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Ferroelectric Liquid Crystals from Bent-Core Molecules with Vinyl End Groups
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New banana-shaped achiral compounds. 1.3-phenvlene bis |4- {d-(alkenvloxy) pheny liminomethy] { benzoate|s
were svnthesized by varving the length of alkenvl group: their ferroelectric properties are described. The
smectic mesophases. including a switchable chiral smectic C (Sm C”) phase, were characterized by differential
scanning calorimetry, polarizing optical microscopy and triangular wave method. The presence of vinyl groups
at the terminals of linear side wings in the banana-shaped achiral molecules containing Schiff's base mesogen
induced a decrease in melting temperature and formation of the switchable $Sm C” phase in the melt. The
smectic phases having the octenvloxy group such as (ClL)sClH=Cl1; showed ferroeletric switching, and their
values of spontaneous polarization on reversal of an applied electric tield were 120 nC/em” (X=11) and 223 nC/
em” (X=F). respectively. We could obtain ferroelectric phases by controlling the number of carbon atom in

alkenyloxy cham of a bent-core molecule.
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Introduction

A mesogenic compound of non-linear molecular structure
was discovered for the first time by Volander' Most
chiralities of liquid crystal phases are due to the introduction
of a chiral group containing chiral carbon. The chiral phase
can also occur without chiral structure by spontaneous
polarization derived from symmetry breaking.” A fascinating
example of the achiral symmetry breaking was found in the
tilted smectic phases of banana-shaped molecules.”” Because
of the director tilt and the simultaneous polar ordering. each
smectic layer loses its imersion symmetry and becomes
chiral. although the molecules contain no chiral carbons.
Recently. ferroelectric liquid crystal phases formed from
achiral molecules have been reported in which smectic
phases of banana-shaped molecules could show ferroelectric
switching “'” The existence of such a mesophase depends
upon the length of the rigid core and the number of carbon
atom in linear side wings as well as the magnitude of bent
and its position. Since the bent-core molecules are closely
packed and are all aligned in the direction of bending. thev
form a unique smectic phase.''

Niori es al. reported the first obvious example of ferro-
electricity in banana-shaped achiral molecules. ascribing
the polar packing of the molecules with C~ svmmetry.
Link et a/® reported the first spontaneous formation of
chirality in a smectic phase of banana-shaped achiral
molecules. a chiral laver structure with a handedness
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depending on the tilted molecular direction. Weissflog et
al'” reported that ferroelectricity could be detected for one
of the mesophases in some achiral banana-shaped mole-
cules by varving direction of connecting groups and
substituents. Currently, ferroelecric liquid crystals that exhibit
spontaneous polarization due to their self-organizing
character are regarded as one of the most promising groups
of optoelectronic materials.'*'*

In this study. new banana-shaped achiral molecules having
vinyl end groups were svnthesized. and their ferroelectric
liquid crystalline properties were imvestigated to determine
the relationship between the liquid crystallinity and structural
changing of the vinvl groups. We could obtain ferroelectric
phases by controlling the number of carbon atom in alkenyl-
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oxy chain and introducing the lateral substituent in the 3-
position of Schiff's base moiety of a bent-core molecule.

Experimental Section

The syntheses of 1.3-phenylene bis |4-{4-(4-pentenvloxy)-
phenyliminomethyl}benzoate] (PBPEB). 1.3-phenvlene bis
[4-{4-(3-hexenvloxy)-(PBHEB). 3-fluoro-3-hexenvloxy-
(PBFHERB). 3-chloro-3-hexemnyloxy-(PBCHEB). 7-octernvloxy-
(PBOEB). 3-fluoro-7-octenyloxy-(PBFOEB) and 3-chloro-
7-octenyloxy-(PBCOEB)-phenyliminomethy1}benzoate|
were achieved by a general synthetic method'™'® as shown in
Scheme 1. First. 4-nitro-1-alkenyloxybenzene was prepared
by substitution reaction of 4-nitrophenol and bromoalkene.
Then. 4-alkervloxyaniline (I) was obtained by hvdrogenation
of 4-nitro-1-alkenyloxybenzene with iron in the presence of
CH-Cl/MeOH/H-~O solvent mixture. Next. 1.3-phenvlene
bis(4-formyl benzoate) (11) was prepared by reaction of
resorcinol and 4-formy1 benzovl chloride in tetrahvdrofuran
with triethylamine at 0 °C. Finally. the product was prepared
by condensation reaction between the aniline (I) and the
dialdehyde (11). The final product was purified by chromato-
graphy on silica gel. and recrystallized several times from a
mixture of ethanol and dimethviformamide (20: 1. v/A).
Yield after purification was 20-30%. The representative
spectroscopic data obtained by means of NMR and Mass
spectroscopy: 'H NMR (CDCl.. 500 MHz) for PBOEB:
6=1.3-1.5 [m. 12H. (CH~);-]. 1.8 (m. 4H. -0CH-CH:-). 2.0
(m. 4H. -CH-CH=). 4.0 (t. 4H. -OCH--). 5.0 (g. 4H. =CH-).
5.8 (m. 2H. -CH=). 6.9-8.3 (m. 20H. Ar-H). 8.5 (s. 2H.

