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Effect of Mixed Cellulose Ester Membrane Structure
on Appearance of Cholesteric Blue Phases

Masayoshi Ojima1, Takeshi Noma1, Hiroaki Asagi1,
Akihiko Fujii1, Masanori Ozaki1, and
Hirotsugu Kikuchi2
1Grad. School of Engineering, Osaka University, Suita, Osaka, Japan
2Institute for Materials Chemistry and Engineering,
Kyusyu University, Kasuga, Fukuoka, Japan

Temperature range of cholesteric blue phase (BP) was expanded by infiltrating
liquid crystal (LC) that exhibits blue phases into mixed cellulose ester membrane
(MCEM). The expansion of the BP temperature range was induced by pinning
effect on the network surfaces of membrane. In particular, the temperature range
of BP I in the LC=MCEM composite is four times wider than that of pure BP LC
compound. Solvent treatment of MCEM with aqueous solution of ethanol leads
thinner network of MCEM and bigger expansion of BP I temperature range. Polar-
izing microscopic observations and reflection spectrum measurements of the
expanded BP have been carried out. Cooling rate dependence of the BP tempera-
ture range was also investigated, which indicated that the expansion of the BP
temperature range upon infiltrating LC into MCEM was induced by the pinning
effect at network surfaces in the MCEM.

Keywords: cholesteric blue phase; membrane; mixed cellulose ester; pining effect

INTRODUCTION

The cholesteric blue phases (BPs) have three-dimensional (3D) helical
structures in temperature range between a chiral nematic phase and
an isotropic liquid phase, and exhibit many unique characteristics [1].
Their 3D structures have the lattice constant in the order of visible
wavelength and include regularly ordered disclinations resulting from
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the 3D helicoidal molecular alignment [2,3]. From the viewpoint of
display application, since BPs are optically isotropic, display devices
based on them should have a wide view angle and should not require
an alignment process. In addition, because of their 3D helical struc-
ture with a periodicity in the order of visible wavelength, applications
to photonic crystals [4–6] and fast electro-optical modulation [7–9] are
also expected.

Despite their potential applications, BPs appear in very narrow
temperature range because of the inevitable existence of disclination.
Recently, several attempts have been proposed to widen the tempera-
ture range of the BPs, which describe the stabilizations of the 3D cubic
lattice by polymerizing disclination lines [10], and by using a flexoelec-
tricity of twin molecules [11] and a chiral compound possessing mole-
cular biaxiality [12]. We have proposed also the stabilization by
infiltrating BPs in 3D polymer network structure which is formed by
a polymerization-induced phase separation of the liquid crystal – pre-
polymer mixture [13]. These synthesize atmosphere leads to obscure
mechanism of stabilization of BPs. It is well known that bulk phase
transitions are significantly alerted in the network structure or thin
film, and the quenched disorder cause these behavior [14–16]. In this
study, the temperature range of the BP infiltrated in MCEM was
discussed. Solvent treatment effect was also discussed in this study.

EXPERIENCE

Figure 1 shows the scanning electron microscope (SEM) images of
MCEM having 3-mm and 0.3-mm pore size. The LC materials used in
this study comprised a nematic mixture (JC-1041XX, Chisso Co.)
and 4-cyano-40-pentylbiphenyl (5CB). A chiral dopant (ISO-(6OBA)2)

FIGURE 1 SEM images of MCEM (a) 3 mm and (b) 0.3mm.
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was used to induce the BPs and a cholesteric phase. The constituent
fractions and the phase-transition temperatures of the LC are listed
in Table 1. The LC materials were infiltrated into the MCEM in
vacuumed chamber.

Aqueous solution of ethanol (5wt%) was used to investigate solvent
treatment effect on MCEM structure and appearance temperature
range of BPs. Aqueous solution of ethanol penetrated through MCEM
for 5 s, and then MCEM was dried in vacuumed chamber at 90�C. LC
was also infiltrated in MCEM after the solvent treatment and dry
process in vacuumed chamber.

The optical textures of the samples (BP infiltrated in MCEM and
BP only) were observed by a polarizing optical microscope (Nikon)
equipped with a hot stage (METTLER, FP90). The reflection spectrum
of the samples was measured with a multichannel photodetector
(Hamamatsu photonics C7473-36).

