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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-phenylene bis [4-{4-(alkenyloxy) phenyliminomethyl}benzoate]s
were synthesized by varying the length of alkenyl group; their ferroelectric properties are described. The
smectic mesophases, including a switchable chiral smectic C (Sha3e, 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 switchablé @ms@ in the melt. The
smectic phases having the octenyloxy group such agdCH=CH, showed ferroelctric switching, and their

values of spontaneous polarization on reversal of an applied electric field were 126 @Gdyand 225 nC/

cn? (X=F), respectively. We could obtain ferroelectric phases by controlling the number of carbon atom in
alkenyloxy chain of a bent-core molecule.

Key Words : Banana-shaped liquid crystal, Switchable smectic C, Spontaneous polarization, Ferroelectric
properties, Bent-core molecule
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C C
A mesogenic compound of non-linear molecular structure Q/ O
was discovered for the first time by VolandeMost o o
chiralities of liquid crystal phases are due to the introductior D/ 056008 \C[
HoC=HC(H,C)n-2 X=H,FCI O(CHy),,., CH=CH,

of a chiral group containing chiral carbon. The chiral phase
can also occur without chiral structure by spontaneou:  1.3-phenylene bis [4-{4-(alkenyloxy)phenyliminomethyl} benzoate]
polarization derived from symmetry break#yA fascinating
example of the achiral symmetry breaking was found in the
tilted smectic phases of banana-shaped moleGlBscause
of the director tilt and the simultaneous polar ordering, eacl
smectic layer loses its inversion symmetry and become
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 ferroelect Skeleton of the compound with n =8 and X = H
switching®° The existence of such a mesophase depends
upon the length of the rigid core and the number of carbonlepending on the tilted molecular direction. Weissfiig
atom in linear side wings as well as the magnitude of ben#l.'? reported that ferroelectricity could be detected for one
and its position. Since the bent-core molecules are closelgf the mesophases in some achiral banana-shaped mole-
packed and are all aligned in the direction of bending, thegules by varying direction of connecting groups and
form a unique smectic phase. substituents. Currently, ferroelecric liquid crystals that exhibit
Niori et al” reported the first obvious example of ferro- spontaneous polarization due to their self-organizing
electricity in banana-shaped achiral molecules, ascribingharacter are regarded as one of the most promising groups
the polar packing of the molecules with,yGymmetry.  of optoelectronic materials:*
Link et al® reported the first spontaneous formation of In this study, new banana-shaped achiral molecules having
chirality in a smectic phase of banana-shaped achiralinyl end groups were synthesized, and their ferroelectric
molecules, a chiral layer structure with a handedness$iquid crystalline properties were investigated to determine
the relationship between the liquid crystallinity and structural
*Corresponding Author. Fax: +82-55-761-0244; E-mail: cklee@changing of the vinyl groups. We could obtain ferroelectric
nongae.gsnu.ac.kr phases by controlling the number of carbon atom in alkenyl-
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oxy chain and introducing the lateral substituent in the 3-CH=N-); EIMS m/z 776 (M). HRMS (El) calcd for
position of Schiff's base moiety of a bent-core molecule.  CsoHs2N,Os (M*): 776.3825. Found: 776.3827. The remain-
ing banana-shaped compounds were prepared and confirmed
Experimental Section by the same method with PBOEB.
NMR spectra were obtained by Brucker DRX NMR

