Anchoring and gliding of easy axis of 5CB on photoaligning PVCN-F surface
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Abstract — The photoaligning properties of the popular photoaligning material polyvinyl-4(fluoro-
cinnamate) (PVCN-F) are presented. The aligning quality and azimuthal and zenithal anchoring energy
were measured and the drift of the easy orientation axis (gliding effect) on the PVCN-F surface,
depending on UV exposure, was studied. Special attention is paid to unraveling the contribution of
the adsorption liquid-crystal molecules onto the aligning surface to the anchoring properties of PVCN-
F and measuring the drift of the easy orientation axis over the PVCN-F surface. It is shown that a
relatively weak azimuthal anchoring energy (W,, = 107 — 10-> J/m2) leads to strong drift of the easy
axis in the azimuthal plane that was observed in a moderate (~0.1-0.3 T) magnetic field. A much
stronger polar anchoring (W,,, = 10~* J/m2) allowed us to observe the essential gliding of the easy

axis in the zenithal plane in a rather strong electric field (~5 V/um).
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1 Introduction

The discovery of the alignment of liquid-crystal (LC) orien-
tation by light in the early 1990s brought forth a great deal
of expectation for applications of liquid-crystal display
(LCD) technolog:,lry.l‘6 The achievement of unidirectional
alignment of LCs on polymer surfaces by polarized light ir-
radiation allows for the development of advanced aligning
techniques. Unlike the rubbing technique, photoalignment
is a noncontact process and allows easy control of the direc-
tor orientation, pretilt angle, and anchoring energy. There
are no limitations in achieving homogeneous alignment over
large substrates that make this method very promising for
the fabrication of last generation LCDs. At the same time,
the method can be effectively used for the alignment of LC
in tiny telecommunication devices where the rubbing tech-
nique is very difficult to apply.

Despite advantages in photoalignment technology,
some specific features of photoaligning materials (weak
anchoring energy, strong sticking effect, etc.) prevent wide
application of photoalignment in the LCD industry, and
photoalignment has been used up until now in academic
research. Wide application of this technology requires a
deep understanding of the interaction of LC with photosen-
sitive polymers and detailed characterization of the anchor-
ing properties of the existing photoaligning materials.

Among the well-studied photoaligning materials are
the polymers containing cinnamon acid derivatives in side
fragments adjoined to different main chains (polyvinylalco-
hol, polysiloxane, cellulose).>~!! The aligning properties of
these materials are caused by anisotropic dimerization
(cross-linking) of side fragments irradiated with polarized

UV light, which can be accompanied by reversible trans—cis
isomerization of the cinnamoyl fragments. Due to the strong
absorption dichroism of the cinnamoyl groups, the first
process results in anisotropic angular distributions of the
crossed-linked cinnamoyl groups and of the remaining cin-
namoyl fragments after irradiation with polarized UV light.
The second process leads to the reorientation of the cin-
namoyl groups perpendicular to the polarization of UV
light, resulting in additional angular anisotropy of the poly-
mer-fragment distribution. Both processes cause the forma-
tion of an easy orientation axis perpendicular to the
polarization of the UV light, and the angular distribution of
the flexible fragments in the plane perpendicular to the sub-
strate (zenithal plane) determines the pretilt angle on the
polymer surface. As we recently discovered, light-induced
changes of the polarity of the surface also contribute to the
value of the pretilt angle.!?

One of the typical cinnamoyl-containing photoalign-
ing polymers is polyvinyl-4(fluoro-cinnamate) (PVCN-F),
its chemical structure is depicted in Fig. 1. Our preliminary
studies show that this material, along with other cinnamoyl-
containing polymers, possesses a rather weak initial azimuthal
anchoring energy, which can vary in the range W, =
(107=107°) ]/m2. In addition, effective control of the pretilt
angle of LC in a wide range (15-0°) was possible by control-
ling the UV exposure time. Due to a low azimuthal anchor-
ing energy, the reorientation of the director on the PVCN-F
surface in an external field is essential in promoting the drift
of the easy orientation axis (easy axis gliding).lB_lG For this
reason, PVCN-F can be considered as a model photoalign-
ing material to understand the basic physics of the interac-

Revised version of a paper presented at the 14th International Symposium on Advanced Display Technologies (ADT ‘05) held in Crimea, Ukraine,

October 10-14, 2005.

