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Optically induced periodic structures in smecticC liquid crystals
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We explore periodic structures of smec@c(SmC) liquid crystals, induced optically by a polarization
grating. The studied cells contain a passive surface of rubbed polyimide and an active photosensitive substrate
of azo-dye doped polyimide. In a nematic phase the director field can be periodic independent of the angle
between the grating vector and the rubbing direction. In thé $hmase periodic structure can be induced only
by layer undulations. The Sthbehaves similarly to the nematic phase, but the director can rotate only on a
cone, which results in a more complex geometry. The periodic pattern is superimposed with four different
director and layer structures. In spite of the coexistence of the nonuniform structures the diffraction efficiency
is better in the Si@, than in the nematic phase.
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INTRODUCTION shown in Fig. 1. The resulting periodic structures were ob-
served under a polarizing microscope and probed with a
Basically there are two fundamentally different mecha-He-Ne laser by measuring the intensity of the diffracted light
nisms of inducing easy axis for liquid crystals by optical peaks.
means. One way is to create direction selective cross-linking The textures, formed in the liquid-crystal phases after the
or selectively breaking up photosensitive polymer chfins  optical alignment, depend on the angl®etween the grating
Another approach is to incorporate azo dyes into a polymevector and the rubbing direction. We studied the two extreme
matrix [2] and to induce an anisotropic orientational distri- conditions, i.e, whemr=0 anda=90°. The textures and the
bution of the dye molecules by polarized light. Research hasorresponding director structures are summarized in Fig. 2
mainly focused on nematic liquid crystals, but recently pho-and Fig. 3 fora=0 anda=90°, respectively.
toalignment of smectiéx phase was studied too. It was In all phases and in both geometries the periodit2y.6
shown that a periodic structure could be written into theum) is determined by the irradiation conditions. Textures of
smecticA phase, provided that the polarization grating isthe nematic and smectit-phases are similar to those ob-
perpendicular to the rubbing directi¢g]. served previously3]. In the nematic phase, periodic patterns
In this paper we extended these studies to the sméctic-can be written in both geometries, but the quality of the
(SmC) phases, where the director is tilted with respect to thepatterns is generally better far= 0. In the active surface the
layer normal. In Sr@ liquid crystals the director can extinction direction alternates b§y= *15° with respect to
move on a cone given by the tilt angke therefore it is the rubbing direction. In the smectikphase a periodic pat-
expected that this extra degree of freedom can facilitate th&ern is possible only when the grating vector is perpendicular
formation of a periodic structure. We studied to the rubbing direction¢=90°) [3]. In this case the layers
4-n-hexyloxyphenyl-4-n-decyloxybenzoate  having the become undulated resulting in a modulation of the optical

phase sequence axis with respect to the rubbing direction By,= +5°.
In the smecticc phase fairly regular stripe patterns ap-
Cr60°Q44°CSnB)SmC78°CSnA82 °CN90.6°A, pear in both geometrical arrangements. The temperature de-

pendence of the modulation angle-(T) is shown in Fig. 4.
and compared the structures formed in the different phasebhe behavior strongly resembles the typical temperature de-
under different geometries. pendence of the director tilt angle in the vicinity of the
Sm-A-Sm-C transition. The temperature dependence of the
modulation angle is basically the same in both geometries,
but the measurement error is much larger for the 90°
We made cells containing a passive surface of rubbe@ase. In addition to the stripes, zigzag defects appear, too
polyimide and an active photosensitive substrate of azo-dyésee Fig. 2. Under uncrossed polarizer-analyzer conditions
(Disperse Orange)3doped polyamide. For irradiation, the greenish and reddish domains coexist. They are typically not
488 nm line of an argon laser was used. The pump beam wegeparated by the zigzag defects. The colors of the domains
split into two parts with equal power. The beams were or-
thogonally polarized and brought together at the sample un-

EXPERIMENTAL ASPECTS

7 polarisation
der an angle of 2°, the illumination was carried out at 94 °C ﬁég"m beamspiter Yoo gt
in the isotropic phase of the liquid crystal. In this way a = X ¢ grating vector
polarization grating was formed in which the polarization ~200mW

direction of the beam varied between 45 and5 degrees i 27\qi=A2sin(cr2)
with respect to the rubbing direction. The total power was

around 200 mW and no focusing lens was used. The setup is FIG. 1. Experimental setup to make polarization grating.