The syntheses of 1,3-phenylene bis [4-{4-(4-pentenyloxy)-spectrometer. Mass spectra were measured on a JEOL JMS-
phenyliminomethyl}benzoate] (PBPEB), 1,3-phenylene bis700 spectrometer. The transition behaviors were characteriz-
[4-{4-(5-hexenyloxy)-(PBHEB), 3-fluoro-5-hexenyloxy- ed by differential scanning calorimetry (Perkin-Elmer DSC7)
(PBFHEB), 3-chloro-5-hexenyloxy-(PBCHEB), 7-octenyloxy- and by polarizing microscopy (Nikon Eclipse E400 POL).
(PBOEB), 3-fluoro-7-octenyloxy-(PBFOEB) and 3-chloro- DSC measurements were performed inalinosphere with
7-octenyloxy-(PBCOEB)-phenyliminomethyl}benzoate] heating and cooling rate of°®€/min. Optical texture obser-
were achieved by a general synthetic methfdis shown in  vation was carried out using a polarizing microscope with a
Scheme 1. First, 4-nitro-1-alkenyloxybenzene was preparetot plate. The switching current was examined by the
by substitution reaction of 4-nitrophenol and bromoalkenetriangular wave method.The sample cell was mounted in a
Then, 4-alkenyloxyaniline (I) was obtained by hydrogenationmicrofurnace for measuring the spontaneous polarization
of 4-nitro-1-alkenyloxybenzene with iron in the presence ofwith varying temperature. The temperature fluctuations
CH,Cl/MeOH/H,O solvent mixture. Next, 1,3-phenylene inherent to the furnace were approximately°@.1For direct
bis(4-formyl benzoate) (lI) was prepared by reaction ofmeasurement of the polarization, we used the triangular
resorcinol and 4-formyl benzoyl chloride in tetrahydrofuranwave method for ease of subtracting the background current.
with triethylamine at OC. Finally, the product was prepared The polarization current, converted into voltage signal through
by condensation reaction between the aniline (I) and then amplifier, was measured in a digitizing oscilloscope and
dialdehyde (Il). The final product was purified by chromato- fed into a computer for data analyses.
graphy on silica gel, and recrystallized several times from a
mixture of ethanol and dimethylformamide (20:1, v/v). Results and Discussion
Yield after purification was 20-30%. The representative
spectroscopic data obtained by means of NMR and Mass Synthesis and mesogenic behaviar§he synthetic route
spectroscopy!H NMR (CDCk, 500 MHz) for PBOEB; for the banana-shaped compound is rather straightforward
0=1.3-1.5[m, 12H, -(Chs-], 1.8 (m, 4H, -OCHCH,-), 2.0  and each reaction step is relatively well-known. The obtained
(m, 4H, -CHCH=), 4.0 (t, 4H, -0CH), 5.0 (q, 4H, =CH), compounds were characterized by means of NMR and Mass
5.8 (m, 2H, -CH=), 6.9-8.3 (m, 20H, Ar-H), 8.5 (s, 2H, spectroscopy. NMR and Mass spectral data were in accor-
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Table 1. Phase transition temperatures on cooling and the number of carbon atom in the alkenyloxy chains (n)

Number of Carbon Atom (n) Transition Temperatt@efEnthalpy/J maf) Switching Property
5 (X=H) Cr107.0 (47.2) | None
6 (X=H) Cr 146.8 (18.5) SmX157.2 (10.9) Smx160.9 (8.1) | None
6 (X=F) Cr 45.5(5.8) Smx115.7 (35.7) Smx138.4 (10.1) | None
6 (X=CI) Cr103.7(9.0) | None
8 (X=H) Cr 130.8 (27.2) SmX142.9 (17.0) SmC159.8 (25.4) Switchable
8 (X=F) Cr 105.4 (26.6) SmCL39.2 (7.9) | Switchable
8 (X=Cl) Cr108.0(14.0) | None
dance with expected formulae. The relationship of the
e . PBOEB 130.8(27.2) (a)
transition temperature and the number of carbon atom in th 143.0(17.1)  159.9(25.5)

