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ABSTRACT: In this study, we synthesized two novel 1,3,4-oxadiazole-
based bent-core liquid crystals (OXD7*, OXD5B7F*) containing a
chiral tail that display broad ranges of the blue phase III (34 and 7 K,
respectively); we characterized them using polarized optical micros-
copy, differential scanning calorimetry, and circular dichroism. The
electro-optical responses of both of these liquid crystals are much faster
than those of previously reported single-component blue-phase liquid
crystals. To optimize its electro-optical performance, we mixed OXD7*
(the blue-phase range of which is broader than that of OXD5B7F*)
with its analogue OXD6 (at weight ratios of 6:4 and 4:6). We also
performed molecular modeling of single-component BPLCs (OXD7*
and OXD5B7F*) to analyze the possible parameters affecting their
blue phase ranges.
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■ INTRODUCTION

Blue phases (BPs) are liquid crystal (LC) phases normally
observed just below the isotropization temperature within a few
degrees upon cooling. With the chiral nematic phase induced
by the chiral effects of molecular structures, it is possible to
form double-twisted cylinders, classified as BPs, in LC materials
with high chiralities. According to previous research based on
the Kossel diagram method,1−4 Landau theory,5−9 electron
microscopy, and polarized optical microscopy (POM), BPs can
be categorized into three types: BPI, BPII, and BPIII with body-
centered cubic, simple cubic, and amorphous symmetric
structures, respectively.11,12 Investigations of BPs for LC
display applications have been fruitful in recent years because
of, for example, their fast switching times, insensitivity to the
cell gap, and alignment layer−free nature.12 The use of BPs in
display applications has, however, been restricted by the narrow
temperature ranges of the mesophase, high operating voltages,
and V−T hystereses.13 Accordingly, several methods (e.g.,
supercooled freezing,14,15 polymer stabilization,16,17 nano-
particle stabilization,18,19 light induction20,21) and systems
(e.g., bent-core LCs,22−29 hydrogen-bonded LCs,30,31 discotic
LCs32,33) have been employed to extend the BP ranges.34 Most
of these methods to obtain wide BP ranges have, however,
required LC mixtures. We suspected that the use of newly
developed single-component BPLCs having broad BP ranges
would further increase the BP ranges of the whole mixtures.
Generally, single-component BPLCs having a range wider than
30 K have all been bent-core LCs;22−29 and as a result, we

focused in this present study on the discovery of novel single-
component bent-core BPLCs. Moreover, most of the BPs
induced by bent-core LCs have been of type BPIII,35−38 which
display lower degrees of V−T hysteresis relative to types BPI
and BPII, due to the amorphous arrangements of the cylinders
in BPIII.38 In addition, because of the amorphous nature, as
well as shorter pitch when compared with other BP structures,
we expected BPIII types to reflect less visible light in the dark
state than would other BPs. Several single-component bent-
core (including banana-, T-, and U-shaped) LCs for BP
applications have been investigated for their tendency to exhibit
biaxial optical activity.26,39−43 Biaxial helical structures are
expected to have greater positive impact on the phases of BPs
than would uniaxial helical structures.41−45 In addition, chirality
also plays an important role in BPs.46,47 Among the tested LCs,
the banana-shaped LCs greatly enhanced the effects of the
chiral structures as a result of their bent-core nature.48,49

Banana-shaped LCs featuring oxadiazoles as the central cores
have been the most successful units for achieving biaxiality in
the nematic phase because their large transversal dipole
moments stabilize the biaxial nematic phase.48,50−52 Moreover,
asymmetric structures presenting lateral fluoro substituents can
broaden the BP or lower the isotropization temperature.41,48,53

Received: September 13, 2013
Accepted: December 9, 2013
Published: December 9, 2013

