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We have carried out a detailed experimental study, by means of x-ray reflectqddBiRy and half-leaky
guided modgHLGM) optical characterization, of the light-induced molecular adsorption and reorientation at
the polyvinylcinnamate-fluorinatePVCN-P/liquid-crystal (LC) interface of a LC cell doped with the azo-
dye methyl redMR). The XRR data allowed characterizing the microscopic structure of the adsorbed dye
layer both before irradiatioidark adsorption and after irradiationlight-induced adsorption The HLGM
optical characterization has made possible the experimental determination of the nematic director profile in the
LC cell and evaluation of the effects of light-induced adsorption on the LC anchoring conditions. The experi-
mental findings have confirmed the formation of a dark-adsorbed layer and are in agreement with the absorp-
tion model previously proposed to account for the complex phenomenology related to light-induced anchoring
and reorientation in dye-doped liquid crystals.
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[. INTRODUCTION The cells were filled with a mixture of the commercial nem-
atic liquid crystal 5CB and the azo-dye Methyl R@dR) at

Light-induced reorientation phenomena in liquid crystals=1% weight concentration. A complex reorientation phe-
(LC’s) have been widely investigated over the last two de-nomenology involving the superposition of bulk and surface
cades for both fundamental and technological reagahs effects was observed upon irradiation of the command sur-
Within this wide outline, dye-doped liquid crystdlBDLC's)  face with polarized laser lightL1]. In particular, it was ob-
play a special role mainly related to the enhanced sensitivitgerved that light illumination induces fast transient quasifree
of the LC to light irradiation due to the active role of the dye sliding of the molecular director, followed by its permanent
[2]. Interest in DDLC's has greatly expanded in recent yearseorientation. Originally it was proposed that a bulk torque
because of the high potentiality of these materials for applidue to reorientation of the MR molecules promoted by the
cations in molecular microassemHly], nonlinear and adap- trans-cisphotoisomerization of the azo-dye was responsible
tive optics[4,5], optical information storage and processingfor the fast reorientation outward the exciting polarization.
[6-9]. On the other hand, the formation of the easy axis parallel to

Photoalignment effects in DDLC'’s were first observed inthe exciting polarization was interpreted in terms of aniso-
LC’s doped with azo-dye$9,10]. The most intriguing as- tropic adsorption of the MR dichroic molecules onto the il-
pects of photoalignment is the possibility of generating anuminated surface during light irradiation within the dye’s
easy-orientation axis with consequent stable director alignadsorption bandlight-induced adsorption effect1,6,17.
ment over a nonphotosensitive isotropic boundary surface dfater on, the adsorption-driven photoalignment effect was
a LC cell, upon irradiation by polarized laser ligfit0,11. studied in the isotropic phagé3] where the LC order pa-
This mechanism offers the possibility of regulating therameter is zero and therefore the surface director orientation
amount of anchoring energy under control of the incidentcannot affect the direction along which dye molecules are
light [12]. The value of light intensity needed to align or adsorbed. Besides dye adsorption, this investigation pointed
reorient the LC director in the DDLC cells is among theto a further effect playing a role in the reorientation
smallest ever observed: energy densities on the order girocess—namely, the photoinduced anisotropic desorption of
0.1 J/cn? were sufficient to write both high-resolution holo- dye molecules in the adsorbed layer. Within this scheme the
graphic gratingg6,7] and binary image$8]. In these pio- experimental results were interpreted assuming that after fill-
neering experiments planar LC cells were used in which onéng the LC cell, a thin layer of adsorbed MR molecules
boundary glass surfacghe referencesurfaceé was coated grows over the PVCN-F surfacglark adsorption. Subse-
with a polyimide layer mechanically rubbed to provide quent irradiation with polarized laser light in the isotropic
strong homogeneous planar anchoring, while the seconphase, followed by slow cooling to the mesophase, results in
boundary surfacé&he commandsurface was coated with an the development of surface anisotropy in this dark-adsorbed
untreated isotropic layer of fluorinated polyvinyl-cinnamatelayer with consequent easy-axis generation, due to concomi-
(PVCN-B), providing negligibly small azimuthal anchoring. tant action of light-induced desorption of dark-adsorbed MR
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molecules and light-induced adsorption of MR molecules lo- Reference surface

cated in the vicinity of the surface. The direction of the easy Glass substrate i heiant laver

axis can be either parallel or perpendicular to the exciting ' spacer d

polarization depending on which of the two proces&sd i !

sorption or desorption, respectivelgrevails, which in turn e : — PYON-E pli
ITO film

is dictated by the intensity of the incident ligiit3]. Also the
results of a next extensive investigation of the light-induced ~Command surface

reorientation in LC cells irradiated in the nematic phase a)

could be successfully interpreted in terms of competition be-

tween adsorption and desorption effegig]. More recent Adsorbed MR

experiments have demonstrated that this phenomenology is £

quite general, being responsible for director reorientation PVCN-F film

even in the transient reginj&5]. These experiments strongly ITO film

support the model of adsorption and desorption of MR mol- Sio,

ecules, as responsible for the modifications of the surface b)

anchoring conditions that are believed to originate the re-

cently discovered surface-induced nonlinear effegtNE) FIG. 1. (3 Schematic representation of the LC cell used in the

