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We report the synthesis and characterization of two new chiral 1,3-phenylene based five ring bent-core
mesogens that combine the unique electro-optic characteristics of banana-shaped molecules with
chiroptic properties. Azobenzene moiety incorporated as a linking unit in one of the rigid arms renders
trans–cis isomerization property to the molecules while chirality is introduced by tethering chiral
aliphatic terminal chains. Both compounds can self-organize into helical superstructure, i.e. cholesteric
mesophase, which can selectively reflect light. The novelty of the helical self-organized superstructure
reported here lies in its low molecular weight single component molecular system that is truly
multifunctional so that the reflection band is tunable by three different external stimuli, i.e.
temperature, light and electric field. A red shift in reflection colors is obtained by changing the
temperature on cooling and by UV irradiation while a blue shift is seen by electrical field application.
Due to the high applicability of azobenzene-doped liquid crystalline systems, we also evaluated the
efficiency of these chiral bent-core molecules as chiral transfer agents and found that they behave
similar to rod-shaped dopants whose chirality is a consequence of the presence of one chiral center.

Introduction
The interplay between molecular structure and chirality has
proved extremely fascinating for the design of various functional
molecular assemblies.1 Intensive work has focused on chiral
liquid crystal (LC) molecules which self-organize into various
technologically important mesophase structures such as cholesteric (N*), ferroelectric/antiferroelectric smectic phases and blue
phases.2 In most cases, the chiral phases are obtained by tethering chiral units covalently to the conventional rod-, disc-shaped or polymeric mesogenic molecules. Alternatively, a chiral
dopant dissolved in an achiral LC phase can also induce chiral
mesophases.3 A notable exception is seen in mesophases of
achiral bent-core (banana-shaped) LCs where the steric packing
of molecules leads to polar order and chiral conformational
states though the molecules are achiral.4 Most often spontaneous
symmetry breaking leads to racemic mixture of both (+) and ()
chiral conformers.5 However, enantiomeric excess can be
induced by external stimuli such as electric field,6 chiral surfaces,7
chiral dopants8 and circularly polarized light9 to obtain chirality
related properties, i.e. ferroelectric and antiferroelectric switching,4–6 large optical rotation10 and chiral non-linear optic
effects.11
Although a large number of structurally different bent-core
mesogens have been reported to date,4–11 only a few of them
possess inherent chirality within their molecular structure.12 LCs
that combine the unique electro-optic characteristics of bent-core
molecules with chiral properties are interesting from the view
point of molecular design for multifunctional materials. Here we
report two new photoresponsive chiral banana-shaped molecules
stabilizing exclusively the cholesteric mesophase. Interestingly,
selective reflection bands from the N* phase were switchable with
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changing temperature, light irradiation and an applied electric
field. Cholesteric materials with tunable reflection colors are
attractive for reflective displays,13 color reflectors and filters,14
tunable lasers,15 molecular sensors16 and other biomedical
applications.17 Considerable progress has been made in recent
years towards reflection color control by changing temperature
and light irradiation.3 However, demonstrations of electrically
tunable reflection color have so far been limited to polymerstabilized cholesteric LC mixtures.18 In most of these polymer
based cholesteric systems, the electrically induced color is not
tunable after polymerization of the polymer network. Therefore
the novelty of the cholesteric phase reported here lies in its low
molecular weight single component molecular system that is
truly multifunctional so that the reflection colors are tunable by
three different external stimuli, i.e. temperature, light and electric
field. It has also been reported that doping achiral banana-shaped molecules in chiral host LCs such as cholesteric,19 SmC* and
SmCA* phases20 enhances the chirality of the systems. This is in
contrary to the generally observed phenomenon that when
a chiral system is doped with achiral molecules, the chirality of
the initial system gets diluted.2a On the other hand, the ability of
chiral bent-core molecules to induce chiral mesophases in achiral
nematic system has so far not been reported. Therefore, we also
investigated for the first time the efficiency of these molecules as
a chiral transfer agent in a host nematic LC.

Results and discussion
Synthesis and characterization
The target banana-shaped molecules 1 and 2 with azo (–N]N–)
linkage and a chiral centre in the terminal aliphatic chain were
synthesized following the general procedure as shown in Scheme
1. Azobenzene moiety incorporated as a linking unit in one of the
rigid arms renders photoresponsive property to the molecules.
This journal is ª The Royal Society of Chemistry 2011

Fig. 1 Photoisomerization of compounds 1 and 2 monitored by UV-Vis
spectroscopy: trans to cis isomerisation by 365 nm irradiation of 1 (a) and
2 (c) and reversible cis to trans isomerisation by 440 nm irradiation for 1
(b) and 2 (d).

