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

On: 17 February 2013, At: 06:29

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

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl15

Guest-Host Interactions in Nematic
Liquid Crystals

George H. Heilmeier  , Joseph A. Castellano * & Louis A.
Zanoni ?

& Contribution from the David Sarnoff Research Center RCA
Laboratories, Princeton, New Jersey
Version of record first published: 28 Mar 2007.

To cite this article: George H. Heilmeier , Joseph A. Castellano & Louis A. Zanoni (1969):
Guest-Host Interactions in Nematic Liquid Crystals, Molecular Crystals, 8:1, 293-304

To link to this article: http://dx.doi.org/10.1080/15421406908084910

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/gmcl15
http://dx.doi.org/10.1080/15421406908084910
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 06:29 17 February 2013

Molecular Crystals and Liguid Crystals. 1969. Vol. 8, pp. 293-304
© Copyright 1969 Gordon and Breach Science Publishers
Printed in Great Britain
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GEORGE H. HEILMEIER, JOSEPH A. CASTELLANO and
LOUIS A. ZANONI

Contribution from the David Sarnoff Research Center
RCA Laboratories
Princeton, New Jersey

Abstract—A new electro-optic effect based on guest-host interactions in
nemadtic liquid crystals is described. The cooperative alignment of a nematic
liquid crystal in an electric field is used to orient ‘‘ guest > pleochroic dye
molecules (molecules whose absorption spectrum is a function of the
molecular orientation with respect to the polarization of the incident light).
Electronic color switching was achieved using fields of the order of 10 kV/em
(de through audio) with a variety of dyes. A detailed study of the optical
density changes as a function of field strength and dye concentration for
one guest-host system is also presented.

Introduction

Cooperative phenomenon in nematic materials under electric
fields has been the subject of several studies conducted in these
laboratories over the past several years.1:2:34 A gystematic study
of the relationship between molecular structure and the electrical
properties of nematic liquid crystals has recently led to the
discovery that cooperative alignment of certain mesomorphic
“host ”’ compounds by external electric fields can be used to
orient pleochroic dye molecules (* guests ’).5 This orientation
results in changes in the optical density of the material and
consequently in the color of light transmitted through the medium.
This report is a detailed account of our efforts to investigate the
nature and scope of this new effect.
293



Downloaded by [Tomsk State University of Control Systems and Radio] at 06:29 17 February 2013

294 MOLECULAR CRYSTALS AND LIQUID CRYSTALS

Discussion

The optical absorption spectrum of a pleochroic dye molecule
is a funection of its molecular orientation with respect to the
polarization of the incident light. Materials which exhibit
pleochroism are usually long, cylindrically shaped molecules
containing chromophoric groups which form part of an extended
aromatic system. Thus, if the pleochroic molecule is oriented
with its long axis parallel to the electric vector of the incident
polarized light, absorption of light by the molecule (low energy
transition) occurs and the characteristic color of the dye is ob-
served.

Conversely, orientation of the molecule with its long axis per-
pendicular to the electric vector results in little or no absorption
by the visible transition and the incident light is transmitted
unchanged.

The effect of electric fields on mixtures of these dyes with
nematic hosts is illustrated in Fig. 1. The cell is constructed in
the form of a parallel plate capacitor with transparent electrodes
(Nesa coated glass). The nematic material containing a pleochroic
dye serves as the dielectric. Typical electrode spacings are of the
order of 0.5 mil (12.5 microns). Alignment of the molecules with
their long axes parallel to the electric vector of the polarized light
occurs merely through contact with the electrode surfaces.
Stroking of the Nesa coated surfaced with a clean cotton swab
prior to cell fabrication enhances the degree of alignment. This
alignment procedure therefore results in a cell which has a color
characteristic of the dissolved dye (Fig. la). The nematic
compound selected as the host should have a very strong per-
manent dipole moment operating along its long molecular axis
for maximum orientation effect. This feature enables the mole-
cules to align in the direction of an applied electric field and in
turn to orient the dissolved dye molecules with their long axes
perpendicular to the electric vector of the incident polarized light.
This produces a large decrease in the optical density and hence
in the disappearance of color (Fig. 1b).
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Figure 1. Schematic representation of electro-optic cells exhibiting
electronic color switching.

Three nematic compounds have been used to exhibit the de-
sired alignment: p-n-butoxybenzoic acid (nematic range 147-
161°) (I); p-methoxycinnamic acid (171-188°) and p-ethoxy-
benzylidene-p’-aminobenzonitrile (II) (105-124°C). All of these
compounds are essentially transparent in the visible portion of the
spectrum. Initial studies® were conducted with I as the nematic
host, but the lower crystal — nematic transition temperature of
IT dictated its use in most of the experiments described here.

