
This article was downloaded by: [University of Haifa Library]
On: 09 August 2012, At: 14:44
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Optically Isotropic Chiral Liquid
Crystals Induced by Polymer
Network and Their Electro-
Optical Behavior
Yasuhiro Haseba a b & Hirotsugu Kikuchi b c
a Goi Research Center Research Laboratory I, Chisso
Petrochemical Corporation, Chiba, Japan
b Institute for Materials Chemistry and Engineering,
Kyushu University, Fukuoka, Japan
c Solution Oriented Research for Science and
Technology (SORST), Japan Science and Technology
Agency, Saitama, Japan

Version of record first published: 22 Sep 2010

To cite this article: Yasuhiro Haseba & Hirotsugu Kikuchi (2007): Optically Isotropic
Chiral Liquid Crystals Induced by Polymer Network and Their Electro-Optical Behavior,
Molecular Crystals and Liquid Crystals, 470:1, 1-9

To link to this article:  http://dx.doi.org/10.1080/15421400701490535

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400701490535
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
4:

44
 0

9 
A

ug
us

t 2
01

2 



Optically Isotropic Chiral Liquid Crystals Induced by
Polymer Network and Their Electro-Optical Behavior

Yasuhiro Haseba
Goi Research Center Research Laboratory I, Chisso Petrochemical
Corporation, Chiba, Japan; Institute for Materials Chemistry and
Engineering, Kyushu University, Fukuoka, Japan

Hirotsugu Kikuchi
Institute for Materials Chemistry and Engineering, Kyushu
University, Fukuoka, Japan; Solution Oriented Research for Science
and Technology (SORST), Japan Science and Technology Agency,
Saitama, Japan

The optical and electro-optical properties of the optically isotropic liquid crystal-
line composites prepared by in-situ photo-polymerization of cross-linking mono-
mers in the isotropic phase and the blue phase of the chiral liquid crystals were
investigated. In the composites prepared in the isotropic phase, no typical platelet
textures corresponding to blue phase I and blue phase II were seen, and no reflec-
tion peaks were observed around the wavelength where the polymer-stabilized blue
phase should exhibit reflection. A large Kerr constant, being relatively insensitive
to temperature, was obtained for composites even in a temperature range where a
liquid crystal used exhibits chiral nematic phase. The response time of Kerr effect
was on the order of tens to hundreds of microseconds.
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1. INTRODUCTION

Recently, LCDs have been widely used in television because of the
development of new display modes such as in-plane switching (IPS)
[1,2], vertical alignment (VA) [3], optically compensated bend (OCB)
[4], etc. However, LCDs with fast response are still required from
the view points of the motion video images.

The Kerr effect is one of the electric birefringence in an optically iso-
tropic substance, the magnitude of the electric birefringence, Dn(E),
can be expressed by Eq. (1) [5].

DnðEÞ ¼ kKE2 ð1Þ
where Dn(E) is the electric birefringence, k is the wavelength of light,
E is the applied electric field, and K is the Kerr constant. An anom-
alously large Kerr constant is observed just above nematic–isotropic
phase transition temperature, TNI. This is because the isotropic phase
has nematic-like short-range ordering on a distance scale defined by a
coherence length, n. The n of nematic liquid crystals in an isotropic
phase diverges as temperature decreases to the temperature T�

which is a critical temperature where n diverges infinitely, actually
slightly below the nematic-isotropic transition temperature, TNI. In
general, T� is about 1 K lower than TNI. The temperature dependence
of n can be expressed by Eq. (2) based on the Landau-de Gennes
theory [6].

n2 � ðT � T�Þ�1; ðT > T�Þ ð2Þ

Below TNI the domain size of nematic liquid crystals becomes infinite.
The Kerr constant of liquid crystals in an isotropic phase can be

expressed as follows:

K � ðT � T�Þ�1 � n2 ð3Þ

The magnitude of Kerr constant of liquid crystals also diverges as tem-
perature decreases to T�, and in a small temperature range, just above
TNI, has been observed to reach more than 100 times in comparison
with nitrobenzene, Knitrobenzene ¼ 2�4� 10�12 mV�2 [7,8]. Since such
an anomalously large Kerr effect is associated with pretransitional
fluctuation of the isotropic phase, it inevitably disappears in a tem-
perature range below TNI. The response time of nematic liquid crystals
in an isotropic phase is much shorter (�1ms) than that in nematic
phase (5 � 100 ms). Though the fast response of the Kerr effect in an
isotropic phase of nematics is attractive, the steep temperature depen-
dence and magnitude of Kerr constant are problems considering prac-
tical application in electro-optics, especially LCDs.
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The optically isotropic liquid crystal could be one of the candidates
to overcome the problems mentioned above. Blue phases are liquid-
crystalline phases that generally appear in a very small temperature
range between a chiral nematic phase and an isotropic phase [9].
There are three types of blue phases; BP I, BP II and BP III. Because
of the structural symmetry, blue phases are optically isotropic.
Recently, blue phases with a wide temperature range were developed.
The one is so-called polymer-stabilized blue phase (PSBP), where the
polymer network makes an important rule to stabilize blue phase
[10]. The other is liquid crystal composed of dimeric molecules with
high flexoelectric coefficients [11]. The PSBP shows large Kerr
response with a wide temperature range [12]. Additionally the opti-
cally isotropic (polymer=chiral liquid crystal) composites show large
Kerr effect, being relatively insensitive to temperature due to the sup-
pression of n below T� [13,14]. In this study we investigate the optical
and electro-optical properties of optically isotropic liquid crystalline
composites prepared by in-situ photo-polymerization of cross-linking
monomers in the isotropic phase and blue phase of chiral liquid
crystals.

