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Hidden photoalignment of liquid crystals in the isotropic phase
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We found the effect of a hidden photoalignment of a dye-doped nematic liquid cti&alon a nonpho-
tosensitive polymer surface after polarized irradiation of the cell in the isotropic phase. We observed that
irradiation resulted in a uniform planar orientation of the LC after cooling to the mesophase. The direction of
a light-induced easy axis on the polymer can be either parallel or perpendicular to the polarization of the
incident light, depending on the light intensity. We attribute this behavior to two mechanisms of photoalign-
ment: light-induced adsorption of dye molecules on the substrate, and anisotropic desorption in a previously
adsorbed dye layer. The experimental results on photoalignment of a LC on a thin dye film confirm our model.
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[. INTRODUCTION phase with polarized light results in an anisotropic distribu-
tion of the adsorbed molecules. This light-induced anisot-
The effects of light-induced alignment and reorientationropy of the boundary surfaces in hidden in the isotropic state
of liquid crystals(LC’s) have been the subject of intense since the adsorbed layer is thin, but it is visualized in the
research over the last decade because of the astonishing s&lesophase where LC molecules are oriented along the easy
ence and the extremely promising innovative applicationgxis produced by adsorbed molecules.
[1-4]. One of the most interesting aspects of photoalignment
is the possibility of producing an easy-orientation axis on a Il. EXPERIMENTAL DETAILS AND RESULTS

nonphotosensitive surface in a LC cell upon irradiation by , ) .
polarized laser light. This effect was first observed in cells__1he experiments were performed using the nematic LC

filled with dye-doped nematic LC5,6]. Recently, a similar 9CM from Merck doped with the azo-dye MRAldrich,
effect was observed in a cell filled with a pure pentylcyano-Weight concentration=0.5%. This photosensitive mixture
biphenyl (5CB) nematic LC[7,8]. The light intensity needed Was used to fill a combined parallel-plane cell consisting of a
to align the director of the LC in the dye-doped LC cells was'€ference and a test glass substratesu@Bspacers were
found to be extremely small; energy densities on the order ofised to controllthe cell thicknesgs The re'fe'rence substrate
0.1 J/cn? were sufficient to write both high-resolution holo- Was covered with a layer of rubbed polyimide that produced
graphic gratingg9,10] and binary image$11]. Therefore, & str_ong homqgeneous planar alignmért., parallel to the
bulk-mediated photoalignment is an extremely promising’uPbing direction of the LC. The test surface was coated
tool for optical information storage and processing. V\{Ith an isotropic non-rubbed layer of_ fluorinated pquvmyl-
The nature of bulk-mediated photoalignment has not yefinnamate(PVCN-F). Before assembling the cell this layer
been finally elucidated, and its microscopic origin is still aWas irradiated with unpolarized UV light from a Hg lamp
subject of open discussion. In R¢6] it was proposed that (| =10mW/cnf) for about 15 min. This irradiation pro-
the formation of the easy axis was caused by the anisotropi@0ted a cross linking of the polymer chains that makes the
adsorption of dichroic dye methyl re@R) molecules onto ~Polymer surface rigid, and prevented the polymer from dis-
the illuminated surface during light irradiatigtight-induced ~ Solving in the LC. _
adsorptiop. This process is most effective for molecules ori- _ 1he resulting empty cell was put in a hot stage at
ented with their long axes parallel to the light polarizatien 1> Tc (T=50°C, T;=34.5°C) and was filled with the
This results in an anisotropic distribution of the adsorbed’@ated SCB-MR mixture. The cell was placed normal to the
molecules; hence in the production of the easy axis paralldncident Gaussian beam of a He-Cd lageravelengthh
to E. =0.44um, powerP<10mW) (Fig. 1). The beam was fo-
The specific LC effects make light-induced anchoring of acgsed onto the LC layer from the side of the test surfac_e. The
dye-doped LC a difficult subject for study in the mesophasediameterd of the laser beam, measured at half-maximum
because the direction in which dye molecules adsorb on Htensity in the plane of the cell, was 0.25 mm. The cell was
surface depends not only on the light polarization but also ofirradiated at different total light intensities=4P/wd?, for
the orientation of the director on the surfadg12]. In the  different exposure times The polarization of the beank,
present work we studied the effect of adsorption-driven phowas set at 45° to the rubbing direction in the cell. After
toalignment in the isotropic phase, where there are no dire@xposure the cell was slowly cooled down to the nematic
tor reorientation effects. The irradiation in the isotropic phase at room temperature. The irradiated areas were exam-
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FIG. 1. Experimental setugl) He-Cd laser(2) polarizer;(3)
lenses(4) hot stage with optical window(5) LC cell, (6) analyzer,
and(7) screen or CCD camera connected to the computer.

