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Using the liquid crystal 4-methoxybenzylidene)-4’-butylaniline (MBBA) as an example, it is shown that in an electro-

optic cell where surface of an indium teen oxide (ITO) electrode is coated with cylindrical anodized aluminum oxide (AAO) 
nanoporous, unwanted current effects such as electrohydrodynamic instabilitiy emerging at high voltages can be avoided, 
which is important for display applications of liquid crystals with negative dielectric anisotropy.    
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INTRODUCTION  

       
         The behavior of liquid crystals in confined small 
volumes attracts great scientific attention [1-5]. Due to 
the unique competition of surface and elastic forces, a 
number of structures (singularities and defects) are 
observed in such systems, which are characterized by 
a certain director distribution.  These structures can be 
controlled to a certain extent by varying the interface 
material (polymer, metal, semiconductor [6]), shape 
(spherical [7, 8], cylindrical [9,10]) and small volume 
size (micropores [11,12], nanopores [13]), phase 
(nematic, smectic, cholesteric [14, 15]) of the liquid 
crystal, sign and magnitude of the dielectric 
anisotropy of the liquid crystal [16]. Examples of 
applications include flexible displays based on 
polymer-dispersed liquid crystals, which are micron-
sized liquid crystal droplets distributed in a polymer 
matrix [17-19]. 
         Nanoporous anodized aluminum oxide (AAO) 
film, which contains many cylindrical pores of 
nanoscale diameter (20-100 nm) and length (500 nm-
50 μm) oriented parallel to each other and arranged 
strictly perpendicular to the substrate surface, is a 
suitable basis for the realization of various structures 
in terms of practical applications [20-27]. Membranes 
based on AAO, due to good electrophysical and 
optical properties, as well as the ability to easily 
obtain through capillary nanochannels and change 
their geometric parameters (diameter and length), are 
widely used in a variety of fields: micro- and 
ultrafiltration, for the manufacture of sensors, bacterial 
analysis by fluorescence optical microscopy, etc. They 

are also widely used as a template for the synthesis of 
various nanostructures and devices on their basis   
[22-24].  Among other applications of AAO, the use 
of perfectly ordered porous aluminum oxide to 
fabricate two-dimensional (2D) photonic crystals [21] 
is of considerable interest. They possess a spatially 
periodic refractive index with a lattice constant of the 
same order as the wavelength of light, and potential 
scientific and technological applications based on their 
unique light transmission properties. Porous aluminum 
oxide is useful in terms of forming a porous matrix 
structure with high aspect ratio, which cannot be 
achieved by conventional processes such as electron 
beam lithography [25]. 
        In recently published works it is proposed to use 
cylindrical nanopores on the basis of AAO as a 
substrate to obtain reliable qualitative homeotropic 
orientation in case of realization of the B-effect in 
liquid crystals with negative dielectric anisotropy   
[26-29]. When such liquid crystals are used in 
displays with active addressing, sufficiently high 
voltages are applied to the pixels, at which undesirable 
current effects in the form of electrohydrodynamic 
instabilities (EHDI) can occur. To help solve this 
problem, in the presented work we studied the 
influence of AAO on the threshold of occurrence and 
cutoff frequency of electrohydrodynamic instability 
(EHDI) for liquid crystal MBBA.    

 
EXPERIMENT 

 
N-(4-Methoxybenzylidene)–4–butylaniline  

(MBBA) 
 
 

 
 

Fig. 1 
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is a classic LC whose properties can be found in most 
well-known liquid crystal textbooks [16]. MBBA 
exhibits a nematic phase in the temperature range 
from 16 oC to 45 oC. Due to polar groups -C-O-C- at 
the end of the molecule and -CH=N- in the backbone, 
MBBA has negative anisotropy of dielectric 
permittivity, i.e. dielectric permittivity along the long 
axis of the molecules ( 𝜀𝜀‖ ) is less than dielectric 
permittivity in the direction perpendicular to the long 
axis of the molecules ( 𝜀𝜀⊥ ). At room temperature  
∆𝜀𝜀 = 𝜀𝜀‖ − 𝜀𝜀⊥ = 4.75 − 5.4 = −0,65. 
        The scheme of fabrication of glass/indium teen 
oxide/aluminum oxide (glass/ITO/AO) structures 
begins with the fact that a thin aluminum film with a 
thickness in the range from 300 to 500 nm was 
deposited to the previously obtained ITO layer in the 
vacuum chamber of the Leybold Heraeus-Z550 radio-
frequency magnetron sputtering unit equipped with a 
turbomolecular vacuum pump using a titanium target. 

