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Is absolute chiral induction in mesophase generated only by O@—OCw‘y
banana-shaped molecules? After the discovery of the chiral cquo—Q—o
mesophase generated by achiral banana-shaped molésuales;
tists have been focused on the properties of banana moléeniés
the mechanism for the chiral induction. As a result, three possible N o /\)\/\)\
origins have been proposed based on the banana shape: (1) tilting cmuﬂ{ ;)—Oocmm‘ cw”o_@_?‘@‘“

of the molecule to the layer normal producing the mirror image, N
(2) twisting of the layers to escape the spontaneous polarization,
and (3) a chiral conformation of the ester grodfdlowever, it

has not been clarified which is the real origin for the chiral
induction, and it has been thought that the banana shape is essenti
for absolute chiral induction in mesophase. On the other hand, it is
well-known that absolute chiral induction in crystal takes place by
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freezing one chiral conformation of achiral molecules during the Figure 1. Polarized optical microphotograph dfin the smectic C phase

crystallizing process in which a banana shape is not esséial. at 65°C (a). Photographs obtained by (b) the clockwise rotatib&°) of
believe that the realization of this chiral induction process should the analyzer from the cross-polarization position and (c) the counterclock-
be also possible in mesophase. wise rotation {-5°) of the analyzer from the cross-polarization position.
In this communication, we report the first example in which an

S ) . ) ; (a) (b)m=
absolute chiral induction with simple rodlike molecules was i
observed in mesophase. Compoundi-octyloxyphenyl 4-octyl- m - *
oxybenzoate, is one of the simplest liquid crystalline compounds £ T\ e e S . R T
that is easily available and has been used for many experiments in St / R
past decadeslin an experiment of our dopantswas used as the o i
mother liquid crystalline compound. To our surprise, a chiral T — w T s e s e s s e

induction was observed even without the aid of a dopant. . - ra ofLin th e C oh . . wre
; igure 2. spectra ofl in the smectic C phase at room temperature in
In the smectic C phase df, plane textures were observed by supercooled state. (a) The full and dashed lines indicate right- and left-

polarized-light optical microscopy (POM) in the homeotropically handed helical structures in the smectic C phasemishows the peak
aligned sample. The microphotographs are shown in Figure 1. Theintensities of 10 runs.

boundaries between the domains were observed as the bright line
(Figure 1a). The domains were recognized as the difference of
brightness which were separated to bright and dark areas by
clockwise rotation+5°) of the analyzer from the cross-polarization
position (Figure 1b), because transmittance of light from one area
increased and the other decreased. Then, in the case of
counFerc_Iockwis_e_ rotat_ion—(5°) of the gnalyzer from the cross- To investigate the dopant effect dfon the helicity in the layer

p(_)larlzatlon p°~°"“°f‘ (Figure 1c), the bright and da_r k areas _chang_ed structure of a smectic C phase, the following miscibility experiment
with each other. This suggests that the molecules in the nelghborlngWas performed. A mixture o2 and 3 (= 1:1) which exhibits a

do_rrnalns ?enetLate r(]).ppl(.)tSItef f:'ra:j“ty' ins. the CD traloh smectic C phase at room temperature was used as the host liquid
th o con gmcetr:] Irality of the omalr:js, te srt)ecr Ot . crystalline compounds. The mixture showed a stable smectic C
€ smectc phase were measured at room temperature Ir‘phase at room temperature up to 30 wt %4.0Although the melting

supercooled state. Figure 2a shows the C.D Sp?cma he CD oints were higher than room temperature at the range 61140
spectrum was measured after each cycle in which the sample wa%T % contents ofL, the smectic C phases could be observed at

heated over the clearing point and then cooled to room temperature, temperature on cooling in the supercooled state. Figure 3a

The CD signal was observed as one peak at-3Xb nm in either shows a periodic stripe texture observed in the smectic C phase of
the mixture ofl, 2, and3 (30:35:35) in the homogeneously aligned

%ositive or negative side at random. After 10 runs, the average of
the peak intensities was almost zero and the maximum wavelength
4was almost constant (Figure 2b). This suggested that right- or left-
handed helicity was generated in each domain randomly. The result
is similar to that of the achiral banana-shaped molecules reported
a\ay Thisayukta et at.

; Graduate School of Science and Technology, Chiba University. domain. The pitch decreased with decrease in temperature. The
okusnima sunri University. X
§ Faculty of Engineering, Chiba University. observed pitch at constant reduced temperaflire T, = —15 K)
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Figure 3. (a) Pitches observed in the smectic C phase of the mixtute of
2, and3 (30:35:35) in POM at room temperature. (b) The pitch against the
content ofl in the mixture ofl, 2, and 3 in the smectic C phase. The
pitches were measured at constant reduced temperdturd{ = —15 K).

G e

1234586748910

Number of experiment

P-conformer

M-conformer

Figure 4. (a) Peak intensities of the CD signals bfioped with 10% of
4 (10 runs). (b) Molecular models of the and M-conformers ofl.

was plotted against the content bfin the mixture (Figure 3b).
The pitch decreased with increase of the contents Atcordingly,

it was clear that compouridgenerated the periodicity in the smectic
C phase. With thinking of the plane textures in the homeotropically

aligned sample (Figure 1), it was assumed that the smectic C phase

of 1 had a helical layer structure.

To confirm that the two kinds of domains in the plane textures
of 1 originated in a chiral induction, a small amount of chiral
compound4 was mixed withl, and the optical textures and the
CD spectra were investigated. As compared with the result in Figure
1, one kind of domain is observed more predominantly than the
other one in the POM observation @fwith 5 wt % dopant. In
Figure 4a, all of the 10 runs in the CD spectrumlafoped with
10% of4 showed only a positive peak at 36810 nm with strong
intensity, 26-30 times stronger than the CD signal of purelt
was assumed that the appearance of the CD signal originated in
the helical conformation of the molecule and not in the helical layer
structure itself. The fluctuation in the intensity originates in that
the chiral induction was not controlled perfectly by the doping.

We propose the mechanism for the chiral induction which is
based on intermolecular interaction between the conformers in the
smectic C phase. In the AM1 calculation, the angle between the
benzoyl plane and the other benzene plane was abduindbe
most stable conformer df, which indicates existence of two chiral
conformers, P- and M-conformers (Figure 4b), although the
rotational barrier between them is only 0.3 kcal/mol. The above-
mentioned CD signal also suggested existence of the twisted
conformation. In each domain, aggregation of conformers with one
chirality is preferable than that of racemic conformers. The shape-
fitting of one molecule with other molecules is significant during
the packing process in liquid crystal as well as that in crystal. Thus,
either theP- or M-conformer becomes the majority in one of the
smectic layers, and the chirality of the layer influences the adjacent
layers. Finally, one of the chiral conformers exists predominantly
in the whole domain.

The results in this study suggest that conformational chirality in
the phenyl ester moiety is the origin of the generation of the chiral

smectic phase. In this chiral induction process, it is estimated that
dipole—dipole intermolecular interaction between the ester linkages
is important to organize the moleculkbpwever, further study of
the intermolecular interactions is necessary.
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