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Free-Standing Polymer-Stabilized Ferroelectric
Liquid Crystal Film: Chemical Study of Phase
Separation

HIDEO FUJIKAKE", JUN YONAI HIROTO SATO,
YUZURU TSUCHIYA, HIROSHI KIKUCHI, YOSHIKI IINO,
MASAHIRO KAWAKITA and KUNIHARU TAKIZAWA

NHK Science & Technical Research Laboratories, 1-10-11 Kinuta,
Setagaya-Ku, Tokyo 157-8510 Japan

This paper describes a chemical study of a new free-standing ferroelectric liquid crystal film
containing a rigid fiber network polymer formed by photopolymerization-induced phase sep-
aration. The liquid crystal and acrylate polymer separated from a homogeneous solution were
individually dissolved by different solvents, and examined by high-performance liquid chro-
matography and gel permeation chromatography, respectively. The liquid crystal component
segregated from the solution including 20wt% monomer had a purity of more than 96%, and
contained less than 3% of decomposition products and a little remaining monomer, less than
0.3%. The measured molecular weight of the segregated polymer exhibited a broad distribu-
tion from 10 to 10%with a mean polymerization degree of about 100, which increased with
monomer concentration. Such a free-standing composite film containing a rigid polymer net-
work is applicable to a shock-resistant ferroelectric liquid crystal display panel because the
transparent substrates are supported by the composite film.

INTRODUCT 10N

A fine polymer structure ! dispersed in ferroelectric liquid crystal
(FLC) is useful for protecting the fragile smectic layer structure of FLC from
mechanical shock and force. The mechanical stability of free-standing films
containing the polymer and FLC can overcome the problem of the fragile
FLC alignment structure of a conventional surface-stabilized FLC device *
with high-speed electrooptic response, which is desired to realize a video
image display. The FLC/polymer composite film is also applicable to a future
flexible-sheet display, which has the advantage of large-size and light-weight
panel structures, because the dispersed polymer firmly supports the flexible
plastic substrates.

* Corresponding author: fujikake @strl.nhk.or.jp
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We have already proposed a new free-standing FLC film containing an
aligned fiber network polymer, * which stabilizes and protects smectic layers
of FLC. The FLC/polymer composite film features mechanical stability, a
high-speed response, and grayscale capability based on spatially-distributed
FLC domain switching. * Although thorough separation of the FLC and
polymer is needed to enhance the mechanical stability and improve the FLC
switching behavior, no analysis method of the phase separation has been
established so far, and few reports on quantitative analysis of the
photopolymerization-induced phase separation ® have been made.

In this paper, the chemical constituents of our polymer-stabilized FL.C
(PSFLC) film are clarified using several liquid chromatography methods. The
purity of separated FLC material and the molecular weight of the segregated
polymer were evaluated. From these experimental results, the polymerizing
conditions needed to control the phase separation are discussed to design a
free-standing PSFLC film.

PHASE SEPARAT ION —(—cH,—CH—);
The composite film of FLC and 0_,(':
polymer materials was formed by \0

photopolymerization-induced phase |
separation with molecular alignment.” The

X
monofunctional liquid crystalline acrylate
monomer * (UCL-001, Dainippon Ink & . Oreme 0o

Chem.) was homogeneously mixed with an
FLC material (CS-1030, Chisso). As the C:Hy
nematic-phase solution sandwiched between

rubbed polyimide alignment layers (AL-
1254, JSR) was imadiated with ultraviolet

FIGURE 1 Molecular formula of the
synthesized polymer.

° (UV) light with a wavelength of 365 nm, the monomer aligned with FLC

molecules was polymerized. As a result, aligned acrylate polymer shown in
Fig.1 was synthesized. The copolymer of the figure was made from the two
kinds of acrylate monomer materials with rigid liquid crystalline molecular
structures X, and the materials were in advance mixed in a concentration ratio
of 1:1. The thickness of the composite film was less than 2 um.

In the present study, we created an anisotropic network morphology of
polymer fiber as a fibril aggregation ’ aligned parallel to the rubbing direction
of the alignment layers on the substrates. The polymer morphology formed at
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Rubbing Direction
>

a polymer concentration ratio of 20wt% was .
observed with a polarizing microscope, as
shown in Fig.2. The bright parts in the figure
showed the formed polymer network. The &
polymer fiber network spread out three- 9
dimensionally in the PSFLC film between
the substrates. A scanning electron
microscope (ESEM-2700 supplied by Nikon o
Instec) captured a mone.detalled image of FIGURE 2 Polarizing microscope
polymer formed with a 30Wt% poograph of the polymer network.
concentration, as shown in Fig.3, when the Rubbing Direction
FLC material was removed. ' ' T

FLC PURITY

The PSFLC film formed by the above »
method was chemically analyzed in the
sequence shown in Fig4. The composite By T
film on a substrate was separated into the ' S
two materials by different solvents. The

microscope images of Fig5 show the PoRES ommimﬁ‘“m
change in the substrate with solvent
separation.