[16,17 and the related extraordinarily larg4] and colossal  experiments. The surfactants used in XRR and HLGM measure-
optical nonlinearitieg18] in DDLC’s (i.e., nonlinear refrac-  ments are different. In the former case it is a thin layer of rubbed
tive index ~10° cn?/W, about 16 times the values found polyimide, in the latter case it consists of a Sifim deposited

in good conventional Kerr mediaFinally, the fast reorien- under vacuum. Both surfactants provide strong homogeneous planar
tation induced by a single 4-ns laser pulse of low energy in @anchoring(b) Cross section of the multilayered structure probed by
MR-doped nematic LC cel[19] was also interpreted in XRR from the side of the command surface, as obtained after dis-
terms of light-induced modification of the surface anisotropyassembling the LC cell and washing for the residual LC.

resulting from anisotropic MR-adsorption and desorption

processe$19)]. homogeneous planar anchoritige., parallel to the rubbing

In spite of this large body of experimental work, only very directior). The command surface was realized by coating the
few attempts have been made so far to get direct experime’econd glass plate with a thin film of PVCN-F. PVCN-F
tal evidence of dye adsorption, mainly through polarizingconsists of a maim chain polyvinyl alcohol endowed with
microscopy and atomic force microscodM) [3]. In this  photosensitive side groups based on fluorinated cinnamic
work we report the results of an experimental study carriechcid [21]. The PVCN-F layer was deposited by spreading a
out by means of x-ray reflectomet(XRR) and optical char-  spjution of the polymer onto the ITO-coated glass substrate
acterization by the half-leaky guided-modeLGM) tech-  followed by spin coating for 30 s at 3000 rpm speed. The
nique, aimed ati) testing the adsorption-desorption model, concentratiort=1% of the polymer in the solveii& mixture
(ii) characterizing the microscopic structure of the adsorbednos-509% of dichloroethane and dichlorobenzewas cho-
dye layer(iii ) measuring the effects of light-induced adsorp-sen considering the recent results of a morphological study
tion on the LC anchoring conditions, arity) determining  py AFM of the surface of PVCN-F layers spin coated under
the prOﬁle of the reoriented LC director over the bulk of the our identical experimenta] Condmongl According to this
LC cell. The results confirm the previously proposed adsorpstudy, deposition of a continuous layer of PVCN-F that com-
tion model and prOVide the first quantitative determination Ofp|ete|y covers the substrate requires a minimum concentra-

the structural properties of the dye-adsorbed layers as well afon of =0.75%. On the other hand, concentrations higher
of the effects of the light-induced anchoring modifications onthan =2% result in strongly inhomogeneous and rough

the macroscopic LC director orientation. PVCN-F surfaces. The film obtained after spin coating was
backed at 80 °C for 30 min. Then the layer was exposed for
Il. EXPERIMENT 5 min to unpolarized UV light from Hg lamp. This irradia-

tion promoted cross linking of the polymer chains that made
the polymer surface rigid and prevented the polymer from
The experiments were performed using the commerciaflissolving in the LC. The cell was then assembled with the
nematic pentyl-cyanobiphenyl 5CBfrom Merck doped glass plates facing their polymer-coated sides in a parallel-
with the azo-dye MRfrom Aldrich) at weight concentration plane configuration and being separated by Mylar spacers to
cwr=~0.5%. MR dissolved in nematic 5CB assumes the az@et precise control the cell thickness(L=17 um). Finally
form [3,20. The photosensitive 5CB-LC mixture was usedthe cell(1 cmXx 1 cm) was filled with the LC photosensitive
to fill a combined parallel-plane c€ll1,13,14. 5CB-MR mixture by capillarity in the isotropic phase and
The combined LC cell was assembled from pairs of comthen slowly cooled down to room temperature. In this way
mercial glass plates coated with transparent electrocondueve got uniform planar alignment of the LC in the cell, with
tive layers of indium tin oxidgITO). One of the two ITO- the nematic director parallel to the direction imposed by the
coated glass surfacethe referencesurface was covered by strong-anchoring rubbed-polyimide surfagedicated as the
a thin layer of polyimide by means of spin coating. This referencedirection in the following. Figure 1a) shows a
layer was then mechanically rubbed to get uniaxial strongchematic representation of a cross section of the LC cell.