-CH=N-). EIMS m=z 776 (M). HRMS (EI) calcd for
CsoHsaN-Og (M ): 776.3825. Found: 776.3827. The remain-
ing banana-shaped compounds were prepared and confirmed
by the same method with PBOEB.

NMR spectra were obtained by Brucker DRX NMR
spectrometer. Mass spectra were measured on a JEOL IMS-
700 spectrometer. The transition behaviors were characteriz-
ed by differential scanning calorimetry (Perkin-Elmer DSC7)
and by polarizing microscopy (Nikon Eclipse E400 POL).
DSC measurements were performed in N: atmosphere with
heating and cooling rate of 5 °C/min. Optical texture obser-
vation was carried out using a polarizing microscope with a
hot plate. The switching current was examined by the
triangular wave method.'” The sample cell was mounted in a
microfurnace for measuring the spontaneous polarization
with varving temperature. The temperature fluctuations
inherent to the furnace were approximately 0.1 °C. For direct
measurement of the polarization, we used the triangular
wave method for ease of subtracting the background current.
The polarization current. converted into voltage signal through
an amplifier, was measured in a digitizing oscilloscope and
fed into a computer for data analyses.

Results and Discussion

Synthesis and mesogenic behaviors. The svnthetic route
for the banana-shaped compound is rather straightforward
and each reaction step is relatively well-known. The obtained
compounds were characterized by means of NMR and Mass
spectroscopy. NMR and Mass spectral data were in accor-
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Table 1, Phase transition temperatures on coeling and the number of carbon atom in the alkeny loxy chaims (n)

Number of Carbon Atom (n)

Ttansition Temperature “C (linthalpy<) mol™)

Switching Property

S{X~H) Cr107.0(H@7.1)1 None

6(X-11) Cr 146.8 (18.3) SmX, 157.2 (10.9) SmX: 1609 (8.1) | Noue

6(X-19) Cra3.5(5.8)SmX, 115.7(35.7) SmX: 1384 (10.1) [ Noue

6 (X=Cl} Cr103.7(9.m1 None

8(X-11) Cr 1308 (27.2) SmX, 142.9(17.0) SmC™ 139.8 (25.4) Switchable

8(X-19) Cr 1054 (26.6) SmC™ 139.2(7.9 1 Switchable

B8 (X-Cl} Cr 108.0(14.0) 1 None
dancg W ith expected formulae. The relationship of the 130.8(27 2) (a)
transition temperature and the number of carbon atom in the 143.0(17.1)  159.9(25.5)

alkenyloxy chains (n) at the linear terminal side wings are
shown in Table 1. In the table. among the seven banana-
shaped molecules synthesized. molecules (X=H, and F) of
alkenyl group with n=8 were switchable in their liquid
crystal phases. Comparing these molecules with n=8 to the
molecules with n=3. the alkenvl group length could be
reasoned to be too short to forim mesophase. The molecules
of the alkenyl group with n=6 were not switchable in their
mesophases but could form smectic phase. Banana-shaped
molecules with electron withdrawing groups are expected to
decrease the intralamellar electrostatic repulsion in the
direction of their longitudinal dipoles and thus the molecules
consisted of substituents with positive Hammett Substituent
Constant (¢)'"* value could exhibit smectic phases. In the
literature the introduction of a central substituent in the 1.3-
phenylene moiety is reported to decrease the smectic thermal
stability:'®™" in the present study the presence of a lateral
chlorine substituent at 3-position of the Schiff's base moiety
prevents the regular stacking of the molecules so that they
could not form mesophase. Figure 1(a) shows DSC thermo-
gram of PBOEB with n=8. In the heating DSC thermogram,
three endothermic peaks were appeared: the first one for the
melting at 148.8 °C. the second one for smectic X; (SmX,)-
to-Sm C” phase at 157.3 °C. and the third one for the clearing
at 162.3 °C. In the cooling DSC thermogram. three exo-
thermic peaks were observed: the first one for isotropic
liquid-to-Sm C” phase at 159.9 °C. the second one for Sm
C -to-SmX; at 143.0 °C. and the third one for crystallization
at 130.8 °C. Figure 1(b) shows DSC thermograms of PBFOEB
with n=8. In the heating DSC thermogram. three endo-
thermic peaks were appeared: the first one for the melting at
714 °C. the second one for smectic X; (SmX,)-to-Sm C~
phase at 114.7 °C. and the third one for the clearing at 139.2
°C. In the cooling DSC thermogram. two exothermic peaks
were observed: the first one for isotropic liguid-to-Sm C~
phase at 139.18 °C. the second one for cryvstallization at
about 1035 4 °C.

