
This article was downloaded by: [Tomsk State University of Control Systems and
Radio]
On: 23 February 2013, At: 07:12
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

Nematic Phenyl Benzoates in
Electric Fields. II. Instabilities
Around the Frequency of Dielectric
lsotropy
W. H. De Jeu a & Th. W. Lathouwers a
a Philips Research Laboratories, Eindhoven, Netherlands
Version of record first published: 21 Mar 2007.

To cite this article: W. H. De Jeu & Th. W. Lathouwers (1974): Nematic Phenyl Benzoates in
Electric Fields. II. Instabilities Around the Frequency of Dielectric lsotropy, Molecular Crystals
and Liquid Crystals, 26:3-4, 235-243

To link to this article:  http://dx.doi.org/10.1080/15421407408083102

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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407408083102
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


MoL Oyst. Liq. Czysr., Vol. 26, pp. 235-243 
@ Gordon and Breach Science Publishers. Ltd. 
Printed in Dordrecht, Holland 

Nematic Phenyl Benzoates in 
Electric Fields. 
II. Instabilities Around the 
Frequency of Dielectric Isotropy' 
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(Received April 19. 1973) 

The instabdities in AC fields are discdssed for a planar layer of a nematic mixture of two 
phenyl benzoates. Due to a relaxation of EN a reversal of the sign of the dielectric 
anisotropy & occurs at the frequency fo. Above fo (negative &) there is a conduction 
regime with domains and dynamic scattering. This regime can be understood using an 
extension of the existing onedimensional model for electrohydrodynamic mstabilities in 
which the dielectric losses of €11 are taken into account. At  low frequencies (large positive 
&) a Freedericks-transition from a planar to a hometropic orientation occurs. In between IS 

a reaon (small positive h) where domains are observed at the threshold and disappear at 
higher voltages. For this region a two-dimensional model combining the two limiting cases is 
essential. 

INTRODUCTION 

In Part I' we discussed the static dielectric permittivities and the relaxation of 
qi of some nematic phenyl benzonates. In the case of a positive static dielectric 

anisotropy (Ae = €1 - €1 > 0)  t h i s  relaxation leads to a change of sign of A€ at 
lo, the frequency of dielectric isotropy. In  Part I some compounds and mixtures 

? Partly presented at  the Fourth International Liquid Crystal Conferenm, Kent. Ohio. 
USA, August 21 -25, 1972. 
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236 w. H. DE JEU AND TH. w. L A T H O ~ R S  

were reported where fo is quite low (kHz range). In this paper we shall discuss 
the instabilities in AC-fields around fo. As typical compound we chose the 
eutectic mixture of the binary systems 

0 0 
with R is C4HP and OCHJ, respectively (nematic range 68-191°C). In Part I 
this mixture was indicated as B1/B2; the dielectric data were given in Figures 5 
and 6. The dielectric properties relevant to this paper are summarized in Table 1 .  
We shall use the complex dielectric permittivity € 1 1  = E R  - en: As the relaxation 
can be described with a single relaxation time 7R ' we have 

eS is the low-frequency value of €1, E, the high-frequency value (after the 
relaxation has occurred). 

Some preliminary results on instabilities in AC fields in a similar situation 
were reported earlier? Above fo a conduction regime3 with domains and 
dynamic scattering is observed. In this paper we shall discuss th is  frequency 
region more quantitatively. Then the behaviour at low frequencies (large positive 
A€) is discussed where the instabilities can be described as a Freedericks- 
transition from planar to homeotropic. Finally there is an intermediate region 
(small positive A€) that connects the two limiting cases. 

EXPE R I M ENTA L RESULTS 

The instabilities in planar layers of Bl/B2 were investigated at various tempera- 
tures and conductivities. The samples were placed between crossed polarizers at 
45" with the director in a parallel light beam from a He-Ne laser. The trans- 

Table 1 Some Dielectric Properties of the B1/B2 Mixture' 
~ ~ ~ ~~ 

I( C) fR (kHz) ES €00 fo (kHz) €1 

70 28 9.15 3.45 41 5.46 
80 55 8.69 3.45 80 5.32 
90 95 8.35 3.45 135 5.25 
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237 NEMATIC PHENY L BENZOATES I1 

mitted light was recorded as a function of the slowly increasing voltage over the 
sample. Above the threshold this gives an interference pattern. With this method 
the threshold voltage could be determined within 0.2 V. The nature of the 
instabilities was investigated using a Leitz Ortholux microscope. The quasi-static 
conductivities were measured at 1592 Hz with a Wayne-Kerr B641 autobalance 
bridge. As the samples had a planar orientation in fact ul was measured. 