A. Sample preparation
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After filling, the cell was irradiated with linearly polarized
light from an Af laser (\=514 nm) =100 mW/cns) im-
pinging normally onto the glass plates from the side of the
command surface. The irradiation time was 3600 s. The

whole surface(1 cmx 1 cm) was irradiated in order to get -

homogeneous alignment of the LC. Several identical cells l

were prepared following the same procedure, which were Glass substrate ,

then irradiated with the Arlaser beam polarized at different

angles with respect to the reference directigi FIG. 2. Geometry of the x-ray reflectivity measurements. The

=0,w/4,m/2). After irradiation, light-induced reorientation incident monochromatic x-ray beafwave vectorko) impinges on

on the command surface was probed by means of the opticéle sample at grazing angie and is specular reflected to wave

pump-probe technique described in Réfsl,13,14. vectork. The scattering vectaq=k —k (q=4 sin 6/\) lies along
For the XRR characterization of the command surfacethe surface normal.

the cells were disassembled after irradiation and the thin

layer of LC remaining over the PVCN-F substrate wasence of the waves reflected at all interfaces give rise to in-
washed away by warnd0 °C) hexane[3]. This procedure tenpsity oscillations in the reflectivity curv&iessigfringes,
allowed us to remove any trace of the LC without alteringyhose frequencies allow determination of the thickness of
the adsorbed dye layer, as proved by infrared absorptiogach single layer contributing to the reflection. The experi-
spectroscopy. A sketch of the cross section of the disashental XRR data were analyzed by means of HEESIM
sembled LC cell used for the XRR study is shown in Fig. simulation software packagby Bruker-AXS which makes
1(b). An additional nonirradiated LC cell was also preparedyse of the Parrat formalisrf24] to model the multilayer
and disassembled as described above to be used as referegg@cture. In this software, microscopic surface and interface
sample for the XRR measurements. roughness are taken into account within the Névot-Croce
Aslight different assembly of the LC cell was used for the model[25,26: the interface at, (the z axis being along the

HLGM measurements. In fact, the HLGM techniq{@3]  syrface normalis represented by an ensemble of smooth
needs strict conditions on the refractive indices of the boundmterfaces whose positions are distributed arozgébllow-

ary glass plates. In order to fulfill these requirements, thgng a Gaussian distribution:
PVCN-F film was deposited by spin coating on a fused-silica
(FS low-refraction index glass substrate=1.4570 at\
=633 nm coated with a thin layer of ITO. The PVCN-F
layer was deposited, then backed, and finally exposed to un-
polarized UV light as previously described. The planar ref-where the standard deviatienrepresents the rms roughness.
erence surface consisted of a Siim deposited under Structural and physical parametefise., thickness, rough-
vacuum at 60° evaporation angle on a ITO-coated high-indeR€ss, mass and electron densities, linear absorption coeffi-
glass platgSF10,n=1.7231 at\=633 nm) to get a strong cient of each single laygmere obtained by best fitting the
homogeneous p|anar-anchoring |ayer_ The cell was then a§€ﬂ€Ct|V|ty curve calculated from the model denSity to the
sembled using Mylar spacers to give A thickness and €xperimental data.
filled with the 5CB-MR(0.5%) photosensitive mixture. We
performed HLGM measurements before and after irradiation
of the LC cell by the At laser beam(l=30 mW/cn?,
irradiation time=3600 spolarized at an anglé=1/4 with Optical excitation of half-leaky guided modes is a tech-
respect to the reference direction. nigue that has been successfully used in recent years to char-
acterize in detail the optical tensor profj23,27-29in a LC
layer. The power of this technique when applied to a LC cell
is the full determination of the LC director profile in the cell.
Specular XRR measurements were carried out by meang the present study the HLGM technique was used with the
of the Bruker D8-Advance reflectometer using Kua radia-  ajm of gaining the full optical characterization of the cell,
tion (\=1.54 A). A sketch of the experimental geometry is including the nematic director profile, before and after irra-
shown in Fig. 2. diation. The experimental setup is shown in Figa)3The
Specular XRR at an ideally flat plane interface separating.C cell consists of a thin layef17 um) of the 5CB-MR
two media with different uniform electron densities is de- mixture sandwiched between the high-index glass plate and
scribed by the Fresnel laws of classical OptiCS. The refraCtng‘]e low-index g|ass substrates described in the previous sec-
index for x rays is given by tion. The orientation of the nematic directorat any given
n=1-6-ig 1) point in the LC cell is defined by th_e tilt angke betweem
' and the layer normal, and the twist angle between the
with 8=\%rp./ 27 and B=\u/4m, wherer, is the classical projection ofn over the command surface and the reference
electron radiusp, is the electron density of the material, and direction[i.e., they axis; see Fig. @)]. Light is coupled into
wu is the linear absorption coefficient. When the sample hashe system via an index-matched prism. In this geometry,
more than one interfaagdike multilayered systemsinterfer-  there exists a small angular range encompassed by a pseud-

exf - (z-29)%/207], (2)

W(2) = —=
NLTOo

C. HLGM measurements

B. XRR measurements
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Pyramid g
High index glass 8
ITO o
SiOx 3
5CB + MR
7 pm
vA

fﬁA?TT
?/Z/ X; T T T T T
4 0.2 0.4 0.6 0.8 1.0 1.2
: 6 [deg]
(b) 0=0() titangle ¢ = o(2) twist angle FIG. 4. X-ray reflectivity data(open circleg vs the grazing

angle, 6, for the following layered systemsa) SiO,/ITO/PVCN
FIG. 3. (a) Experimental setup for the optical characterization of -F; (b) SiO,/ITO/PVCN-F/MR, before irradiation; (c)
the _LC cell by means of the HLGM optical techniqu®) Sche-  Si0,/ITO/PVCN-F/MR, after irradiation with Af laser beam lin-
matic representation of the nematic director orientation in the LCearly polarized at 45° to the reference direction. The solid lines are
cell; 6 and ¢ are the tilt and twist angles, respectively. the best fit to the experimental data.

