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Bistable light switching characteristics of the composite system composed of side chain type liquid crystalline
polymer (L.CP) and low molecular weight liquid crystals (LCs) have been investigated. The reversible turbid
(light scattering)-transparent switching was observed upon the application of electric fields with low and high
frequencies, respectively. Both transparent and turbid states of the binary composite could be maintained stably,
even though an electric field was turned off. The response speed for bistable light switching could be
remarkably improved by reducing the LCP fraction maintaining a smectic state. The novel types of the
(LCP/LCs) composite systems and the (LC copolymer : LCcoP/LCs) composite systems with a short response
time as well as bistable and reversible light switching characteristics at room temperature were investigated.
High speed switching with bistable and reversible light switching characteristics was realized under the
conditions of (1) reduction of the LCP fraction, (2) formation of an induced smectic state, (3) introduction of LC

copolymer and (4) optimum flexible segment fraction to form an induced smectic state.

1. INTRODUCTICN

Various types of (polymer/LC) composite systems
have been reported as large area and flexible light-
intensity  controllable films [1-4]. Since
thermotropic liquid crystalline polymers (LCPs)
with mesogenic side chain groups exhibit both
inherent mesomorphic properties of LC and
excellent mechanical characteristics of polymeric
materials, LCPs have attracted a major attention due
to their promising applications as electro-optical
devices [5]. However, since LCPs in a mesophase
state are more viscous than LCs, the response time
of LCPs to an external stimulation such as an
electric or magnetic field is fairly longer than that of
LCs. A (LCP/LC) mixture in which LC takes a role
of solvent or diluent to LCP has been studied in
order to reduce the magnitude of viscosity of LCP,
in other words, to reduce the magnitude of response
time [6-9]. A bistable and reversible light switching
of the (LCP/LC) composite system in an smectic
phase could be realized by the balance between
electric  current  effect based on  the
electrohydrodynamic motion of the LCP main chain
and electric field effect based on the dielectric
anisotropy of the smectic layer being composed of
LC molecules and the side chain part of LCP,

Other efforts have been done to reduce the rise
and decay response times as well as the long-term
excellent memory by using liquid crystalline
copolymers (LCcoP) for the composite systems of

(1) (smectic-LCcoP/nematic-LCs) in a smectic state,
(2) (nematic-LCcoP/nematic-LCs) in an induced
smectic and (3) (smectic-LCcoP/nematic-1.Cs) in a
flexible segment-induced smectic state.

2. BISTABLE ELECTRO-OPTICAL
SWITCHING OF (SMECTIC-LCcoP/
NEMATIC-LCs) COMPOSITE SYSTEMS IN
SMECTIC STATE

A bistable and reversible light switching of the
(LCP/LC) composite system in a smectic phase
could be realized by the balance between electric
current effect of the LCP main chain and electric
field effect of LC molecules and side chain part of
LCP.

Figure 1 shows the chemical structures of LCPs,
LCcoPs and LCs used in this study. LCcoPs with
siloxane backbone were synthesized through
poly(hydrosilation) reaction between
poly(hydrogenmethyl-dimethylsiloxane) copolymer
[P(HM/DM)S] backbone and appropriate alkene.
The degree of polymerization of a starting
copolymer was 12, 40, 120. The degree of
polymerization (n) and the degree of molecular
weight distribution, Mw/Mn of LCcoPs were
determined on the basis of GPC. The phase
transition behaviors, the thermodynamic properties
and the aggregation states of the binary composites
were investigated on the basis of DSC measurement,
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Figure 1. Chemical structures and
physical properties of samples.

polarizing optical microscopic observation and
X-ray diffraction study.

The temperature-composition phase diagram for
the binary composite system using LCcoP with
n=120 exhibited a phase-separated mesophase,
smectic LCcoP and nematic LCs, over a whole
composite fraction at room temperature. On the

other hand, the mesomorphic phase of the
composite system using LCcoPs with n=12 and 40
showed a compatible mixture, smectic or nematic
phases depending on the weight fraction of the
components at room temperature, as shown in
Figure 2. The phase diagrams of the composite
systems revealed that the (PS6EC/CPHOB)
composite system and the [PS(6EC/DM)/CPHOB)]
one were in a smectic phase above 60 wt% of LCP
and 50wt% of LCcoP, respectively. This smectic
phase is necessary to realize an excellent memory
effect for the composite system, as discussed
previously.
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Figure 2. Phase diagrams of [PS6EC)(n=24)/
E7] (@ and [PS(6EC/DM)(n=12)/E7] (b)
composite systems.
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Figure 3. Arrhenius plot for relaxation
frequencies of the liquid crystal side chain
polymers as a function of reciprocal temperature .

Figure 3 shows the Arrhenius plot, log f vs

1/Tmax, for the oa- and the osrot - relaxation
processes of LCPs or LCcoP. It is apparent from the
dielectric relaxation studies that molecular mobility
for the LCP or LCcoP main chain increased with a
decrease in the degree of polymerization. Since, in
particular, PS(6EC/DM) showed remarkably high
mobility of its main chain, it is reasonable to
conclude that molecular mobility was further
enhanced by using LCcoP with a dimethylsiloxane
group.

It is expected that the higher electro-optical
response speed is reaiized for the composite system
composed of LCP exhibiting higher molecular
mobility. The bistable and high speed optical
switching with memory effect could be realized at
room temperature for the [PS(6EC/DM)/CPHOB,
50/50wt%] composite system in a smectic state at a
higher temperature range by 30~40 K than room
temperature.

