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becoming more solid-like and thus freezing in the SmA layer
texture. YHK1 therefore has structural characteristics convenient
for thermal sublimation studies of smectic layer organization.

Sample drops were spread to a 5- to 10-μm thickness in the
isotropic phase on glass or silicon wafer surfaces previously spin-
coated with polyethyleneimine (PEI; Aldrich; molecular weight
of 60,000) to provide random planar anchoring of the LC. Upon
cooling into the SmA, the surface thus induces planar alignment,
whereas the top of the LC film was open to air to induce
homeotropic alignment. The resulting geometrical frustration
can be accommodated by the formation of toroidal focal conic
domains (TFCDs) (12, 13, 20, 21). In the thin films prepared
here, this tendency led to the spontaneous appearance of large
hexagonal arrays of uniformly sized and spaced TFCDs, shown in
PLM in Fig. 1B and SI Appendix, Fig. S2, obtained by holding the
sample temperature ∼5 °C below the Iso-SmA transition tem-
perature for a few minutes. These circular birefringent domains
have the classic TFCDs, extensively characterized in previous
research, within which the smectic layers form a set of nested

toroidal surfaces bounded by a cylinder normal to the surface
with layer cusps along a straight line passing through the axis
of the cylinder (1, 22) (SI Appendix, Fig. S2). The known layer
structures of these TFCD arrays make them attractive candidates
for the evaluation of thermal sublimation as a probe of smectic
layer structure.

Sublimation studies were done on these YHK1 films by first
cooling the films to room temperature and assessing them opti-
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effectively incorporated into the processing of self-assembled
layered soft material systems.

It is important to emphasize that the material used, YHK1,
although exhibiting a combination of properties that make it a
useful demonstration material for 3D visualization by subli-
mation, does not possess any particularly special characteristics
that should make it unique in this regard. For example, YHK1
preserves the smectic layering structure upon slow cooling to
room temperature. However, it is well known that a wide variety
of soft layer structures can quite generally be preserved by rapid
cooling to room temperature or below; for example, there is
broad application of rapid quenching in FFTEM study of LC and
soft material structures. That is, appropriate combinations of
cooling rate and holding temperature can preserve most soft
layering structures. YHK1 is a material that thermally sublimes
in the layered phase of interest at a rate that enables revelation
of the internal structure in a convenient time. Sublimation rate
is mostly determined by molecular size and temperature. At
low temperature, for example, in FFTEM at 77K, soft matter
organics, such as LCs, will not substantially thermally sublime,
but the thermal sublimation of small molecular components,
such as water or solvents, is commonly used in the “freeze etch”
variation. However, in the circumstance where structure pres-
ervation requires low temperature, sublimation is not necessarily
limited to thermal sublimation but may be assisted by ion bom-
bardment or exposure to various etching modalities, such as
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