Organization of the polarization splay
modulated smectic liquid crystal phase

by topographic confinement ,
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iquid crystals (LCs) of bent-core “banana-shaped” molecules

have come under intense investigation following the discovery
of smectic phases in which polar ordering and macroscopic chir-
ality appear as spontaneously broken symmetries (1, 2). Among
the more exotic of these are the B7 phases, in which the polar-
ization field exhibits a periodic splay modulation, leading, in com-
bination with the fluid smectic layering, to intricate textures in
bulk samples (3-6). As for many smectics appearing upon cooling
directly from the isotropic phase via a first order transition, i.e.,
having no intervening nematic phase, the B7s are not easily
aligned into macroscopically oriented domains of any sort with
the anisotropic surface treatment methods such as optical- or me-
chanical-rubbed polymer surfaces or obliquely deposited silicon
monoxide (SiOx) (7-11) that are typically useful for aligning LCs.
Topographic patterning has been demonstrated to align LCs
(12-14) and has recently emerged as an effective alignment tech-
nique for both nematic and smectic LCs, and in particular for
layered LC phases growing directly from the isotropic (15-18).

In this paper we report the successful use of topographical
confinement to control the spatial organization of the B7 smectic
phase, employing linear micron-scale channels of rectangular
cross-section etched into the surface of silicon wafers. Smectic
layer orientation normal to the channel walls and bottom is
enforced by a preference for random planar alignment of the
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molecular long axes on the channel surfaces. This tendency com-
bines with that of the layers at the LC/air interface to be parallel to
the interface, to produce novel, well-organized B7 structures with-
in the channels. These are investigated by various microscopic
techniques including depolarized reflected light microscopy
(DRLM), scanning electron microscopy (SEM) and atomic force
microscopy (AFM).

Asu s

S urd s Agedt A Lp~g¢ . Banana-shaped mole-
cules from two homologous series reported to exhibit the B7
phase were prepared to achieve the goal (Fig. 1A) (19-21). The
molecular architectures with bent-core and flexible alkyl termi-
nated tails exhibit smectic phases with molecules of sponta-
neously polar order (polar direction, p) and tilt (tilt direction, c)
to make them chiral (Fig. 1B). In the B7 phase the inherent ten-
dency of the polarization field to splay is strong enough that it
appears in the form of linear stripes of the preferred sign of splay,
separated by defect lines running parallel to the mean polariza-
tion direction (Fig. 1C). This in-plane modulation in the molecu-
lar orientation and ordering leads to a periodic pattern of layer
undulations of wave vector q normal to p. The layer periodicity
(layer spacing ~4 nm) and the splay modulation periodicity (splay
undulation period ~
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layer normal as well as that of p and/or of its orthogonal compa-
nion q.

We tested channels with various widths (3, 5, 7, 10 pm, etc.),
and the 5 pm channel showed the best results, though the 3 pm
and 7 pm channels experiment also yielded similar morphology.
In channels wider than 10 pm the bulk B7 structure starts reap-
pearing with its own various complex structures. Based on this,
micro-channels of rectangular grooves with 5 pm width (w)
and depth (d) were made in the surface of single crystal Si sub-
strates [(100) orientation] by conventional photolithographic
masking followed by reactive ion etching with CF, (22). In order
to promote orientation of the layers locally normal to the plates,
the resulting grooved surface is thoroughly cleaned by immersion
in a mixture of DMF and methanol to remove organic-inorganic
impurities, followed by rinsing several times with deionized water.
The channels were filled with LC by heating the substrate surface
(open to air) to a temperature in the isotropic range of the LC,
putting a drop of LC on one end of the channel array, and letting
capillarity draw the LC into the grooves. In a bent-core LC sys-
tem, textures with the largest scale oriented domains are gener-
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lating layer pattern near the top of the channel visible in Fig. 4.
These domains grow as quarter spheres until they encounter one
another, in which case they form interfaces along planar walls
along the lines joining the green dots in Figs. 3B and 4 A and C.
Such planar defects are not typically found in bulk smectic
focal conic textures because they cost more energy than the line
defects of Dupin cyclides (25), but, under conditions of strong
confinement as is the case here, they can be maintained as evi-
denced by the planar chevron interface found in thin smectic C
cells (26). In earlier studies of smectic A organization in channels,
periodic arrays of toroidal (FCD-1) focal conic defects are ob-
served. Toroidal FCD also satisfy the requirement for having
the smectic layers at the channel surface normal to the interface.
The appearance of spherulitic domains in the B7 case is likely
related to a preferred layer orientation at the isotropic—smectic
interface that is different from that of the SmA. In the B7, the
appearance of fluid smectic filaments and conformal focal conic
domains shows that the preference at the isotropic-B7 interface is
to have the smectic layers parallel to the interface, which as
Fig. 4C shows is the orientation required for the growth of
spherulitic domains. In the SmA case the preference has the
smectic layers normal to the isotropic-SmA interface, which leads
to the formation of toroidal FCDs.

AFM visualization was carried out directly on the MHOBOW
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amplitude is about 50 nm, comparable to that found by freeze
fracture TEM and X-ray diffraction (Fig. S3) (3).

In the B7 splay modulated structure the in-layer plane princi-
pal axes of the optical dielectric tensor are along p and q
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(17, 18). Such a motif has been found in smectic films with com-
peting planar and homeotropic orientations on opposite surfaces
and leads to linear periodic arrays of toroidal focal conic domains
in channels with surfaces fostering planar alignment. The B7 focal
conic domains in the channels have one conic section defect line
on the solid channel surface and the other emerging from the LC/
air interface to produce only weakly undulated top surface layers.
The resulting three dimensional layer structures must then be
dressed with the polarization and its splay modulation. How this
is done is visible currently only for the layers near the air inter-
face. In bulk B7 samples, freeze fracture TEM shows that in
layers with curvature anisotropy, i.e., orthogonal directions of
large and small radius of curvature that the polarization and splay
stripes tend to orient to the direction of largest radius of curva-
ture, while the splay modulation wave vector orients to that of
smallest radius (Fig. 4) (27). These preferences appear to also
be operative in the wave-like trajectory of the splay stripes of
the channel confined B7 (Fig. 3
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.S1. Depolarized reflected light microscopic (DRLM) images of the channel confined B7 phase shows beautiful periodic optical textures over large areas.
I&)tatlng the sample through angles A, 0°, B, 10°, C, 30°, and D
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