3. BISTABLE ELECTRO-OPTICAL
SWITCHING OF (NEMATIC-LCcoP/
NEMATIC LCs) COMPOSITE SYSTEM IN
INDUCED SMECTIC

It was reported that the binary mixtures of LCs
with a strong polar cyano or nitro terminal group and
a weak polar one induced a smectic phase [10,11].
This concept could be applied to the binary mixture
of nematic LCP with a weak polar end group in the
side chain and nematic LC with a strong polar end
group to reduce the rise (tr) and the decay ()
response times for bistable and reversible light
switching [12-14]. Then, the (IL.CcoP/LCs) mixture
in an induced smectic state is expected as a novel
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Figure 4. Phase diagram of

[PSBEM/DM)(n=12)/E7}.

1

type of “light valve” exhibiting bistable and
reversible light switching characteristics, that is, a
memory effect. The binary composite sysiem of
pseudo LCcoP with a weak polar methoxy terminal
group in the side chain (PS(3EM/DM,52.5/47.5
mol%)) and nematic LCs with a strong polar cyano
end ( E7 ) exhibited an induced smectic phase as
shown in Figure 4. PS(3EM/DM) with substituented
mesogenic side chain of 52.5 mol% did not exhibit
any mesophase characteristics. However, Figure 4
shows apparently that the binary composite showed
an induced smectic phase over wide ranges of both
mixing concentration (35~75 mol% of LCcoP) and
temperature (250~320 K). Figure 5 shows the
applied electric field dependence of tr and o for the
[PS(3EM/DM)(n=12)/E7,38/62mol%] composite. A
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Figure 5. Relationship between response

times (tr, To) and applied electric field for
[PS(3EM/DM)(n=12)/E7)].



reversible and bistable electro-optical switching with
a short response time (~100 ms) at room temperature
was realized for the binary composite system.

4. FLEXIBLE SEGMENT-INDUCED SMECTIC
TRSNSFORMATION FOR  [PS(6EC/DM)/
E7,30/70wt% ] COMPOSITE

The influence of the substituent fraction of the
mesogenic side chain of LCP on the electro-optical
effect was discussed for the (LCcoP/LCs) composite
systems in order to improve the switching speed.
The glass transition temperature (Tg) and the
mesophase temperature range of LCcoP decreased
with a decrease of mesogenic side chain fraction in
LCcoP. As discuss above, it is necessary to reduce
the weight fraction of LCcoP in the (LCcoP/LCs)
composite system in order to improve the electro-
optical switching speed. Figure 6 shows that the
[PS6EC/E7] composite was not in a smectic phase
but in a nematic one in the case of the lower weight
fraction of LCP than 60 wt%. An appropriate
introduction of a flexible dimethylsiloxane segment
to a rigid LCP chain induced a smectic phase in the
case of the [PS(6EC/DM)/E7,30/70wt%] composite
as shown in Figure 7. Figure 7 clearly indicates that
a flexible segment-induced smectic phase in the
[LCcoP/LCs,30/70wt%] composite is remarkably
effective to realize a higher speed electro-optical
switching (tr = ~250 ms, o = ~100 ms) as well as a
stable memory effect at room temperature.

450

R (B)Biphasic(Vi]) O by DSC

i by POM
{A)lsotropic

Tilead)
(D)Crystalline(P+L)

200F (E)Crystalline{P+L}
+Glassy Mesophase{P+L)

150 E:E?(SEC)(n:N)

NI BEPE TR BEPE
02 04 06 08
Weight Fracton of E7
Figure 6 . Phase diagram of
[PS6EC(n=24)/E7].

1 000 1

30/70wt%
08}
o 0.6 [ Nemati Nematic
° .
L. Vrmg»
0.4 gl ware)
= 1kH2
0.2r iz;:( 0.1Hz
00 02 04 06 08 1

Substituent Fraction of Mesogenic
Side Chain (6EC) in PS(6EC/DM)

Figure. 7 Relationship between response
times (t: ,to) and substituent fraction of
mesogenic side chain in PS(6EC/DM) for
[PS(6EC/DM)/E7,30/70wWt%].

REFERENCES

1. J. L. Fergason, SID Int. Symp. Dig. Tech., 16
(1985)68.

2. P. S. Drzaic, J. Appl. Phys., 60(1986)2142.

3. J. W. Doane, A. Golemme, J. L. West, J. B.
Whiteneat, and B-G. Wu, Mol. Cryst. Liquid.,
165(1988)511.

4. T. Kajiyama, A. Miyamoto, H. Kikuchi, and
Y. Morimura, Chem. Lett., 1989(1989)813.

5. C. B. McArdle, Ed., “Side Chain Liquid
Crystal Polymers”, Chapman and Hall, Inc.,
New York, N. Y., 1989.

6. A. 1. Hopwood and H. 1. Coles, Polymer, 26
(1985)1312.

7. M.. S. Sefton and H. J. Coles, Polymer, 26
(1985)1319.

8. T. Kajiyama, H. Kikuchi, A. Miyamoto, S.
Moritomi, and J. C. Hwang, Chem. Lett,,
1989 (1989)817.

9. H. Kikuchi, J. C. Hwang, and T. Kajiyama,
Polym. Adv. Technol., 1(1991)297.

10. A. C. Griffin and J. F. Johnson, J. Am.

Chem. Soc., 99(1977)4859.

11. B. Engelen, G. Heppke, R. Hopf, and F.
Schnider, Ann. Phys., 3(1978)430.

12. T. Kajiyama, H. Kikuchi, A. Miyamoto, S.
Moritomi, and J. C. Hwang, Mater. Res.
Soc. Sym. Proc., 171(1990)305.

13. T. Kajiyama, H. Kikuchi, J. C. Hwang, A.
Miyamoto, S. Moritomi, and Y. Morimura,
Prog. in Pacific Polym. Sci., 1(1991)343.

14. J. C. Hwang, H. Kikuchi, and T. Kajiyama,
Polymer, 33(1992)1821.



