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Electrically induced anchoring transition in cholesteric liquid crystal cells with
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ABSTRACT
Reorientation of cholesteric liquid crystal induced by the electrically controlled ionic modification
of surface anchoring within the cell with confinement ratio exceeding 1 has been studied. The
change of homeotropic surface anchoring to the planar one on the electrode-anode substrate
under the action of DC voltage causes the formation of the modulated hybrid-aligned cholesteric
layer in the cell. Optical texture of the liquid crystal layer with such an orientation structure is the
linear periodic stripes. Homogeneity of emerging optical texture depending on the confinement
ratio as well as on the prehistory of voltage application has been considered. It has been found
that the ionic modification of surface anchoring results in total transformation of the diffraction
pattern observed after the laser beam passing through the sample.
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1. Introduction

The cholesteric liquid crystals (CLCs) have a helical
ordering characterised by the equilibrium helix pitch
p. In most experiments and practical application, the
cholesteric is placed between two parallel substrates.
The key parameter here is the confinement ratio ρ
which is the ratio of LC layer thickness d to the helix
pitch p. The confinement ratio specifies the initial
orientation structure of cholesteric. If the cell substrates
assign the rigid homeotropic anchoring for LC, varying
this parameter allows achieving both the twisted orien-
tation structure and the homeotropic director config-
uration. The latter is generally observed at ρ < 1 [1].
Besides, the confinement ratio affects the response of
CLC to an electric field applied. For example, the
threshold value of electric field strength is inversely to
p for the cholesteric-nematic transition [2,3].

Consequently, the threshold voltage for such a transi-
tion is linearly proportional to ρ.

The resulting LC orientation structure specifies the
macroscopic optical properties of the cell. The struc-
ture can be transformed under the action of electric
(magnetic) field on the LC bulk due to the Frederiks
effect [4]. In addition, the director reorientation can be
initiated by modifying the LC surface anchoring under
the influence of external factors (anchoring transition)
[5–15]. One of these effects is the electrically induced
ionic modification of surface anchoring, which is based
on the change of the surface-active ions concentration
on the substrate under the action of DC voltage
[16–20]. Previously this effect has been studied within
the cholesteric LC layer with confinement ratio ρ < 1 in
[21]. In the initial state, the cholesteric helix in the LC
cell is completely untwisted and the homeotropic
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director configuration is formed. The application of
DC voltage causes the transition to the twisted hybrid
orientation structure. This resulted from the fact that
one of the substrates gets free from the layer of surface-
active ions and the planar anchoring proper to the
polymer orienting coating is formed at this substrate.
The aim of this article was to study the anchoring
transitions caused by electrically induced modification
of boundary conditions in the cholesteric layer doped
with ionic surfactant for the confinement ratios exceed-
ing 1.

2. Experiment

The experiment was carried out with sandwich-like
cells consisting of two glass substrates with transparent
indium tin oxide electrodes coated with polymer films
and the cholesteric layer between them. The polymer
films of polyvinyl alcohol (PVA) with additive of gly-
cerine compound (Gl) in the weight ratio PVA : Gl = 1:
0.479 were used as the orienting coating. The polymer

films were deposited on the substrates by spin coating
and then were uniaxially rubbed. The teflon spacers set
the LC layer thickness d in the cell. The nematic 4-
pentyl-4′-cyanobiphenyl (5CB) doped with the chiral
additive cholesterylacetate in the weight ratio varying
from 1 : 0.0233 to 1 : 0.0658 was used as CLC. The
cationic surfactant cetyltrimethylammonium bromide
(CTAB) was preliminarily added to the nematic in
the weight ratio 5CB : CTAB = 1 : 0.0041. The helix
pitch p in the utilised mixtures changed from 2.6 to
7.1 μm, and d/p ratio in the cells under study was
within 1.2–8. The cells were filled with the liquid crys-
tal by the capillary method in the isotropic phase. The
samples were examined by means of the polarising
optical microscope. The diffraction patterns were
obtained using He-Ne laser (λ = 632.8 nm).