Anodization of aluminum film was carried out in a 
self-contained two-electrode electrochemical cell in 
which an Al/ITO/glass structure with a operating area 
of 3x2 cm2 was connected to the anode and a platinum 
plate to the cathode. The electrolyte was 4% aqueous 
oxalic acid solution (H2C2O4) and the electrolyte 
temperature was maintained at 4.0 ±0.5°C with 
vigorous stirring (300 s-1) by a micro propeller. The 
anodization voltage was maintained at 40 V in 
potentiostatic mode and the anodization current was 
recorded by a digital sensor HANTEK 315B. After 
anodization, the structure was annealed at 250 oC in 
order to crystallize the ITO film, which usually has an 
amorphous structure after magnetron sputtering, as 
well as to remove excess water from the hydrolysis 
products from the AAO.  
        Frontal and lateral SEM images of the obtained 
film are presented in Fig.2. 

 

 
 

a)                                                       b) 
Fig.2 

 
        Based on spectrophotometric measurements (Fig.3), the thickness of the AAO layer can be determined. It is 
approximately equal to 1.2 μm.  
 

 
 

Fig.3 
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                                          a)                                            b)                                         c) 

 
Fig. 4 

        
The measurements were carried out in a cell 

consisting of two plane-parallel glass plates, the inner 
surfaces of which are coated with a transparent layer 
of ITO or AAO oxides. The untreated ITO layer gives 
a good planar orientation for MBBA, and AAO gives 
a qualitative homeotropic orientation. Thus, if the LC 
is bordered on both sides by ITO, a planar texture is 
obtained (Fig. 4a). If the LC is bordered on both sides 
by AAO, a homeotropic texture will result (Fig. 4b). If 
the LC is bounded by ITO on one side and AAO on 
the other side, a hybrid texture is obtained (Fig. 4c).   
       The thickness of the LC layer was fixed by 
special Teflon spacers with a thickness of 30 μm. 
Cells were filled in vacuum by capillary method in 
isotropic phase of LC. Measurements were carried out 
at a temperature of 23 oC.  
       The electric field was applied to the LC cell using 
a G3-109 sinusoidal voltage generator, and the 

structural changes in the liquid crystal were observed 
in a KARL ZEISS JENA polarization microscope 
equipped with a 5Mp AmScpoe MD500 USB camera. 
       For liquid crystal MBBA, the condition 𝜀𝜀‖ < 𝜀𝜀⊥ is 
fulfilled. In addition, the electrical conductivity in the 
direction parallel to the director ( 𝜎𝜎‖ ) is larger than the 
conductivity in the direction perpendicular to the 
director (𝜎𝜎⊥ ):  𝜎𝜎‖ > 𝜎𝜎⊥ . When these conditions are 
met and just above a certain critical voltage  𝑈𝑈𝑡𝑡ℎ , 
EHDI in the form of Williams domains are observed 
(Fig. 5) [16]. Williams domains are observed only at 
low frequencies and the threshold voltage of 
occurrence of these domains grows strongly with 
increasing frequency (Fig.6). Starting from a certain 
frequency (cutoff frequency) the observation of 
Williams domains becomes impossible. 

 
H37 (ITO-ITO) U=0 V                                H37 (ITO-ITO) f=100 Hz U=20 V 

    
  

hybrid (ITO-AAO) U=0                                hybrid (ITO-AAO) f=150 Hz U=30 V 
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              homeotrop (AAO-AAO) U=0                                  homeotrop (ITO-AAO) f=80 Hz U=20 V 

                   
 

Fig. 5 
 

 
 