ocritical angle and a critical angle, associated with the _ ) )
pyramid-LC and pyramid-glass substrate boundaries, respe€Urves so obtainedss Ry, Rsp andRy, were fitted(simul-
tively, over which sharp half-leaky resonant guided modedaneously for the four data sets, to avoid degeneracy of the
may propagat23]. For any director twist out of the incident solution to Fresnel model predictions based on a reasonable
plane a significant TMp) to TE (s) conversion occurs in the a priori profile of the nematic director.
cell. Then, within the above angular window theo-s con- The Fresnel multilayer modeling uses a scattering matrix
version gives rise to sharp resonant features in the anglenethod[30] with the LC layer divided into 50 or more sub-
dependent optical reflectivity, which are remarkably sensitivdayers, depending on the tilt angle gradient. Berreman's 4
to the director profile in the cell. X 4 matrix technique is used in the modeling. A reasonable
These reflectivity peaks are sharp because the optical fielolypothesis is first made of all the cell optical parameters and
is fully reflected at the LC-substrate boundary while beingthe director profile. This produces a model prediction of the
relatively strongly reflected at the high-index glass-LCreflectivity that is compared with the data. Adjustments are
boundary. Also by measuring theto-s (or s-to-p) conver-  then iteratively made to all the parameters until a minimum
sion signals that result from the director being out of theleast-squares fit to the data is obtained, giving a complete
plane of incidence, the technique becomes in effect of higheevaluation of the optical structure.
order than measurement of the simpko-p or s-to-s reflec-
tivity. This thereby allows a detailed characterization of the
optical tensor profile in the cell. In order to collect experi- [ll. RESULTS AND DISCUSSION
mental data in the form of prism-LC boundary reflectivity vs
incidence angle, the complete cell is placed on a computer-
controlled rotation stage. A HeNe laser beam(\ XRR measurements and related data analysis were carried
=632.8 nm, modulated at 960 Hz to allow phase-sensitiveout in accordance with the following scheme. First the ITO-
detection, impinges on one face of the prism such that icoated glass was characterized by XRR before and after
reaches the LC layer at the desired angle of incidence. Theeposition with PVCN-F, in order to get reliable reference
incident beam is plane polarized, eittseor p, and a second values of the unknown structural parameters to be set in the
polarizer is placed in front of the detector to give eitpesr ~ next data analysis. Figurga} (open circley shows a repre-
s signal component. To allow for any variation in the lasersentative example of the experimental data collected for the
source intensity, a small reflection is taken from the inputPVCN-F/ITO-coated glass substrate. The best fit to these
beam to act as a reference. In these measurements, expetita is shown by the solid line of Fig(a} and the corre-
mental data were taken with the Si@ignment direction in  sponding fit parameters are listed in Table I. The thickness of
the plane of incidence. The four angle-dependent reflectivitghe PVCN-F layer is about 24 nm with a rms roughness of

A. XRR measurements
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TABLE I. Structural data obtained from the fit of the XRR data TABLE lll. Structural data obtained from the fit of the XRR

for the SiIQ/ITO/PVCN-F-layered structure. data for the SiQ/ITO/PVCN-F/MR-layered structure after irradia-

tion at 45°.
d o p B )
Layer [nm] [nm]  [g/en?]  [x10°8]  [x1079] d o p 8
Layer [nm]  [nm] [g/cn?]  [x10°8]  [x1079]

PVCN-F 23.7 2.2 1.20 0.009 4.02

ITO 56.7 1.7 7.14 1.680 20.13 MR 516 59 1.03 0.005 3.55

Sio, 0.6 2.50 0.105 8.10 PVCN-F 334 1.0 1.20 0.009 4.17
ITO 69.0 1.8 6.14 1.440 17.32
Sio, 0.6 2.50 0.105 8.10

2.2 nm. Several PVCN-F layers deposited following the

same procedure were characterized in order to test the repro- ] )
ducibility of the deposition technique. All these measure-layer we could estimate the surface density of adsorbed dye