RESULTS AND DISCUSSION

Polarizing optical microscope observations can show characteristic
textures apparently associated with different kinds of liquid crystal
phases. Figure 2 shows the optical texture of the LC infiltrated in
1-mm MCEM. The sample was cooled from the isotropic phase at a
cooling rate of 1.0�C=min. It is well known that there are three ther-
modynamically stable blue phases, BP I, BP II and BP III, occurring

TABLE 1 Constituent Fraction of the BP and the Phase-Transition
Temperatures

LC mixture Chiral dopant

Phase transition temperature5CB (wt%) JC 1041 XX (wt%) ISO-(60BA)2 (wt%)

46.5 46.5 7.0 Ch-42.3-BP I-44.0-BP II-45.2-ISO

FIGURE 2 Optical textures of the LC infiltrated in 1-mm MCEM.
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in that order with increasing temperature. BP I and BP II exhibit a
three-dimensional periodic structure in the director field, having
body-centered and simple cubic symmetry, respectively. The lattice
periods are comparable to the wavelength of visible light, resulting
in the selective Bragg reflection of visible light. BP III is seemingly
amorphous with a cubic local structure. Figure 3 shows the reflection
spectrum of the LC infiltrated in 1-mm MCEM at various tempera-
tures. Reflection peak was observed at 520nm (42.0�C) and 430nm
(47.5�C). These reflection peaks could be assigned to be the Bragg
diffraction from the (110) plane of the cubic lattice in BP I and from
the (100) plane of the cubic lattice in BP II, respectively. Therefore,
it is concluded that LC exhibits BP even in the MCEM, although the
size of platelets that are characteristic of the BP are small. For
the BP LC without MCEM, on slowly cooling (0.01�C=min) LC from
the isotropic phase, the size of platelet textures becomes larger
than that on faster cooling (1.0�C=min). However, the size of platelet
of BP LC infiltrated in the MCEM did not depend on cooling rate.
This result indicates that platelet was confined in the voids of MCEM
structure.

From the optical textures observation and reflection spectrum
measurement, temperature range of the BP of LC in 3-mm MCEM
has been estimated during cooling and heating process at the same
rate (0.5�C=min), which was summarized in Figure 4. It should be
noted that the temperature range of the BP I is drastically expanded
(39.4–46.5�C) during cooling process. However this was not observed
during heating process. These results indicate that mixed cellulose
ester membrane structure causes a pining effect on appearance of
BP I. The temperature range of BP I expanded by the infiltration into

FIGURE 3 Reflective spectrum of the BP infiltrated in 1-mm MCEM.
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the MCEM was much wider than the expanded temperature range by
the super cooling of BP LC without MCEM [17].

The effect of the network morphology of MCEM to the BP expansion
has been investigated. Figure 5 shows SEM images of 1-mm MCEM
before and after solvent treatment. After the solvent treatment, mixed
cellulose ester network became thin. Figure 6 shows temperature
range of BPs infiltrated in 1-mm MCEM with and without solvent
treatment. BP I temperature range of the LC infiltrated in MCEM
with solvent treatment was wider than that in the MCEM without
solvent treatment. This result indicates that thinner network leads
bigger expansion of BP I temperature range of LC infiltrated in
MCEM.

The cooling rate dependence of the BP I temperature range of the
LC infiltrated in MCEM having 3-mm and 0.3-mm pore size is shown
in Figure 7. The BP I temperature range depends on the cooling
rate, while that of BP II stayed constant. When the cooling rate

FIGURE 5 SEM images of 1-mm MCEM (a) before solvent treatment and (b)
after solvent treatment.

FIGURE 4 Appearance temperature range of LC phase with 3-mm MCEM
during cooling process and heating process.
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is enormously low, temperature range of BP with MCEM is
approximately the same as that of BP LC without MCEM. These
results also indicate that the expanded BP in the MCEM is not
thermodynamically stable and temperature range of BP in MCEM is
expanded by pinning effect of membrane structure. The slope of cool-
ing rate dependence should indicate the pining power. The pining
power of 0.3-mm MCEM was larger than that of 3.0-mm MCEM,
because the slope of cooling rate dependence of 0.3-mm MCEM was
larger than that of 3.0-mm MCEM. Therefore it may be considered that
smaller pore size of MCEM leads larger pining effect. More smaller
pore size MCEM infiltrated with BPs is now understudied.

FIGURE 7 Cooling rate dependence of the temperature range of BP I
infiltrated in MCEM with 3-mm and 0.3-mm pore size.

FIGURE 6 Appearance temperature range of BPs with 1-mm MCEM before
and after solvent treatment.
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CONCLUSION

Temperature range of BP I was expanded at cooling stage by infiltrat-
ing BPs in to the MCEM. On the heating stage, there is no expansion
of appearance temperature range of BPs. Thin network of MCEM with
solvent treatment of aqueous solution of ethanol leads wider expan-
sion of appearance temperature range of BP I. The expansion tem-
perature range depended on cooling rate. Therefore we considered
that this expansion of temperature range was induced by the pinning
effect on the surface of MCEM. The pinning effect became larger with
smaller pore size of MCEM.
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