Fig. 6. 1 – ITO/ITO, 2 – ITO/AAO, 2 – AAO/AAO 
 

RESULTS AND DISCUSSIONS 
 

         The results of measurements, i.e. frequency 
dependences of the threshold voltage of Williams 
domains occurrence for each cell of planar (ITO/ITO), 
hybrid (ITO/AAO) and homeotropic cell (AAO/AAO) 
are shown in Figure 6. 
         From the plots obtained, the following 
conclusions can be drawn: 
        1) compared to the planar cell (both ITO surfaces 
are untreated), in the hybrid cell (one surface is 
untreated and the other surface is coated with AAO) 
domains occur at low voltages and the cutoff 
frequency of the domains is noticeably higher; 
         2) in a homeotropically oriented cell (both 
surfaces are coated with AAO) Williams domains 
occur at high voltages, and the cutoff frequency is 
strongly reduced;  
         3) in a homeotropically oriented and hybrid cell, 
Williams domains have a complex structure, while the 
periodicity is observed.      

         To discuss the results, we briefly discuss the 
phenomenon of EHDI in liquid crystals and the theory 
of this phenomenon. This instability is observed at the 
case of alternating current with frequency not 
exceeding the inverse dielectric relaxation time 

εε
σω
0

= , where ε and σ - dielectric permittivity and 

electrical conductivity of liquid crystal, respectively, 
and m/pF,8580 =ε  is the electrical constant. If a 
low-frequency sinusoidal voltage is applied to a cell 
with a sufficiently conducting liquid crystal and 
negative dielectric anisotropy, then a regular pattern of 
vortex motion of the liquid in the form of long 
cylindrical rolls [14] perpendicular to the director 
appears. The instability occurs in cells of thickness 
𝑑𝑑 = 10−5 − 10−4 𝑚𝑚  with a weakly thickness-
independent threshold voltage. Such periodically 
arranged rolls are called Williams domains. In the 
polarization microscope Williams domains appear as 
well-defined parallel strips if the planar texture is 
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sufficiently homogeneous. When the polarizer axis is 
parallel to the director, the pattern is sharpest and 
forms a diffraction pattern with a period of the order 
of the cell thickness.   
        According to the Carr-Helfrich model [14], the 
cause of Williams domains is the destabilizing 
moment of viscous flow, which is associated with the 
anisotropy of electrical conductivity. The threshold 
voltage of the appearance of Williams domains is 
found from the balance of viscous, elastic and 
dielectric moments and is determined by the 
expression [16] 
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         33K  is the elastic constant of bend deformation, 
η  and γ  are Leslie coefficients (simplified names 
translational and rotational viscosities, respectively). 
For LC with a small value of dielectric anisotropy       
( avεε <<∆  ) the formula takes a simplified form 
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As noted, when the LC is bordered by AAO on both 
sides, a homeotropic alignment with high anchoring 
energy is obtained. In this case, the EHDI is preceded 
by a transition from the homeotropic to the planar 
state in the form of an B-effect with a threshold 

voltage of 3.5 V [30]. Immediately above the 
threshold, only molecules in the middle of the sample 
rotate. As the voltage increases, the thickness of the 
planar layer increases. And EHDI is possible only if 
the thickness of this planar layer exceeds some critical 
value comparable to the thickness of the cell itself (LC 
layer), which requires sufficiently high voltages. 
Therefore, the EHDI threshold voltage for a cell where 
the LC is bounded on both sides by AAO (curve 2) is 
significantly higher than for a cell where the LC is 
bounded by ITO (curve 1). 
        The strong lowering of the threshold in the case 
of the hybrid cell is, in our opinion, related to the 
flexoelectric polarization [14], which plays a 
destabilizing role in this phenomenon.  
        Careful consideration of the micrographs (Figure 
5) taken in the polarization microscope shows that in 
the homeotropically oriented and hybrid cells the 
Williams domains have a complex structure, but the 
periodicity is observed. This suggests a different 
dynamical distribution of the director due to the rigid 
normal anchoring of LC molecules to AAO.   
 
CONCLUSION 

 
        Thus, if an anodized aluminum oxide is created 
on the electrodes in an electro-optic cell, then the 
threshold voltage of current effects (in this case, 
electrohydrodynamic instabilitiy) in liquid crystal with 
negative dielectric anisotropy is drastically increased.  
This result has important implications for display 
applications similar liquid crystals. 
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