
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 19 February 2013, At: 14:37
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Electrohydrodynamic
Instability in Nematic Liquid
Crystal Mixtures with Positive
Dielectric Anisotropy
P. R. Kishore a
a Physics Department, S. V. H. College of
Engineering, MACHILIPATNAM, 521 001, INDIA
Version of record first published: 20 Apr 2011.

To cite this article: P. R. Kishore (1985): Electrohydrodynamic Instability in Nematic
Liquid Crystal Mixtures with Positive Dielectric Anisotropy, Molecular Crystals and
Liquid Crystals, 128:1-2, 75-87

To link to this article:  http://dx.doi.org/10.1080/00268948508082189

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508082189
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
37

 1
9 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Li9. Cryst., 1985, Vol. 128, pp. 75-87 

0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

0026-8941 /85/1282-0075/$20.00/0 

Electro hydrodynamic Instability in 
Nematic Liquid Crystal Mixtures with 
Positive Dielectric Anisotropy 
P. R. KISHORE 
Physics Depaflment, S. V. H. College of Engineering, MACHILIPATNAM 521 001, 
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Electrohydrodynarnic instability in nematic liquid crystal mixtures of MBBA and EBCA 
with positive dielectric anisotropy has been investigated. Domain formation and their 
stability have been related to the magnitude of positive dielectric anisotropy. The 
sequence of various instabilities with respect to the variation of positive dielectric 
anisotropy of the nematic mixtures has been reported. The variation of threshold 
voltage for domain formation and dielectric alignment with dielectric anisotropy has 
been studied at moderately thick and thin samples. The instabilities observed in mod- 
erately thick and thin samples have been compared. 

INTRODUCTION 

Electrohydrodynamic (EHD) instabilities in nematic liquid crystals 
with positive dielectric anisotropy have already been the subject of 
much interest, both theoretical and experimental. A brief review of 
the previous results regarding the existence of various instabilities 
like Williams domains,' dynamic scattering* and dielectric alignment3 
in positive AE nematics has been given here. 

Gruler and Meier4-5 reported domain formation in less positive 
AE nematics upto a cut-off frequency f, in the homogeneous geometry. 
Above f,, reorientation of the optical axis was reported which is a 
general phenomenon for positive AE nematics. This EHD instability 
in positive AE nematics was explained in accordance with Carr-Hel- 
frich theory.6 Theoretically Gruler' investigated the threshold be- 
haviour of Williams domains and dielectric alignment with dc exci- 
tation in homeotropic and homogeneously oriented samples with 
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76 P. R. KISHORE 

different signs and magnitudes of the dielectric anisotropy. Theoret- 
ical predictions of Helfrich regarding domain formation and dielectric 
alignment were verified. A theoretical value of AE = + 0.4 was 
obtained, above which EHD instability does not exist. This agrees 
with most of the experimental values reported. 

Flint and Car? reported domains and dynamic scattering in positive 
AE nematics with ac and dc fields and this has been attributed to the 
effect of conductivity anisotropy. Recently Carr et al’ related domain 
formation and their stability in nematic mixtures with positive die- 
lectric anisotropy to the relative effectiveness of the torques associ- 
ated with the conductivity and dielectric anisotropies. This investi- 
gation involved very thick samples and the results suggest the existence 
of EHD instability upto a value of the dielectric anisotropy AE = + 
1.0. P. R. Kishore et all0 reported similar type of observations as 
mentioned above in MBBA-MBCA mixtures with moderately thick 
samples. 

Domain formation and light scattering were also observed” - l 2  in 
high positive AE materials like EBCA (AE = + 20) with dc fields. 
W. H. de Jeu et aIl3-l4 reported the existence of EHD instability in 
positive AE nematics. The same author” - I h  also investigated different 
types of instabilities in the same sample with different signs and 
magnitudes of the dielectric anisotropy. For less positive AE region, 
domains are observed at a threshold voltage and disappear at higher 
voltages. For this region, de Jeu suggested for a two dimensional 
model. In this work, domains are predicted for a value of E ~ ~ I E ,  < 
1.05. 