FIG. 3. The ring-twist structure of the area previously irradiated

ined with a polarizing microscope. in the isotropic state with inter_lsi@=8 W/CFIjIZ and exposure time
The experiments showed the appearance of planar t\Niétzl.h' Crossgd polarizers, with the polarizer axis parallel to the
structures in the irradiated areas in the nematic phase. Anal)r/l-Jbblng direction.
sis of the textures revealed that the director on the reference
surface did not change orientation, and the twist structure !ll. DISCUSSION AND ADDITIONAL EXPERIMENTS
was caused by the orientation of the directron the test
surface only. The value and sign of the twist anglale-
pended on the light intensity and exposure.
We found that a beam with small intensityl (
<1 Wi/cn?) caused the director to rotate away frdni.e.,

the twist angle between the initial and light-induced direc- : 7 . s
tions of the LC on the test surface, was negative all over the anchoring energW. The direction of the easy axis cor

the irradiated area. At a given intensity, the absolute value O?reesepoenndes; to gf]Ef[hrg't'énu_:_nhgf;;fhﬁzfmggf pacr;;rfaf;erfr?zcees
angle ¢ increased witht and reached a maximum of about 9y ) 9 9y

30° (Fig. 2, curve 1. the energy required for director deviation from the easy axis.
In the case of a distorted LC the director on the tested surface
d does not coincide with the easy axis because of the bulk
elasticity of the LC. The larger the anchoring energy the less

: o{he deviation of the director from the easy axis, and in the
rotated towarde, whereas the director rotated away frdin _ ) .
on the periphery where the light intensity was low. The areagase_of a strong anchpr|ng\(UK2> 1, Where_Kz_ Is the twist
with ¢>0 andg<0 were separated with a black ring with eIasUc_constar)uI the directions ofl ande coincide[13].
¢=0. At a given intensity, the amplitude of the ange At 1<1 Wi/cn?, d rotates away from th& vector with
increased with exposure tintén both parts of the ring struc- increasing exposure, and the angl@pproaches-30°. This
ture. It reached a maximum value of 45° in the central regiorresult can be explained if the light-induced easy ais
of the area withp>0, and about-30° on the peripheryFig.  perpendicular td, and the light-induced anchoring energy
2, curve 2. The diameter of the areas increased with theW increases with. The twist anglep and anchoring energy

The described results show that the irradiation of the cell
in the isotropic phase results in a hidden alignment of the LC
that can be visualized after transition of the LC to the nem-
atic phase. The orientation of the LC on the tested surface is
characterized by the axis of easy orientation of the &&nd

The areas irradiated with an intensive beanh (
=1 W/cn?) revealed ring-structure@ig. 3). At the center
part of the areas where the intensity was high, the direct

increasing beam intensityFig. 4). W are related af6]
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FIG. 2. Twist anglep vs exposure time at different intensities.
At small intensities (=0.12 W/cn?), the director in the whole spot FIG. 4. The spatial distribution of the twist angle in the

reorients outwardg [curve 1 represents(t) in the spot centdrAt ~ “galo” spot after irradiation in isotropic state dt=50°C, at dif-
high intensities (=9 W/cn?), the director reorients t& in the  ferent intensities: 1=8w/cn? (A), 1=2Wfen? (B), |

spot centelcurve 2A), and outwarcE in the periphenfcurve 2B =1.4W/cn? (C), and | =0.8W/cn? (D). The exposure time

representsp(t) at the distance 0.25 mm from the spot cehter =1h.
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K, 2¢ applicable in the case where the change of bulk concentra-
W= T sn26=g9)’ (1) tion due to dark adsorption on the second substrate is negli-
gibly small.

where 6 is the angle betweea and the direction of rubbing The dependen_mes of and 8 on A are significant, and
on the reference surface. Feperpendicular t&E, 6=45°, should be taken into account. Whénis small, almost all
and the maximum valug=30° corresponds to the value dye molecules are adsorbed on the bare substrate with the
W=~0.3d/n? (L=23um, K,=3.6 pN). corresponding adsorption coefficieat. When A becomes

— ' large, additional dye molecules are adsorbed on the sub-
strate, which has been already covered with the thick ad-
sorbed dye layer, and the adsorption coefficient has another