1063-651X/2000/6@)/01170%4)/$15.00 63011705-1 ©2000 The American Physical Society



A. JAKLI et al. PHYSICAL REVIEW E63 011705

Nematic Smectic A Smectic C rubbing 15
_ wave vector
A, |
t w10
Q
Ay | | 5
' :
T1E &
11 <" 5 %
|||| 1 SmC lSmA
0
60 65 70 75 80
—====\(= Temperature (°C)

FIG. 4. Temperature dependence of the modulation angle in the
SmC phase as measured far=0.

b

FIG. 2. Typical textures fo=0 in theN, SmA, and SN i) 0rs bt when they are rotated by a small arglafter
phases under different polarizer-analyzer configurations. Sketche 5 heating-cooling cycles increases up to about 5°, then

within the circles are the proposed director structures. They reprer- main nstant. N fiodi ttern surviv n lin
sent front views of the areas of the small circles. Nails indicate' © /NS constant. No periodic pattern survives upon cooling

directors tilted out of the plane of the cross section: the head of théhe material to the SBi or to _the _crystal_ phases. The _tem—

nails are closer to the observer, shorter nails correspond to larger ti&erature erendenqe of'the light intensity of the first diffrac-

angles. tion spot is shown in Figs.(8 and 5b) for «=0 and «
=90°, respectively.

. . . N These behaviors confirm the microscopic observations
interchange by reversing the uncrossing direction, and thﬁmt there is no periodic pattern in the Sior a=0, but

difference disappears exactly when the contrast between t : : . o
stripes vanishes. Another complication occurs after repea _ﬁere is one in the SG phase. The diffraction is more ef-

edly heating the material to the isotropic phase and coolin ?Ct'vte n t?he Srﬁ:r\]/vheq ?ooled ffrom thedurliotrjmssﬁzectk-
back to the liquid-crystal states. We observed dct 0 that :uc u;g, | afn W_e(r; tlh c:;r;s ;pm uf? uiate £ th ygré].
the contrast between the subsequent stripes does not diszi terestingly, fora= € diliraction efmciency of the

ear exactly when the stripes are parallel to the crossed pd2 €VeN higher, i.e.,.the periodic structure Is better_than in the
P Y P P pnemat|cs. Another important feature is the behavior in heat-

ing and cooling. In the smectic phases the diffraction effi-

Nematic Smectic A Smectic C ciency is basically reversible, whereas there is a large hys-
RE AN i rubbing teresis in the nematic. Keeping the material in the fluid
isotropic or nematic phase the original diffraction efficiency
<€—> wave vector recovers slowly(in an hour or sh

DISCUSSION

Most of the observations are in agreement with the previ-
ous results concerning the nematic and smek&tighases,
and the same argumerjt3] can be used for explanatiom
the nematic phaseeriodic patterns can be written in both
geometries because the director twist, splay, and bend are all
allowed. Twist and bend are involved wher=0, whereas
twist and splay are needed when=90°. The quality of the
patterns is generally better fag=0, indicating that it is
easier to induce a bend than a splay.