Penz” reported a two dimensional treatment for the boundary 
value problem to get additional information for the less positive AE 
region with dc excitation. For calculation based on the Helfrich model, 
MBBA values were used and AE was changed by keeping the other 
material constants constant. The calculated threshold which involves 
dielectric and conductivity effects agrees with the Freedericksz 
expression V, = ( K l l / ~ , A ~ ) ” 2  above a dielectric constant ratio 

EHD instability in positive AE materials was also reported by Bar- 
nik et  a1.18 The dependence of the threshold voltage on AE under 
constancy of other parameters was investigated. The experimental 
data is in agreement with the two dimensional theory of S. A. Pikin’y-20 
in which boundary conditions are taken into account for Helfrich 
model. EHD instability had been observed about a value of AE = + 
0.4 above that only dielectric alignment occurs. 

Zenginoglou et aI2I investigated numerically in two dimensions, the 

€ 1 1  1 E, = 1.2. 
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ELECTROHYDRODYNAMIC INSTABILITIES 77 

ability of homogeneously aligned nematics obtained by a magnetic 
field with positive AE to exhibit Williams domains. The results suggest 
that domain formation can be extended in positive AE nematics by 
the application of a stabilizing magnetic field. 

Theoretically Dubois-Violette et al** predicted an instability with 
planar configuration in the positive AE nematics. Smith et  a123 inves- 
tigated theoretically, the dynamics of EHD instability in nematic 
liquid crystals with planar orientation on the basis of one dimensional 
time dependent model of Dubois-Violette et al. From the theory, it 
follows that conduction regime can be suppressed altogether by using 
very thin samples, then only dielectric instability is possible. This had 
been shown for weakly positive AE nematics. 

Alan S u ~ s m a n ~ ~  reported EHD instability in nematic and weakly 
cholesteric liquid crystals of positive dielectric anisotropy. He pointed 
out that it is possible to shift from conductivity instability to dielectric 
instability by reducing the sample thickness, if the sample conduct- 
ance is constant. Several a ~ t h o d - ~ ’  reported the existence of EHD 
instability in positive AE nematics. 

From the above theoretical and experimental investigations, the 
type of instability in positive AE nematics primarily depends on the 
relative magnitudes of conductivity and dielectric anisotropies. It also 
depends on the experimental conditions like sample thickness, type 
of alignment (homogeneous or homeotropic), magnetic field if used, 
and type of electric field (ac or dc). Most of the previous work re- 
garding EHD instability in positive AE nematics was confined to thin 
samples except Cam’s9 work on very thick samples. The previous 
results suggest a value of AE = + 0.5 in thin samples, below which 
EHD instability is likely to exist. 

The present work is aimed at investigating the pcssible instabilities 
in positive AE nematic mixtures of MBBA (p-methoxy benzylidene 
p’-n-butyl aniline) and EBCA (p-ethoxy benzylidene p’-Cyano ani- 
line) in the presence of electric and magnetic fields with moderately 
thick (250 pm) samples. For comparison, EHD instability studies 
have also been carried out in thin (40 pm) and oriented samples. 

EXPERIMENTAL 

Dielectric constant measurements are made at a frequency of the 
order of applied electric field since this frequency is of primary im- 
portance in the orientation of the molecular axes and consequent 
instabilities. Due to experimental limitations, dielectric constant 
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78 P. R. KISHORE 

measurements have been carried out at 100 KHz using crystal con- 
trolled oscillator as mentioned in our previous publication. '" We be- 
lieve that 100 KHz frequency is well below the dispersion region of 
MBBA-EBCA mixtures since the concentration of EBCA at which 
the dielectric anisotropy of the mixture changes sign nearly agrees 
with the value reported earlier2' at 1 KHz on MBBA-EBCA mixtures. 

The MBBA and EBCA samples have been prepared in our lab- 
oratory using standard procedures. MBBA has been subjected to 
fractional distillation under reduced pressure and EBCA has been 
recrystallized twice before use. The concentration of EBCA in MBBA 
used in this work is very low, so the viscosity of the mixture would 
not be much different from that of MBBA. ac conductivities of the 
mixtures are of the order of lo-'" Ohm-'  Cm-'. The conductivity 
ratio uII I uI is 1.3 for MBBA, measured at 80Hz. This shows slight 
increase as the EBCA concentration increases. 

A uniform and moderate sample thickness of 250 pm is used for 
the present work. Sample thickness of 40 pm is employed for the 
experimental investigation in thin samples. Homogeneous alignment 
in thin samples is obtained by rubbing technique. The threshold volt- 
ages in thin samples are measured by using photo multiplier and the 
optical observations are made with a microscope. 