ments gave values of the PVCN-F layer thickness in thénolecules—i.e., the number of MR molecules adsorbed per
range between 20 and 35 nm, with a rms roughness betweéffiit aréa of the command surface. The magg, of the dye
1 and 3 nm. We note that such values of surface roughnedgolécule was calculated from the molar mads=269.3
are in good agreement with those observed by AFM in simi-< 10" kg/mol and the ,26\5vogadro numbat,=6.02x 10% as
lar PVCN-F layerg22]. Mno=M/N,=4.47<10°kg. The surface density of ad-
After characterization of the command surface the LC Ce"sorbeSd _rznolecules s then N=dX pyp/Mpq=1.43
was assembled and filled with the LC mixture. Before study-* 10" cm. On the other hand, the surface density of MR
ing the effects of light irradiation this cell was disassembledmolecules(i.e., number of molecules per unit area of the
the remnants of LC over the command surfaB&/CN-F command surfageinitially dlssolged _|r21 the LC cell isNg;s
layen were washed away as described in the experimentaf b X PMRX Cur/ Mimo=4.29X 10° cmi2. Then, the ratio
section and then the command surface was characterized B Nais=1/30=3% gives the number fraction of the overall
XRR. This procedure allowed us the direct probing and mi-MR molecules involved in the dark-adsorption process.
croscopic structural characterization of the MR layer ad- For the study of light-induced adsorption an identical LC
sorbed in the absence of irradiatidire., the dark adsorbed cell was _asse_mbled and |rrad|ated W|th polarized laser light
layen. Figure 4b) (open circles shows the corresponding &S described in the experimental section. The cell was then
reflectivity data together with the best fit curgolid ling. ~ disassembled, the command surface was washed by warm
The values of the model parameters resulting from the ref€xane to remove any trace of the LC, and finally the sur-
finement procedure are listed in Table Il. These were obfaced was investigated by XRR. Figuréck(open circles
tained from the REFSIM simulation procedure, using theShows the r_eflect|V|ty data corresponding to the ||_10|der_1t Ilg_ht
data of Table | as starting values of the model parameters fd?€@m polarized at 45° to the reference planar orientation im-
the SiO, ITO, and PVCN-F layers and allowing variation of Poséd by the rubbed polyimide layer. The best fit curve is
all the parameters. The substantial coincidence, within th&/S0 shown by the solid line in the same figure and the cor-
experimental errors, of the values of the variables commofi€sPonding fit parameters are reported in Table IIl. The dif-
to the two refinementgTables | and IJ represents a strong erences in the model parameters of §i0O, and PVCN-F
confirmation the reliability of the fitting procedure. XRR Peétween Tables Il and Il are explained considering that, be-
data confirm the existence of a dark-adsorbed layer and pr&2use of the previous disassembling, the irradiated cell was

vide a precise measure of the thickne$s5.6 nm, and of necessarily distinct from that used for the dark-adsorption
the rms roughness of its surface=1.9 nm. Measurements characterization. The relevant data of Table Il concern the

performed under the same experimental conditions on &dsorbed MR layer: a layer thickness of about 52 nm is
number of identically prepared samples gave values of thfPund with a surface rms roughness=s6 nm. This finding
layer thickness between 3.5 nm and 6 nm with a rms rough'S extremely important as it clearly relates the grown of the

ness around 2 nm. From the measured values of thicknes@}’e adsorbed layer with the irradiation process. In other
d=5.6 nm, and densitypyr="1.13x 10 kg/m?, of the MR words, the experimental results unambiguously prove the oc-
currence of a light-induced adsorption process that leads to a

TABLE II. Structural data obtained from the fit of the XRR data significant growth of the preexisting adsorbed dy_e layee
for the SiQ/ITO/PVCN-F/MR-layered structure before dark-adsorbed laygrBased on these results, an increase of
irradiation. the dye-adsorbed layer thickness from 5.6 nm to 51.6 nm
(i.e., of a factor around J)Ooccurs upon irradiation. This
p 5 corresponds to an equivalent increase of the surface density
Layer [nm]  [nm]  [g/cn?]  [X106]  [x107°] of adsorbed molecules. In fact, with=51.6 nm and a den-
sity pyr=1.03x 10° kg/m?, a calculation analogous to that

MR 5.6 19 113 0.005 3.91 for the dark-adsorbed layer gives a surface density of ad-
PVCN-F 222 1.0 1.26 0.009 422  sorbed dye moleculed\=d X pyr/Mye=1.19X 106 cm™.

ITO 55.4 1.7 7.14 1.679 20.13  This value corresponds to a raidy Ngis=1/3.6=30% indi-
Sio, 0.6 2.50 0.105 8.10 cating that a big fraction of the overall number of dye mol-

ecules dissolved in the LC mixture participates in the adsorp-
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10 angle, measured before and after irradiation, respectively.
The recorded data were fitted using a software based on the
14 Fresnel multilayer modeling, as described in the experimen-
tal section. Worthy of note, the simultaneous fit of the four
0.1 reflectivity data sets represents an extremely stringent condi-
Z tion on the model parameters, which makes very high the
g 001y reliability of the results of the data elaboration. The data fit
E {Ea] allowed us obtaining also the optical parameters of all layers
shown in the LC cross section of Figal. Figures 8 and 9
1Ea] show the profile of the twist and tilt angles of the nematic
director in the LC cell before and after irradiation, respec-
{E-5 . . . . . tively, corresponding to the best fit shown by the solid lines