Research Article

www.acsami.org

© 2013 American Chemical Society 228 dx.doi.org/10.1021/am403976a | ACS Appl. Mater. Interfaces 2014, 6, 228−235

www.acsami.org
http://pubs.acs.org/action/showImage?doi=10.1021/am403976a&iName=master.img-000.png&w=207&h=134


Accordingly, in this study we synthesized two asymmetric
1,3,4-oxadiazole-based bent-core LCs presenting a chiral tail to
induce BPs. In a previous study,54 we had prepared a series of
1,3,4-oxadiazole-based bent-core LCs (OXDn), featuring differ-
ent alkyl chain lengths (n), that displayed biaxial properties. For
this present investigation, we synthesized OXD7*, a chiral
analogue of OXDn, and OXD5B7F*, another asymmetric bent-
core LC presenting a lateral fluoro substituent containing a
chiral tail. Figure 1 reveals that OXD7* and OXD5B7F* both

demonstrated BPIII temperature ranges: 34 K (at room
temperature) and 7 K, respectively. Surprisingly, the electro-
optical response times of the single-component BPs of OXD7*
and OXD5B7F* were much faster than those of other reported
single-component BPs possessing wide temperature ranges.26,27

Although many studies have been made into the stability of
BPs in mixtures,55−59 none have been performed for single-
component BPs, possibly because of the scarcity of single-
component BPLCs. For this present study, therefore, we
investigated several of the features that might stabilize the BPIII
forms of OXD7* and OXD5B7F*, including the length-to-
width ratio, dipole moment, bending angle, helical twist power
(HTP), and molecular conformation.

■ EXPERIMENTAL SECTION
Synthesis. The single-component BPs of OXD7* and OXD5B7F*

were synthesized according to Schemes 1 and 2; the synthetic details
are provided in the Supporting Information. Chemical characterization
data of OXD7* and OXD5B7F* are provided below.

2-(2-((-[(R)-Octan-2-yloxy)]naphthalen-6-yl)-5-(4-methoxyphen-
yl)-1,3,4-oxadiazole (OXD7*). 1H NMR (300 MHz, CDCl3) δ
(ppm): 8.49 (s, 1H), 8.14−8.01 (m, 3H), 7.85−7.70 (m, 2H), 7.25−
7.19 (m, 1H), 7.16 (d, J = 4.2 Hz, 1H), 7.02 (d, J = 11.1 Hz, 2H),
4.56−4.50 (m, 1H), 3.88 (s, 3H), 2.15−1.24 (m, 13H), 0.86 (t, J = 6.9
Hz, 3H). 13C NMR (75 MHz, CDCl3) δ (ppm): 14.20, 19.71, 22.72,
25.62, 29.38, 31.91, 36.49, 55.54, 74.09, 108.13, 114.57, 116.67,
118.98, 121.02, 123.81, 126.95, 127.67, 128.16, 128.75, 130.49, 136.34,
157.93, 162.36, 164.43, 164.63. Anal. Calcd for C27H30N2O3: C, 75.32;
H, 7.02; N, 6.51. Found: C, 75.18; H, 6.87; N, 6.63.

4-(5-[2-(Pentyloxy)naphth-6-yl]-1,3,4-oxadiazol-2-yl)phenyl 4-
[(R)-octan-2-yloxy]-2-fluorobenzoate (OXD5B7F*). 1H NMR (300
MHz, CDCl3) δ (ppm): 8.51 (s, 1H), 8.22−8.10 (m, 2H), 8.03 (t, J =
9.0 Hz, 2H), 7.83 (t, J = 8.7 Hz, 2H), 7.41 (d, J = 6.6 Hz, 2H), 7.24−
7.19 (m, 1H), 7.16 (d, J = 7.5 Hz, 1H), 6.77−6.64 (m, 2H), 4.43−4.39
(m, 1H), 4.08 (t, J = 6.6 Hz, 2H), 2.15−1.12 (m, 19H), 0.95−0.85 (m,
6H). 13C NMR (75 MHz, CDCl3) δ (ppm): 13.90, 19.31, 22.32,
22.43, 25.19, 28.08, 28.71, 29.02, 31.59, 36.01, 68, 74.79, 103.36,
103.70, 106.44, 108.81, 108.94, 111.51, 118.51, 120.16, 121.4, 122.47,
123.57, 126.91, 127.5, 127.96, 128.06, 130.11, 133.76, 136.17, 153.17,
158.7, 161.77, 161.82, 162.29, 163.62, 164.17, 164.33, 164.82, 165.75.
Anal. Calcd for C38H41FN2O5: C, 73.06; H, 6.61; N, 4.48. Found: C,
73.15; H, 6.64; N, 4.79.