3. Results and discussion

The LC cells response to the 1 kHz AC voltage was fore-
most investigated. Figure 1 demonstrates the optical

Figure 1. (Colour online) Polarising optical microscope (POM) images of the optical textures of the cholesteric layer doped with the
ionic surfactant made under AC voltages U = 0 V (а), 1.1 V (b), 2.1 V (c) and 3.1 V (d). The thickness of liquid crystal (LC) layer is
d = 8.2 μm. Confinement ratio is ρ = 1.2. Here and below, P and A are the directions of polariser and analyser, respectively; R1 and
R2 are the rubbing directions of the bottom and top substrates, correspondingly.
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textures of the LC cell filled with cholesteric doped by
the ionic surfactant under AC voltage of different values.
The LC thickness d in the cell under study is 8.2 μm and
the equilibrium helix pitch is p = 7.1 μm; therefore, the
confinement ratio is ρ = 1.2. Originally, the fingerprint
texture is realised in the cell (Figure 1(a)). Application of
AC electric field perpendicularly to the cell substrates
transforms the fingerprint texture into a homogeneous
dark area (Figure 1(b–d)) which does not change while
the sample is being rotated relative to the crossed
polarisers.

The surfactant CTAB dissolving in LC dissociates
into the positive surface-active ions CTA+ and nega-
tive ions Br−. CTA+ ions are adsorbed on the cell
substrates and specify the homeotropic anchoring for
cholesteric. As was mentioned earlier, the formation
of the homeotropic or twisted director configuration
at the rigid perpendicular anchoring depends on the
confinement ratio ρ. The critical value ρc correspond-
ing to the transition between these structures is spe-
cified by the ratio of the LC elastic modulus [22] and
it is about 1 for typical materials [1]. The confinement
ratio exceeds 1 for the cell presented in Figure 1; and
consequently, the twisted cholesteric structure with
the proper fingerprint texture is initially formed
(Figure 1(a)).

The action of AC voltage gets the cholesteric twisted
structure transformed into the homeotropic director
configuration due to the positive LC dielectric aniso-
tropy. The optical texture of LC layer shown in
Figure 1(d) corresponds to the homeotropic configura-
tion. The analogous transition from the twisted struc-
ture to the homeotropic one was also observed in other
LC cells with the 1.2–8 confinement ratios. The more ρ
value, the more voltage required for the formation of
homeotropic director configuration. In addition, at

certain values of AC voltage, the hydrodynamic flows
of LC form specific patterns (Figure 2) similar to the
ones shown earlier [23].

The DC voltage application causes totally different
transformations of the cholesteric optical texture
(Figure 3). The LC cell being unpowered reveals the
fingerprint texture (Figure 3(a)) which remains invari-
able up to U = 2.7 V. The optical texture of LC layer
begins transforming at U = 2.7 V, and it turns into the
linear periodic stripes with the various number of
defects (Figure 3(b–d)) in the range of control voltages
2.7 V ≤ U ≤ 3.3 V. Further increase of the control
voltage results in the appearance of the domains related
to the hydrodynamic instability in LC. It has been
found that a number of structure defects for the con-
sidered sample depend on the prehistory of voltage
application to the cell. For example, if the cell is pre-
liminarily exposed to a pulse of AC voltage, the linear
periodic texture formed under the action of DC voltage
contains fewer defects. The optical texture of LC layer
with numerous defects formed under DC voltage
U = 3 V is presented in Figure 4(a). Another pattern
is formed under the same DC voltage if the cell is
preliminarily influenced by 1 kHz AC voltage of
10.3 V value (Figure 4(b)). As a result, a number of
defects decreased dramatically.

The observed changes of cholesteric optical tex-
ture under the action of DC voltage (Figure 3) are
caused by the modification of LC molecule anchor-
ing at one of the substrates. Originally, the adsorbed
CTA+ cations assign a homeotropic anchoring of LC
molecules on the top and bottom cell substrates.
Applying the DC electric field makes the surface-
active cations leave the anode-substrate and the ion
surface density decreases at a certain voltage, so that
the planar anchoring proper to the polymer coating

Figure 2. (Colour online) POM images of the optical textures of the cholesteric layer doped with the ionic surfactant. (a)
Confinement ratio is ρ = 1.9 and 1 kHz AC voltage is U = 3.2 V; (b) Confinement ratio is ρ = 3.2 and 1 kHz AC voltage is U = 6 V.
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is formed here. Such a modification of the surface
anchoring at one of the substrates results in the
formation of hybrid-aligned cholesteric (HAC) orien-
tation structure within the LC cell. It is known that
the structure of uniform HAC (UHAC) or modu-
lated HAC (MHAC) can be formed depending on
the confinement ratio in LC cell with different
boundary conditions, if one of the substrates assigns
a homeotropic LC molecule anchoring and another
substrate specifies the planar one [24]. In HAC
structure, the tilt and twist of the director occur
simultaneously along the normal to the LC layer.
At that the director orientation in the layer plane is
homogeneous in the UHAC structure while in the
MHAC one there is a surface layer near the home-
otropic substrate where a periodic bend of the cho-
lesteric helix axis takes place [24,25]. Optical textures
of the LC layer with UHAC and MHAC structures
are rather different. The optical texture of the CLC
with UHAC structure is a homogeneous area while
the pattern of periodic stripes is observed in the LC
layer with MHAC structure, where the stripes orien-
tation depends on the confinement ratio [24–29].