02 0.4 06 08 1.0 1.2 of Figs. 6 and 7. The relevant model fit parameters of the LC
listed in the first row of Table V. We observe that the ordi-
nary, n,, and extraordinaryn,, refractive indexes of the
FIG. 5. X-ray reflectivity dataopen circles vs the grazing DDLC take v_alues very close to the corresponding values of
angle, 6, for the four-layer SiQ/ITO/PVCN-F/MR structure, after the pure LC(i.e., n,=1.542 andh,=1.728. As concems the
irradiation with Ar" laser beam linearly polarized at 90° to the output fit param_eters of the other 'a¥ef$v here.we note only
reference direction. The solid line is the best fit to the experimentafnat the ITO thickness, 105 nm, coincides with the value
data. supplied by the factory, the parameters relative to,S&Be
the typical values known for this materig§R9], and the
PVCN-F layer thickness compares favorably with the XRR
analysis. For the MR layer we obtained a refraction index of
4's. As concerns the MR layer thickness, an increment from

tion process. Thus, the formation of the light-induced
adsorbed layer involves bulk processes such as molecul

transport and spatial redistribution of the dye.
Light-induced adsorption was also observed in a LC cellqI 6_nm for the dark-adsorbed layer 6(.) nm for_ the
. S . . . . light-induced adsorbed layer was found, which confirms the
after irradiation with laser light polarized at a different .2 . ;
light-induced growth of the adsorbed layer, in close agree-

angle—i.e., 90°—to the reference planar orientation. F|gurement with the previous XRR data.

5 shows the corresponding reflectivity data together with the Another important result of the HLGM optical analysis is

best flt_curve whereas th_e rel_evant fit parameters are COl'he finding of a tilted configuration of the nematic director in
lected in Table IV. Also in this case an increase of the

adsorbed-layer thickness is observed upon irradiation, ev trr\]e cell before irradiation, as evidenced by Fig. 8. In particu-

though to a lower extent. In fact, the initial 5.6-nm-thick ar, a linear profile of the tilt angle is found along the cell

; L thickness, varying betweefi=71.6° (at the command sur-
dark-adsorbed layer grows up to 10.3 nm after irradiation. A‘cfaca and 0:9(3)/0 (%t the reference éurfa):eAccordingly a

will be discussed in the next section, Sec. Il B, all these "~ PN o . S
result are in agreement with the adsorption model pro oseretllt angley=90°-¢ of 18.4° is present before irradiation
9 P PTOPOSEL: the PVCN-F surface whereas a zero pretik., planar

to explain the observed photoinduced reorientation phenom- . S
ena in DDLC's[13,14), anchoring occurs at the polyimide surface. On the other

hand, no twist of the nematic director is present in the LC
cell before irradiation, as shown by the uniform zero-valued
B. HLGM measurements twist angle profile of Fig. 8.

Optical characterization by the HLGM technique allowed ~ Figure 9 shows the nematic director profile in the LC after
us to get a detailed description of the nematic director profildrradiation. A strong effect of the irradiation on the anchoring
in the LC cell. In order to evaluate the effects of light irra- conditions at the command surface is apparent comparing
diation, two series of measurements on the same LC Ceﬁigs. 8 and 9. In fact, after irradiation the pretilt angle at the
were carried out, before and after irradiation. command surface disappears and the tilt takes the uniform

Figures 6 and 7dot9 show the four experimental reflec- zero-valued profile of Fig. 9. On the other hand, the twist
tivity curves Ry, Rss Rps and Ry, versus internal incident angle at the command surface after irradiation becores

=39.5° and the twist exhibits the linear behavior shown in

TABLE IV. Structural data obtained from the fit of the XRR data Fig. 9. Whereas due to .the .stll'ong anchoring energy no
for the SiQ/ITO/PVCN-F/MR-layered structure after irradiation change is observed upon irradiation at the reference surface,

at 90°. big changes of the anchoring conditions are observed at the

reference surface due to the light action. Based on the above

d . p 5 results, light-induced adsorption at the command surface re-

Layer (nml  [nm]  [g/cn®]  [X10°6]  [x10°6] orients the nematic director over the command surface at an
angle of 39.5° with respect to the reference direction and

MR 10.3 0.9 0.90 0.004 3.28 changes the azimuthal anchoring of the LC. Due to the elas-
PVCN-F 35.5 3.3 1.20 0.007 3.98 tic properties of the LC, the nematic director reorientation at
ITO 67.3 292 6.65 1.564 18.76 the command surface finally results is the uniform planar-
Sio, 0.6 258 0.109 8.36 twisted configuration of Fig. 9. These aspects will be further

discussed in the next section with specific reference to the
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FIG. 6. The four experimental reflectivity curvedoty Rss R, Rsp and Rys vs the internal angle of incidence, before irradiation,
measured by the HLGM technique. The solid linear are the best fit to the experimental data.