Characterization. 1H and 13C NMR spectra were recorded using a
Varian Unity 300 MHz spectrometer and d6-DMSO and CDCl3 as
solvents. Mass spectra were recorded using a Micromass TRIO-2000
GC-MS instrument. Elemental analyses (EA) were performed using a
PerkinElmer 240C elemental analyzer. Mesophasic textures were
characterized using a polarized optical microscope (Leica DMLP)
equipped with a hot stage (Linkam TMS-94/LTS350). Temperatures
and enthalpies of phase transitions were determined through
differential scanning calorimetry (DSC) at peak maxima (Perkin
Elmer Diamond), with heating rates for OXD7* and OXD5B7F* of 5
and 1 °C/min, respectively. Circular dichroism (CD) spectra were
measured using an AVIV Model 410 apparatus; the samples were
placed between two sandwiched pieces of untreated quartz glass.
Synchrotron powder X-ray diffraction (XRD) measurements were
performed at beamlines BL01C2, 17A1, and 13A1 of the National
Synchrotron Radiation Research Center (NSRRC), Taiwan; the
wavelengths of the X-rays ranged from 1.0243 to 1.3302 Å. The
powder samples were packed into capillary tubes or dropped on an
untreated cover glass and then heated with a heat gun, the temperature
controller of which was programmable by a computer having a PID
feedback system. The scattering angle (θ) was calibrated using a
mixture of silver behenate and silicon. The electro-optical properties
were determined using a system comprising a He−Ne laser (λ = 633
nm; Thorlabs), a digital oscilloscope (Tektronix TDS-3012B), an
arbitrary waveform generator (Tektronix AFG 3021), a high-speed
power amplifier (Gwinstek), and an optical power meter (Unice
09OPM-20). The laser light that passed through a commercially in-
plane switching (IPS) cell (cell gap = 8 μm; electrode separation =
electrode width = 4 μm) between two crossed polarizers was detected
by the optical power meter (see Supporting Information Figure S2a).
For electro-optical measurements, the frequency ( f) of the square
waves was approximately 10 Hz for the V−T curves; a wave packet of

Figure 1. Chemical structures and phase transition temperatures
(upon the first cooling) of OXD7* and OXD5B7F*; [ΔH/J/g]
(ΔCp/J/g*

oC). I: Isotropic liquid crystal state. N*: Cholesteric phase.
K: Crystal. G: Glassy state.

Scheme 1. Synthesis of OXD7*
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square waves with values of f of approximately 0.7 and 10 Hz (in each
wave) was used for measurements of response time values (see
Supporting Information Figure S2b). HTP measurements of OXD7*
and OXD5B7F* were preformed using a UV−vis spectrophotometer
(Jasco V-670) and wedge cells; the commercial LC JC1041-XX
(Chisso) and OXD5B7F (an analogue of OXD5B7F*; see SI for its
properties) were used, respectively, as host materials.

