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At present, liquid crystals (LCs) are among the
basic functional materials used in optoelectronics,
especially in the information display technics. Intense
research in this field is aimed at the development of
novel LC materials and LC�based devices. The tradi�
tional methods for the LC control are based on the
well�known Freedericksz transition of the orienta�
tional structure under the action of an electric field
aligning the LC so that to make its permittivity maxi�
mum [1]. In this case, the surface anchoring of the LC
with the substrates remains invariable. The funda�
mentally new approach to the LC control is based on
the local Freedericksz transitions [2], when, for
example, an electric field modifies the boundary
conditions, which leads to the reorientation of the

entire LC layer [3]. Such a transition can be imple�
mented, in particular, by changing the surface anchor�
ing with the use of electric�field�induced variation in
the concentration of ionic surfactants [4–6]. The fea�
tures of the transformations of the orientational struc�
ture of the nematic LC layer with the electric�field�
controlled boundary conditions caused by the combi�
nation of several effects were described in detail in [7].
This Letter presents the results of investigations of the
dynamics of the response of a nematic�layer�based
optical cell controlled by an ionic surfactant method.

Planar LC cells (Fig. 1) consisting of two glass sub�
strates with transparent ITO electrodes on the inner
sides and a nematic LC layer between them were the
object of study. The electrodes were preliminarily
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Fig. 1. Schematic of the LC cell operation in crossed�polarizers geometry. (a) Without electric field, the nematic is homeotropi�
cally aligned and light does not pass through the system; (b) in the dc electric field, the surface anchoring on the lower substrate
becomes planar and a homeoplanar structure forms in the nematic layer, which allows light to pass through the structure. Crossed
polarizers (1), linearly polarized light (2), substrates (3), elliptically polarized light (4), LC molecules (5), surface�active ions (6),
glass substrate (7), polymer film rubbed in direction R (8), and ITO coating (9). Schema (a) should be added by R direction and
angle 45 degrees at the bottom substrate as in Russian version.
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coated with 1.5�μm�thick polymer films from polyvi�
nyl alcohol (PVA) plasticized with glycerine (Gl) in
the weight ratio PVA : Gl = 1 : 0.26. The easy orienta�
tion axis was formed by mechanical rubbing of the
polymer surface in a specified direction. The nematic
LC 4�n�pentyl�4'�cyanobiphenyl (5CB) doped with
the cation surfactant cetyltrimethylammonium bro�
mide (CTAB) in the weight ratio 5CB : CTAB = 1 :
0.008 was investigated. The LC cells were filled by the
capillary method in the isotropic phase. The LC layer
thickness in the investigated samples was about 6 μm.

The electrooptical characteristics were investigated
using a He�Ne laser (Lions) with wavelength λ =
0.633 μm. The laser radiation passed through a polar�
izer, the LC cell, and an analyzer and reached a pho�
todetector. The measurements were performed in the
crossed�polarizers geometry. The optical transmit�
tance was determined as T = (It/I0) × 100%, where I0 is
the intensity of the radiation passing through the first
polarizer and It is the intensity after the second polar�
izer. The angle between the direction in which the sub�
strates were rubbed and the polarizer direction was
±45°. The monopolar rectangular electric pulses with
variable amplitude and a length of 10 s generated by an
AHP�3122 (AKTAKOM) generator were supplied
parallel to the cell electrodes and a DISCO (Trade�M)
USB oscillograph. A signal from the photodetector
was simultaneously supplied to the latter.

The polymer films from PVA and glycerine specify the
planar boundary conditions for the 5CB nematic [8].
However, the used CTAB content in the LC was suffi�
cient for the layer of CTA+ ions absorbed on the sub�
strates to screen the orienting effect of the polymer coat�
ing and specify the homeotropic surface anchoring.
Thus, in the initial state, the homeotropic director align�
ment was formed in the LC cell (Fig. 1a), which met the
conditions for implementation of the inverse mode of the
ionic modification of the interface [9, 10]. When a dc
electric field is applied, the substrate with the anode is
released from the layer of the surface�active cetyltrimeth�
ylammonium ions (CTA+), which results in recovering of
the planar boundary conditions characteristic of the
polymer coating used. On this substrate, LC molecules
are aligned parallel to the rubbing direction and a hybrid
homeoplanar orientation of the director forms in the cell
(Fig. 1b). The transition of the director from the homeo�
tropic orientational structure to the hybrid one should be
accompanied with a change in the optical characteristics
of the LC cell. In particular, the optical transmittance of
a cell with a homeotropically oriented nematic in the
crossed�polarizers geometry should be close to zero,
since there is no birefringence (Fig. 1a). In the case of the
hybrid orientation of the director due to birefringence in
the LC layer, the light flux can partially pass through the
analyzer (Fig. 1b).