Galue a.. . We approximater(A) as

At | =1 W/cn?, d rotates towardE with increasing expo-
sure, and the angle reaches 45° in the center of the irradi-
ated area where the maximum local intensity is. In this cas
the easy axie is parallel toE. The anchoring energWv
increases with the exposure, and strong anchoring is a(A)=a.,+ (ag— a.,)exp — oA}, 3
achieved. The value AV depends not only on exposure but
also on the intensity. It results in an expansion of the strongvhere o is a fitting parameter of the order of area per one
anchoring region with increasiri_g mo]ecqle. For desorption we use a similgr approximation,

Thus the direction of the light-induced easy axis on thet@king into account that there is no desorption from the bare
polymer can be either parallel or perpendicular to the polarSubstrate,
ization of the incident light, depending on the light intensity. _ _ _
We attribute this behavior to the competition between two B(A) =B 1= exp{—hA}, @

mechanisms of photoalignment: light-induced adsorption ofyhereh is another fitting parameter of the same ordepas
dye molecules on the substrate and anisotropic desorption i[lght irradiation may affect the dye adsorption and desorp-
a previously adsorbed dye layer. The intensity dependence @bn processes through the following mechanisms.

the director reorientation can be interpreted by the kinetic (1) The nonradiative relaxation of the dye excitation right
approact{14]. This approach considers deposition of dye asafter light absorption results in the local heating of the LC
a relgxation process to a stationary state controlled by_ adegion in the vicinity of the absorbing moleculgs,17. In
sorption and desorption processes, both affected by lighkddition, reverting to the ground state, dye molecules may
Motion of dye molecules is considered as Brownian d'fo'change their geometrigrans-cis isomerizationBoth effects

sion in the potential field. This field exists near the surfacegan decrease the potential barrier near the surface and change
due to van der Waals and electrostatic interacfi®l. Spe-  the Boltzmann factor as

cific liquid-crystalline effects caused by the orientational and
translational order parameter changes may also contribute to Wiight=Wark€XP(A V1), (5)
this potential. The characteristic time of adsorption before ) o ) ) )
illumination (dark adsorptionis much longer than the char- WhereAw is a coefficient of proportionality, an@lyq is the
acteristic time of dye diffusion over the cell, and the orderBoltzmann factor without light irradiation. .
parameters increases near the surface. This suggests that the2) Light absorption by bulk dye molecules, which are
field repulses dye molecules from the surface, and they havgose to the substrate, stimulates the adsorption processes.
to overcome this barrier to reach the surface. This mechanism affects only the absorbing molecules and its
Due to the short-range character of the field, we can sepdl€ighbors. Therefore, the light-induced changes of the ad-
rate the thin layer with nonzero potential, and consider théorption and desorption coefficients should be proportional
remaining bulk region as a distributed dye source. In thid0 the intensityl:
case, the diffusion equation is reduced to the kinetic equa-
tions for the surfaceq concentration of adsorbed dye r?ml- @jght(A) = agar A)(1+Aal). (6)
ecules. The properties of the thin layer near the substrate
(potential barrier, adsorption, and desorption coefficieaits
the controlling parameters in these equations.
The stationary surface concentration of adsorbed mol- Biight(A) = Baard A) (L+APBI). (7)

eculesA on the irradiated substrate and stationary bulk con-

centration of dye molecule are controlled by the equation “daf“(.A) and ﬁdafk(A).in Eqs.(_6) and (7) are Fhe dark ad-
sorption and desorption coefficients, respectively.

_ The competition between light-induced effects in adsorp-
B(A) tion (first two mechanismsand desorptior(the third ong

C:CO_A/L:Wa(K)’ @ results in the different stationary surface concentration of

adsorbed moleculedq, at different irradiation intensity
where C, is the initial bulk density of dye moleculesy  (Fig. 9. If the light-induced adsorption dominated €A v
=exp{—U/KT} is the Boltzmann factor for surface potential +Aa—AB>0), irradiation would increase the thickness of
U for dye molecules, and(A) andB(A) are the adsorption the adsorbed layefcurve 1, AA=Ajgn— Aganc 0, Agark IS
and desorption coefficients, respectively. We assume the alhe stationary concentration of adsorbed molecules without
sence of adsorption on the second substrate. This is alsadiation. If the light-induced desorption is strong enough

(3) Light absorption by dye molecules from the adsorbed
layer increases the desorption coefficient the same way:
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FIG. 5. Dependence of light-induced additional concentration of ~FIG. 6. Dependence of the absorption spectrum of the MR layer
adsorbed moleculed A on light intensityl: (A) Av=0.1, Aa on exposure .t|me. original, t=0 ,(A)’ t=10min (B); t:.30 min
~0.4, AB=0.2: (B) Av=0.1, Aa=0.1, AB=05: and(C) Av (©); t=15_0 mm(D); andt=210min(E). The concentration of the
=0.2, Aa=0.5, ApB=1. Dark absorption parameters are dye solution isn=0.005%.