O. Buluy, A. lljin, E. Ouskova, and Yu. Reznikov are with the Institute of Physics, National Academy of Sciences of Ukraine, Prospect Nauki 46,

Kiev 03039 Ukraine; yuri@iop.kiev.ua.

C. Blanc and M. Nobili are with Groupe de Dynamique des Phases Condensées, Université Montpellier Il, Place E. Bataillon, 34 095 Montpellier,

France.

K. Antonova is with the Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Blvd., Tzarigradsko Chaussée, 1784 Sofia, Bulgaria.
© Copyright 2006 Society for Information Display 1071-0922/06/1407-0603$1.00

Journal of the SID 14/7, 2006 603



T n
(i';=0
Hﬁ
CH
F
FIGURE 1 — Chemical formula of photosensitive polymer

polyvinyl-4(fluoro-cinnamate) (PVCN-F).

tion of LCs with photoaligning surfaces and to develop new
competitive photoaligning materials.

Here, we report on the measurements of the az-
imuthal and zenithal anchoring energy and studies of the
drift of the easy orientation axis (gliding effect) on the surface
of photoaligning material polyvinyl-4(fluoro-cinnamate)
(PVCN-F).

2  Results and discussion
2.1 Aligning quality of PVCN-F films

To characterize the general quality of the LC alignment on
the PVCN-F surface, we studied the alignment textures in
symmetric cells made of two identical glass substrates, with
the inner surfaces covered with PVCN-F film. PVCN-F film
was deposited on the substrates by spin-coating of a polymer
solution in dichloroethane (polymer concentration ¢ = 10
g/liter, rotation speed, v = 7000 rpm) for about 10 sec. The
substrates were then baked at 80°C during 1.2 hours to
remove the residual solvent. After that, the PVCN-F film
was irradiated with polarized UV light from a Hg-lamp
through on IR filter (integral intensity of UV light in the
plane of the substrate, Iyy = 1 £ 0.1 mW/cm?2). Different
strip-like areas of the substrate were irradiated with differ-
ent exposure times t,y, = (0-1800 sec). The irradiated
PVCN-F films had a thickness [ = 100 nm. The cell with a
gap L = 50 £ 0.7 um was assembled in a manner where the
projections of UV beam polarization on the substrates coin-
cided. The cell was filled with liquid-crystal material pentyl-
cianobiphenyl (5CB, EM-Industries) by capillary effect at
T = 50°C in the isotropic phase.

Observations in unirradiated areas under a polarizing
microscope showed Schlieren textures typical of a degener-
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FIGURE 2 — Dependence of the aligning quality parameter o on the
exposure time foy,.

ated planar or tilted alignment of a nematic liquid crystal
(NLC) on an isotropic surface. Irradiation with UV light
resulted in an average alignment of the NLC director per-
pendicular to the polarization of UV light. Increase in the
exposure time led to a decrease in the number of orienta-
tional defects, to thinning of the surface orientation walls
separating the domains with different orientations, and to
an increase of the general homogeneity of the alignment.
For exposure times longer than ¢,,), 2 600 sec, uniform pla-
nar alignment of the LC was observed.

To characterize the quality of the photoalignment, we
placed the LC cell between crossed polarizers and adjusted
the cell orientation to obtain a minimal transmitted intensity
of the probe laser beam (we used a He—Ne laser, A = 0.638
um, spot diameter of about 1.5 mm). For this position, the
average director orientation was parallel to the polarizer axis
and, thus, orthogonal to the analyzer. In this configuration,
we measured a transmitted intensity I|. Then we rotated
the analyzer for 90° and again measured the intensity of the
probe beam, I}, behind the analyzer. The ratio o =(I}| —
I)/(I) + 1)), which we call the “aligning quality parameter”
is equal to zero in the case of macroscopically random align-
ment and approaches o = 1 when the director is oriented
unidirectional. The dependence of the quality parameter o
on exposure time is presented in Fig. 2 together with the
value o for the rubbed polyimide layer. Fluctuation of o at
short exposures is related to the imperfect averaging of the
director orientation within the laser spot. One can see that
at oy 2 600 sec (irradiation dose D = Itey, = 0.6 J/em?2), the
parameter o almost coincides with the aligning quality pa-
rameter of rubbed polyimide.