■ RESULTS AND DISCUSSION

Mesophasic and Thermal Properties. We used POM to
confirm the existence of the single-component BP for OXD7*,
which possesses both biaxial and chiral properties. Figure 2a
(recorded at 22 °C) reveals acentral dark POM image under
crossed polarizers and peripheral grey POM images at various
angles of the polarizer and analyzer; we attribute these features

to the BPIII state, similar to the images of the isotropic state
arising from the BPIII form in the UV region. The BPIII state
of an LC with high chirality is typically hard to distinguish from
the isotropic state because of its (i) isotropic-like nature, (ii)
selective reflection peak near the UV region, and (iii) broad
signal for the isotropic−BPIII transition during the DSC
cooling process.35 Therefore, we used both DSC and CD
measurements (Figures 2b and 2c) to verify the BPIII state of
OXD7*. CD spectroscopy evaluates the differences in
absorptions of left- and right-handed circularly polarized light
as a function of wavelength; CD signals can appear in chiral
systems.40,60,61 We observed a broad DSC peak (∼25.1 °C) for
the isotropic−mesophase transition (inset to Figure 2b) and a
CD signal with a peak maximum at 367 nm at room
temperature (r.t., Figure 2c) for OXD7* upon cooling,

Scheme 2. Synthesis of OXD5B7F*

Figure 2. (a) POM images (scale bar = 40 μm), (b) DSC curves (with rate of 5°C/min upon cooling; inset = isotropic-BPIII transition), and (c) CD
signals of OXD7*.
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indicating the presence of a chiral phase (possibly an N*, BP, or
smectic phase having a chiral structure). The POM images in
Figure 2a reveal neither the typical textures of an N* phase
(e.g., fingerprint, focal conic, oily-streak, and planar textures)
nor the classic mosaic textures of cubic BPs (BPI or BPII).62,63

In addition, no smectic order was evident in XRD spectra upon
cooling OXD7* from 50 to 22 °C. Moreover, the V−T curves,
as well as the rise and fall times, were similar to reported data
for BPIII phases induced by banana-shaped LCs (see the
section below describing electro-optical properties). Therefore,
the DSC thermogram in Figure 2b revealed that OXD7*
possessed the BPIII phase upon cooling from +25.1 to −8.8 °C
(Tg). Similarly, the POM images of OXD5B7F* changed from
dark (under crossed polarizers) to deep blue at the isotropic−
BPIII transition; it turned red at temperatures below 107 °C.
After shearing, we observed the typical oily-streak texture of a
cholesteric phase. We examined both of these phases with
selective reflection by changing the cross angles of the polarizer
and analyzer of the polarized optical microscope (Figure 3).

Furthermore, we did not observe any smectic order in the XRD
spectra upon cooling from 110 to 103 °C (Figure 4a). As
displayed in Figure 4b, we also used DSC to determine the

phase transition temperatures of the isotropic−BPIII (114.4
°C) and BPIII−N* (107.2 °C) transitions (inset to Figure 4b).
Moreover, most reported compounds possessing a BPIII phase
(investigated through DSC during the cooling process) have
not exhibited any significant super-cooling effects on the
transition of the BPIII;64−66 we observed similar behavior for
OXD7* and OXD5B7F* (see Figure S3, Supporting
Infomation).
We prepared two LC mixtures, OXD6/OXD7*_6/4 and