2. EXPERIMENTAL

The liquid crystal materials used in this study were a nematic mixture
(JC1041-XX, Chisso Co. Ltd., Dn ¼ 0.142, De ¼ 5.7 at 298 K) and
4-cyano-40-pentylbiphenyl (5CB, Aldrich, Dn ¼ 0.19, De ¼ 11 at
298 K). A chiral dopant, ZLI-4572 (Merck), was used to induce blue
phases and a chiral nematic phase (N�). The monomers used in this
study to form a polymer-network in the composite systems were com-
posed of 43.5 wt% of trimethylolpropane triacrylate (TMPTA, Aldrich)
and 56.5 wt% of RM257 (Merck). 2,2-dimethoxy-2-phenylacetophe-
none (DMPA, Aldrich) was used as a photoinitiator. The constituent
fractions of the samples reported here are shown in Tables 1 and 2.
The precursors heated up to be an isotropic state were filled into
glass cells with 12 � 13 mm gap of which inner surfaces were coated
with indium tin oxide (ITO) transparent electrodes, followed by

TABLE 1 Constitutions (wt%) and Phase Transition Temperature of Liquid
Crystals

JC-1041 5CB ZLI-4572 Phase transition temperature=K

LC-A 56.5 43.5 0 I-336.2-N
LC-B 50.0 38.5 11.5 I-326.4-BPII-325.7-BPI-324.9-N�
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irradiation with ultra violet (UV) light of 1 mW=cm2 for 20 min. The
irradiation temperature was selected from the Conditions-a � c shown
in Table 3. The precursor-A was irradiated at 325.6 K (Condition-b),
and the precursor-B was irradiated at 311.2 K (Condition-a), 316.2 K
(Condition-b) and 329.7 K (Condition-c), which afforded Comp.-A,
PSBP, Comp.-Bb and Comp.-Bc respectively. The PSBP was obtained
from the Condition-a because a precursor-B exhibits BP I at 311.2 K,
and optically isotropic composites (Comp.-Bb and -Bc) were obtained
from the Condition-b and -c because a precursor-B exhibits an iso-
tropic phase at 316.2 K and 329.7 K. The difference between Con-
dition-b and c is that the liquid crystal phases appear or not during
irradiation. The reflection spectra of the cells were measured with a
spectrophotometer (JASCO MSV-350). The light-scattering profiles
were measured using a light-scattering analyzer with a two-dimen-
tional charge-coupled device (2D-CCD)(DYNA-3000, Othuka Electro-
nics), using a He-Ne lazer (632.8 nm, 5 mW). The method to measure
electric birefringence was reported elsewhere [13,14].

3. RESULTS AND DISCUSSION

3.1. Optical Properties

Figure 1 shows temperature dependence of the extinction ratio of the
Comp.-A, PSBP, Comp.-Bb and -Bc without electric field. In the tem-
perature range where LC-A and -B were in the isotropic state, the
extinction ratio of all composites were nearly zero, respectively, like
pure liquid crystals in an isotropic state. As temperature decreased,
the Comp.-A showed a rapid increase in the extinction ratio in the

TABLE 3 Irradiation Temperatures for Precursors

Condition-a Temperature where blue phase I appears.
Condition-b Tc(precursor)

� þ 2 K and below Tc(LC)
� of LC-A or -B.

Condition-c Above Tc(LC)
� of LC-A or -B.

Tc(precursor) and Tc(LC) are the I-BP or I-N transition temperature of LCs and precursors
respectively.

