This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 23 February 2013, At: 07:21

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

Relaxation of Light Scattering
in Nematic Crystals and in
Nematic-Cholesteric Mixtures

B. Kerllenevich ° & A. Coche ?

& Centre de Recherches Nucléaires et Université,
Louis Pasteur Laboratoire de Physique des
Rayonnements et d'Electronique, Nucléaire, 67037,
Strasbourg, Cedex-France

® Universidad Nacional del Sur, Bahia, Blanca,
Argentina
Version of record first published: 21 Mar 2007.

To cite this article: B. Kerllenevich & A. Coche (1973): Relaxation of Light Scattering
in Nematic Crystals and in Nematic-Cholesteric Mixtures, Molecular Crystals and
Liquid Crystals, 24:1-2, 113-128

To link to this article: http://dx.doi.org/10.1080/15421407308083393

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



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407308083393
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 07:21 23 February 2013

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.




Downloaded by [Tomsk State University of Control Systems and Radio] at 07:21 23 February 2013

Molecular Crystals and Liguid Crystals. 1973. Vol. 24, pp. 113-128
Copyright © 1973 Gordon and Breach Science Publishers
Printed in Great Britain

Relaxation of Light Scattering
in Nematic Crystals and in
Nematic—Cholesteric Mixturest

B. KERLLENEVICH} and A. COCHE

Centre de Recherches Nucléaires et Université Louis Pasteur
Laboratoire de Physique des Rayonnements et d’Electronique Nucléaire
67037 Strasbourg Cedex-France

Recetved May 20, 1972; in revised form February 19, 1973

Abstract—The properties of the decay of dynamic scattering in a nematic
substance after the suppression of the de field as well as of the erasure by an
ac voltage of the texture stored in a nematic—-cholesteric mixture have been
investigated. The variations of the times characterizing these relaxation
processes with temperature, dc scattering and ac erasing voltage, cholesteric
concentration and other parameters are presented.

1. Introduction

The possibility of application of liquid crystals in visualization and
display systems has aroused a great interest in the study of the effects
of electric fields on these substances. However, few results have been
published up to now on the decay of dynamic scattering when the
dc electric field that produced it in a pure nematic substance is
suppressed or when an ac voltage is applied to a cholesteric-nematic
mixture simultaneously with the dc field removal.

In nematic liquid crystals, Williams®) has assumed that reorienta-
tion begins at the surface and propagates at a diffusion controlled
rate; in these conditions the scattering light intensity Is decreases
as a function of time ¢ following the relation

2D1/2t1]2 )

(1)

IS:I.,(I- +

T Presented at the Fourth International Liquid Crystal Conference, Kent
State University, August 21-25, 1972.

1 On leave from Universidad Nacional del Sur, Bahia Blanca (Argentina).
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where I, is the initial intensity, D the diffusion coefficient and L the
cell thickness. The decay time 7p (defined as the time during which
the scattered intensity falls from 90 to 109, of its initial value) is
then

0.8L2
™ =ip )

This model agrees with the experimental results obtained by Heilmeier
et al.®) on anisylidene para-aminophenyl-acetate films of 6 um thick-
ness. Creagh et al.(® have studied the time dependent behaviour
of some nematic liquid crystals including the variation of decay time,
as well as of the delay and rise times with the cell thickness and
temperature.

In point of fact in the decay of dynamic scattering, as reported by
Jakeman and Raynes,® several relaxation times must be taken into
account, the importance of which depends on the nematic substance
conductivity: in high conductivity compounds having good dynamic
scattering properties the dielectric relaxation time e/4mo where o is
the electrical conductivity and ¢ the dielectric constant is much
shorter than the director relaxation time 7/Kg¢?® where 7 is the sub-
stance viscosity, ¢ is the wave vector (function of the electric field)
and K an elastic constant. In these conditions the director relaxation
will dominate the decay process of the dynamic scattering.