The transition from UHAC to MHAC structure at
the confinement ratio is about 1 was demonstrated
experimentally in [26], and that is in a good agree-
ment with our results. Thus, a formation of the
UHAC structure owing to the ionic modification of
the surface anchoring was observed at ρ < 1 in the
LC cells, and its optical texture was a homogeneous
bright area [21]. In this work, the MHAC structure is
realised in the LC cell with ρ = 1.2 under the action
of DC voltage (Figure 3, 4) that is confirmed by the
periodic stripes pattern of the cholesteric layer.

Figure 5 shows the optical texture transformation
of the LC cell filled with cholesteric doped with ionic
surfactant at ρ = 1.9. The main features of optical
texture transformation caused by DC voltage are
seen to be the same as in the LC cell with ρ = 1.2.
The optical texture of cholesteric layer remains
invariable up to U = 2.6 V. The optical texture in
the form of the periodic stripes pattern with defects
is observed in the range of control voltages
2.7 V ≤ U ≤ 3.4 V. However, in contrast to the cell
with ρ = 1.2, this sample had more defects and we
failed to obtain the homogeneous stripes on a

Figure 3. (Colour online) POM images of the optical textures of the cholesteric layer doped with the ionic surfactant made under DC
voltages U = 0 V (a), 2.7 V (b), 2.8 V (c) and 3.2 V (d). LC layer thickness is d = 8.2 μm. Confinement ratio is ρ = 1.2.
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sufficiently large area using preliminary action of AC
voltage. The periodic stripes formed under the DC
voltage have another rotation angle relative to the
rubbing direction of the substrates in comparison
with the cell at ρ = 1.2. The dependence of the
rotation angle on the confinement ratio was men-
tioned earlier.

For the cell with ρ = 3.2 (Figure 6) the threshold
voltage of LC reorientation caused by the ionic-mod-
ified surface anchoring is 2.7 V which is close to the
values for previous samples. However, the periodic
stripes pattern appears only on a small sample area
(Figure 6(с)). Applying the DC voltage to the CLC
cell with ρ = 8, a visible change of optical texture was
not observed at all.

As was experimentally demonstrated in [28] for
HAC structure, the optical texture with periodic
stripes pattern of high quality can be obtained only
in a certain range of the confinement ratios.
Exceeding the range, the stripes texture with numer-
ous defects is formed. It is explained that the forces
of planar surface anchoring become too weak to

form defect-free structure [28]. It is probably due
to this reason the MHAC structure with variable
number of defects was formed within studied cells
with various confinement ratios. At that, the higher
ρ, the more number of defects.

The reorientation time of a director in LC cell
operated by ionic-surfactant method is determined
by the complex of several processes such as the leav-
ing of CTA+ cations from the electrode-anode sub-
strate, the change of surface anchoring of LC
molecules and reorientation of LC in the bulk [18].
The response time of optical texture transformations
of cholesteric layer under the action of DC voltage
and relaxation time after switching off electric field
was of the order of a one second for LC cells under
study. These values are in a good agreement with
dynamic characteristics measured in nematic cells
with ionic-surfactant operation [18,19].

The MHAC structure ordered is known to be
applied as a controllable phase grating [27–29].
Changing the helix pitch caused by an electric field,
temperature or light radiation leads to the rotation of

