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Abstract

We investigate the formation of photoinduced gratings in a homeotropic film of nematic liquid crystal doped with
methyl red. Using a grating translation technique, we determine the time evolution of the amplitudes and phase shifts of
both index and absorption modulations. With low writing intensities, a fast grating caused by photoisomerization of the
dye competes with a slower grating, originating from a reorientation of the director. This slower grating only appears if
the light polarization has a nonzero projection on the director, i.e. at oblique incidence. The grating decays in the dark.
We suggest that its formation may be explained by a light-induced dielectric torque, rather than a photorefractive effect.
With high intensities, an even slower grating is formed at normal incidence. We stipulate that it originates from a
change in the anchoring parameters caused by the adsorption of photoisomerized dyes on the surfaces. The resulting
reorientation of the director is permanent. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Nematic liquid crystals are well known for their
linear and nonlinear optical properties [1]. Their
strong birefringence is used to generate modula-
tion of refractive index by molecular reorientation,
with an electric field, or under the action of light.
In dye-doped nematics, different phenomena may
cause reorientation induced by polarized light: the
torque induced by the anisotropy of the optical
permittivity, and enhanced by some dopants [2];
photoisomerization and reorientation of the azo-
dyes followed by the reorientation of the liquid
crystal [3]; photoadsorption of the azo-dyes onto
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the surface of the sample, changing the anchoring
conditions [4]; photorefractive-like effect [5].

In particular, the nematic liquid crystal 5CB
with Methyl Red (MR) was found to exhibit an
extraordinarily high Kerr coefficient [6]. In 6 pm
homeotropic films, gratings with diffraction effi-
ciencies up to 30% were written with intensities of
a few W/cm” at 488 nm, with a response time of a
few seconds. The grating pitch was of the order of
the sample thickness. Gratings could be written
with beams illuminating a sample around normal
incidence, but were more efficient at oblique inci-
dence. The polarization dependence of the dif-
fraction of a He-Ne probe beam showed that the
grating originates from a reorientation of the di-
rector in the plane of incidence. This reorientation
was first attributed to a photorefractive-like effect.

However, no beam-coupling was observed, as
would be expected from an index grating phase-
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shifted with respect to the interference writing
pattern [6]. Moreover, the effective electro-optic
coefficient vanishes with symmetrically incident
beams, in a centrosymmetric material. Although
several aspects of light-induced director reorien-
tation in dye-doped liquid crystals are understood,
the microscopic origin of the gratings is still un-
clear [7,8].

Here we report experiments on a similar sample
of homeotropic E7 doped with MR and 12 pm
thick. We first investigate single beam spectroscopic
measurements followed by experiments on writing
gratings. We also discuss different physical phe-
nomena that can be involved in grating formation
and the importance of illumination conditions.

2. Dichroism

Dichroism measurements provide information
on the orientation of the MR. We thus measure
absorption spectra with a probe beam in either TM
or TE polarization, incident at 45° from the sample
normal. MR is an azo-dye and under the action of
light, it photoisomerizes from the trans to the cis
form [9]. The spectra show the absorption band of
the MR in the trans form [4]. The sample is dich-
roic, indicating that the MR are roughly aligned
along the director, perpendicular to the surfaces.
Using the usual oriented gas model [10], we deduce
the average value of the second order Legendre
polynomial, i.e. the order parameter 4, = 0.12.

Then we illuminate the sample with a
800 mW/cm2 pump laser beam at 532 nm (fre-
quency doubled Nd:YAG). After a few seconds,
the absorbance decreases, in the same proportions
for the TM (—19%) and TE (—16%) spectra. This
change is reversible. The same results are obtained
for both polarizations and the direction of the
pump beam, showing that the MR photoisomerize
but does not reorient. This behavior is different
from a number of azo-dye doped polymers [11].

3. Gratings written with low intensities

Gratings are induced by two beams from the
same laser, each 800 mW/cmz, crossing at an

angle of 2.2°, with angles of incidence approxi-
mately 45°. The grating pitch is then approxi-
mately 18 um. To write and analyze the gratings,
we use a grating translation technique [12], which
provides the amplitudes and phase shifts of the
index and absorption modulations, in real time.
The setup has to be stable to a high degree to
get rid of unwanted drifts of the interference
pattern.