A)/C A)]=2x10"3, andWz=exp(-6). . o .
[Boand M)/ Coarcanl A)] can= €XP(6) ing suggests that light irradiation causes evaporation of MR

o ) ) molecules from the surface.
(A<O), irradiation would either decrease the thickness of We assembled the combined cell so that the angle be-
the adsorbed layer for all values of the intensityA<0, tween the rubbing direction on the reference surface and
curve 2, or lead to an alternating behavior AfA(1): AA light polarization during exposure was 45°, and then we

would be negative for smalland become positive for large filled this cell with pure 5 CB in the isotropic state. We
| (curve 3. observed twist structures in the illuminated areas in the nem-

The presented kinetic model allows us to explain the Ob_atic phase. Unlike the previous experiments with the cells

served light-induced hidden phoalignment in the isotropic]cIIIed before irradiation(Fig. 7), the light-induced easy axis

phase. After filling the cell, a layer of adsorbed MR mol- was always found to be perpendicularEan this case. This

. ) o ) result confirms our model because the light-induced adsorp-
ecules with axially symmetric orientatiddark adsorbed MR g P

. ion is absent in this experiment, and light-induced evapora-
layen grows over the PVCN-F surface. The adsorption an‘iion corresponds to the light induced desorption in the filled

desorption processes determine an equilibrium thickness of,

this layer. Light action changes this equilibrium thickness

and violates the axial symmetry. Because of strong absorp-

tion dichroism the dye molecules participating in the light- IV. CONCLUSIONS

induced gdsorption and degorption processes are predomi- \ve found the effect of hidden photoalignment of a dye-
nantly oriented along the light polarizatiof. Therefore, qoped nematic LC on nonphotosensitive polymer surfaces
light-induced desorption decreases the density of adsorbeger polarized irradiation of the cell in the isotropic phase.
molecules parallel t&, and orients the easy axes perpen-The results of our experiments can be explained by assuming
dicular toE. At the same time, light-induced adsorption in- that after the filling of the cell, a layer of adsorbed MR
creases the density of adsorbed molecules parallel tnd  molecules grows over the PVCN-F surface. Subsequent irra-
orients the easy axes parallel Eb Thus a positive light-  diation of the cell with polarized light results in the develop-
induced effect in the thickness of the adsorbed lay®eA ( ment of an anisotropy axis in the adsorbed MR layer because
>0) produces a director reorientation towddnd a nega-

tive AA leads to a director reorientation outward tow&d -50 A
To show the important role of desorption and to prove the __g— 0 ————g

possibility of producing an easy axis in the dark adsorbed -40+ I:H:I-‘:'/ —0—o o

MR layer, we carried out the following experiment. A dilute _ -304 P

solution of MR (weight concentratiom=0.05%, 0.01% and s / S

0.005% in isopropyl alcohol(IPA) was spin coated on a o 204 a0

glass substrate covered with PVCN-F. This PVCN-F was & 404 AT

irradiated with unpolarized UV light, and heated @t

=80°C for 30 min. The resulting thin MR-filnithickness 01

between 60 and 200 nm, depending on the MR concentration 0 5 10 15 20 25 30

in the IPA modeled the layer of MR molecules dark-
adsorbed over the PVCN-F surface in the LC cell. Then the
MR film was irradiated with polarized light from an Ar FIG. 7. Twist anglep vs exposure timg the MR film was spin
laser. The irradiation did not change the shape of the absorgoated from solutions of MR in the IPA with different concentra-
tion band but just decreased its amplityégg. 6). This find-  tionsn: n=0.05% (A), 0.01%(B), and 0.005%C).

t (min)
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of light-induced desorption of dark-adsorbed MR moleculesWe believe that the dye adsorption and desorption processes

and light-induced adsorption of MR molecules located in thealso control the photoalignment in LC’s during irradiation in

vicinity of the surface. The first process leads to the formathe nematic phase.

tion of the easy axis being perpendicular to the polarization

of the incident light, while the second process forms the easy

axis parallel to the light polarization. Which of the two pro- ACKNOWLEDGMENTS
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