Figure 4. (Colour online) POM images of the optical textures of the cholesteric layer doped with the ionic surfactant made
under DC voltage U = 3 V without the preliminary AC voltage influence (a) and with preliminary action of 1 kHz AC voltage of
10.3 V value (b). The scaled-up area of 250 × 250 μm size is presented in the top row. LC layer thickness is d = 8.2 μm.
Confinement ratio is ρ = 1.2.
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linear stripes. We have also studied the changes of the
diffraction pattern observed on the screen after a line-
arly polarised laser beam passed through the sample.
The LC cell with confinement ratio 1.2 was considered.
To improve homogeneity of the domain structure
(Figure 4(b)) the cell was previously exposed to the
pulse of 1 kHz AC voltage of 10.3 V. Figure 7 demon-
strates the diffraction pattern observed when the elec-
tric field is switched off and under the DC voltage of
3 V applied to the cell. Initially, the fingerprint texture
was realised in the LC cell (Figure 3(a)). The latter did
not show a preferred orientation, which made the
diffraction pattern look as concentric rings (Figure 7
(a)). Applying the DC voltage makes a texture with
periodic stripes formed (Figure 4(b)). The diffraction
pattern appears as a set of three light spots (Figure 7
(b)). The diffraction pattern is practically invariable in
the range of control voltage 2.7–3.2 V. It means that
the rotation angle of linear domains in the MHAC
structure relative to the rubbing direction of the sub-
strates does not change. Thus, modifying the surface
anchoring allows switching only between two diffrac-
tion patterns (Figure 7).

4. Conclusions

In this article, the reorientation of CLC caused by the
electrically controlled ionic modification of surface
anchoring in the LC cells with various confinement
ratios exceeding 1 has been studied. Initially, the finger-
print texture is realised owing to the homeotropic
anchoring of LC with the cell substrates. Applying DC
voltage, the modification of surface anchoring from
homeotropic to planar on the electrode-anode substrate
is occurred. As a result, a modulated hybrid-aligned
cholesteric structure is formed and its optical texture
appears as periodic stripes. Besides the linear stripes,
there are defects which number increases as the confine-
ment ratio grows. The fewest defects are observed in the
cells with ρ close to 1. In addition, it is shown that an
optical texture quality can be improved by a preliminary
influence of AC voltage on the cell.

The electrically controlled ionic modification of surface
anchoring allows changing the diffraction pattern obtained
after the laser beam passed through the sample. Thus, the
diffraction pattern is concentric rings in the unpowered
state. The DC voltage transforms it into three light spots
because the MHAC structure acts as a phase grating.

Figure 5. (Colour online) POM images of the optical textures of the cholesteric layer doped with the ionic surfactant made under DC
voltages U = 0 V (а), 2.6 V (b), 3 V (c) and 3.3 V (d). The LC layer thickness is d = 7.9 μm. Confinement ratio is ρ = 1.9.

1134 V. S. SUTORMIN ET AL.



Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by Russian Foundation for Basic
Research (RFBR) [grant number 16-53-00073]. Vitaly S.

Sutormin acknowledges financial support from RFBR [grant
number 16-32-60036].

References

[1] Oswald P, Baudry J, Pirkl S. Static and dynamic proper-
ties of cholesteric fingers in electric field. Phys Rep.
2000;337:67–96.

Figure 6. (Colour online) POM images of the optical textures of the cholesteric layer doped with the ionic surfactant made under DC
voltages U = 0 V (а), 2.7 V (b), 3 V (c) and 3.3 V (d). The LC layer thickness is d = 8.2 μm. Confinement ratio is ρ = 3.2.

Figure 7. (Colour online) Diffraction patterns behind the cholesteric layer doped with the ionic surfactant in the initial state (a) and
under DC voltages U = 3 V (b). The LC layer thickness is d = 8.2 μm. Confinement ratio is ρ = 1.2.

LIQUID CRYSTALS 1135



[2] Meyer RB. Effects of electric and magnetic fields on the
structure of cholesteric liquid crystals. Appl Phys Lett.
1968;12:281–282.

[3] Baessler H, Labes MM. Relationship between electric
field strength and helix pitch in induced cholesteric-
nematic phase transitions. Phys Rev Lett.
1968;21:1791–1793.

[4] Fréedericksz V, Zolina V. Forces causing the orientation
of an anisotropic liquid. Trans Faraday Soc. 1933;
29:919–930.

[5] Ryschenkow G, Kleman M. Surface defects and struc-
tural transitions in very low anchoring energy nematic
thin film. J Chem Phys. 1976;64:404–412.

[6] Kim JK, Araoka F, Jeong SM, et al. Bistable device using
anchoring transition of nematic liquid crystals. Appl
Phys Lett. 2009;95:063505.

[7] Kumar TA, Le KV, Aya S, et al. Anchoring transition in
a nematic liquid crystal doped with chiral agents. Phase
Trans. 2012;85:888–899.

[8] Ichimura K, Suzuki Y, Seki T, et al. Reversible change
in alignment mode of nematic liquid crystals regulated
photochemically by “command surfaces” modified
with an azobenzene monolayer. Langmuir. 1988;
4:1214–1216.