2.2 Azimuthal anchoring of LC on PVCN-F
films and the drift of the easy orientation axis

Measurement of the azimuthal anchoring energy were
made in cells consisting of two substrates with different
aligning surfaces: the first substrate, a test substrate, was
covered with PVCN-F film and the second substrate, a ref-
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erence substrate, was covered with rubbed polyimide layer
that provided strong anchoring with a small pretilt angle
(<1°) of 5CB. PVCN-F film was fabricated and irradiated
with polarized UV light as described above. The intensity of
the UV light Iy was 0.7 £ 0.05 mW/cm? and different strip-
like areas of the substrate were irradiated with different
exposure times t,y, = 50-500 sec. The cell with a thickness
L =20 £ 0.7 pm was assembled in a way that the rubbing
direction on the reference substrate and the projection of
UV beam polarization on the test substrate constituted an
angle of 45°. The cell was filled by capillary action with L.C
5CB in its isotropic phase (T = 50°C).

Observation by a polarizing microscope showed a
high-quality twist structure in the irradiated areas. Our low
twist conditions ensured the adiabatic regime (Maugin regime)
of the propagation of light through the cell; the polarization
of the test beam followed the twisted director in the cell.
This allowed us to determine the orientation of the director
on the test and reference surfaces. We found that the direc-
tor was parallel to the rubbing direction on the reference
surface everywhere, whereas the director on the PVCN-F
surface reorients toward the easy axis of the rubbed surface
in a manner to reduce the twist in the cell. The longer the
time of exposure to the UV beam was, the weaker the effect
appeared to be. The twist angle Qe between the director
on the reference and the one on the PVCN-F surface is related
to the value of the azimuthal anchoring energy on this latter
surface by the expression10

szh"t” _ Kyy . 28in Qg , (1)
L Sln2<(Pref_(Ptest)

where Kay is the twist elastic constant.

The obtained values of W,.Phot for 5CB twist elastic
constant Koo = 3.6 X 1012 N and cell thickness L = 20 pm
are shown in Fig. 3 as a function of the exposure time .
and irradiation dose D = Iyyt,y,. The two experimental
points, ty, = 400 sec and 500 sec correspond to the angle
@est = 45° and a strong anchoring (anchoring parameter, § =
W,PhotL/Ks5 >> 1). For this case the experimental error of
the anchoring-energy measurements is very large and we
can only say that W,.Phot > 15 x 10-6 J/m2 for these expo-
sures.

The obtained values of Wdzphom(tgxp) originated just
from the anchoring associated with the light-induced anisot-
ropy of the aligning surface. An additional contribution to
the anchoring of the LC is given by the adsorbed LC mole-
cules on the aligning surface. This adsorption occurs prefer-
ably in the direction which is determined by light-induced
easy orientation axis and may increase the anchoring energy
value.!7 To estimate the anchoring energy due to adsorption
of LC molecules, we used new surfaces with an easy axis
induced by the adsorption of LC molecules. The experi-
ments were carried out in symmetric cells consisting of sub-
strates covered with identically treated PVCN-F layers. We
used PVCN-F irradiated with unpolarized UV light during
texp = 10, 20, 30, and 60 sec from a Hg UV lamp (intensity,
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FIGURE 3 — Dependence of the azimuthal anchoring energy W, Phot
on exposure time oy,

Iyy = 10 mW/em?2). The 50-pum cell was filled with LC 5CB
in the isotropic phase (T = 50°C) and was then cooled to
room temperature in an external magnetic field H = 0.3 T
at the angle between the H-field and the plane of the cell,
B =~ 10°.

The magnetic treatment resulted in a homogeneous
planar alignment of LC along the projection of the H-field
to the plane of the cell. It is evident that the cause of the
formation of magnetically mediated easy axis is the adsorp-
tion of the LC molecules on the PVCN-F surface. Orienta-
tion of the LC molecules with an H-field during the cell’s
cooling results in an anisotropic angular distribution of the
adsorbed molecules with the maximum being parallel the
projection of the H-field on the cell plane. This anisotropic
oriented adsorbed layer serves as an aligning coating with
the easy axis parallel to the field direction.