In mixtures of cholesteric and nematic substances optical storage
effects were described for the first time by Heilmeier and Gold-
macher.®3 These authors have shown that in such a mixture (909,
by weight of anisylidene-p-aminophenylacetate and 109, of chol-
esteryl nonanoate) the scattering of light produced by de¢ or low
frequency (<50 Hz) ac field application persists after field removal.
An erasure or clearing of the stored image can be obtained by applica-
tion of an audio mid-range frequency ( >500 Hz) voltage. They
have also found that the erasure time 75 (defined as 7p above) varies
as a linear function of V-1, V being the ac erasure voltage. Several
anthors®? have shown that the application of high frequency fields
results in the formation of the cholesteric Grandjean plane texture
whereas low frequency fields produce a focal-conic texture which is
scattering. It can be mentioned that optical storage effects are also
observed by cooling cholesteric-nematic mixtures which have been
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heated above their isotropic point;® the obtained structure can
also be erased with an ac field.
In this paper we report:

—the variation of decay time and in particular its dependence on
temperature, thickness and applied de voltage, for a commercial
product (LCI: nematic range 5-70°C®) having a high conductivity;
the results obtained have been compared to those found with a
compound (Nematische Phase V%) of low conductivity;

—the characteristics of the erasure (by an ac voltage) of the texture
stored by application of a dc field on mixtures of LCI and of chol-
esteryl nonanoate (CN) and specially the dependence of the erasure
time on temperature, erasure voltage, CN concentration and dc
applied field.

2. Experimental Set-up

The experimental arrangement used is the same in both series of
measurements. The sample cells consist of a thin layer of the
nematic substance or cholesteric-nematic mixture between two
transparent electrodes (oxide coated glass) separated by mylar
spacers of various thicknesses: 13 to 75 um in the first case, 18 (or
36) um in the second. The spacing of the electrodes is kept uniform
by a constant pressure device. Homogeneous alignment of the liquid
crystal is obtained by unidirectional rubbing on paper of the electrode
surfaces, following the method suggested by Chatelain. 1)

The cell being observed is placed in a box where the temperature
kept constant (within +0.1°C) by circulating water, can vary
between 10 and 50 °C approximately. It is illuminated with a white
light source and the beam passing through the cell impinges on a
photomultiplier, the anodic signal of which is photographed on an
oscilloscope screen or registered on an X-Y recorder. The trans-
mitted intensity I; and the scattered intensity [s =I,— Iy where [,
is the light intensity transmitted without electric field, can thus be
determined at every instant when the electric fields (de or ac) are
applied or removed.

In the case of the pure nematic substance, we have studied the
relaxation of dynamic scattering after suppression of the dc field
either by an open circuit or by short-circuiting the electrodes. In
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our case both results were quite comparable, therefore we studied
mainly the open circuit conditions. The shape of the curve that
represents the variation of the scattered intensity as a function of
time is shown in Fig. la.

In the case of the cholesteric-nematic mixtures, we have deduced
from the decay curves an erasure time 7g (defined as above) when
simultaneously with the dec field removal an ac field is applied. We
have chosen a frequency of 1 KHz, since preliminary experiments

Io-1s
Is
i
10 F

Is F ield‘ off

10

04

001

0.[5 1 + Time (s)

Figure 1. Time dependence of the decay of dynamic scattering after the
suppression of the electric field.
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had shown that the erasure time depends little on the frequency
between 0.5 and 5 KHz.

In addition, for each cell the current versus voltage characteristics
have been plotted for the various temperatures.

3. Results on the Pure Nematic Substance

1) It has been found for the different cells analyzed that the scattered
intensity I varies as a function of time ¢, when the field is removed,
according to the relation

Io-Is (t—t,
T, ~exp( - > (3)
or
I
o= — o
1+exp (tnt“) )
-

where ¢, is a constant.
This relation which differs from that of Williams is well verified as
shown in Fig. 1b even for variations of the ratio
I,-1I
I,
of above 1,000 times provided that the applied field is not too high.
However we have not yet found a simple model to account for the law
given by Eq. (4). In fact, as shown later, for voltages of 60 to 80 volts
(or more) aslow component appearsin the decay curve, which becomes
more important for cells of thicknesses above 30 um and at tempera-
tures exceeding 40°C.
In each case we have also determined the decay time rp defined
above. From Eq. (4) it is easy to verify that

Tp ~4.4r

which is in good agreement with the experimental results.