light-induced formation of an easy axis over the commandeduce the potential barrier for adsorption near the surface.
surface. Second, light absorption by bulk dye molecules close to the
surface stimulates the adsorption process. Third, light ab-
sorption by dye molecules belonging to the adsorbed layer
stimulates the desorption process. The competition between
The experimental results of the previous paragraphs prdight-induced effects in adsorptio(first two mechanisms
vide a strong support to the kinetic approgdf8,14 pro-  and desorptiofithe third one results in the different station-
posed to explain the observed photoinduced reorientatioary surface concentrations of adsorbed molecules at different
phenomena in DDLC'S[13,14. This approach considers irradiation intensities.
deposition of dye as a relaxation process toward a stationary Based on this model, after filling the cell a layer of dark-
state, controlled by adsorption and desorption processes bo#lsorbed MR molecules with axially symmetric orientation
affected by light. The motion of dye molecules is consideredgrows over the PVCN-F surface. The adsorption and desorp-
as Brownian diffusion in the potential field. This field exists tion processes determine the equilibrium thickness of this
near the surface due to van der Waals and electrostatic intelayer. Light action changes this equilibrium thickness and
actions. Specific LC effects caused by the orientational andiolates the axial symmetry. Because of strong absorption
translational order parameter changes may also contribute tfichroism the dye molecules participating in the light-
this potential. The characteristic time of adsorption beforanduced adsorption and desorption processes are predomi-
illumination (dark adsorptionis much longer than the char- nantly oriented along the direction of light polarizatin
acteristic time of dye diffusion over the cell, and the orderTherefore, light-induced desorption decreases the density of
parameter increases near the surface. This suggests that #msorbed molecules parallel B and orients the easy axis
field repulses dye molecules from the surface, and they havgerpendicular t&E. At the same time, light-induced adsorp-
to overcome this barrier to reach the surface. Light irradiation increases the density of adsorbed molecules paraltel to
tion in the absorption band excites the dye molecules andnd orients the easy axis parallelEo Thus, a light-induced
affects the adsorption process through the following mechaincrease of the dye adsorbed layer thickness produces a re-
nisms. First, the nonradioactive relaxation of the dye excitaerientation towarce whereas a light-induced layer decrease
tion after light absorption results in the local heating of thereorients the director outwai. Which of the two processes
LC region in the vicinity of the absorbing molecules. In ad- controls the final orientation of the easy axis depends on the
dition, reverting to the ground state, dye molecules mayintensity of the incident light. At low intensities light-
change their geometrgrans-cisisomerization. Both effects induced anisotropy in the adsorbed MR layer prevails

C. Discussion
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FIG. 7. The four experimental reflectivity curvégots Rgs Ry, Rsp andRps vs the internal angle of incidence, after irradiation with Ar
laser beam linearly polarized at 45°, measured by the HLGM technique. The solid linear are the best fit to the experimental data.

o9f whereas at high intensities light-induced adsorption domi-
- nates.
_06F In agreement with the above model, XRR data unambigu-
§’ 03 | ously prove the existence of a dark-adsorbed layer which
- L forms upon filling the LC cell. Even though very thin
0.0 . coeacoason (5—6 nm this layer is enough extended to include an appre-
8 - ciable fraction(3%) of the dye molecules initially dissolved
2 0.3 in the LC mixture. As consequence of the irradiation with
F o6 i Iig_ht poIari_zed at 45°, a great increase _o_f the adsorbed layer
I thickness is measured by XRR. In addition, the HLGM op-
09l tical characterization reveals a reorientation of the nematic
6 2 4 6 B8 10 12 14 16 director over the LC bulk, driven by the light-induced rota-
z [pm] tion of the director on the command surface towards the
incident polarizationE. The measured twist angle at the
OF., command surfacep=39.5°, is very close to the polarization
o angle of the incident wave fiel& (®=45°). This experi-
= 86 - “\\ mental evidence is easily interpreted within the kinetic ap-
D sal - A ; ; "
2 C .- proach considering that, in our experimental conditions,
© 82 Y light-induced adsorption prevails over desorption. In such
2 80r \“. conditions the growth of the dye-adsorbed layer increases the
_‘_4; 78 \'\\ density of adsorbed molecules parallelEo leading to the
= 76 T onset of an easy axis possibly oriented al@grhe lower
74 \-.__ value of ¢ compared tob is to be ascribed to a preexisting
2r T dark easy axis at the command surface which forms after
70 . , ' ' : ' ' : filling the cell and before irradiatiofil4]. This axis is gen-
0o 2 4 6 8 10 12 14 16 ) : .
z [um] erated by theanisotropicdark adsorption of dye molecules

due to the orientational order parameter of the LC which
FIG. 8. The profiles of the twist and tilt angles of the nematic makes the MR molecules near the surface predominantly ori-
director in the LC cell before irradiation. ented parallel to the reference direction.
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strong effects of irradiation on the anchoring conditions is clearly
apparent comparing the two figures.