The terminal dipolar cyano group provides the molecule with a
strong dipole moment along the molecular axis. In addition the
solvating power of the cyano group makes II a suitable solvent
for a variety of dye structures.
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Several classes of organic dyes have been found to exhibit
pleochroism and some of those which have been oriented in
nematic hosts are illustrated in Table 1. The fundamental colors
of the spectrum are represented but in principle any color can be
obtained by suitable choice of guest dye. All of the compounds
are long, rod-like molecules which possess highly polarizable
terminal groups and aromatic rings. These features resemble
those of mesomorphic compounds and thus make the molecules
compatible with nematic hosts. In addition to being soluble in
the nematic materials these dyes are non-ionic. This is an ex-
tremely important criterion since ionic materials must be excluded
from electro-optic cells of this type as they produce irreversible
electro-chemical processes which destroy the material. Thus a
large number of known pleochroic dyes from the canine and re-
lated families which are ionic cannot be used for this effect.

Exploratory studies of electronic color switching of the guest-
host mixtures shown in Table 1 were carried out with 19, con-
centrations of dye at the low temperature portion of the nematic
range. The thickness of active area varied from 6-25 microns and
excitation with 2-100 volts (DC through audio) at a power of
approximately 1 milliwatt/cm? was employed. The speed of
response varied from 1-5 milliseconds with relaxation times of the
order of 20 milliseconds.

A detailed study of the changes in optical density as a function
of field strength and dye concentration was conducted with cells
prepared as described above containing mixtures of indophenol
blue (III) and II. Measurements of the spectral changes were
made with the aid of a device designed for spectrophotometric
studies of electro-optic cells (Fig. 2). This piece of apparatus
provides means for application of electric fields, rotation of
polarizers and control of temperature. In the experiments
described here, however, only one polarizer was used. The
device was then placed into the sample compartment of the Cary
14R spectrophotometer and measurements of the absorption
spectrum were made. This spectrum consisted of a broad
Gaussian absorption with a Ay, at 6000 A (Fig. 3). The polarizer
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Figure 2. Apparatus designed for spectrophotometric measurements of
electro-optic cells. The device is inserted into the sample compartment of
the Cary 14R spectrophotometer.

was rotated until the maximum absorption at 6000 A was obtained.
Measurements of the absorbance at the Ay, as a function of
applied de electric field were then made for each concentration
- of dye and the results are shown in Fig. 4. The threshold for
switching was between 1 and 2 volts for all concentrations except
the 5.09%,, for which a threshold of 5 volts was obtained. That
fine color tuning at low power is possible with systems of this type
is indicated by the decrease in relative absorbance at very low
voltages (2-8 volts). These results are in agreement with those
obtained from a study of the infrared dichroism of a nematic
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Figure 3. Absorption spectrum 1%, indophenol blue-PEBAB mixture with
(A) no field applied and (B) a field of 4.0 x 10* volts/cm.



Downloaded by [Tomsk State University of Control Systems and Radio] at 06:29 17 February 2013

300 MOLECULAR CRYSTALS AND LIQUID CRYSTALS

compound of almost identical structure.® The field strength
required to obtain maximum orientation of domains was reported
to be approximately 5 kV/em which corresponds closely to the
values shown in Fig. 4. In addition the value for the dichroic
ratio at maximum orientation is in the same order of magnitude
as that for the ratio of the absorption of the dye without and with
an applied field. Since the orientation of nematic domains can
be obtained from this value, it appears that the degree of orienta-
tion of dye molecules is closely related to the degree of orientation
of the host.

The effect of dye concentration on absorbance change is shown
in Fig. 5. The maximum effect, a change of 1.4 units, was
obtained at a dye concentration of 1.0%,. The gradual decrease in
absorbance change with increasing dye concentration above
1.09, indicates that the nematic host can produce alignment of
only a maximum number of guest molecules. As the number of
dissolved dye molecules increases beyond this maximum, un-
oriented molecules contribute to the absorbance of the medium
in the presence of an applied electric field. The optimum con-
centration suggests that each dye molecule is associated with
approximately 100 host liquid crystal molecules. Furthermore,
optimum alignment implies that the alignment energy is of the
order of kT. For this to be the case with host (II) we require:

— —

e = Nu-E ~kT
where p = molecular dipole moment
E = field strength
and N = number of dipoles cooperatively aligned ~ 100
Thus it is implied from these measurements that this nematic
liquid exhibits a cooperative behavior involving approximately

100 molecules. Further studies of this effect with other guest-
host systems are in progress.
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Experimental

Materials. p-Butoxybenzoic acid and p-methoxycinnamic acid
were obtained from Distillation Products (Eastman Kodak) and
were purified further by several recrystallizations. These materials
had resistivities of the order of 10® ochm-cm. p-Ethoxybenzyli-
dene-p’-aminobenzonitrile was prepared by acid-catalyzed con-
densation of p-ethoxybenzaldehyde with p-aminobenzonitrile.
After purification by recrystallization the compound was zone
refined to given material with a resistivity of 10° ohm-cm.

Methyl red, indophenol blue and isolar green M were obtained
from commercial sources and were purified by recrystallization
to constant melting point. The remaining dyes listed in Table 1
were prepared by conventional organic chemical techniques? and
were purified as above. All of the dyes had measured resistivities
in the range 10°-10%° chm-cm.

Measurements. The electro-optic cells were prepared by
techniques previously described.2:* The optical density measure-
ments were made with the electro-optic cell mounted in the
device shown in Fig. 2. A typical absorption spectrum obtained
with this device inserted in the Cary 14R spectrophotometer is
shown in Fig. 3.
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