We have studied the variation of = (or 7p) with the temperature 7'
(°K), the thickness I of the liquid crystal film and the dc field &
applied to the cell.

2} For a given thickness, when the temperature increases, the time
constant v decreases as shown in Fig. 2 for a dc applied voltage of
20 volts.
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Figure 2. Temperature dependence of the time constant r for various cell
thicknesses (applied voltage: 20 volts).
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Figure 3. Variation with temperature of the LCI viscosity n and temperature
dependence of the time constant r for given electric fields (10° and 2 x 106
V m1) and three thicknesses (13, 18 and 35 pm).

On Fig. 3 we have plotted the variation of Log = as a function of
1/T for cells of three different thicknesses and at constant electric
fields of 10% and 2 x 108 V m~! (the curves for both fields are identical
for the cells of 13 and 18 um). In the interval of measured tempera-
tures which does not entirely cover the nematic range, this variation
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follows a law of the form
+=A exp(8E/KT) (5)

where K is Boltzmann’s constant and A an arbitrary constant.

It can be seen that 8F is practically independent of the thickness
and of the electric field in the studied range; its value is approxi-
mately 0.4 eV. With the compound Merck V which has a consider-
ably lower conductivity the variation of Log = is similar and has an
equal slope.

We assume that the variation of 7 with the temperature is due
exclusively to that of the nematic substance viscosity 5. Indeed as
reported by the Orsay Liquid Crystal Group,@® whatever the
conductivity may be, 7 is proportional to 7. Various authorsts14
have investigated how the viscosity of nematic substances varies with
temperature. We have also studied this variation for our products
with a viscometer similar to that described by other authors.d5)

[

= /
L /
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_g 0.8 /
c /
S +232C; 108V ,
° A 232C;2x10% Vit /7
£ osl «3725C; 105 V.t p
- 6
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Figure 4. Thickness dependence of the time constant t for various tempera-
tures and for constant electric fields.
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Qur results plotted in Fig. 3 point out the relation between  and the
viscosity; they agree with those of Koelmans and van Boxtel(®
who have shown that in a mixture of Schiff bases the rise time ¢, of
dynamic scattering is proportional to . They also found a variation
of 4 (and t,) with temperature similar to that of expression (5), with
a practically equal slope.

3) For the high conductivity compound {LCI) the director relaxa-
tion should, as mentioned before, dominate the decay of the dynamic
scattering. The correspondent time constant r is a function of the
thickness L and of the electric field . We have examined experi-
mentally the influence of these parameters.

a) In Fig. 4 the time constant = has been plotted versus L for two
temperatures and keeping the electric field constant. For fields up to
106 V m~! the time 7 is a linear function of L between 13 and 35 pm
at least. It should be noted that r depends little on the field for the
low values of the thickness. If the field is raised, for example to
2% 10V m~1, a logarithmic plot of + versus L shows that 7 varies
approximately as L2. This is in agreement with the results of other
authors. -2

b) In the cases where the slow component can be neglected, the
time constant for the LCI compound is practically independent of
the de voltage applied provided that it is lower than approximately
50 volts. For higher voltages the time constant rises, as shown in
Fig. 5 for a cell of 13 um. This is in agreement with the observations
of Nehring@®) and of Sussman.” The latter has observed that the
speed of relaxation decreases with increasing voltage at turnoff for
an originally homogeneous orientation as achieved by rubbing, which
is the case in our experiments.

If the cell thickness is raised sufficiently the field cffect should be-
come more important compared to that of L and the time constant
should decrease when the electric field increases. An experiment
performed with a cell thickness of 75 pm shows such a decrease of the
time constant.

On the contrary, for the Merck V compound, we have found that
the influence of the electric field is low and can be even neglected,
which indicates that the dielectric relaxation is the predominant
process in the decay.
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Figure 5. Voltage dependence of the time constant r for various temperatures
in a cell of 13 pum.

