nal nematic liquid crystal cells, reciprocal rise time
is proportional to the square of applied voltage.6
Rise time-voltage relationship can be seen more
clearly in a full logarithmic plot of ty vs. Vp,p(Fig.
4). The straight lines drawn are the linear least
square fits to the experimental data at each com-
position. For all of the compositions, the slopes of
the straight lines are about —2. This is well ag-
reed with theoretical value 5%

Fig. 5 shows transmittance as a function of fre-
quency, where transmittance increases smoothly
with frequency. This frequency dependence is
probably due to the dielectric loss in low freque-
ncy region. In polymer/LC composite films, the
external field is distributed into polymer and LC
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Fig. 3. Rise time as a function of applied voltage(1
kilz, 293 K, 11um). Same symbols as in Fig. 2.
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domains. The electric field distribution on LC and
polymer phase(E;/Ep) is given as : *M

Eic el —( w’epitop’ |12
*| -

EP |8LC

0)281‘(:'2 + ULCZ

where E, ¢* o, ¢, and o are applied electric field,
complex dielectric constant, angular frequency,
dielectric constant and conductivity, respectively.
From this equation it is seen that at low enough
frequency, E;/Ep is inversely proportional to the
conductivity ratio and at high enough frequency to
the dielectric constant ratio. However, these two
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Fig. 4. Log-log plot for rise time vs. applied voltage.
Same symbols as in Fig. 2.
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Fig. 5. Transmittance as a function of applied freque.
ncy(200V,,, 293K, 11ym). Same symbols as in Fig.
2.
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ratios are not exactly the same and hence there
should occur interfacial polarizations as the elect-
ric frequency decreases from dielectric to conduc-
tive region. Therefore, E-/Ep is frequency depen-
dent, and transmittance decreases due to the dec-
rease of E;/Ep as frequency decreases.

Fig. 6 shows rise time as a function of freque-
ncy. As expected, rise time decreases with freque-
ncy because E;o/Ep is increased with frequency.
This effect is more pronounced at frequencies be-
low 100 Hz.

Fig. 7 shows the transmittance as a function of
temperature. In the absence of external field, the
transmittance increases with increasing tempera-
ture up to the Tyj(nematic-to-isotropic transition
temperature) of LC. This increased transmittance
is caused by the decreased birefringence(AnznII
—n,) of LC.® At and above Ty, the transmitta-
nce is over 90% and independent of temperature
since the mismatch of refractive indices between
polymer and isotropic value of LC is small and in-
dependent of temperature. It is further seen that
the constant transmittance above Ty; increases
with LC content due to the decreased number of
scattering centers(interfaces).

Rise time decreases with temperature(Fig. 8),
however, the tendency is not significant except 50/
50 composition where the LC forms dispersed
droplets rather than the co-continuous ones of hi-
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Fig. 6. Rise time as a function of applied frequency
(200V,,, 293K, 11uym). Same symbols as in Fig. 2.
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gher LC contents. The decrease of rise time with
temperature is mainly due to the increased mobi-
lity of LC molecules at elevated temperature.
Thermal Properties. Fig. 9 shows DSC thermog-
rams of PDF, E8, and PDF/E8 composite films.
The B-transition temperature of PDF is 340 K,
and Tyy(crystal-to-nematic transition tempera-
ture) and Ty; of E8 are 261 K and 345 K, respecti-
vely. The p-transition temperature of PDF in
PDF/E8 composite films is about 324 K, which is
lower than that of pure PDF by 15 K. The decrease
of\B-transition temperature indicates that LCs act
as plasticizers for PDF. On the contrary, Ty is so-
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Fig. 7. Transmittance as a function of temperature in
the absence of external field(11um). Same symbols as
in Fig. 2.
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Fig. 8. Rise time as a function of temperature(1 kHz,
200V,,, 11uym). Same symbols as in Fig. 2.
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Fig. 9. DSC thermograms for PDF/E8 composite fi-
Ims © (a) PDF, (b) PDF/E8(80/20), (¢) PDF/E8(60/
40), (d) PDF/E8(40/60). (e) PDF/E8(20/80), (f) ES8.

mewhat increased in the composite. This tendency
is likely due to the selective dissolution of lower
Ty component of E8 into PDF. It is noted that the
commercially available LCs including E8 are eute-
ctic mixtures because single compound has limited
nematic temperature range.

X-ray Diffraction. Fig. 10 shows X-ray diffraction
photographs for PDF, E8, and PDF/E8 composite
film. X-ray diffraction photograph for E8(Fig. 10.a)
simply shows two diffuse rings. Diffraction photog-
raph for PDF(Fig. 10.b) shows two rings. Stronger
one corresponds to Bragg spacing, d,=1.13 nm,
whereas weaker one(diffuse ring) to d,=047 nm.
' Diffraction photographs for PDF/E8 composite
film(Fig. 10.c and d) show neither sign of PDF cr-
ystallinity nor induced smectic orientation of E8,
although there appear a kind of orientation in Fig.
10.a and c. Since the diffraction pattern is not cha-
nged as compared to that of pure components, otie
can infer that there might be no structural change
in molecular level.
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(a) (b)

(c) (d)

Fig. 10. X-ray diffraction photographs : (a) E8, (b)
PDF, (c) PDF/E8(40/60), edge view (d) PDF/E8(40/
60), through view.
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