With TM polarizations, a mixed index and ab-
sorption grating of negative sign (phase shift )
forms in a few seconds (Fig. 1). The magnitude of
refractive index and absorption decrease in the
bright fringes, probably because of photoisomer-
ization of the MR. This is consistent with the fast
decrease of the absorption spectra under pump
illumination. Then the grating tends to disappear,
either by a saturation of the grating [13], or by a
competition with the slower, positive grating
(phase shift 0) which begins to appear and domi-
nates at longer times. It is mostly a pure index
grating.

With TE polarizations, the fast grating has
approximately the same or slightly lower effi-
ciency, but the slow grating is strongly diminished.

This slower phase grating probably originates
from a reorientation of the liquid crystal director
towards the polarization direction, in the bright
fringes. From the diffraction efficiency and the
indices of refraction n, = 1.738 and ny = 1.537 at
546 nm, we deduce an average value of the director
rotation of about 1°. Anchoring forces hinder a
stronger reorientation.

The local nature of the grating seems inconsis-
tent with a photorefractive effect. In order to
confirm this, we try to write a grating with the
sample tilted of 45° out of the plane of the writing
beams, as opposed to the experiment of Fig. 1
where it is tilted in the plane of the beams. The
polarization is still TM, i.e. in the plane of inci-
dence. We observe the same grating. Therefore, we
can conclude that the necessary condition to write
the grating is the existence of a projection of the
polarization onto the director, and not onto the
direction of the intensity gradient.

We also exclude a photoadsorption effect [4].
The grating would be permanent, and the index
grating accompanied by an adsorption grating.
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Fig. 1. Time dependence of the gratings induced at 532 nm by two 800 mW /cm® beams intersecting at 2.2° at oblique incidence. Full
disks: TM polarization; empty disks: TE polarization. (a) Modulation 7, of the refractive index; (b) modulation «; of the absorption
coefficient; (c) phase shift ¢, of the index grating; (d) phase shift ¢, of the absorption grating.

The observations are consistent with the results
and interpretation provided by other groups [2].
The origin of the reorientation of the director
could be the light-induced torque originating from
the anisotropy of the optical premittivity, and
enhanced by the MR. This would explain why the
slow grating vanishes with TE polarization, as well
as for normal incidence, as the polarization is then
perpendicular to the director. Under these condi-
tions the reorientation should occur only above a
certain intensity threshold.

The grating seems to be different from the one
observed in [6], where the response time is much
faster and the grating is still observed at normal
incidence, although less efficient. However, the
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response time decreases by a factor of 10 when we
use an argon laser to write the grating, with a 514
nm wavelength being closer to the center of the
MR absorption band.

4. Gratings written with high intensities

With higher intensities (6 W/ cmz), we can write
gratings even at normal incidence. They may only
be read by a beam polarized in the same direction
as the writing beam. A diffusion background
progressively appears, as diffraction grows. These
gratings contain both index and absorption mod-
ulations of positive sign (see Fig. 2 for the index
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Fig. 2. Time dependence of the gratings written at normal incidence, 532 nm, 6 mW /cm?. (a) Modulation 1, of the refractive index;

(b) phase shift ¢, of the index grating.
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grating). The response time is slow compared to
this measured at oblique incidence.

The gratings are permanent, which may be ex-
plained by a change of the anchoring conditions.
An interpretation involving adsorption of the MR
on the surfaces, parallel to the polarization, and
subsequent reorientation of the liquid crystal,
seems to be the most likely mechanism [4]. The
large index grating observed here is caused by a
reorientation of the director of 66 = 8° after 2500 s.
We suggest that the absorption grating originates
from the microassembly of dye molecules on the
surface [14].

5. Conclusion

We analyzed the formation of gratings in ne-
matic E7 doped with MR. Our results suggest that
a photorefractive-like effect is not responsible for
their build-up. We suggest that the intensity of il-
luminating light plays a crucial role in determining
the underlying mechanism for gratings formation.
At low intensities, light-induced torque originating
from the anisotropy of the optical permittivity,
increased by the dopant, may be responsible for
the index variation. At high intensities, the per-
manent gratings may be generated by the adsorp-
tion of the phototransformed dopant onto the
surfaces.
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