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Inverse mode of a novel electrooptical effect caused by the ionic modification
of boundary conditions has been studied for liquid crystal droplets. We have
considered the droplets of nematic 5CB doped with cationic surfactant cetyl-
trimethyl-ammonium-bromide and dispersed in polyvinyl alcohol. In the initial
state the surface anchoring was normal on the whole interface due to the high
concentration of homeotropic surfactant. Applied voltage results in the purification
of a section of the interface from the surface-active cations thereby restoring here a
tangential anchoring and stimulating the significant transformation of droplet
structure. At that three different types of director field distribution can be realized
within the same droplet. The proper textures of the droplet both in the crossed
polarizers and without analyzer are considered.
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I. INTRODUCTION

Liquid crystals (LC) are the convenient material for low-voltage
optoelectronic devices especially for displays. It necessitates searching
for the novel electrooptical effects in LC materials, which can extend
the field of their application. In this regard the development of the
methods of electrically commanded surfaces [1-4] is much-needed
because it enables to control submicro- and nano-sized LC cells in
the modern photonic systems.

One of the methods is based on the use of ferroelectric liquid crystal
polymer to produce the surfactant films at the cell substrates [1,2].
Applied voltage influences, first of all, on the liquid crystal polymer
and reorients its director. Then the orientation structure of low-
molecular LC in the gap between the substrates is transformed accord-
ing to a new alignment condition at the surfactant film.

Another approach proposed in [3,4] is the electrically induced
ionic modification of surface anchoring. In this case the liquid crystals
within droplets dispersed in polymer matrix are doped with ion-
forming surfactant. For the normal mode of the effect, the boundary
conditions at the whole droplet interface in the initial state are
determined by the tangential forces of polymer matrix. Under the
action of dc electric field the surface-active ions are concentrated at
a certain region of droplet interface and change here the surface
anchoring to the homeotropic one. The modification of boundary
conditions is accompanied by a considerable transformation of director
configuration inside LC droplets and, as a consequence, by the
change of the optical properties of polymer dispersed liquid crystal
(PDLC) films.

In this paper we consider the inverse mode of the ion-surfactant
effect when the boundary conditions are changed locally from homeo-
tropic to tangential ones what also leads to the transmutation of direc-
tor configurations inside nematic droplets.

Il. EXPERIMENT

The samples of PDLC films were prepared by the emulsification
method [5]. The 4-n-pentyl-4’-cyanobiphenyl (5CB) doped with the
cationic surfactant cetyl-trimethyl-ammonium-bromide (CTAB) was
emulsified into a 10% aqueous solution of film-forming polymer poly-
vinyl alcohol (PVA). The ratio of 5CB : CTAB : PVA was 1:0.1: 19
by weight. PVA was plasticized with glycerin at a ratio of 3 : 1 by
weight, respectively. In the liquid crystal the CTAB molecules are
dissociated into Br~ anions and cetyl-trimethyl-ammonium (CTA™)
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cations. Polymer matrix provides the tangential anchoring with the
molecules of mesomorphic alcylcyanobiphenyl derivatives [6]. On the
contrary, the surface adsorbed layer of CTA" ions can align the LC
molecules homeotropically [6] provided that the content of CTAB
admixture in LC is sufficiently large.

ITO electrodes at the glass substrates were moulded on the parallel
stripes with a distance of 250 pm between them providing the orienta-
tion of the dc electric field along the PDLC film plane. We have consid-
ered LC droplets arranged in the middle between the electrodes using
the polarizing microscope in the crossed polarizers and with analyzer
switched off. The size of droplets was approximately 7—11pm. The
thickness of PDLC film was about 30 um. For all samples we applied
the electric pulse of the same duration (5sec) and made the photos
at the end of the pulse. Characteristic time for the stabilization of
novel orientational structures was approximately 1sec. After that
the director configurations remained stable.

lll. RESULTS AND DISCUSSION

In Figure 1 the scheme of the cell under study is presented. In the
unpowered state (Fig. 1a) a part of CTA" ions adsorbed at the polymer
wall can form a surface-active layer possessing by homeotropic anchor-
ing and screening the tangential orienting influence of PVA matrix at
the whole interface. As a result, the radial director configuration
should be formed inside nematic droplets. Under the action of applied
voltage the CTA™ ions shift to the left towards the negative electrode

BT . Glass substrate ~* RS

(@) (b)

FIGURE 1 Scheme of PDLC cell with a 9% concentration of CTAB in nematic.
(a) CTA™ cations form the homeotropic surface-active layer on the whole
interface in unpowered state; (b) tangential anchoring is restored in the
right part of LC droplet because the cations shift from here towards the left
boundary.
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(Fig. 1b). It can result in the restoration of the tangential anchoring in
the right part of the droplet.