In the smectic-A phasevhere splay is allowed, but bend
and twist are forbidden, a periodic pattern is possible only

FIG. 3. Typical textures for=90° in theN, SmA, and Sn€ Whgn the grating vector is perpendicular _to the rubbing di-
phases under different polarizer-analyzer configurations. Sketchd§ction. Fora=90° the grating involves director splay and
within the circles show the model structures deduced from polarizlayer bend deformatiof8], which is allowed, but for=0 a

ing microscopy. They represent the front or the top views of thePeriodic pattern would lead a director bend and layer splay,
areas of the small circles. Nails indicate directors tilted out of thewhich however is incompatible with the constant layer thick-

plane of the cross section: the head of the nails are closer to theess requirement of the phase. The results concerning the
observer, shorter nails correspond to larger tilt angles. smectic-C phaseonfirm the expectation that the director
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0.12 This counteracts with the director tilting and leads to a struc-
ture, where the layers are tilted with respect to the substrate
normal by an angles, and the director deviates form the
rubbing direction by an anglg. Accordingly the layer tilt
angles differ at the different substrates, and the layer “chev-
rons”[4] are not symmetric. The layers are practically ver-
tical near the active surface, but are tilted close to the rubbed
polyimide. Such structures are shown in Fig&)22(d), and

2(e) and in Fig. 3d) for =0 anda=90°, respectively. The
magnitudes of8 and v depend on a number of parameters,
like layer and director elastic constants and anchoring ener-

+—+ heating
o——e cooling

0.08

Intensity (arb.unit)

SmA f N I gies. Their signs however can be both positive and negative.
| ‘ We propose that the coexistence of the domains wighand
%% 70 0 00 +v result in the observed zigzag defects and the domains
. with different colors. The zigzag lines separate domains of
(@) femperature (€) oppositely tilted layerg> and<), i.e., 8 changes sign as we

cross a zigzag defefsee Figs. &) and Ze)]. In the domains
with opposite colors the sign of, i.e., the angle between the
easy axis and the director is opposjmmpare Figs. @)

and 2d)]. It is interesting that, in spite of these complica-
tions, the diffraction efficiency is even better in the Gm
than in theN phase. This probably is due to the fact that the
director fluctuations are considerably smaller at low tempera-
tures.

Finally we have to comment on the increase of the angle
¢ between the crossed polarizers and the stripes after repeat-
edly heating the material to the isotropic phase. A change of
¢ in the smectic phases means a rotation of the smectic lay-
! ers. We think that it is not in connection with the smedic-
phase, but is due to the so-called “gliding” of the easy axis.
On the rubbed polyimide the easy axis is determined by the

(b) Temperature (°C) competition between the rubbing and the “surface memory

) o ~ effect” (SME) [5]. Due to SME a monolayer of liquid-
_FIG. 5. Temperature dependences of the intensities in the firgtrystal molecules are absorbed at the surfaces in the direction
diffraction spot in two geometriesa): rubbing is parallel to the  gatermined by the flow that occurs during the filling process.
wave vector;(b): rubbing is perpendicular to wave vector. If the flow direction is not parallel to the rubbing direction
tilt enables to write periodic pattern in both geometries, justIhe easy axis .Of the passive surface .W'" also c.jeV|ate.from the
like in nematics. Due to the layer structures the director how—r“bbmg direction. Heating the material to the isotropic phase

ever can rotate only along a cone, which makes the situatiof© eventually “erase6] the surface memory, €., th_e easy
axis eventually becomes parallel to the rubbing direction.

more complex than in the nematic. ! ; .
At the surfaces two factors determine the azimuthal ang| uring th_e .ceII preparation thg grating vector was set parallel
o the original easy axis, which deviated slightly from the

of the director.(i) the surface anchoring pulls the director ) S
toward the easy axisii) the director tilt pushes away the rubbing direction.
director from the layer normal. Due to the different surface
conditions in the active and passive substrates, the director
and layer structures are different near to the two surfaces. In The research was in part supported by the NSF-MTA
the active surface the easy axis is tilted with respect the laygiHungarian Academy of Sciende&xchange Travel Grant
normal by 8y, which is larger than the director ti, i.e., it  No. 014 and by the NSF ALCOM Center under Grant No.
facilitates the director tilting and keeps the layers vertical. INDMR 89-20147. One of u$l.J.) acknowledges the support
the rubbed polymer surface however the easy axis is almosif the Hungarian National Research FU@ITKA) under the
parallel to the rubbing direction, i.e., to the layer normal.contract T-024098.
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