Scheme 1 Synthesis, phase transition temperatures (T/ C) and the corresponding enthalpies [J g1] of the chiral banana-shaped molecules 1 and
2. Abbreviations: Cr ¼ crystal, N* ¼ chiral nematic, and I ¼ isotropic.

Isomerization of azobenzene upon irradiation with light is a wellknown phenomenon and the possibilities that this reaction offers
for the control of liquid crystalline properties have been welldocumented.21 Compound 2 differs from 1 in having lateral
fluorine atoms as substituents. Substitution of fluorine atom in
LC banana-shaped molecules brings about remarkable modifications to the melting point, transition temperature, mesophase
morphology and other physical parameters.22 The target
compounds were purified by column chromatography followed
by repeated recrystallizations from ethanol/CH2Cl2 solvent
mixture. The structure and purity of the compounds were
checked by 1H NMR, 13C NMR, high resolution MS and
elemental analysis. In order to characterize the absorption
properties of the compounds, we carried out UV-Vis spectroscopy measurements in solution. Fig. 1 shows the absorption
spectra of 1 (4.5  105 M) and 2 (4.1  105 M) in CHCl3 at 298
K and the corresponding changes upon UV (lmax ¼ 365 nm, 6.0
This journal is ª The Royal Society of Chemistry 2011

mW cm2) and visible light (lmax ¼ 440 nm, 2.0 mW cm2)
irradiations.
UV spectrum of the pure trans isomer of compound 1 shows
two absorption bands between 250 and 500 nm region with
maximum absorption at 276 nm (Fig. 1a). Absorption band 300–
370 nm (lmax ¼ 326 nm) is related to p–p* transition of the azo
chromophore. Upon UV irradiation, due to photochemical trans
to cis isomerization, there is a gradual decrease seen in the
absorption maximum of the p–p* transition band with
a concomitant increase in the n–p* transition band around 440
nm. Photostationary state (PSS) was reached after UV irradiation for about 70 s. Absorption bands returned to the initial state
after several hours in the dark due to the thermal cis to trans
isomerization of the azo moiety. A rapid reversible isomerization
was induced by visible light irradiation and a PSSVis was
obtained within 100 s (Fig. 1b). Spectral bands and the isomerization properties of compound 2 were similar to its non-fluorinated analogue 1 except for a 20 nm blue shift seen in its
absorption maxima (Fig. 1c and d).
Phase transition behavior of the compounds was investigated
by polarizing optical microscopy (POM) and differential scanning calorimetry (DSC). The transition temperatures with the
corresponding LC phase assignments are given in Scheme 1. On
heating, two endothermic peaks corresponding to the crystal to
mesophase and mesophase to isotropic transitions were observed
in DSC thermograms for both target compounds. The two corresponding exothermic peaks appear on cooling, indicating the
existence of one enantiotropic mesophase. Compared with
compound 1, the lateral fluorine substituted compound 2 exhibits
lower transition temperature and a shorter mesophase range. On
cooling from the isotropic liquid phase, a typical oily-streak
texture characteristic for the cholesteric phase is observed for
both compounds. As a representative case, an optical texture
observed for compound 2 on cooling from the isotropic phase
under planar alignment conditions is shown in Fig. 2 (top).
Compared to their corresponding achiral compounds, chiral
J. Mater. Chem., 2011, 21, 2098–2103 | 2099

pronounced leading to an elongation of the cholesteric pitch and
a bathochromic shift in the reflection colors.

Effect of light irradiation on the cholesteric reflection colors

Fig. 2 Crossed polarizing optical photomicrograph of the cholesteric
phase of compound 2 on cooling from the isotropic liquid phase at 80  C
(top) and thermally induced change in the selective reflection spectra of
compound 2. The inset shows the red shift of the central wavelength of
reflection spectra with decreasing temperature.

derivatives 1 and 2 with branched aliphatic chains show reduced
transition temperatures and a complete suppression of the higher
ordered smectic phases.23,24