This hypothesis is confirmed by the analysis of droplet texture
transformations. The Maltese cross texture (Fig. 2a, top row), typical
for the radial director configuration (Fig. 2a, bottom row) with the
bulk point defect (hedgehog [7]) in the centre is the reliable evidence
of the presence of the uniform homeotropic anchoring at all droplet
surface.

The application of the electric field results in the dramatic change of
texture inside droplets, which can occur in three different ways
(Figs. 2b—d). It should be emphasized that all three types of the struc-
tures can be observed in the same nematic droplet.

(@)

FIGURE 2 LC droplet textures in PDLC films with the ratio of 5CB : CTAB :
PVA equal to 1: 0.1 : 19 by weight. Microphotos are shown in the top row (for
crossed polarizers) and central one (without analyzer). Double arrows show the
orientation of polarizers. The corresponding schemes of director configurations
are presented in the bottom row. In the columns: (a) LC droplet in unpowered
state; (b—d) LC droplet 5 sec after dc electric voltage (U=50V) was switched
on. (b) “Boojum + surface ring” structure. (c) “Hedgehog + boojum -+ surface
ring” structure. (d) “Hedgehog + surface ring” structure.
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a) Transition of Radial Configuration into “Boojum + Surface
Ring”” Structure

One of the ways is a transformation of the radial configuration into the
monopolar one (Fig. 2b). In this case, at first the surface point defect
(boojum [7]) arises in the right section of droplet. Then the hedgehog
escapes to the boojum combining with it. In the end of the process a sin-
gle boojum remains at the surface (see Fig. 2b). Such an effect cannot be
explained by the influence of the electric field on the bulk of LC droplets
because the external field is nearly completely compensated by the sepa-
rated ion charges [8]. This transformation is possible only when the
homeotropic anchoring at the droplet’s interface close to the positive
electrode is modified to the tangential one. At that the tangential
anchoring occupies more than a half of droplet. The edges of this area
at the top and bottom of the visible droplet boundary are seen clearly
in Figure 2b (central row) as two points where light scattering regions
(dark lines) come abruptly to an end. The surface ring defect arises at
the turn of tangential and homeotropic anchoring. It is revealed as a ver-
tical dark line at the left of droplet centre. The corresponding director
field distribution is presented schematically in Figure 2b (bottom row).

b) Transition of Radial Configuration into
“Hedgehog + Boojum + Surface Ring’”’ Structure

More complicated structure can appear in the same droplet (see
Fig. 2¢). In addition to the formation of the boojum in the right part
of droplet and surface ring defect, the hedgehog remains but it moves
down to the plane of the ring defect.

c¢) Transition of Radial Configuration into
“Hedgehog + Surface Ring” Structure

For the droplet under study the third scenarios is realized more often.
Only the bulk point defect-hedgehog and surface ring line defect are
characteristic for it (Fig. 2d). As in the previous case, the bulk defect
moves to the bottom boundary. Director lines in such a structure bend
clockwise (Fig. 2d, bottom row).

It should be noted that in all above described cases the ratio of
tangential and homeotropic regions of interface remains permanent.

IV. CONCLUSION

Generally, a wide variety of different transmutations of droplet struc-
ture is characteristic of the ion-surfactant method to control PDLC
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films. Resultant structures formed within LC droplets in the electric
field depend on the compounds in use, concentration of ionic surfac-
tant, value of applied voltage and duration of electric pulse, droplet
form and size, etc. Some different director configurations can be rea-
lized even in the same droplet, as it has been illustrated in this paper.
The features described above allow designing various electrooptical
devices based on micro- and nanosized composite LC materials.
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