OXD6/OXD7*_4/6 (with weight ratios of 6:4 and 4:6,
respectively), in an attempt to decrease the driving voltage;
their related physical properties are presented below. For
OXD6/OXD7*_4/6, the POM images were fully dark, even in
the BP range, just like those obtained for OXD7*. Again, we
could use DSC and CD to determine the presence of the BPIII
phase of OXD6/OXD7*_4/6, with a broad DSC peak (∼15.7
°C) representing the isotropic−BPIII transition (inset to Figure
5a) and a CD signal appearing below 18 °C (Figure 5b). For
OXD6/OXD7*_6/4, the POM images changed from dark
(under crossed polarizers) to deep blue at the transition from
the isotropic state to BPIII at 56 °C (Figure 6a). Below 53 °C,
the phase turned to the typical planar texture of a cholesteric
phase (Figure 6b). We examined both of these phases with
selective reflections by changing the cross angles of the
polarizer and the analyzer of the polarized optical microscope.
No smectic order was evident from 60 to 40 °C in the XRD
spectra (Figure 6c). We could not detect the signal at TI‑BP in
the DSC trace (upon cooling), possibly because of its narrow
BP range (Figure 6d), but it could still be seen using POM.
Table 1 and Figure 7 present the mesophasic properties of all of
the tested compounds possessing a BPIII phase. Both OXD7*
and OXD6/OXD7*_4/6 feature broad ranges (>25 K) for
their BPIII phases at room temperature; OXD5B7F* displayed
a narrower range for its BPIII phase, but at a higher
temperature. In addition, all of our single-component and
mixed compounds passed through a monotropic BPIII phase
during their cooling cycles.

Electro-optical Properties. Figure 8 and Table 2 present
the electro-optical properties of the samples, including their V−
T curves and switching times, recorded at values of T−TI‑BP of
−2 K. To avoid the existence of a mixture between the isotropic
and the BP phases, we tested the total response time of OXD7*
in the BPIII phase not only at 23 °C (∼12 ms) but also at 18
°C (∼13 ms). This situation arose because of the improvement
in the decay times in the BPIII phase: the decay time at 40−30

Figure 3. POM images of OXD5B7F* (scale bar = 40 μm).

Figure 4. (a) XRD spectra recorded at various temperatures (upon cooling) and (b) DSC curves (heating/cooling rate = 1 °C/min; inset shows
phase transition peaks) of OXD5B7F*.
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°C (∼19 ms) was faster than that at 18 °C (8 ms), but the rise
times were independent of the temperature from 40 to 18 °C.
This behavior may be due to the Kerr effect dominating in the
BPIII phase at 18 and 23 °C; both response times were similar,
and much faster, than that in the isotropic state (>25 ms, at
40−30 °C). Therefore, the BPIII and isotropic phases were
distinguishable in our case; the lower viscosity of the isotropic
state could not improve the switching response further, in
contrast to the BPIII state. The V−T curves shifted to the left-
hand side upon decreasing the effect of the chiral structure of
OXD7*, either via chemical synthesis of OXD5B7F* or the
preparation of OXD6/OXD7* physical mixtures. They also
exhibited no obvious hystereses, as is typical for the V−T curves
of BPIII phases.12,38 The V−T curves show that OXD5B7F*
displayed the highest maximum light intensity (>5 times) than

Figure 5. (a) CD signals and (b) DSC curves (upon cooling at a rate of 5 °C/min; inset shows isotropic-BPIII transition) of OXD6/OXD7*_4/6.

Figure 6. (a, b) POM images recorded at 56 and 40°C, respectively, (c) XRD spectra, and (d) DSC curves (upon cooling at a rate of 5 °C/min) of
OXD6/OXD7*_6/4.

Table 1. Phase Transition Table of Compounds Featuring
the BPIII Phase upon Cooling

compound
phase transition temperature at first cooling

(°C) [ΔH/J/g] (ΔCp/J/g*°C)

BPIII
range
(°C)

