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most upper-tropospheric heating in the tro-
picsisadvected out of the region, CO, warm-
ing in the atmosphere should have much less
of an effect on limiting the SST than does di-
rect solar heating, although the relationship
between atmospheric warming and SST is a
subject of controversy. In addition, atmos-
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pheric warming by CO, may alter the vertical
temperature profile, leading to changes in
the atmospheric stability.
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Shedding light on alighment

Cliff Jones and Sally Day

Orcanic materials have enormous potential
for use in electro-optic and opto-optic de-
vices. Nowhere is this more evident than with
liquid crystals, which are already familiar in
the displays of digital watches and laptop
computers. These devices are electro-optic:
applying an electric field reorientates the
liquid crystal molecules, thereby altering the
device’s optical properties. New effects and
applications are being sought, and one par-
ticularly exciting possibility is that of con-
trolling the molecular orientation using
incident light. Such an effect is described by
Gibbons et al. on page 49 of this issue’, who
show how to manipulate the orientation of
a nematic liquid crystal by irradiating the
surface alignment layer with polarized light.

Vital to most liquid crystal devices are sur-
face alignment agents which define the
molecular orientation of the device in the
unswitched state. Numerous surfactants are
available, but the usual commercial tech-
nique is to coat the inner surfaces of the glass
cell containing the liquid crystals with a
polymer such as polyimide. This causes the
rod-like liquid crystal molecules to lie
parallel to the surface. Rubbing the surface
with a nylon cloth then imparts a preferred
alignment for the liquid crystal molecules
once the cell is filled. For example, in the
common twisted-nematic device, the sur-
faces are rubbed at 90° to each other, so that
the liquid crystal molecules twist through
this angle from one surface to the other.
Light is transmitted through the liquid
crystals when viewed between crossed polar-
izers, and the cell appears light. Applying a
small voltage (typically about a volt) reorien-
tates the molecules, removing the twisted
structure so that the device is dark. In this
manner the twisted-nematic cell acts as a
simple electro-optic shutter.

Gibbons et al. use a novel alignment layer
that is a mixture of polyimide and an azo-
dye. Anisotropic dyes of this type are often
used in liquid crystal applications because
they align parallel to the liquid crystal mole-
cules, providing anisotropic absorption of
incident light and allowing displays incor-
porating a single polarizer. Gibbons et al
constructed a cell in which one surface is
coated with polyimide and the other with the
dye-doped polyimide, and the plates ar-
ranged with rubbing directions parallel. The
liquid crystal is then uniform and behaves
optically as a birefringent slab (so that, for
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example, it would appear dark between
crossed polarizers). Incident light from an
argon-ion laser, polarized parallel to the in-
itial direction of alignment, causes the liquid
crystal molecules at the dye-doped poly-
imide surface to reorientate through 90°,
forming a twisted-nematic structure which
transmits light between crossed polarizers.
Clearly, this effect is due to the presence
of the dye in the alignment layer. Similar ef-
fects have been cbserved in the bulk of
azo-dye-doped monomeric? and side-chain
polymeric?® liquid crystals. Anderle er al?
suggest a mechanism for the photoinduced
reorientation of the liquid crystal based on
trans—cis isomerization of the azo-dye,
changing the molecules’ shape (see figure).
Illuminating the dye with light of wavelength
close to its absorption maximum induces the
frans—cis reaction, with highest reaction
probability for molecules parallel to the
plane of polarization of the incident light be-
cause of the anisotropy of the dye’s absorb-
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Rotation of the optical axis of an azobenzene dye by photoinduced trans-cis
isomerization (@ = b). The thermally induced reverse reaction {cis-trans) is
more likely to progress to orientation cthan to orientation aif the optical axis of
ais parallel to the polarization of the incident light.

ance. The thermally excited reverse reaction,
cis—trans, may occur by either of two routes
but the final state is most likely to be perpen-
dicular to the polarization of the incident
light because of the continued excitation of
the molecules in that direction.

A liquid crystal mixed with the dye will
also become reoriented under these circum-
stances, owing to the molecular interaction
between the dye and the liquid crystal, and
therefore the optical axis of the sample will
rotate to be perpendicular to the incident po-
larized light. Eich and Wendorff? have begun
to demonstrate the considerable potential
for these effects in liquid crystal polymers as
a medium of eraseable optical storage, pro-
ducing diffraction gratings and holograms.
The possibility of real-time holography for
display purposes in monomeric liquid crys-
tals? is however limited by the slow re-
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sponse of the reorientation process.

Photoinduced isomerism may also lead to
the surface alignment effects described by
Gibbons et al. Two mechanisms have been
proposed for the alignment of liquid crystals
on rubbed polymers. One involves a long-
range interaction due to surface micro-
grooves caused by the rubbing. The elastic
energy of the liquid crystal is then minimized
if the molecules lie along the grooves. Alter-
natively, the alignment mechanism may be a
short range interaction between the liquid
crystal molecules and the polymer surfac-
tant. It is possible to distinguish between
these mechanisms through measurement of
the optical second-harmonic generation
{SHG, a frequency-doubling effect) of the
noncentrosymmetric monolayer at a sur-
face’. The liquid-crystal/rubbed-polymer
interface has been studied using this power-
ful technique by Chen eral., who show, from
the symmetry and polarization dependence
of the SHG signal, a preferential, polar
orientation of the surface layer of crystal
along the rubbing direction of polyimide.
Other alignment layers do not show such
short-range, polar interaction and it is pres-
umed that the alignment mechanism is due
solely to the longer range elastic forces in the
liquid crystal bulk. Although a dyed poly-
imide surfactant has not been studied by
this method, the results of Gibbons er al.
indicate that the liquid crystal molecules
interact even more strongly with the dye than
the polyimide.

Interesting new uses of liquid crystals may
be emerging that take advantage of the fine,
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adaptive control of the orientation of liquid
crystals using light instead of the conven-
tional fixed electrode structures. But the
mechanisms involved must be understood
more fully in order to optimize the efficiency,
response times and optical characteristics
needed for practical devices. O
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