92
direction (due to the above discussed anisotropic nature of
the dark-adsorption processThe final consequence of the
= sir reduced adsorption and desorption is the modest growth of
2 the adsorbed layer, much smaller than obsrved at 45° of po-
2 go larization.
2 A final aspect which deserves further consideration is the
g light-induced modification of the polar anchoring boundary
F gol conditions over the command surface. The HLGM optical
analysis clearly shows the existence of a pretilt of the nem-
atic director, which disappears after irradiation. The mea-
880 2' i ' L L ' L ' sured value of the pretilt over the command surface is quite

10 12 14 16 typical of PVCN/LC interface$32]. The tilted alignment of
a pure LC on a PVCN surface was first observed by Dyady-

FIG. 9. The profiles of the twist and tilt angles of the nematic Ushaet al. [33] who proposed a model according to which

director in the LC cell after irradiation with Arlaser beam linearly th? cinnamate side groups are responsible for oblique orien-
polarized at 45°. tation. More recent experimenf82] have pointed out also

the important role of the surface polarity in the mechanism
of pretilt generation. Based on our experimental evidence,
deposition of the thin dark-adsorbed MR layer on the
BVCN-F surface does not change appreciably the pretilt
ngle of the LC whereas the formation of the thicker light-
duced adsorbed layer changes dramatically the polar an-
c oring condition, reducing to zero the pretilt angle. A ten-
tative explanation of this result can be proposed considering
Sur=0.35, dye molecules before irradiation are predomi-the role pforigntation a.”.d order of the adsqrbed molepules in
nantly oriented parallel to the reference orientation—i.e., orconnection with the ab'"ty O.f the LC to mimic the orienta-
thogonal to the incident polarization. Due to the strong ab—t'onal structure of th_e solid mterface_. This latter aspect has
sorption dichroism of the MR moleculeg3l], light been recently investigated by combined XRR and ellipsom-

irradiation is mostly effective for molecules oriented parallel &Y €chnique$34], showing that the ordering tendency can

to the exciting polarization, which results in a reduced num-Pe effectively transferred from polymer bulk to polymer sur-

ber of excited dye molecules and then a reduced number (ggce and then to LC if the symmetry is not lost at the

adsorbed molecules. On the other hand, also the desorpti Iymer-L(_: ?nterface. In our s_ituation it is easy to imagine
process is less effective because of the preferential orientd 2t the efficiency of the ordering transfer from the PVCN-F

tion of the dark-adsorbed molecules parallel to the referencgzgacg dgoortgg dngyigrm?riglty iegﬁjramg]eilgzsthih%rdiglzf tr;?

polymer/LC interface. On the other hand, molecular orienta-
tion and order in the adsorbed layer depend on the competi-
tion between photoinduced adsorption and self-organization
processes. Based upon these considerations, the following
model can be proposed as summarized in Fig. 10. Dark ad-
sorption leads to deposition of a thin layer of MR molecules
Before 1.532 1.707 0° 0° 90° 71.6°  with their long axis preferentially oriented along the tilted
After 1533 1.708 0° 39 5° 90° 90° direction imposed by the PVCN-F surface. In this way, the
tilt ordering tendency is transferred from the polymer to the

8
z [pm]

Within this picture we can also interpret the results of the
XRR measurements after irradiation with light polarized at
90° to the reference direction. In fact, because of the sam
irradiation intensity, adsorption is expected to prevail over?
desorption, leading to an increase of the dye-adsorbed lay
thickness. However, due to the relatively high orientational
order of the MR molecules in the LQorder parametere

TABLE V. The relevant parameters of the DDLC obtained from
the fit of the HLGM reflectivity data.

Twist Twist Tilt Tilt
Irradiation  ng ne (Si0y) (PVCN-B (SiOy) (PVCN-P
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LC via the dye-adsorbed lay@Fig. 10a)]. Upon irradiation,  possible the experimental determination of the nematic direc-
light-induced adsorption grows a thicker dye layer where theor profile in the LC cell before and after irradiation and
tilted orientational order of the molecules is progressivelyevaluation of the effects of light-induced adsorption on the
lost and the molecules adsorb with the long axis preferentC anchoring conditions.

tially oriented parallel to the command surface. In this case, The results have confirmed the existence of a dark-
the adsorbed dye layer is thick enougtstoeldthe LC from  adsorbed layer and are in agreement with the absorption
the PVCN-F surface and to orient the LC parallel to themodel previously proposed to account for the complex phe-
command surfacfFig. 1Qb)]. Consistent with this picture, a nomenology related to light-induced anchoring and reorien-
less efficient packing of the molecules is expected in theation effects in DDLC's. However, a full confirmation of the
light-induced adsorbed layer, which should result in a lowemodel requires a further step consisting in the XRR study of
mass density compared to the dark-adsorbed one, as expettite PVCN-F surface under experimental conditions in which

mentally found(see Tables Il and [}l the light-induced desorption prevails over adsorption. In this
case, XRR analysis should reveal a reduction of dye-
IV. CONCLUSIONS adsorbed layer thickness upon irradiation. In addition to this,

) ) ] ) a complete combined XRR and HLGM study as a function
We have studied the dark- and light-induced adsorption ob poth direction and polarization of the incident light would
MR molecules on PVCN-F plane surfaces by means of XRRyrovide important additional information to fully validate the

and HLGM optical characterization. Combined XRR andmodel. These studies will be the subject of future investiga-
HLGM have provided a unique tool to fully characterize thetjgng.

light-induced adsorption and reorientation effects in

DDLQ’S. The XRR data allowed characten_zmg the micro- ACKNOWLEDGMENTS

scopic structure of the dye adsorbed layer in terms of layer
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