alkenyloxy chains (n) at the linear terminal side wings are 1
shown in Table 1. In the table, among the seven banan
shaped molecules synthesized, molecules (X=H, and F) ¢S
alkenyl group with n=8 were switchable in their liquid & 575 V162.3(24.2)
crystal phases. Comparing these molecules with n=8 to th (15.6)
molecules with n=5, the alkenyl group length could be
reasoned to be too short to form mesophase. The molecul . . . . . .
of the alkenyl group with n=6 were not switchable in their 110 120 130 140 150 160 170
mesophases but could form smectic phase. Banana-shap
molecules with electron withdrawing groups are expected t
decrease the intralamellar electrostatic repulsion in the
direction of their longitudinal dipoles and thus the molecules
consisted of substituents with positive Hammett Substituen
Constant ¢)'® value could exhibit smectic phases. In the
literature the introduction of a central substituent in the 1,3 W
phenylene moiety is reported to decrease the smectic therm 71.4(11.2) TN B
stability;!%?° in the present study the presence of a latera
chlorine substituent at 3-position of the Schiff's base moiety 4 6'0 alo 1(',0 1 2'0 1"10 1é0
prevents the regular stacking of the molecules so that the Temperature (°C)
could not form mesophase. Figure 1(a) shows DSC thermc_. . .
gram of PBOEB with n=8. In the heating DSC thermogram,’'9ur€ 1. (@) DSC thermogram of heating and cooling of PBI
. . ) with n=8. (b) DSC thermogram of heating and cooling of PBF
three endothermic peaks were appeared: the first one for th, . | .o’
melting at 148.8C, the second one for smectig fSmXy)-
to-Sm C phase at 157 %, and the third one for the clearing transform into mesomorphic domain. At about G4smectic
at 162.3°C. In the cooling DSC thermogram, three exo- phase is changed abruptly to paramorphic texture that grows
thermic peaks were observed: the first one for isotropido become mosaic texture with schlieren remnants to room
liquid-to-Sm C phase at 159.%C, the second one for Sm temperature. Figure 3 shows optical texture of PBFOEB
C'-to-SmX at 143.0°C, and the third one for crystallization with n=8 and X=F. On cooling, optical texture of smectic
at 130.8C. Figure 1(b) shows DSC thermograms of PBFOEBphase of PBFOB appears as very small granual pattern at the
with n=8. In the heating DSC thermogram, three endodisotropic-to-Sm Cphase transition temperature. The texture
thermic peaks were appeared: the first one for the melting dends to transform into mosaic texture with small domains
71.4°C, the second one for smectig ¥SmX;)-to-Sm C gradually. As it was further cooled, smectic phase is changed
phase at 114.7C, and the third one for the clearing at 139.2 abruptly at 103.5C. Then, the texture grows to become
°C. In the cooling DSC thermogram, two exothermic peaksschlieren texture of the twisted smectic state to room temper-
were observed: the first one for isotropic liquid-to-Sm C ature.
phase at 139.18C, the second one for crystallization at Spontaneous polarization and switching currentin order
about 105.4C. to characterize the smectic phase, we measured spontaneous
Microscopy texture. Using an optical microscope with polarization of the sample. For the measurement, a cell is
crossed polarizer, on cooling the isotropic liquid samples wenade up of conductive indium-tin-oxide coated glasses,
could identify every phase transitions shown in Table 1. Adreated with rubbed polyimide for the alignment. The cell
shown in Figure 2, when the isotropic liquid of PBOEB with gap was maintained by patterned organic spacer gfirh.5
n=8 and X=H is cooled slowly, optical texture of smectic thickness. The spontaneous polarization was measured by
phase appears as a striped granual pattern at the isotropic-tpplying triangular shape voltage, and the switching was
Sm C phase transition temperature. The texture tends talso observed by using a polarized microscope. Figure 4

148.8(22.3)

(b)

105.4(26.6)

139.2(7.9)

EXO —»
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Figure 2. Optical micrographs of Sm’(hase for PBOEB with  Figure 3, Optical micrographs of Sm’'@f PBFOEB with n=8 o
n=8 on cooling from the isotropic liquid. (a) Sm Ehase appears cooling from the isotropic liquid. (a) Sm’ @hase appears as v
as a striped granual pattern at the isotropic-to-Smplase  small granual pattern at the isotropic-to-Srh gbase transitic
transition temperature. (b) The texture tends to transform intemperature. (b) The texture grows to become granual patte
mesomorphic domain. (c) As it was further cooled, the smecticThe texture tends to transform into mosaic texture with

phase is changed abruptly to paramorphic texture a@34d)  domains gradually. (d) As it was further cooled, smectic C ph
Then, the texture grows to become mosaic texture with schlierechanged abruptly at 103°6. Then, the texture grows to bect
remnants to room temperature. schlieren texture of the twisted smectic state to room temper:

shows the polarization reversal current for PBOEB andsharp peak of reversal current for every half period was
PBFOEB with n=8 at the temperature corresponding to twabserved at 148 (temperature within Sm@hase forming
smectic phases, SmXand Sm C*. In Figure 4(a), the one region) and the broad pattern at P86(temperature within
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Figure 4. (a) The switching current curve obtained by applying a triangular voltage wave for PBOEB with n=8. (b) The switching current
curve obtained by applying a triangular voltage wave for PBFOEB with n=8.
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was vanished, because of crystallization 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
octenyl 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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Figure 5. (a) The temperature dependence of spontaneous polari-5'

zation for PBOEB with n=8. The temperature dependerice o
spontaneous polarization for PBFOEB with n=8.

7.

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"@hase forming region) and the

broad pattern at 10% (temperature within Smpforming 10.

region). Thus, we can conclude that the Snpl@ase of the

compounds (PBOEB and PBFOEB) is ferroelectric with thell. Lee _
2. Weissflog, W.; Lischka, Ch.; Benne, |.; Schare, T.; Pelzl, G

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. In13.

Figure 5(a), the switchable smectic phase exhibits a maximum
polarization of about 120 nC/énfor PBOEB. In Figure 1‘51
5(b), the smectic phase exhibits a maximum polarization oﬁe

liquid, the spontaneous polarizations are increased with

decreasing temperature. The spontaneous polarization dramatf:

cally decreased with lowering temperature below each critic
temperature. The sharp decrease of polarization suggeste%

that the smectic phase-to-solid phase transition is the firstg,

order. On further lowering the temperature, the polarization

1.
2.

LR Foundation.

References

Vorlander, DBer. 1929 63, 2831.
Kondepudi, D.; Kauffmann, R. J.; Singh, Stiencel99Q 250,
975.

. Lennan, M.; Seul, MPhys. Rev. Letf 992 69, 2082.
. Pang, J.; Clark, N. &hys. Rev. Letfl994 73, 2332.

Qiu, X.; Ruiz-Gracia, J.; Stine, K. J.; Knobler, C. M.; Selinger, J.
Phys. Rev. Letl991, 67, 703.

6. Link, D. R.; Natale, G.; Shao, R.; Maclennan, J. E.; Clark, N. A.;

Korblova, E.; Walba, D. MSciencel997, 278, 1924.
Niori, T.; Sekine, T.; Watanabe, J.; Furukawa, T.; Takezod, H.
Mater. Chem1996 6(7), 1231.

8. Blinov, L. M.Liq. Cryst.199§ 24, 143.
9. Tournihac, F.; Blinov, L. M.; Simon, J.; Yablonsky, S.Néture

1992 359, 621.

Sekine, T.; Takanishi, Y.; Niori, T.; Watanabe, J.; Takezo@phi.
J. Appl. Phys1997, 36, L1201.

Lee, C. K.; Chien, L. Geerroelectrics2000 243 231.

Diele, S.; Kruth, H. IrProceedings of the European Conference
on Liquid Crystals, Science and Technologgopane: Poland,
March 3-8, 1997; pp 126-132.

Walba, D. M.; Dyer, D. J.; Sierra, T.; Cobben, P. L.; Shao, R;
Clark, N. A.J. Am. Chem. So&999 118 1211.

. Walba, D. MSciencel995 270, 250.

. Hassen, A.; Alexanian, Vetrahedron Lett1978 447.
. Lee, C. K,; Chien, L. QLig. Cryst.1999 26, 609.
aboput 225 nC/cifor PBFOEB. On cooling the isotropic 17.

Miyasato, K.; Abe, H.; Takezoe, A.; Kuze,Jgn. Phys1983 22,
L661.