To reach the equilibrium alignment, we kept the cell
during 40 min between the magnetic poles. After that, the
cell was tilted to set the angle B = 0° and then the cell was
rotated for @ = 45° around the normal to H. In this geome-
try, the bulk director is parallel to the magnetic field and a
twist distortion close to the two surfaces appears. The elastic
torque associated to this distortion caused the reorientation
of the director d on the aligning surfaces toward the mag-
netic field direction. To follow the director reorientation in
the cell, we placed it between two polarizers and we probed
the director orientation by rotating the polarizers. The
measurements showed that the Mauguin regime was valid
in our case as expected. The value @g,,r was measured in a
few tens of seconds after the rotation of the cell in the mag-
netic field set @p = 45°. The dependence of the reorienta-
tion angle Qg on exposure time and irradiation dose is
presented in Fig. 4. The evident decrease of the angle @g,,f
with the exposure time is a consequence of the increase of
the ziinchoring energy due to LC molecules adsorption
w,.ad.
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FIGURE 4 — Dependences of the reorientation angle ¢,,rand anchoring
energy W,,% on exposure time loxp

To estimate the values of W,.%4, we use the balance of
the surface and bulk torques, which act on the surface direc-
tor!S:

aw,

az . 2
—— = Kaax o Hsin™ (@) = 9 p) (2)
a(Pgmf a surf
and
K H sin2( )
W, =~ 29X a Csurf . 3)
Qsurf

Replacing the known values y, = 1.76 x 10-7, @ = 45°,
and H = 0.3 T and the experimental values of @, into Eq.
(3), we obtain VVﬂ:”d(texp) as depicted in Fig. 4 together with
(Psurjf(texp)-

Comparing Figs. 3 and 4, one can see that the anchor-
ing energy due to the LC adsorption is weaker than the one
induced by the photoalignment. Both anchoring values
W, and W, Photo are relatively weak and the associated
surface director reorientation is on the order of tens of
degrees. These large deviations of the director from the
equilibrium position may result in a strong azimuthal drift
of the easy axis.

We explored the gliding effect in the symmetric cell
used for the measurement of W,.%¢. The experiment was
analogous to the experiment of the anchoring measure-
ments with the difference that it was carried out in a much
longer time scale, up to 250 min. We found that the initial
quick director reorientation (~1 sec) is followed by a much
slower director reorientation toward H. The dependence of
the reorientation angle Qg on time is presented in Fig. 5.
The characteristic reorientation times (tens and hundreds of
minutes) are incomparably larger than the typical bulk
reorientation time of the director in a magnetic field (~1 sec).
The interesting feature of the observed drift is that the char-
acteristic times of the gliding increases with increasing UV
exposure.
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FIGURE 5 — Drift of the easy axis in azimuthal plane.

The drift might also be observed when we switched off
the field during reorientation — the surface director did not
return to the initial position @y, (¢ = 0) = 0 but relaxed to
some intermediate angle between the current value Qg,(t)
and Qg1 = 0.

Switching off the field after achievement of the sta-
tionary reorientation angle @g,.f = 45° led to a small-ampli-
tude relaxation of the director [A@g,f = 2.5° (texp = 20 sec)
and AQg,f = 5° (fexp = 30 sec)]. The characteristic time of
this relaxation was much longer (hundreds of seconds) than
both the relaxation time of the magnetic field due to the
inductivity of the magnet (~5 sec) and the relaxation of the
bulk elastic deformation (~0.25 sec). Thus, long-term appli-
cation of the magnetic field resulted in a huge azimuthal
drift of the easy orientation axis from the initial orientation
to the direction of the applied field H. Occurring after the
field cut off, a weak drift of the L.C director toward its initial
orientation points to the presence of an additional surface
torque deviating from the new easy axis orientation. This
observation implies that despite the effective azimuthal drift
of the easy axis, the surface “remembers” its initial position.

2.3  Zenithal anchoring of LC on PVCN-F
films and the drift of the easy orientation axis

The measurements of the zenithal anchoring and gliding
were carried out in a cell made of PVCN-F and SiO-coated
glass plates. The glass plates were first coated with ITO
electrodes. The 300-A-thick SiO layer was evaporated at an
oblique incidence (60°) to obtain planar anchoring. For the
anchoring measurements, PVCN-F layers were irradiated
with polarized UV light (Iyy = 0.7 £ 0.05 mW/cm?2) with
different UV exposure times ranging from 10 to 1200 sec.
The cell was filled with 5CB in the isotropic phase. After
quenching in the nematic phase, the sample was kept at
room temperature for about 48 hours. The method used for
the measurement of the polar anchoring energy is based on
the “anchoring breaking” phenomenon under a strong elec-
tric field and allows the measurement of the anchoring
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strength for the surfaces with planar or low-pretilt easy axis
orientation.!¥ The values of the polar-anchoring strength
measured by this technique for PVCN-F polymer subjected
to UV irradiation in the range 10-1200 sec were W, ~
0.25 x 1073 J/m? which is larger than W,. This value is com-
parable with the typical values of rubbed polyimide surfaces
Wepn ~ 0.33 x 103 J/m2.14

