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A CHIRAL SMECTIC B PHASE
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Department of Chemistry, The University, Hull, HU6
7RX, England

(Submitted for publication April 18, 1976)

Abstract  Terephthalylidene-bis-((+)-4'-methylhexyl-
oxy)aniline, a chiral analogue of TBBA has been pre-
pared. The compound forms a chiral smectic C phase
and, at a lower temperature, a tilted smectic B phase.
Evidence is presented which shows that the S_ phase,
consisting of ordered layers, is also chiral.

Introduction The biaxial nature of a smectic C (S,)
liquid crystal is due to the tilt of the long axes of the
molecules with respect to the planes of the smectic layers.
Theoretical considerations by Saupel predicted that if the
molecules were optically active, the tilt directions would
spiral about a direction normal to the layer planes on pass-
ing through a series of layers. This prediction was veri-
fied experimentally in 1971 by Helfrich and oh? for an
optically active compound that gave a Sc phase. A thin
film of this chiral S phase, pressed out to form the equi-
valent of the non-chiral SC schlieren texture, i.e., with
the layers parallel to the glass surfaces, showed optical
activity and rotatory dispersion. For convenience in this
communication, we refer to this texture as a planar SC
texture. 3

Also in 1971, Levelut and Lambert” showed that the
smectic B (S;) phase which occurs on cooling the S, phase
of the non—cﬁiral compound, terephthalylidene—bis—g—n—butyl—
aniline (TBBA), is tilted and biaxial. Indeed, it is now
accepted that any SB phase occurring on cooling a SC phase
will be tilted.

We reasoned therefore that if an optically active com-
pound showed a tilted Sp phase, then that phase might also
involve a helical distribution of the tilt directions and
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be optically active in the same manner as a chiral S

phase, except that the molecules within each layer would

be hexagonally packed. However, the interlayer forces
operating in the more viscous Sy phase are probably more
effective in giving structural correlations over a number
of layers than those in the higher entropy S; phase. If
the forces causing these correlations tend to constrain the
system to adopt a uniform tilt direction, then the chiral
forces may not be strong enough to overcome them and allow
a spiral twist of the tilt directions to propagate through
a stack of layers. As these possibilities had not hitherto
been investigated, we prepared an optically active analogue
of TBBA which gave a tilted Sy phase on cooling its S¢
phase. The optical properties of the SC and S phases are
now described.

Results and Discussion Terephthalylidene-bis-4~((+)~
4'—methylhexyloxy)anlllne (TBMHA) has the constants, C-5g,
144° 3 Sp~Sc, 160. 4° S¢=Ch, 207. 6° ;3 Ch-I, 224, 5°. ‘The
cholesteric phase transforms into and forms from the ,iso-~
tropic liquid via elongated, banana-shaped particles  similar
to bAtonnets. The cholesteric texture (plane or 'focal-
conic') changes on cooling inte a S¢ téxture usually con-
sisting of both coloured, planar areas and focal-conic areas.
The focal-conic regions are crossed by pronounced black
lines which pass continuously from one fan-like area to
another. These periodic lines are very different in appear-
ance from the concentric arcs (or bands) of a smectic E fan
texture®. The spacing of these lines is presumably related
to the pitch or half-pitch of the helical structure. More~
over, the observed spacing will be a function of the orien-
tation of a particular focal-conic domain relative to the
glass surface on which the microscope is focused. If the
spacing is to give a measure of the actual pitch-length, it
is therefore necessary to range over the preparation and
measuyre the maximum line spacing. At the high temperature
at which this S, phase exists, an accurate measurement of
the separation of these lines is quite difficult, but we
estimate the pitch length to be about 4.6u.

The coloured, planar S areas do not become extinct
between crossed polarisers on rotation of the sample, indi-
cating that the optic axis is parallel to the direction of
viewing. However, these areas do give extinction in mono-
chromatic light when the analyser is rotated, showing that
the phase is indeed optically active. When the chiral SC
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phase is agitated mechanically, the coloured, planar tex-
ture is adopted uniformly over the field of view, but does
not exhibit cholesteric-~like peacock colours because the
pitch is too long. Helfrich and Oh? did not quote a pitch
length for their S, phase. Hewever, using their optical
rotations and the de Vries' equation, and assuming a plaus-
ible value for the birefringence of a layer for normally
incident light, Dr. N.H. Hartshorne has calculated the
pitch of their chiral Sc phase to be about 3.2u. Again
this pitch is too great to give selective reflection of
visible 1light.

Despite the uniformity of the planar S, texture of
TBMHA, an optic sign could not be obtained gor the phase.
Indeed, when phase diagrams for mixtures of TBMHA (Ch-S c~Sg}
with either TBBA (N-S,-Si-Sg- SG) or with n-butyl 4-(4'-
methexybenzylideneamino)cinnamate (N—SA—SB) were constructed,
the SA-SC transitions were characterised by a change from
a homeotropic S, texture giving a positive, uniaxial inter-
ference figure to a coloured, planar SC texture showing no
interference figure. These phase diagrams showed that TBMHA
exhibits cholesteric, S, and Sy phases, and also that the
compound has strong latent S, tendencies.

When the chiral S, phase of TBMHA is cooled to give the
SB phase, a mosaic texture results, irrespective of the S
texture. The mosaic areas are small compared with those
given by non-chiral, tilted Sy phases. In the mosaic tex-
ture of the tilted Sg phase of TBBA, the molecules lie in
flat layers whose planes are inclined at various angles to
the glass surfaces. However, none of the mosaic areas of
TBBA appear to involve an arrangement of the molecules
orthogonal to the glass, i.e., no areas are homeotropic.
When the sample is rotated, the mosalc areas simply pass
through extinction positions every 90° However, with the
mosaic texture of the Sp phase of TBMHA although a few
areas simply change colour a little, most areas do show
extinction every 90° It seems then that none of the
mosaic areas consist of layers strictly parallel to the
glass, and because of this the optical rotatory power could
not be examined. The mosaic texture of the Sp phase is
very viscous, and pressure and agitation fail to change
it to a texture in which the layers lie parallel to the
glass surfaces. Even with different treatments and cleaning
procedures for the glass surfaces, the mosaic S_ texture
still formed, and the phase has not been seen in any other
texture.
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However, when miscibility experiments were carried
out on TBMHA, it was found that for concentrations of
TBBA >10%, the Sy textures obtained from the planar, chiral
8¢ textures of the mixtures were also planar and exhibited
the same properties as those of the planar, chiral S
phase, i.e., optical activity was shown. Also, when n-butyl
4-(4'-methoxybenzylideneamino)cinnamate was the diluent,
then in the region of the phase diagram where direct 5,-Sg
changes occurred (<70% TBMHA), a change from a black homeo-
tropic S, texture (optically positive uniaxial) to a
coloured, optically active, planar S_ texture occurred.

Thus, even though pure TBMHA doés not exhibit a Sy
texture in which optical activity can be observed, mixtures
of this Sy phase with either orthogonal or tilted Sg phases
produce planar textures which show optical activity. There-
fore, even for these diluted, more weakly optically active,
tilted Sp phases, the chiral centres in the molecules of a
given layer can influence the tilt directions of the mole-~
cules in neighbouring layers, producing a helical distribu-
tion of the tilt directions which propagates through the
bulk phase of structured Sy layers. A chiral, tilted SB
phase is therefore capable of existence.
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