Lee, C. K.; Kwon, S. S.; Chien, L. C.; Choi, BBill. Korean
Chem. Sac200Q 21(11), 1155.

ai . Akutagawa, T.; Matsunaga, Y.; Yasuharal . Cryst 1994 17,

659.
Sethna, V. M.; Vries, A. D.; Spielberg, Mol. Cryst. Liq. Cryst
198Q 62, 141.



	Ferroelectric Liquid Crystals from Bent-Core Molecules with Vinyl End Groups
	Soon-Sik Kwon, Tae-Sung Kim, Chong-Kwang Lee,* Sung-Tae Shin,† Lee-Tack Oh,† E-Joon Choi,‡ Sea-Yu...
	Dept. of Chemistry, Gyeongsang National University, Jinju 660-701, Korea †Dept. of Physics, Korea...
	New banana-shaped achiral compounds, 1,3-phenylene bis [4-{4-(alkenyloxy) phenyliminomethyl}benzo...
	Key Words : Banana-shaped liquid crystal, Switchable smectic C, Spontaneous polarization, Ferroel...
	Introduction
	Experimental Section
	Results and Discussion
	Conclusions
	References
	1. Vorländer, D. Ber. 1929, 63, 2831.
	2. Kondepudi, D.; Kauffmann, R. J.; Singh, N. Science 1990, 250, 975.
	3. Lennan, M.; Seul, M. Phys. Rev. Lett. 1992, 69, 2082.
	4. Pang, J.; Clark, N. A. Phys. Rev. Lett. 1994, 73, 2332.
	5. Qiu, X.; Ruiz-Gracia, J.; Stine, K. J.; Knobler, C. M.; Selinger, J. Phys. Rev. Lett. 1991, 67...
	6. Link, D. R.; Natale, G.; Shao, R.; Maclennan, J. E.; Clark, N. A.; Korblova, E.; Walba, D. M. ...
	7. Niori, T.; Sekine, T.; Watanabe, J.; Furukawa, T.; Takezoe, H. J. Mater. Chem. 1996, 6(7), 1231.
	8. Blinov, L. M. Liq. Cryst. 1998, 24, 143.
	9. Tournihac, F.; Blinov, L. M.; Simon, J.; Yablonsky, S. V. Nature 1992, 359, 621.
	10. Sekine, T.; Takanishi, Y.; Niori, T.; Watanabe, J.; Takezoe, H. Jpn. J. Appl. Phys. 1997, 36,...
	11. Lee, C. K.; Chien, L. C. Ferroelectrics 2000, 243, 231.
	12. Weissflog, W.; Lischka, Ch.; Benne, I.; Schare, T.; Pelzl, G.; Diele, S.; Kruth, H. In Procee...
	13. Walba, D. M.; Dyer, D. J.; Sierra, T.; Cobben, P. L.; Shao, R.; Clark, N. A. J. Am. Chem. Soc...
	14. Walba, D. M. Science 1995, 270, 250.
	15. Hassen, A.; Alexanian, V. Tetrahedron Lett. 1978, 447.
	16. Lee, C. K.; Chien, L. C. Liq. Cryst. 1999, 26, 609.
	17. Miyasato, K.; Abe, H.; Takezoe, A.; Kuze, E. Jpn. Phys. 1983, 22, L661.
	18. Lee, C. K.; Kwon, S. S.; Chien, L. C.; Choi, E J. Bull. Korean Chem. Soc. 2000, 21(11), 1155.
	19. Akutagawa, T.; Matsunaga, Y.; Yasuhara, A. Liq. Cryst. 1994, 17, 659.
	20. Sethna, V. M.; Vries, A. D.; Spielberg, N. Mol. Cryst. Liq. Cryst. 1980, 62, 141.
	Number of Carbon Atom (n)
	Transition Temperature/oC (Enthalpy/J mol-1)
	Switching Property
	5 (X=H)
	6 (X=H)
	6 (X=F)
	6 (X=Cl)
	8 (X=H)
	8 (X=F)
	8 (X=Cl)
	Cr 107.0 (47.1) I
	Cr 146.8 (18.5) SmX1 157.2 (10.9) SmX2 160.9 (8.1) I
	Cr 45.5(5.8) SmX1 115.7 (35.7) SmX2 138.4 (10.1) I
	Cr 103.7(9.0) I
	Cr 130.8 (27.2) SmX1 142.9 (17.0) SmC* 159.8 (25.4)
	Cr 105.4 (26.6) SmC* 139.2 (7.9) I
	Cr 108.0(14.0) I
	None
	None
	None
	None
	Switchable
	Switchable
	None