Due to a rather strong zenithal anchoring energy, one
can expect that the drift of the easy orientation axis in the
zenithal plane can only be observed in a rather strong exter-
nal field. In addition, the amplitude of the zenithal gliding is
also expected to be much smaller than its azimuthal counter-
part. To measure the expected weak zenithal gliding of the
surface director, a new high-resolution optical method has
been developed. This method, derived from the one in Ref.
20, is based on the measurement of the optical path differ-
ence when an amplitude modulated ac (100 kHz) electric
field is applied to the nematic cell. The rms (root mean
square) value of the field is fixed to half of the Fredericks
threshold to compensate for the geometric splay elastic
torque, induced by different director orientations on the
two boundaries (planar and weak pretilt), with the field dielec-
tric torque. The chosen value of the field then corresponds
to a null total torque on the PVCN-F surface director. As a
consequence, the measured pretilt angle coincides with the
pretilt angle of easy axis (no contribution of the zenithal
anchoring in this case). The electric-field amplitude is
modulated at a relatively low frequency (1 Hz) to allow for
the modulation of the director orientation. The optical path
difference is then modulated at the same frequency and a
lock-in technique can be used to measure it. The experi-
mental setup is fully automated allowing an easy data acqui-
sition on very long time scales (days). For pretilt angles
larger than 1°, the angular resolution is about 0.05° with a
long-term stability greater than 0.5°. More details about this
method will be published in a forthcoming paper.

To measure the easy-axis zenithal gliding, we used
PVCN-F layers exposed 1200 sec to polarized UV. A com-
bined PVCN-F/SiO cell of 10 wm thickness was filled with
5CB in the isotropic phase. After filling, the temperature
was quenched in the nematic phase and the cell was kept at
T = 25°C for 48 hours. In this condition a pretilt angle y =
0.8° was measured. Thereafter, a strong disorienting electric
field (perpendicular to the PVCN-F easy axis) is applied to
the cell. Under the field action, the director on the PVCN-F
plate reorients toward the normal to the plates by reaching
the orientation where the dielectric torque is exactly coun-
terbalanced by the anchoring torque. After 16 hours, the
curing field is removed and the zenithal gliding of the easy
axis is measured by the technique described above. In
Fig. 6, we show a typical curve obtained for a cell just after
curing with an electric field of 1 V/um. The director on the
PVCN-F surface during the application of the field was ori-
ented at 60° with respect to the plate. The time origin cor-
responds to switching off the curing electric field. The first
3 minutes of the relaxation has been removed from the Fig. 6
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FIGURE 6 — Drrift of the easy axis in zenithal plane.

because they corresponded to the electronic relaxation of
the lock-in setup. One can see that the easy axis relaxes back
to its initial orientation on very long time scales on the order
of hours. The best it for a bi-exponential function y = yq +
Y1 exp (—t/T1) + Yg exp (—#/T2), where yg = 0.87°, y; = 1.05°,
Yo = 1.35°, and 17 = 23.5 min, To = 337 min, is also shown in
Fig. 6. These characteristic times are more than five orders of
magnitude larger than the elastic relaxation time of the bulk
distortion. The total amplitude of the easy-axis gliding results
in Yo = W1 + Yo = 2.4°. A similar behavior, namely, very
long relaxation times of the easy axis and y,; on the order
of few degrees, have been measured for curing fields of dif-
ferent amplitudes and for different temperatures. Even in
the case of a saturated surface angle under a curing field
(director parallel to the plate normal), y;,,; remains on the
order of a few degrees.

Let us describe, briefly, the easy-axis drift after
quenching from the isotropic phase and before the curing-
field application. In Fig. 7, a typical behavior of the pretilt
angle versus time is reported. The time origin marks the
nematic—isotropic transition. The pretilt angle increases in
the first 3 hours after quenching, but decreases to a value of
0.8° in the following 10 hours. Similar nonmonotonic behav-
ior has been observed for PVCN-F layers with different UV
doses. More-detailed experimental analysis will be devoted
to this intriguing behavior.