From the formed Composite Film
composite film shown in Ethanol
Fig5(a), the FLC material Tetrahydrofuran
was first dissolved out with
ultrasonic vibration Dissolutioni
cleaning using  ethanol. |§g lution Polymer
Subsequently, the L oo : Solution
remaining polymer shown | {HPLC
in Fig5() could be ¢
dissolved out with 22: T;;f:ent :2 : :;;‘ lar
tetrahydrofuran  (C,H{O) Analysis
solvent, until the polymer FIGURE 4 Experimental sequence for the chemical analysis of the
morphology disappeared as FSFLC Bl
shown in Fig.5(c).

The chemical constituents of the extracted FLC solution were then



Downloaded by [University of California, San Diego] at 02:42 16 August 2012

400/[1356] HIDEO FUJIKAKE et al.

(a)Before Dissolution (b)After Ethanol Dissolution (c)After Tetrahydrofuran
Dissolution

FIGURES Optical microscope photographs of the PSFLC film dissolved by solvents.
separated using a high-performance liquid chromatography (HPLC) system
(Alliance System 486, Nihon Waters) shown in Fig.6(a). The extracted FL.C
material was dissolved with a solvent of acetonitrile CH,CN (95wt%) and
water (Swt%), and the solution permeated a column having a diameter of 4.6
mm and length of 150 mm, filled with octadecyl with a non-polarity
molecular structure coated on silica gel with a 3-um diameter (Develosil
ODS-HG, Nomura Chem.).

In this case, the FLC

molecules with larger electric  FLC Molecule Polymer Molecule
polarization remained in the FAi NI
column for shorter times. Each v ‘o
. . . INY
concentration of various FLC v >/
° &

components  separated by
retention time was detected by S 4
ultraviolet light absorption, o e

®

Column

because aromatic compounds v @
in the FLC and monomer | Bg
molecules strongly absorbed @ 0o oiniec:
UV light with a wavelength of  |[» @ ot "%

4
254 nm. The FLC components :gv >
v

extracted from the composite >

Porous %
Polystyrene 4.

film with an FLC Vﬂ
ion of were Ultraviolet o sonsstosensesstaesresenesy
i E ive |
separated by the above method, Apsarpt ion Evavorstive |

as shown in Fig.7. Comparing [ Hntbnt i
extracted FLC materials with

those of an original pure FLC FIGURE 6 Principle of liquid chromatography methods for
material, we evaluated the B chemical analysis of the composite film.
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constituents of the FLC 10 —
and their amount. We I
found that the segregated
FLC had a purity of more
than 96%. It also contained
an unknown material of
less than 3% and a

remaining monomer, less = }momo[ Unimown .
than 0.3%. LN | -

L:FLC Components

o

[- ]
—T
I

[=4
o
M T
ol

Absorption (arb.unit)
g
}r
1 P

It is thought that the 2 0 2 2
unknown material was a Retention Time (minutes)
decomposition product of FIGURE7 Chromatograph of the segregated FLC .
the FLC, because the same ’y‘? 82— T ‘-
absorption peak was detected g g
in the FLC material irradiated % *[*_ < = 13
by UV light without doping £ 1
monomer. The impurity § ™[ 12
concentration also increased g
as the UV irradiation intensity 5 " ooped FLc Goncanvaton: vk | | g
became stronger, as shown in  § . ) , , 0
Fig8 This impurity may § © 1 2 3 4 &
induce unstable electrooptic UV Light intensity (wW/em?
behavior of PSFLC films FIGURES Concentration of the extracted FLC for different UV
because it can provide ions
and radicals in the dispersed %100 : . ———
FLC. The optical damage to ‘¢
the FLC material should be 3 ® Soveration ~*® ]
reduced by optimizing the & [ o ]

3 . 10 ’/ -3
amount of the detected FLC. 2
When the FLC was mixedat g ® .4 .
a 80wt% concentration, the 5 e UV Light intensity:40miW/cm? 1

@ gole” { ! L N | N
detected FLC concentration & 60 60 70 80 90 100
w Doped FLC Concentration (wt%)

reached more than 77wt% in
the composite film. Since no FIGURE 9  Detected FLC concentration ratios of the
chemical reaction between the “™Posite flms.
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FLC and polymer was recognized in the above analysis, this confirms that the
formation method based on photopolymerization-induced phase separation is
useful for fabricating PSFLC films.