RESULTS AND DISCUSSION 

(A) Dielectric constants of MBBA-EBCA mixtures 

The dielectric constants ell and have been measured for nine. 
samples of varying concentration of EBCA in MBBA at 100 KHz 
and 32"C, sample thickness = 250 pm. A magnetic field of 5.7 KG is 
used to align the molecular axes parallel and perpendicular to the 
electric field. 

Figure 1 shows a plot of dielectric anisotropy AE = ell - E, of the 
mixtures as a function of concentration of EBCA in MBBA by weight 
percentage at 100 KHz. The points are experimental data and the 
solid line is calculated assuming additivity relation.2x The variation 
of AE of MBBA-EBCA mixtures, has been reported earlier.27-29 The 
dielectric anisotropies of MBBA and EBCA are -0.41 at 32°C and 
+ 20.0 at 100 KHz respectively. The resulting values of AE calculated 
from the additivity relation differ with the experimental data, this 
may be a temperature effect.2x The point of dielectric isotropy occurs 
nearly at 1.9% by weight of EBCA in MBBA. 
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FIGURE 1 Dielectric anisotropy, Ac of MBBA-EBCA mixtures as a function of 
weight percentage of EBCA in MBBA at 100 KHz. Temperature = 32°C 
and H = 5.7 KG. 

?F EBCA I N  MBBA W t l  

(B) Optical observations 

The instabilities in nematic liquid crystal mixtures of MBBA-EBCA 
with positive dielectric anisotropy at different magnitudes of AE in 
the H I E condition is given here. Sample thickness = 250 pm. 

Stable domains and strong dynamic scattering are observed for 2% 
concentration of EBCA in MBBA with AE = +0.02 at 100 KHz and 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
37

 1
9 

Fe
br

ua
ry

 2
01

3 



80 P. R. KISHORE 

32°C. The above optical observations at + 0.02 can be considered as 
optical effects at AE = 0 region. 

Figure 2 shows stable domains for 2.5% concentration of EBCA 
in MBBA by weight with AE = +0.2 at 100 KHz and 32°C. Stable 
domains are followed by weak dynamic scattering. 

Figure 3 shows unstable domains for 4% concentration of EBCA 

FIGURE 2 
perature = 32°C. 

Stable domains. H I E,  H = 5.7 KG, A€ = +0.2 at 100 KHz. Tem- 

FIGURE 3 Unstable domains. H I E. H = 5.7 KG, Ac = +0.47 at 100 KHz. 
Temperature = 32°C. 
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ELECTROHYDRODYNAMIC INSTABILITIES ni 

FIGURE 4 Loop domains. H I E. H = 5.7 KG. A€ = +0.47 at 100 KHz. Tem- 
perature = 32°C. 

FIGURES 
= 32°C. 

Grid Pattern. H 1 E. H = 5.7 KG. A€ = +0.7 at 100 KHz. Temperature 

in MBBA by weight with AE = +0.47 at 100 KHz and 32°C. As the 
voltage increases, these unstable domains disappear leaving the effect 
of reorientation. In the process of reorientation, loop domains" are 
observed as a transient effect as shown in  Figure 4. 

Figure 5 shows grid pattern for 5% concentration of EBCA in 
MBBA by weight with A€ = +0.7 at 100 KHz and 32°C. The grid 
pattern is followed by reorientation. For 7 %  concentration, of EBCA 
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82 P. R. KISHORE 

in MBBA by weight with Ar = +1.28 at 100 KHz and 32°C only 
pure reorientation has been observed. 

Recently Carr et a19 related the domain formation and their stability 
in positive Ar nematics to the relative effectiveness of the conduction 
and dielectric torques. The author of this paper reported" the exist- 
ence of EHD instability in positive Ar nematics relating with the 
molecular alignment changes in MBBA-MBCA mixtures. The same 
type of study has been done on MBBA-EBCA mixtures also and the 
results agree with that of Carr et al.9 The molecular alignment studies 
on MBBA-EBCA mixtures have not been included here in view of 
the repetition. 