Microscopy texture. Using an optical microscope with
crossed polarizer. on cooling the isotropic liquid samples we
could identify every phase transitions shown in Table L. As
shown in Figure 2. when the isotropic liquid of PBOEB with
n=8 and X=H is cooled slowly. optical texture of smectic
phase appears as a striped granual pattern at the isotropic-to-
Sm C* phase transition temperature. The texture tends to
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Figure 1. (a) DSC thermogram of healing and cooling of PBOEDB
with n=8. (b) DSC thermogram of heating and cooling of PBIFOEDB
with n=8.

transform into mesomorphic domain. At about 134 °C. smectic
phase is changed abruptly to paramorphic texture that grows
to become mosaic texture with schlieren remnants to room
temperature. Figure 3 shows optical texture of PBFOEB
with n=8 and X=F. On cooling. optical texture of smectic
phase of PBFOB appears as very small granual pattern at the
isotropic-to-Sm C” phase transition temperature. The texture
tends to transform into mosaic texture with small domains
gradually. As it was further cooled, smectic phase is changed
abnuptly at 103.5 °C. Then. the texture grows to become
schlieren texture of the twisted smectic state to room temper-
ature.

Spontaneous polarization and switching current. [n order
to characterize the smectic phase, we measured spontaneous
polarization of the sample. For the measurement. a cell is
made up of conductive indium-tin-oxide coated glasses,
treated with rubbed polvimide for the alignment. The cell
gap was maintained by patterned organic spacer of 1.5 gm
thickness. The spontaneous polarization was measured by
applving triangular shape voltage. and the switching was
also observed by using a polarized microscope. Figure 4
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Figure 2. Optical micrographs of Sm C phase for PBOFB with Figure 3. Optical micrographs of Sm €™ of PBFOFB with n=8 on

1=8 on cooling trom the sotropic liquid. (a) Sm C” phase appears cooling from the isotropic liquid. (a) Sm C phase appears as very
as a stiped granual pattem at the isotropic-to-Sm € phase  small granual patiem at the isotropic-to-Sm C° phase transition
transition temperature. (b) The texture tends lo translonn into temperature. (b) The texture grows to become granual pattern. {c)
mesomorphic domain. (c) As it was further cooled. the smectic The texture tends to transform into mosaic texture with small
phase is changed abruptly to paramorphic texture at 134 °C. (d) domains gradually. (d) As it was further cooled, smectic C phase is
Then, the lexture grows to become mosaic texture with schlicren changed abruptly at 103.5 °C. Then, the texture grows to become
remnants to reom lemperature. schlieren texture ot the twisted smectic state to room temperature.

shows the polarization reversal current for PBOEB and sharp peak of reversal current for every half period was
PBFOER with n=8 at the temperature corresponding to two observed at 146 °C (temperature within Sm C* phase forming
smectic phases. SmX; and Sm C*. In Figure 4(a). the one region) and the broad pattern at 136 °C (temperature within
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Figure 4. (a) The switching current curve obtained by applying a triangular vollage wave for PBOLE with n=8. (b) The switching current
curve oblained by applying a (riangular voltage wave [or PBFOLD with n=§.
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Figure 5. (a) The temperature dependence of spontaneous polari-
zation for PBOEB with n=8. The temperature dependence of
sponlancous polarization for PBIOLDB with n=8,

SmX; forming region). In Figure 4(b). the one sharp peak of
reversal current for for every half period was observed at 125
°C (temperature within Sm C” phase forming region) and the
broad pattern at 103 °C (temperature within SmX, forming
region). Thus. we can conclude that the Sm C” phase of the
compounds (PBOEB and PBFOERB) is ferroelectric with the
tip of the bent molecule orienting along the electric field and
reversing its orientation on the polarity of the field. Figure 5
shows temperature dependence of spontaneous polarization
for PBOEB and PBFOEB in the cooling experiment. In
Figure 3(a). the switchable smectic phase exhibits a maximum
polarization of about 120 nC/cm” for PBOEB. In Figure
3(b). the smectic phase exhibits a maximum polarization of
aboput 225 nC/em” for PBFOEB. On cooling the isotropic
liquid. the spontaneous polarizations are increased with
decreasing temperature. The spontaneous polarization dramati-
cally decreased with lowering temperature below each critical
temperature. The sharp decrease of polarization suggested
that the smectic phase-to-solid phase transition is the first
order. On further lowering the temperature. the polarization

Soon-Sik Awon et al.

was vanished. because of crvstallization of the central rod
parts of the molecules.

Conclusions

The introduction of a lateral substituent (halogen atom) in
the 3-position of a Schiff's base moiety reduced the transition
temperature and the degree of crystallinity of the switchable
banana liquid crystal. Also. the introduction of vinyl groups
onto the terminals of bent-core molecules containing Schiff's
base mesogen reduced the melting and the clearing temper-
ature. The bent-core molecules with vinyl groups at the
terminals could form the switchable smectic phase with
octeny] group (n=8) even though the constituent molecules
are achiral. We concluded that the smectic phase of the
banana-shaped molecule having octenyl group except one
with chlorine substituent was a chiral smectic C. Considering
the switching current corresponding to the spontaneous
polarization and optical microscopic textures, the aligned
smectic phase was ferroelectric.
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