4. Results on Nematic—Cholesteric Mixtures

1) As observed by several authors® it must be mentioned at first
that the addition of cholesterics to a nematic product, even in small
percentages, induces cholesteric characteristics and particularly
storage effects. In fact these effects appear only at a voltage V,
higher than the threshold ¥V, of dynamic scattering for the pure
nematic substance. The voltage V,, corresponds approximately to
the break point of the curve current vs voltage; it rises as previously
observed®® with the CN concentration and decreases for higher
temperatures. For applied voltages between V, and ¥V, the dynamie
scattering disappears spontaneously after suppression of the dc field,
according to a time constant whose value does not differ noticeably
from that of the nematic product in the same conditions.

2) For a given thickness when the temperature increases in the
range of 10 to 50 °C, the erasure time 7z decreases following the same
law (relation 5) as in the pure nematic product (Fig. 6). The quantity
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Figure 6. Temperature dependence of the erasure time tgz for three CN
concentrations in the following conditions: de voltage 50 volts, erasing
voltage 80 volts (rms).

8F varies little when the CN concentration increases from 19, to 99,
(by weight) and its value is of the order of that found for the pure
LCI (0.4eV). However it must be noted that the values of =g
obtained for temperatures of the order of 45 °C have some tendency
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Figure 7. ac voltage dependence of the erasure time rg for various CN
concentrations in the following conditions: temperature 24 °C, de voltage 50
volts.

to deviate from this law; such a behaviour has been also observed by
Berchet et al.'®) in their viscosity measurements.

3) Our experimental results show that the time 7 varies with the
erasing ac voltage V following the relation

rg=aV-"

where a is a constant, Examples of this variation are given in Fig. 7
for various concentrations. In the studied range it may be verified
that the exponent # is approximately independent of the temperature
and of the dc field producing the diffusion of the light; it increases
following a linear law with the cholesteryl nonanoate concentration:
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Figure 8. CN concentration dependence of the erasure time 7y for a de

voltage of 50 volts.

for example n=1.5 and 3.15 respectively for 19, and 8.5%, of CN.

4) For a given temperature and for a constant erasure voltage, the
time 7g increases linearly with the CN concentration between 19, and
5 to 6%, of CN. For higher concentrations the erasure time rises
much more rapidly. This behaviour is shown in Fig. 8 for two

temperatures and two erasure voltages V.
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Figure 9. de voltage dependence of the erasure time for a CN concentration
of 99, for a temperature of 23 °C.

It should be noted that in the case of a CN concentration of 0.5%,
a spontaneous decay of the scattered light after removal of the dc field
is observed. This decay is slowed-down quickly by the addition of
more cholesteric product but it can be accelerated by application of
an ac erasing voltage.

5) The influence on the erasure time 7z of the dc field producing the
diffusion of light has also been studied. For CN concentrations
higher than 49, the time 7z decreases markedly when the de¢ voltage
is increased starting from 20 volts (for a cell thickness of 18 ym) and
when the erasure voltage is applied simultaneously with the dc field
removal. This variation is shown in Fig. 9. On the contrary for the
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lower concentrations 7z is practically independent of the de voltage.
We think that this effect is due to field-induced texture changes as
those observed by several authors: #0-21) g transition of focal-conic
into Grandjean texture which can be explained by energetic con-
siderations would reduce the storage effect and the time 7z.

We have also observed that if the erasing voltage is applied some
time 7T'; after the dc field removal, 7¢ is increased accordingly and for
a sufficient time 7', (two minutes approximately) it tends towards the
order of value corresponding to low voltages (20 volts for a cell of
18 um). This effect could be due to a texture transformation passing
through a more stable condition of which the mechanism is not yet
well known.

5. Conclusions

The addition of small amounts of cholesterics into a nematic product
introduces an effect of memory but the dependence on the tempera-
ture of the decay time 7, for the nematic substance and that on the
erasure time 7z for the mixtures are very nearly the same and related
to the viscosity. However the effect of the dc voltage V is different
for both cases since 7p is not affected noticeably except for values
higher than 50 volts whereas 7z diminishes considerably with the
augmentation of V. As for the mixtures, the erasure time increases
with the concentration of cholesteric product but it can be strongly
reduced by applying higher ac voltages; for example a voltage rise
of 20 to 100 volts produces in 7z a decrease of 30 times approximately.
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