OXD6/
OXD7*_6/
4a

G −9.6(0.38) N* 55.1[−0.65] BPIII 58c I 2.9

OXD6/
OXD7*_4/
6a

G −9.6(0.36) BPIII 15.7[−0.37] I 25.3

OXD7*a G −8.8(0.42) BPIII 25.1[−0.47] I 33.9
OXD5B7F*b K 94.2[−56.54] N* 107.2[−0.74] BPIII

114.4[−0.93] I
7.2

a5 °C/min. b1 °C/min. cNot observable using DSC, determined using
POM only.
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the other compounds in the BP ranges, but the others showed
similar maximum light intensities. All the V−T curves
functioned in the framework of the Kerr effect. According to
previous research,66 the on-state voltage (Von) is proportional
to κ1/2·ρ−1 in the case of similar intrinsic birefringence (Δn),
dielectric anisotropy (Δε), and electrode configurations, where
κ is the elastic constant and ρ is the pitch of the BPLC. This
feature suggests that the thresholdless behavior of OXD6/
OXD7*_6/4 may be due to (i) the low value of κ that resulted
from its high operating temperature (∼60 °C; in comparison,
the other two BPLCs were driven below room temperature)
and (ii) the large pitch relative to the other two BPLCs with
similar conformations (i.e., OXD7* and OXD6/OXD7*_4/6).
The rise and fall times were less than 10 ms, similar to the
reported values for BPIII phases induced by banana-shaped
LCs;35,37,45 these values are much faster than those of reported
single-component BPs having temperature ranges wider than
30 K.26,27 It has been suggested that the BPLCs in banana-
shaped structures experience less steric hindrance than those in

T- or U-shaped molecules, resulting in lower viscosities and
faster switching times in banana-shaped BPs.12,67,68 Further-
more, we find out that the response time values of our BPLCs
(in OXD7* and OXD5B7F*) are independent of applied
voltages. However, the other reported LCs with BPIII showed
reduced switching time values (especially the rise time) by
increasing applied voltages.12,42

Molecular Modeling and Influence of Pitch on the
Stabilization of Single-Component BPLCs. Investigations
of the stabilization factors for BPs, especially to extend the BP
ranges in mixture systems, have boomed recently.10,55−59 From
a study of a series of bent-core 2,5-disubstituted 1,3,4-
oxadiazoles mixed with commercial chiral dopants, Yang et al.
inferred that a suitable length-to-width ratio (L/W > 4), a
strong dipole moment, a large bending angle, and a highly
twisted conformation were helpful to stabilize BPs.55 Molecules
with flat geometries can possess two distinguishable short axes;
Yoshizawa et al. found that the ratio of these two short axes
(i.e., molecular biaxiality) was proportional to the BP range in a
series of U-shaped 2,3-difluoro-1,4-diphenylbenzene oligomers
doped with chiral addictives,56 where they found that the LC
materials with broader BPIII ranges always possess high HTP
values, but not necessarily vice versa. Therefore, to analyze the
stabilization factors for single-component BPLCs by after
chemical doping (i.e., a chiral center introduced to the flexible
chain), in this study we examined the most important elements
that affect the BP ranges after physical doping (i.e., BPs induced
by mixing of chiral addictives to LCs), such as the values of L/
W and HTP, dipole moments, and molecular biaxialities, which
as had been were determined in those previous reports.
Employing a UV−Vis spectrophotometer and wedge cells, we
found that the HTPs of OXD7* and OXD5B7F* were 7.4 (at
23 °C) and 2.1 (at 112 °C), respectively. We optimized the
molecular geometries using the semiempirical PM3 method,
which provides good estimates of the geometries of organic
molecules in their ground states.69,70 Accordingly, we can could
calculate various parameters for each compound as an isolated
molecule, such as its dipole moment, bending angle (θ), as well
as the three geometrical parameters defined in Figure 9: L
(length along the long axis), W1 (width along the short axis
normal to the oxadizole plane), and W2 (width along the short
axis parallel to the oxadizole plane). Table 3 compares the
stabilization parameters (including values of L/W and HTP,
dipole moments, and molecular biaxialities) in OXD7* and
OXD5B7F*. Both molecules had similar bending angles of
135−136°, typical values of banana-shaped LCs with
oxadiazoles as central cores.48,50−52 The values of L/W of
OXD7* are only in the range 3.6−5.5; such values are
unfavorable for LC phases.55 In addition, the molecular dipole
moment of OXD7* is 2.5 D, a value that which might be not be
sufficiently large for stabilization of the BPs.48,50−52 Both
parameters (i.e., L/W and molecular dipole moment) had
negative effects on the BP range of OXD7*, in contrast to their
effects for OXD5B7F*. In contrast, the HTP of OXD7* (7.4)
was larger than that of OXD5B7F* (2.1), indicating that
OXD7* possesses a stronger twisting effect on its chiral
structure due to the larger HTP value. In addition, the
molecular biaxiality of OXD7* (W1/W2 = 1.5) is larger than
that of OXD5B7F* (W1/W2 = 1.0), meaning that OXD7*,
with its two dissimilar short axes, behaves more like a biaxial
molecule.56 Therefore, even with its insufficient values of L/W
and dipole moment, the BPIII phase of OXD7* can still be
stabilized as a result of its high HTP and distinguishable