Effect of temperature on the reflection colors
Cholesteric phase has a helical structure in which the average
direction of molecules rotates around a helical axis. When light
propagates through the N* phase with pitch length P, it Bragg
reflects light peaked at wavelength l ¼ n  P with bandwidth Dl ¼
Dn  P, where n and Dn are the average refractive index and
birefringence, respectively.2a When the helical pitch is comparable with the wavelengths of visible light, we see reflection colors
from the cholesteric phase. Interestingly, the pitch length of the
N* phase of compounds 1 and 2 was in the appropriate range to
get reflection colors for the entire range of the mesophase. Fig. 2
(bottom) shows the dependence of selective reflection spectra on
temperature for compound 2 measured in the cooling cycle. Red
shift of the wavelength of the peak reflection with decreasing
temperature has been observed for both compounds. Such
a behavior is commonly observed in pure calamitic liquid crystals
which have the smectic A or smectic C phase at lower temperature. This phenomenon is attributed to the pretransition smectic
states (cybotactic clusters) formed in the cholesteric phase.25
Experimentally it has been observed that small domains with
a local smectic organization appear in the nematic phase of
banana-shaped molecules at lower temperature close to the phase
transition point.26 Therefore we attribute the temperature
dependent changes seen in the reflection wavelength of these
materials to the formation of cybotactic clusters. As the cholesteric phase is cooled, the cybotactic clusters become more
2100 | J. Mater. Chem., 2011, 21, 2098–2103

The first indication of the influence of light irradiation on the
mesomorphic behavior of these molecules was evidenced from
the shift in isotropic phase transition temperatures observed
under variable light intensity of the microscope lamp. The
stronger the illumination, the more the isotropic transition was
shifted towards low temperatures. Continuous UV irradiation
for few seconds (lmax ¼ 365 nm, 10.0 mW cm2) onto a planar
aligned cholesteric phase in a 5 mm thick cell resulted in an
isotropic state isothermally. As soon as the light is removed, the
illuminated zone entered back into the mesophase. We observed
this phenomenon over the entire range of the cholesteric phase,
i.e. from 60  C to 133  C for compound 1 and from 50  C to 109

C for compound 2. Fig. 3 shows the dependence of the central
reflection wavelength of compound 2 upon exposure to a low
intensity UV irradiation (lmax ¼ 365 nm, 5.0 mW cm2). These
changes can be attributed to trans to cis isomerisation of the azo
moiety in the compounds. Formation of small amount of cis
isomer causes a blue shift in the selective reflection band. A
plausible mechanism is that the cis isomer of the molecule has
a zigzag shape which can disrupt the thermally induced smectic
clusters to shorten the helical pitch and hypsochromically shift
the reflection band. Upon continuous UV irradiation, the cis
population increases and completely disrupts the LC ordering to
induce cholesteric to isotropic phase transition. Once the UV
illumination is off, the cis population slowly diminishes and the
azo unit returns to the thermodynamically more stable trans
isomers. This reversible isomerization can occur much faster with
visible light irradiation leading to a quick restoration of the
mesophase.
On the other hand, a photoinduced shift in cholesteric pitch
can also occur due to the difference in twisting ability of the trans
and cis isomers of a molecule.3 In order to find out if that can be
the case, we measured the helical twisting power (HTP) of the
trans and cis isomers of 1 and 2 in a nematic LC host E7. The
ability of a chiral dopant to induce a helical pitch is defined as
helical twisting power (b) according to the equation: b ¼ 1/PC,
where P and C are the helical pitch length and the concentration
of a chiral dopant respectively.3 Induced chiral nematic phase
was directly evidenced as a finger print texture under a POM. We

Fig. 3 Change in the central reflection wavelength of the N* phase of
compound 2 at 75  C using continuous UV irradiation (lmax ¼ 365 nm,
5.0 mW cm2).
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measured the induced pitch P by Cano’s wedge method.27 The
b value for trans isomer of 1 in E7 was found to be 4.5 mm1 while
that for compound 2 was about 3.3 mm1. The low HTP values
can be attributed to the conformational flexibility of the bananashaped molecules and their point chiral nature wherein one chiral
carbon center accounts for the chirality of the entire system.
Photoinduced changes in HTP of the dopants were directly
observed as a change in distance between the Cano lines when
sample in a wedge cell was observed with a POM under UV
irradiation. A further decrease in b values was observed due to
trans to cis isomerization of the compounds. Since cis isomers of
these compounds have a lower HTP, a light induced hypsochromic shift seen in the reflection band of the N* phase of the
compounds 1 and 2 can be better explained by changes in the
ordering of cybotactic clusters.
Effect of electric field on the reflection colors
In order to measure an electric field induced shift of the reflected
color, we filled compound 2 into an electro-optical cell (10 mm
cell gap) whose inner surfaces were coated with an anti-parallely
rubbed polyimide alignment layer (PI-2555). The electro-optic
measurements were carried out in the N* phase of the sample at
65  C. In the absence of any applied voltage, the sample exhibits
a reflection maximum around 620 nm. Fig. 4 shows the plot of
change in the reflected central wavelength against the applied
voltage. Upon the application of a voltage across the cell from
0 to 50 V and 1 kHz frequency, the lmax shifted from 620 nm to
520 nm. The observed blue shift in the reflected wavelength can
be explained from the bending of the cholesteric layers. As
voltage is applied across the cell, the helix axis tends to tilt to
reduce the electric energy, leading to the bending of the layers.
The reflection is blue shifted according to the equation below:
l ¼ l0cos (q)
where l is the central wavelength of the reflection bend, l0 is the
initial reflection wavelength at 0 V, and q is the angle between the
helix axis and the cell normal. As the tilt takes place, a blue shift
is observed. That is the same effect as tilting a cell with a regular
cholesteric liquid crystal, where the Bragg reflection is changed
with the angle of incidence. A loss in reflectivity with increasing
voltage is observed due to the growth of focal conic domains