[9] Komitov L, Ruslim C, Matsuzawa Y, et al. Photoinduced
anchoring transitions in a nematic doped with azo dyes.
Liq Cryst. 2000;27:1011–1016.

[10] Kundu S, Kang S-W. Photo-stimulated phase and
anchoring transitions of chiral azo-dye doped nematic
liquid crystals. Opt Express. 2013;21:31324–31329.

[11] Petrov AG, Durand G. Electric field transport of biphilic
ions and anchoring transitions in nematic liquid crys-
tals. Liq Cryst. 1994;17:543–554.

[12] Jägemalm P, Komitov L, Barbero G. An electro-optic
device based on field-controlled anchoring of a nematic
liquid crystal. Appl Phys Lett. 1998;73:1616–1618.

[13] Komitov L, Helgee B, Felix J, et al. Electrically com-
manded surfaces for nematic liquid crystal displays.
Appl Phys Lett. 2005;86:023502.

[14] Sikharulidze D. Nanoparticles: an approach to control-
ling an electro-optical behavior of nematic liquid crys-
tals. Appl Phys Lett. 2005;86:033507.

[15] Huang C-Y, Lai C-C, Tseng Y-H, et al. Silica-nanopar-
ticle-doped nematic display with multistable and
dynamic modes. Appl Phys Lett. 2008;92:221908.

[16] Zyryanov VY, Krakhalev MN, Prishchepa OO, et al.
Orientational structure transformations caused by the

electric-field-induced ionic modification of the interface
in nematic droplets. JETP Lett. 2007;86:383–388.

[17] Zyryanov VY, Krakhalev MN, Prishchepa OO, et al.
Inverse regime of ionic modification of surface
anchoring in nematic droplets. JETP Lett. 2008;88:597–
601.

[18] Sutormin VS, Krakhalev MN, Prishchepa OO, et al.
Electrically controlled local Frédericksz transition in a
layer of a nematic liquid crystal. JETP Lett. 2012;
96:511–516.

[19] Sutormin VS, Krakhalev MN, Zyryanov VY. The
dynamics of the response of an electro-optic cell based
on a nematic layer with controlled surface anchoring.
Tech Phys Lett. 2013;39:583–586.

[20] Sutormin VS, Krakhalev MN, Prishchepa OO, et al.
Electro-optical response of an ionic-surfactant-doped
nematic cell with homeoplanar–twisted configuration
transition. Opt Mater Express. 2014;4:810–815.

[21] Sutormin VS, Timofeev IV, Krakhalev MN, et al.
Orientational transition in the cholesteric layer induced
by electrically controlled ionic modification of the sur-
face anchoring. Liq Cryst. 2017;44:484–489.

[22] Zel’dovich BY, Tabiryan NV. Freedericksz transition in
cholesteric liquid crystals without external fields. Sov
Phys J Exp Theor Phys Lett. 1981;34:406–408.

[23] Ribiére P, Oswald P, Pirkl S. Crawling and spiraling of
cholesteric fingers in electric field. J Phys II France.
1994;4:127–143.

[24] Dozov I, Penchev I. Structure of a hybrid aligned
cholesteric liquid crystal cell. J Phys France.
1986;47:373–377.

[25] Baudry J, Brazovskaia M, Lejcek L, et al. Arch-texture in
cholesteric liquid crystals. Liq Cryst. 1996;21:893–901.

[26] Belyaev SV, Barnik MI, Beresnev GA, et al. Optical and
electrooptical properties of homeoplanar layers of cho-
lesteric liquid crystals. Liq Cryst. 1988;3:1279–1282.

[27] Nose T, Miyanishi T, Aizawa Y, et al. Rotational beha-
vior of stripe domains appearing in hybrid aligned
chiral nematic liquid crystal cells. Jpn J Appl Phys.
2010;49:051701.

[28] Lin CH, Chiang RH, Liu SH, et al. Rotatable diffractive
gratings based on hybrid-aligned cholesteric liquid crys-
tals. Opt Express. 2012;20:26837–26844.

[29] Ryabchun A, Bobrovsky A, Stumpe J, et al. Rotatable
diffraction gratings based on cholesteric liquid crystals
with phototunable helix pitch. Adv Opt Mater.
2015;3:1273–1279.

1136 V. S. SUTORMIN ET AL.


	Abstract
	1.  Introduction
	2.  Experiment
	3.  Results and discussion
	4.  Conclusions
	Disclosure statement
	Funding
	References