Figure 7. Phase diagram of all compounds featuring the BPIII phase
(upon cooling).

Figure 8. V−T curves of all compounds featuring the BPIII phase (at
T−TI‑BP = −2 K).

Table 2. Response Time Values of Tested Compounds
Featuring the BPIII Phase (at T−TI‑BP = −2 K)

compound rise time (ms) fall time (ms) total time (ms)

OXD6/OXD7*_6/4 2.2 5.9 8.1
OXD6/OXD7*_4/6 3.8 5.1 8.9
OXD7* 5.0 6.9 11.7
OXD5B7F* 3.1 8.7 11.8

ACS Applied Materials & Interfaces Research Article

dx.doi.org/10.1021/am403976a | ACS Appl. Mater. Interfaces 2014, 6, 228−235233

http://pubs.acs.org/action/showImage?doi=10.1021/am403976a&iName=master.img-009.jpg&w=239&h=164
http://pubs.acs.org/action/showImage?doi=10.1021/am403976a&iName=master.img-010.jpg&w=181&h=139


molecular biaxiality, reaching a range of 34 K. On the other
hand, regardless of its lower molecular biaxiality and HTP,
OXD5B7F* can still display a BPIII range of 7 K because of its
higher values of L/W and dipole moment. Some previous
experimental results56,59 were focused on the extension of total
BP mesophasic ranges, including BPI, BPII, and BPIII.
Regardless of the experimental results or computer simulations,
if we consider the relationship between BPIII ranges and HTP
values in the following references, we can find that the LC
materials with broader BPIII ranges always possess high HTP
values, but not necessarily vice versa. Our results reveal that the
HTP, the molecular biaxiality, the values of L/W, and the
dipole moment can all help to extend the BP range;55−59

among them, the HTP and the molecular biaxiality are the two
most important factors stabilizing the BPIII phase.

■ CONCLUSIONS
The introduction of a chiral center to the soft chain of
asymmetrical 1,3,4-oxadiazole-based banana-shaped LCs in-
duces the single-component BPIII phase (with ranges of 34 and
7 K for OXD7* and OXD5B7F*, respectively). To the best of
our knowledge, compared with all other reported single-
component BPLCs, OXD7* exhibits not only the broadest
BPIII range (34 K) but also much faster switching (<12 ms)
that is independent of the applied voltage. In addition, we have
found that the HTPs (measured) and molecular biaxialities
(calculated) play important roles in determining the BP ranges
of these single-component BPLC systems. Finally, the electro-
optical performance, in terms of broader ranges of the BPIII
phase at room temperature, could be enhanced further by
mixing OXD7* with OXD6. Although the BP phases of all our
reported compounds are only monotropic (they did not

crystallize upon annealing), their optimal electro-optical
performance (with broader room-temperature ranges of
BPIII) might also be enhanced, for the future applications, by
mixing them with other compounds featuring enantiotropic
BPs. Thus, this study offers possible approaches for the use of
OXD7* and OXD5B7F* either as hosts diluted with nematic
LCs to improve electro-optical properties or as chiral dopants
(with BPIII) mixed with reported BPLCs possessing good
electro-optical properties, thereby extending the BP ranges.
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