Fig. 4 Center of the reflection wavelength vs. voltage in the N* phase of
compound 2 at 65  C. Higher the electrical field, higher is the layer tilt
and consequently the blue shift. The inset shows the measured reflection
spectra under different voltages.
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Fig. 5 Peak reflections as a function of frequency under a 40 V electric
field applied to the cell.

from the undulations. However, even for high voltage the
reflection is not zero and is comparable to other studies when
polymer network is used to tune the color or to stabilize the
color.18a,b
In Fig. 5 we plot the change in the center of the reflection
wavelength against the applied frequency when the cell is subjected to a 40 V electric field. The reflection peak does not change
(is comparable to the reflection at 0 V) for frequencies higher
than 6 kHz. This is because the dielectric anisotropy changes sign
and becomes negative around 6 kHz and orient the molecules
perpendicular to the applied electric field.2 As we decrease the
frequency, there is a gradual blue shift seen in the reflection peak.
This can be attributed to the increase in D3 as the frequency is
decreased. Therefore, the electrical field induced shift becomes
more pronounced at lower frequencies since the torque exerted
by the field becomes higher. We obtained the maximum shift for
an applied frequency of about 1.5 kHz (minimum on the plot).
Further study is required to understand the reflection wavelength
shift seen for frequencies below 1.5 kHz.

Conclusions
Compounds 1 and 2 reported here are the first examples of chiral
bent-core mesogens that stabilize exclusively the N* mesophase
over a wide temperature range. Smectic mesophases predominantly seen in bent-core mesogens were completely suppressed in
these molecules due to the steric intermolecular interactions
arising from unsymmetrical nature of the molecules. The reflection colors from the cholesteric phase were reversibly tunable by
external stimuli such as temperature, light and electric field. The
mechanism for red shift in reflection band by changing the
temperature (upon cooling) or by UV irradiation is postulated on
the basis of a cybotactic smectic cluster formed or destroyed in
the cholesteric phase. Electric field induced blue shift in reflection
band is attributed to the field induced tilting of the cholesteric
helix leading to a shortening of the pitch. These findings are of
significant importance for the design of new low molecular
weight multi-stimuli responsive cholesteric materials with full
range tunable reflection colors at ambient temperatures for
reflective display applications and for full color recording media.
Considering the shape biaxiality of the bent-core molecules and
wide range stabilization of the cholesteric mesophase, we see
these mesogens as potential candidates for the hitherto unknown
thermotropic biaxial chiral nematic phase28 and the characterization studies in this direction are currently in progress.
J. Mater. Chem., 2011, 21, 2098–2103 | 2101