The results obtained clearly show that a weak azimuth
anchoring energy for the PVCN-F surface results in a strong
drift of the easy axis (gliding effect) in a moderate magnetic
field (H = 0.1 T). The drift of the easy axis in the zenithal
plane is also observed, but it requires a rather strong electric
field (E = 1 V/um) due to strong zenithal anchoring. The
adsorption—desorption of LC molecules on the aligning sur-
face and collective reorientation of flexible polymer frag-
ments and LC molecules may be considered as possible
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FIGURE 7 — Dependence of the tilt angle on time, ., = 20 min.

mechanisms for the gliding. The first mechanism was pro-
posed by Vetter et al.21 and studied in Refs. 14, 15, and 22.
In this proposed mechanism, the drift of the easy axis is
caused by the rotation of the symmetry axes of the distribu-
tion function of the adsorbed LC molecules under the influ-
ence of a reorientation torque. It is suggested that adsorbed
molecules are oriented preferably along the initial direction
of the director in the cell. Application of the torque reori-
ents the director near the surface and results in the adsorp-
tion of molecules along this new direction. As a
consequence, the symmetry axes of the angular distribution
function of the adsorbed molecules reorients as well as the
associated easy axis. The model of cooperative reorientation
of the director and polymer fragments was first proposed by
Kurioz et al.23 Tt was suggested that very slow relaxation of
the director in the zenithal plane after application of an
electric field to the cell with a PVCN-F surface is caused by
realigning flexible fragments on the polymer. Owing to the
weak anchoring, the electric field reorients the director on
the polymer surface, which, in turn, drags the flexible frag-
ments of the polymer surface. As a result, the electric field
orients both the LC molecules and flexible fragments in a
direction which is determined by the anchoring parameter
and LC —{flexible fragments interaction. Later on, ]anossy16
explained the drift of the easy axis in the azimuthal plane
over PMMA surface in a similar way. His interpretation of
the azimuthal gliding observations is based on the assump-
tion that the polymer main chains can undergo conforma-
tional transitions under the influence of the anisotropic
potential of the liquid crystal. The induced structural
changes in the polymer decrease the interfacial energy
between the liquid crystal and the polymer; hence, self-
strengthening of the surface anchoring of the liquid crystal
takes place. The change in the director position at the sur-
face initiates conformational changes in the polymer, and, as
aresult, the easy axis rotates towards the director. This latter
rotation, in turn, decreases the anchoring torque; therefore,
the director can rotate further towards the external field.
The process ends when both surface torques become zero,
i.e., the twist deformation is zero at the surface and the easy

axis coincides with the director at the soft plate. Similar
argumentation was used to explain the director gliding in
lyotropic LCs.24 Both considered mechanisms may be realized
on PVCN-F surface because this material contains revolv-
able cinnamoyl fragments and effectively adsorbs molecules
from the LC bulk.25-26 Therefore, the microscopic mecha-
nism of the gliding over the PVCN-F surface requires addi-
tional studies to be elucidated. At the same time, the
increase in the drift characteristic times with an increase in
the UV exposure makes the mechanism of cooperative reori-
entation of the director and polymer fragments most prob-
able since the exposure depletes the revolvable fragments.
It should be noted that both models are described by the
same equations (see Ref. 22), and the difference is just in
the physical meaning of these equations. Thus, to settle
between these two alternative mechanisms is a rather diffi-
cult task.

3  Conclusion

PVCN-F provides a very good planar alignment of LC 5CB
with the same quality as rubbed polyimide layers after UV
exposure with a dose D ~ 0.2 ]/cmz. The measurement of
the azimuthal anchoring energy shows that the anchoring
caused by photoinduced anisotropy (W, Photo = 10-6-10->
]/1112) is comparable with that due to magnetically mediated
adsorption of 5CB molecules onto a PVCN-F surface
(Wy ~ 1076 J/m2). A relatively small anchoring energy
results in a very effective drift of the easy axis in the az-
imuthal plane under a moderate magnetic field of ~0.3 T. A
much larger zenithal anchoring energy (W, ~ 0.25 x 103
]/1112) allows the essential gliding of the easy axis in a zenithal
plane only in a rather strong electric field (~3 V/um). The
obtained results can be described in the frames of models,
suggesting that the gliding of the easy axis is governed by
adsorption/desorption of LC molecules onto PVCN-F sur-
face or/and realignment of flexible fragments of the polymer
during LC director reorientation. We believe the results of
this study have a rather general essence and can be applied for
any aligning material providing weak azimuthal anchoring.
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