T —

MOLECULAR WEGHT £
From the polymer § °®
tetrahydrofuran  solution of E“
Fig.4, the molecular weights ! J
of the polymer were § 04l -
02l
8,

evaluated using a gel
permeation chromatography
(GPC) system (510GPC, A
Nihon Waters) shown in 2 5 10 15 20 22
Fig6(b). The polymer with Retention Time (minutes)

larger molecular weight

rapidly passed through a FIGURE 10 Chromatograph of the segregated polymer.
column having a diameter of 7.5 mm and a total length of 600 mm filled with
porous polystyrene (PLgel-5u4, Polymer Labs) with a 5-um diameter,
because the polystyrene gel effectively captures polymer that has a smaller
molecular weight. So the retention time increased with decreasing molecular
weight of the obtained polymer. The change in amount of polymer passing
through the column was measured with an evaporative detector that senses
small light scattering from polymer. The components of the polymer obtained
from the solution with 20wt% monomer were scparated according to
retention time, as shown in Fig.10.

The measured retention time for each polymer component was then
converted into a molecular weight by using the conventional relationship
between retention time and molecular weight of the standard polymer of
narrowly distributed polystyrene (EasiCal, Polymer Labs.). The distribution
of molecular weight of the polymer formed at various FLC concentrations
was shown in Fig.11. The molecular weight curve of the polymer segregated
from the solution containing 80wt% FLC had a broad distribution from 10°
to 10°, It is found that polymer with various molecular weights was formed in
the FLC-rich solution.

By calculating the ratio of the obtained molecular weight of the polymer
to the average molecular weight (295) of the monomer, we evaluated the
mean degree of polymerization of the polymer as about 100 at 80wt% FLC
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concentration.

We also recognized
that the mean molecular
weight drastically increased
with  decreasing FLC
concentration, as shown in
Fig.12. When the polymer
concentration was more
than 20wt%, the mechanical
strength for  sustaining
substrates was achieved.
The polymer concentration
and degree of
polymerization are important
indices to heighten the
mechanical stability of the
PSFLC.

When the uv
irradiation  intensity was
varied, the molecular weight
of the polymer showed a
small change, as shown in
Fig. 13, although the number

Polymer
Concentration 20 I’ \\

Waeight Concentration (arb.unit)
s 9
o -]
T T T

o 10° 10 10 10*
Molecular Weight

10

FIGURE 11 Molecular weight of the segregated polymer .

200 T T T T T T T T
] s UV Light Intensity: 40mW/cm? !
g 180 |- 4
120 |- .
: i
80| e J
a [ 1
wl i
i N
0 i o ] 1 " L A
50 60 70 80 0 100

Doped FLC Concentration (wt%)

of free radicals for FIGURE 12 Molecular weight dependence of the polymer on

polymerizing increased in
the FLC/monomer solution

with the stronger UV f

irradiation. The  slight
decrease  in
weight at strong UV
intensities may be caused by
suppression of molecular
drafting needed for
polymerizing due to
aggregation and
stabilization of the polymer
in the phase separation

molecular

FLC concentration.

1.0

| ImWiem®

06|
041 UV Light
| Intensity:
§ ’
3

.

) . A
o 10’ 10* 10’ 10*
Molecular Weight

10

FIGURE 13 Molecular weight of the segregated polymer for

various UV light irradiation intensities.
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process. We also confirmed that the aggregated polymer contained a small
amount of FLC materials (less than 0.01wt%) by HPLC analysis of the
polymer solution. The high-purity of the polymer accounted for the
mechanical strength of the composite film.

CONCLUS | ONS

We clarified the purity of the FLC and the molecular weight of the
polymer in a free-standing PSFLC film formed by photopolymerization-
induced phase separation. The FLC and polymer materials were almost
completely separated in the composite film, but the FLC contained a few
wt% of decomposition product. It is necessary to reduce chemical damage to
the FLC material caused by ultraviolet irradiation. The molecular weight of
the aggregated polymer increased with increasing polymer concentration and
had a broad distribution up to 10°.

The obtained rigid polymer network with higher polymer concentration

will allow PSFLC films to use plastic sheet substrates. A detailed study of the
smectic layer structure in the polymer network should be performed.
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