Experimental section
Instrumentation
All reagents and chemicals were purchased from Aldrich
Chemical and were used as received. 1H and 13C NMR spectra
were recorded on a Varian Gemini 200. The chemical shifts are
reported in d (ppm) relative to tetramethylsilane as internal
standard. Textures and transition temperatures for target
compounds were observed by optical microscopy using a Leitz
polarizing microscope in conjunction with a Linkam TMS
temperature controller. Calorimetric measurements were performed on a Perkin-Elmer differential scanning calorimeter
(scanning rate 5  C min1). Transition temperatures were taken
at the maximum of transition peaks. All UV-Vis spectroscopy
experiments were performed on a Perkin-Elmer lambda 19
spectrometer. Photoisomerization was carried out with a Xenon
light source (100 W, LAX-cute) through an appropriate filter
(365 or 440 nm). Selective reflection spectra measurements were
carried out at normal incident of white light illumination and
detected from a normal angle by using an Ocean Optics spectrometer. Cholesteric pitch was determined by measuring the
intervals of Cano’s lines appearing on the surfaces of wedgetype liquid crystalline cells (EHC, KCRK-07, tan q ¼ 0.0194).
The relationship between the distances of Cano’s lines and the
helical pitch P is P ¼ 2R tan q, where R represents the distance
between Cano’s lines and q is the angle between the cells. Then
helical twisting power (HTP) b is calculated according to the
equation: b ¼ (PC)1, where P and C are the helical pitch length
and the concentration of a chiral dopant expressed in weight
fraction (w/w).
General synthetic procedures for compounds 1 and 2
The target compounds 1 and 2 were prepared in a facile synthesis
as shown in Scheme 1.24 Reaction of commercially purchased
compound 6 with (R)-2-octanol under Mitsunobu reaction
conditions followed by base hydrolysis gave the chiral acid
derivate compound 5. We obtained the aldehyde derivative 4 by
treating 5 with 4-hydroxybenzaldehyde under the reaction
condition of N,N-dicyclohexyl carbodiimide (DCC) and dimethylaminopyridine (DMAP). Condensation reaction of 4 with 3amino-2-methylbenzoic acid gave the Schiffs base compound 3.
Diazotization of phenol or 2,3-difluoro phenol with dodecylaniline gave the intermediates 7 or 8 respectively. To a solution of
acid compound 3 (1 eq.) in CH2Cl2 was added hydroxyazobenzene derivative 7 or 8 (1 eq.), DCC (1.1 eq.) and DMAP
(0.01 eq.). The solution was stirred under inert atmosphere for 8
h at room temperature. The reaction mixture was then filtered
and the filtrate was washed with 5% aqueous hydrochloric acid,
water and then dried over MgSO4. Removal of methylene chloride under reduced pressure gave pale yellow solid. Recrystallisations from EtOH–CH2Cl2 solvent mixture (3 times) afforded
pure yellowish crystalline compound in 70–80% yield.
Data for 1. 1H NMR (CDCl3): d 8.37 (s, 1H, –CH]N–), 8.17–
7.84 (m, 9H, ArH), 7.41–7.13 (m, 8H, ArH), 6.97 (d, 2H, J ¼ 8
Hz, ArH), 4.50 (m, 1H, 1 –CH), 2.69 (m, 5H, Ar–CH3, 1 Ar–
CH2), 1.69–1.26 (m, 33H, 1 –CH3, 15 –CH2), 0.88 (m, 6H, 2
–CH3). 13C NMR (CDCl3): 165.8, 164.6, 163.0, 159.4, 153.7,
2102 | J. Mater. Chem., 2011, 21, 2098–2103

152.7, 152.5, 150.9, 150.4, 146.7, 134.6, 133.7, 132.4, 130.1, 129.8,
129.1, 128.0, 126.4, 124.0, 122.9, 122.4, 120.8, 115.3, 74.2, 36.3,
35.9, 31.9, 31.8, 31.3, 29.6, 29.5, 29.4, 29.3, 29.2, 29.1, 25.4, 22.7,
22.6, 19.6, 15.4, 14.1. HRMS: m/z calcd for C54H66N3O5 (M +
H): 836.5002. Found: 836.5034. Elemental analysis calcd for
C54H65N3O5: C 77.57, H 7.84, N 5.03%. Found: C 76.98, H 7.85,
N 5.02%.
Data for 2. 1H NMR (CDCl3): d 8.34 (s, 1H, CH]N–), 8.18–
7.88 (m, 7H, ArH), 7.50 (d, 1H, J ¼ 7 Hz, ArH), 7.37–7.12 (m,
7H, ArH), 6.97 (d, 2H, J ¼ 8 Hz, ArH), 4.50 (m, 1H, 1 –CH),
2.69 (m, 5H, Ar–CH3, 1 Ar–CH2), 1.66–1.27 (m, 33H, 1
–CH3, 15 –CH2), 0.89 (m, 6H, 2 –CH3). 13C NMR (CDCl3):
164.6, 164.3, 163.0, 159.5, 153.8, 152.6, 151.9, 150.9, 147.8, 146.7,
141.3, 139.8, 135.1, 133.6, 132.4, 130.1, 129.2, 128.6, 128.3, 126.5,
123.4, 122.8, 122.4, 120.8, 118.3, 115.3, 111.9, 74.2, 36.3, 36.0,
31.9, 31.8, 31.2, 29.7, 29.6, 29.5, 29.3, 29.2, 29.1, 25.4, 22.7, 22.6,
19.6, 15.3, 14.1. HRMS: m/z calcd for C54H64F2N3O5 (M + H):
872.4814. Found: 872.4853. Elemental analysis calcd for
C54H63F2N3O5: C 74.37, H 7.28, F 4.36, N 4.82%. Found: C
74.12, H 7.49, F 4.62, N 4.86%.
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