(C) Variation of threshold voltage with AE 
Figure 6 represents the variation of the threshold voltage for domain 
formation (vth) and dielectric alignment (V,) with dielectric aniso- 
tropy measured at 100 KHz for MBBA-EBCA mixtures, sample 
thickness = 250 pm. The line 1 represents variation of Vth at 40 Hz 
with dielectric anisotropy in the H I E condition. The curve 2 illus- 
trates the variation of VF at 3 KHz with positive AE in the H I E 
condition. 

It is evident from Figure 6 that V, decreases with the increasing 
values of positive dielectric anisotropy. Both v,h decreases gradually 
as Ar changes from -0.41 to + 1.28. As the positive values of Ar 
increases, the threshold difference between Vth and V, decreases and 
finally reaches a near value at + 1.28. According to the optical ob- 
servations, the positive Ar values are divided as follows: 

(a) he = +0.02 stable domains and strong DSM. 
(b) AE < +0.4 stable domains and weak DSM. 
(c) +0.4 < Ar < +0.47 unstable domains and reorientation. 
(d) +0.47 < AE < + 1.28 Grid pattern and reorientation. 
(e) AE 3 + 1.28 pure reorientation. 
The above data indicates that EHD instability exists upto a value 

of Ar = + 1.28, and domain formation below +0.47. This agrees 
nearly with the values reported" earlier on MBBA-MBCA mixtures 
with moderately thick samples. The variation of threshold voltage 
with dielectric anisotropy has been investigated by Gruler' and Barnik 
et a1,I8 which agrees with the present work. The dielectric constant 
ratio e l l  I r,  = 1.2 at 100 KHz for 7% concentration agrees with the 
theoretical value of Penz." 

For comparision, EHD instability studies are also extended to thin 
homogenously oriented samples (40 pm) with the same MBBA-EBCA 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
37

 1
9 

Fe
br

ua
ry

 2
01

3 



ELECTROHYDRODYNAMIC INSTABILITIES 83 

-0.3 0 
I I I I 

4-03 +0.6 +0.9 4-1.2 

D I E L E C T R I C  A N I S O T R O P Y A E  
FIGURE 6 The threshold voltage for domain formation (V,,,) and dielectric align- 
ment (V,) in MBBA-EBCA mixtures as a function of the dielectric anisotropy AE at 
100 KHz. H = 5.7 KG. Temperature = 32°C and sample thickness = 250 pm. 
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84 P. R .  KISHORE 

I I I I 1 I 

-0.4 - 0 2  0 +O-2 +0.4. +0.6 

D I E L E C T R I C  A N I S O T R O P Y  A €  
FIGURE 7 The threshold voltage for domain formation (V,,,) and dielectric align- 
ment (V,) in MBBA-EBCA mixtures as a function of the dielectric anisotropy A6 at 
100 KHz. H = 0. Temperature = 32°C and sample thickness = 40 pm. 
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ELECTROHYDRODYNAMIC INSTABILITIES 85 

mixtures. Figure 7 shows the variation of V,h at 40 Hz and V, at 3 
KHz with AE. At the low values of AE = + 0.1, stable domains and 
dynamic scattering are observed. Between + O . l  and +0.47, unstable 
domains and reorientation exist. At and above the values of +0.47, 
there is only reorientation. 

The above results indicate that domain formation in moderately 
thick and thin samples exist upto a value of positive AE = +0.47. 
Domain formation and EHD instability exist upto the same value of 
positive AE in thin samples. But in the case of moderately thick 
samples, the EHD instability extends from +0.47 to +1.28 in the 
form of grid pattern a shown in Figure 5 .  

I t  is evident from the above results that the conductivity instability 
which plays vital role to cause EHD instability has been suppressed 
in thin samples to the lower values of positive AE as compared with 
moderately thick samples. Recent theoretical work of Smith et alz3 
and experimental observations of Alan Sussman'" also suggest that 
the conductivity instability can be suppressed in thin samples. 

Figure 8 shows the variation of V,, at 40 Hz and V, at 3 KHz with 
dielectric anisotropy in H I E condition, sample thickness = 40 p,m. 
The values of V,,, and V, show an increase with the magnetic field. 
The maximum value of AE below which domain formation and EHD 
instability exists is +0.52, which is greater than the value obtained 
in the absence of magnetic field (Figure 7). The existence of EHD 
instability to higher values of positive AE is due to the effect of sta- 
bilizing magnetic field according to Zenginoglou et al." 
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