Figure 2 shows characteristic oscillograms of the
control electric pulses and optical response of
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Fig. 2. Oscillograms of the optical response of the LC cell controlled by the ionic surfactant method. The lower part of the figure
shows electric field pulses with the amplitude U = (a) 2.6, (b) 3.1, and (c) 3.3 V. The LC layer thickness is 6 μm.
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the investigated LC cell. Without an electric field, the
transmittance of the cell is close to zero and does not
change upon azimuth rotation of the sample relative to
the polarizers, which corresponds to the homeotropic
orientation of the director. The situation remains
invariable as the control voltage increases up to U =
2.5 V. When U = 2.6 V is attained, the variation in the
transmittance of the LC cell is observed: it attains its
maximum of 67% and then decreases to 29% by the
time of the end of the electric pulse (Fig. 2a). This
variation is explained by the transition of the director
from the homeotropic orientation to the hybrid one
due to the ionic modification of the surface anchoring.
The presence of the threshold value of the control volt�
age is due to the existence of the critical density of
absorbed CTA+ ions below which the orienting effect
of the polymer surface is not blocked. An increase in
the control field leads to gradual growth of the trans�
mittance at the electric pulse finish to 64% at U =
3.1 V (Fig. 2b). However, with further increase in the
voltage, T gradually drops to 50% (Fig. 2c). The phys�
ical mechanisms underlying the specific behavior of
the curve T(τ) during the action of an electric pulse
and after its switching off were described in detail
in [7].

Figure 3 presents control�voltage dependences of
the dynamic parameters of the optical response. Let us
consider first delay τdel determined as the time interval
between the electric pulse switching on and the start of
the variation in the LC cell transmittance (Fig. 2a). As
the pulse amplitude grows from 2.6 to 3.3 V, delay time
τdel drops from 1.6 to 0.1 s. This correlation is
explained by the diffusion character of the ion motion.
The larger the field, the higher the velocity of the ion
motion to the corresponding electrodes and, conse�
quently, the smaller the time required for screening the
effect of the applied electric field stabilizing the
homeotropic orientation of the nematic.

In contrast to the voltage dependence of τdel, the
dependence of the on time τon determined as the inter�
val between the electric pulse start and the start of
transmittance saturation (Fig. 2c) is nonmonotonic
(Fig. 3). It can be seen that τon rapidly decreases from
4.8 to 0.8 s in the control voltage range 2.6–2.8 V. This
drop of τon is caused by the acceleration of the modifi�
cation of the surface anchoring on the substrate with
the anode. However, at U = 2.9 V, the value of τon
jumps from 0.8 to 3.4 s and then the on time smoothly
decreases again to 2.1 s at U = 3.3 V. It should be noted
that an analogous anomaly was observed earlier in the
film of the polymer�encapsulated nematic LC con�
trolled by the ionic surfactant method [11]. This gives
us grounds to suggest that the investigated transforma�
tions of the orientational structure are driven by at
least two physical mechanisms. At small voltages U ≤
2.8 V, ionic modification of the surface anchoring is
dominant; at U > 2.9 V, a competing mechanism pre�
vails, the nature of which requires special investiga�
tions.

Off time τoff is determined as the interval between
the end of the electric pulse and the transmittance
relaxation to the initial zero level (Fig. 2c). In the
range 2.6–2.8 V, τoff grows from 0.3 to 1.1 s and then
remains almost invariable up to 3.3 V. Such a behavior
is typical of many relaxation processes occurring, in
particular, in LC cells with the classical Freedericksz
transition [12].

Thus, we analyzed oscillograms of the optical
response of the LC cell controlled by the electric�
field�induced ionic modification of the surface
anchoring. The threshold value of the control voltage
is 2.6 V; the maximum transmittance of 64% in the sat�
uration mode is reached at U = 3.1 V. For the investi�
gated cell, the minimum values of the dynamic param�
eters are noticeably higher than those for traditional
LC devices: the optical response delay time is τdel =
0.1 s, the on time is τon = 0.8 s, and the off time is τoff =
1.1 s. However, we do not exclude the possibility of sig�
nificant improving of the operating speed by changing
the material composition, control field parameters,
and structural schemes of the implemented effect.
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