At low frequencies (at 70°C for f <  30 kHz) a Freedericks-type transition 
from planar t o  homeotropic is observed, starting at a voltage threshold varying 
from 3 tot  6 V. We emphasize that even in heavily doped samples there are no 
domain-patterns as have been observed for frequencies 5 100Hz  in some 
compounds with rather small positive values of The behaviour around fo 
is summarized in Figure 1. Between 33 kHz and fo (Ac < 0.5) Williams-type 
domains are observed above a voltage threshold. These domains are stable over a 
small voltage region while on increasing the voltage further they disappear via 
loop domains, leaving only the effect of reorientation. (Just as described in 
Ref. 5 for di-n-butyl-azoxybenzene at 50- 1 0 0  Hz). The voltages where the loop 
domains have disappeared are indicated by the crosses in Figure 1.  

Above f~ again domains are observed at the voltage threshold V,. When the 
voltages is further increased in this region they give way to  turbulence and 
dynamic scattering. With increasing frequency Vc increases too, leading to  a 

150 V, (Volts RMS) I 

FIGURE 1 Threshold for instability of a planar Layer of the B1/B2 mixture around 
the frequency of dielectric isotropy fo (d = 50 m, (I = 6.104 n-'crn-'. t =7OoC); 
crosses (x) indicate the disappearance of the domains. 
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238 W. H. DE JEU AND TH. W. LATHOUwERS 

critical frequency fc above which chevrons can be observed. The region from 
fo to f, resembles the conduction regime of a “normal” nematic with Ae < 0 at 
low frequencies. Figure 2 shows the dependence of fc on the quasi-static con- 
ductivity 01 for various samples. There appears t o  be a linear relation between 
f, and 01 but fc does not coincide with fo in the limit of zero conductivity. 

DISCUSSION 

The existence of electrohydrodynamic instabilities at high frequencies is con- 
sistent with an extension of the theoretical model of Dubois-Violette et a1.6 in 
which the dielectric losses of €11 are taken into account. In th is  model a nematic 
is considered under influence of an electric field E = EM cos wt (in the Z-direc- 
tion) perpendicular to the director (X-dirextion). The model is onedimensional 
as only perturbations of the director along X are considered: n =n(x) .  The 
boundary conditions are afterwards accounted for approximately by taking 
k = n/d; k is the wave vector of the perturbation and d the thickness of the 
sample. In a linear approximation hydrodynamic (in)stability is governed by two 
coupled equations. One for the local curvature of the molecular alignment 9 
(from the balance of torques), the other for the charge density q (from the 

I I  

I ‘  goo / 

5 o t  

(I, * 1 O’O I n’lcrn’ l I 
I I I I 

50 100 150 200 250 

FIGURE2 Dependence of the width of the conduction regime on the conductivity 
(B1/B2 mixture). 
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NEMATIC PHENY L BENZOATES 11 239 

continuity equation for charges). Assuming a sratic 9 this leads t o  the well- 
known formula for the threshold in the conduction regime6: 

T = ~ 1 1 / 4 n a ~  is the relaxation time for the space charge, KJ3 the elastic constant 
for bend, OH a parameter characteristic of the material depending on dielectric 
constants, conductivities and viscosity coefficients. ( e ~  is positive and of the 
order o f  1 .) 

For negative AE the conduction regime is limited by the zero of the denomi- 
nator in Eq. (2): 

The change of sign of Ae = €11 - E L  can be accounted for by substituting Eq. ( la) 
into Eq. (2). This already leads to a conduction regime above fo with a critical 
frequency f,. However the width fc - fo is very small and not proportional to 
the conductivity. 

Goossens' has extended the derivation of the coupled equations for 9 and q 
taking into account the complex nature of En = iei .  Again assuming a 
static $ this leads to  a threshold: 

AU the quantities with tilde reduce to  the corresponding normal quantities given 
in Ref. 6 for ~ i ( ' -+  0. Then Eq. (4) also reduces to Eq. (2). The most significant 
difference from Eq. (2) is the occurance in the denominator of a term propor- 
tional to  E (  that is linear in w i .  The critical frequency wc is determined by the 
zero of the denominator of Eq. (4) with E and E H  given by Eqs. (1 a) and (1 b). 
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240 W. H. DE JEU AND TH. W. LATHOUWERS 

This leads to a form in w of the sixth degree. An approximate solution can be 
obtained using 

and OTR 1 

As for the conductivities used r-' S 5 kHz the first approximation is fully 
justified. The second one is only true if bothf, and fo are rather close tofR. We 
then find appoximately 

with a = 1 - E J E ,  and 0 = €1 e- (1 - E J E ~ ) / E : .  
According to  Eq.(6) the critical frequency is proportional to  T-' or all. 