TABLE 2 Constitutions (wt%) and Phase Transition Temperature of
Precursors

LC-A LC-B Monomer DMPA Phase transition temperature=K

Precursor-A 87.1 12.5 0.4 I-323.6-N
Precursor-B 87.1 12.5 0.4 I-314.0-BPI-306.2-N�
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neighborhood of TNI of LC-A, indicating that Comp.-A became birefrin-
gent due to the emergence of nematic domains through I-N phase
transition. On the other hands, as for the PSBP, Comp.-Bb and -Bc,
the extinction ratios were almost constant and nearly zero in the tem-
perature range measured, hence these were optically isotropic even in
the temperature range in which LC-B exhibited a liquid crystal phase.
The composites prepared from LC-A by the way of the condition-c more
or less optically anisotropic, and details will be reported elsewhere.
LC-B used in the optically isotropic composites differs from LC-A only
in the presence of the chirality. Therefore, the chilarity of liquid crys-
tal plays an important role in inducing optically isotropic state. Of
course the polymer is necessary for obtaining such a state, because
the LC-B without polymer shows large birefringence below TN�-BP.
Therefore, the results shown in Figure 1 reveal that optically isotropic
state of the PSBP and Comp.-Bb and Bc could be induced through the
incorporative effects of the polymer network and the chirality of the
liquid crystal. As for the PSBP, the mechanism to stabilize blue phases
is proposed elsewhere [10].

Figure 2 shows polarized microphotographs (a), reflection profiles
(b) and HV scattering profiles (c) of PSBP, Comp.-Bb and Bc at
304.2 K which is 22 K lower than the isotropic-blue phase transition

FIGURE 1 Variation of extinction ratio with temperature: �TC(LC) is the I-BP
or I-N transition temperature of bulk liquid crystal (LC-A, LC-B).

Optically Isotropic LCs and Electro-Optical Behavior 5
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temperature, TBP-I of LC-B. The blue phase exhibits light reflection
based on Bragg diffraction of the cubic lattice. According to micropho-
tographs, a typical platelet texture for blue phase was observed in that
of PSBP, and no platelet textures were observed in those of Comp.-Bb
and Bc. Additionally the reflection profile of PSBP was different from
those of the other composites in the wavelength of reflection peak. No
peaks were seen around the wavelength of 500 nm in Comp.-Bb and
Bc, despite the strong reflection was observed in PSBP. The meso-
phase of PSBP shown in Figure 2(a) is clealy blue phase, but the meso-
morphism of Comp.-Bb and Bc is still ambiguous. The HV scattering
intensity followed the order Comp.-Bc > Comp.-Bb > PSBP. The
range of HV light scattering angle measured corresponds to the scat-
tering from anisotropic medium having spatial fluctuations of which
the size are 1.5 � 0.4 mm. The results of Figure 2(c) can be understood
that the number of the corresponding fluctuations in Comp.-Bc is
much larger than the others. The difference of scattering intensity
between them should be due to the structure of polymer-network,
because the kind of a liquid crystal used was same, that is LC-B.

3.2. Electro-Optical Properties

The temperature dependence of Kerr constant of composites is shown
in Figure 3. On cooling below TBP-I of LC-B, all the composites exhibited
the remarkable Kerr effect, while the Kerr effect usually disappears
behind the spontaneous large birefringence in the case of pure liquid
crystals. The Kerr constant of the composites below TBP-I was anomal-
ously large, about 1 � 3� 10�9 mV�2 which is several hundreds times

FIGURE 2 Polarized microphotographs (a), and wavelength of reflection (b)
and HV scattering profiles (c) of PSBP, Comp.-Bb and Comp.-Bc measured at
304.2 K.

6 Y. Haseba and H. Kikuchi

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
4:

44
 0

9 
A

ug
us

t 2
01

2 



larger than that of nitrobenzene. The temperature dependence of the
Kerr constant was relatively insensitive to temperature below TBP-I

to room temperature. This result implies that a coherence length of n
of the ordered regions was persisted without divergence in the
temperature range which LC-B exhibited a liquid crystal phase. The
magnitude of Kerr constant of composites followed the order Comp.-
Bc>Comp.-Bb>PSBP. This result might be due to that the coherence
length of composites followed the order Comp.-Bc>Comp.-Bb>PSBP,
depending on the polymer-network structure.

The electro-optical switching response curves of the transmitted
light intensity of Comp.-Bb under the crossed polarizers were fitted
by Eq. (4).

I ¼ Io þ a � exp � t� to

s

� �b
" #

; ð0 < b � 1Þ ð4Þ

where I is the intensity of the transmitted light, a is the magnitude of
the modulation of light intensity induced by an electric field, t is time,
s is the response time and b is the distribution factor of the response
time s. The temperature dependence of s in the rise and decay pro-
cesses of Comp.-Bb is shown in Figure 4. The magnitudes of b ranged
0.5–0.7 in most cases. Over a broad temperature range, the response
times of electro-optical events were the order of microseconds, which

FIGURE 3 Temperature dependence of Kerr constant.
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were much shorter than those of conventional nematic liquid crystals
(5 � 100 ms). This fast response might be due to the relatively short
coherence length of composites than that of nematic liquid crystals.

4. CONCLUSIONS

We can conclude that the optically isotropic phase of the composite
prepared by in-situ photo-polymerization of cross-linking monomers
in the blue phase or isotropic phase of chiral liquid crystals showed
large electric birefringence with insensitive to the temperature. The
response time of Kerr effect was several tens times shorter than that
of nematic liquid crystals. These materials could be useful for applica-
tions in electro-optics for LCD-TV.
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