Assuming that the ratio o11/u1 is constant this is in agreement with the experi- 
mental results of Figure 2. The value of w, in the limit of zero conductivity can 
easily be calculated using the data of Table 1. At 70, 80 and 90°C we find for 
f, - fo respectively 6, 9 and 13 kHz which compares with experimental values 
of  23, 35 and 37 kHz. The trend is well reproduced; that the quantitative agree- 
ment is not better can be attributed to the second approximation (Eq. (5)). 

At first sight one might be somewhat surprised at the existance of hydro- 
dynamic instabilities at frequencies far above r- '  . However, E '& is equivalent to  
a normal conductivity. Due t o  the anisotropy in the losses (experimentally 
E R / E ~ ' -  50) then space charge is generated. This space charge is in the usual way 
coupled to  the curvature leading to Eq. (4). Of course, T is not a relaxation time 
for space charge formed in this way. 

Positive dielectric anisotropy (f>fo) 

The reorientation in the region below 30 kHz can be described as a Freedericks- 
transition from planar to homeotropic. Then again a onedimensional model can 
be used, but now in the Z-direction: n 
this leads to  

vi = lrd4lrK11 !A€. 

= n(z). Analogous t o  the magnetic case" 

(7) 

The variation of AE with frequency provides an elegant check on this 
formula. A logarithmic plot of V, against AE indeed gives a straight line at a slope 
of -0.5 (Figure 3). 

The region of small positive A€ between 30 kHz and fo forms a transition 
between the two limiting cases that can be described by a one-dimensional 
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NEMATIC PHENYL BENZOATES I1 241 

I I I I I I  I I I I 
0.L 1 .o 2.0 5 .o 

FIGURE 3 
(Bl/B2 mixture from Figure 1). 

mrerhold voltage versus dielechc anisotropy for frequencies up to 30 kHz 

model in the Z- and Xdirection, respectively. As argued before' a two-dimen- 
sional model is then essential: n = n(x.z). Such a model, although without 
frequencydependence, has been reported;' results for a planar nematic with 
positive Ae were given recently." For values of E [ / e l <  1.05 at the threshold 
V ,  domains are predicted (period of the distortion of the order of thickness). In 
addition on  increasing the voltage the spatial period increases too until at V i  the 
Freedericks-transition is reached (period of the distortion infinity). Although in 
a strict sense the linear approximation used in the model is only valid at the 
threshold, it is tempting to  identify the voltage region A V =  Vf - V, with the 
region of existence of the domains as found experimentally. 

Using the above idea the theoretical value of e n l e l  = 1.05 where V i  becomes 
different from Vc agrees very well with the results of Figure I .  Furthermore A V  
does indeed increase when E R  becomes closer to el' On the other hand the 
voltage of disappearance of the last hydrodynamic instabilities (loop domains) as 
given in Figure 1 is appreciably higher than the voltage Vf where the Freede- 
ricks-transition can be expected. Experimentally the period of the domains is 
rather constant in the region from Vc to  Vf.. It is only when Vf. is reached that 
the period increases because loop domains are formed that gradually disappear. 

Qualitively the instabilities for small positive A€ can be understood from an 
extrapolation of the two lineyized onedimensional models. Assuming a small 
perturbation the question of hydrodynamic instability is governed by the 
balance of the stabilizing dielectric and elastic torque and the destabilizing shear 
torque due t o  the space charge induced by the anisotropic conductivity or losses. 
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242 W. H. DE JEU AND TH. W. LATHOUWERS 

I -  

I +  
FIGURE 4 
small positive &. I'  

Spreading of the space charge duc to the reorientation at higher voltages for 

For very small values of AE the dielectric torque can be neglected. This explains 
why the same type b f  domain patterns are found around fo for AE > 0 and 
AE > 0. For AE > O  on the other hand, at voltages above the extrapolated 
threshold for the Freedericks transition V i  a further reorientation occurs. Then 
the space charge does not increase strongly anymore, and finally at an angle Oo 
for which fg2 Oo = ai /a l  the anisotropy in the conductivity is effectively zero. 
At angles larger than Oo we get a non-uniform current distribution that tends to 
spread the space charge concentrations associated with the domain pattern. This 
situation is sketched in Figure 4"  and explains qualitatively the disappearence 
of the domains. It is clear that for large positive A€ where Vi < Vc the domains 
cannot be formed at all. 
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