
This article was downloaded by: [University of California, San Diego]
On: 20 August 2012, At: 22:00
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
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Effect of the External Twist on Molecular
Orientation in Antiferroelectric Liquid
Crystals
Ju-Hyun Lee a , Jaehoon Kim a , Jong Bong Lee a & Sin-Doo Lee a
a Physics Department, Sogang University, C. P. O. Box 1142, Seoul,
Korea

Version of record first published: 04 Oct 2006

To cite this article: Ju-Hyun Lee, Jaehoon Kim, Jong Bong Lee & Sin-Doo Lee (1997): Effect of the
External Twist on Molecular Orientation in Antiferroelectric Liquid Crystals, Molecular Crystals and
Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 301:1,
209-214

To link to this article:  http://dx.doi.org/10.1080/10587259708041769

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/gmcl19
http://dx.doi.org/10.1080/10587259708041769
http://www.tandfonline.com/page/terms-and-conditions


Mol. C r y ~ t .  Liq. Cryst., 1997, Vol. 301, pp. 209-214 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science Publishers 
Printed in India 

EFFECT OF THE EXTERNAL TWIST ON MOLECULAR ORIENTATION 
IN ANTIFERROELECTRIC LIQUID CRYSTALS 

JU-HYUN LEE, JAEHOON KIM, JONG BONG LEE, and SIN-DO0 LEE* 
Physics Department, Sogang University, C. P. 0. Box 1142, Seoul, Korea 

Abstract We report on microscopic observations of molecular orientation and 
layer structure induced by an external twist in antiferroelectric liquid crystals 
(AFLCs). In a twisted geometry, the smectic layers are formed perpendicular 
to the surface normal of the cell such that the molecular director experiences 
twist by twice of intrinsic molecular tilt on going from one surface to the other. 
It is found that this external twist significantly influences the uniformity of 
molecular alignment and the characteristics of the double hysteresis inherent 
to the antiferroelectric order. The resultant electro-optic effect is described 
within the framework of the field-induced antiferroelectric-ferroelectric phase 
transition. 

INTRODUCTION 

Since the surface stabilized structure of ferroelectric liquid crystals’ (SSFLCs) has 
been developed, much effort has been made for a basic understanding of surface 
phenomena as well as the bistable nature of the electro-optic (EO) effect. In such 
SSFLC structure, it is difficult to achieve gray scales because of the intrinsic bista- 
bility. One of the approaches to the realization of the gray scales in FLCs is to 
construct a twisted FLC (TFLC) structure, which turns out to exhibit indeed ana- 
log gray scale and fast  response.'^^ This TFLC is capable of producing a continuous 
optical transmission as a function of the electric field. 

Recently, a novel biaJcial smectic phase showing the antiferroelectricity has been 
observed in 4 (1-methylheptyloxycarbonyl) phenyl4’-octyloxybiphenyl-Ccarboxylate 
(MHPOBC).4 This antiferroelectric (AF) phase, Sm Ci ,  may be suitable for use in 
novel display applications because of its wide viewing characteristics, fast response, 
sharp dc threshold, and durability against mechanical shocks. However, an aligning 
technique for producing a uniform structure and a driving scheme of achieving the 
gray scales are a prerequisite for new AFLC-based displays. 

In this paper, we present experimental results for the molecular orientation 
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and the layer structure induced by an external twist in twisted AFLCs (TAFLCs) 
which adopt a similar concept used for TFLCs. It is found that TAFLC produces 
much improved uniformity of the alignment than a planar AFLC. Moreover, variable 
EO transmittance is achieved with varying the electric field. The effect of twist 
is described within the framework of the field-induced antiferroelectric-ferroelectric 
phase transition. 

EXPERIMENTAL 

The material used in this study was CS4000 of Chisso Petrochemical Co. I t  has a 
wide temperature range of the Sm C> phase between -10°C and 82°C and the tilt 
angle of 27" at room temperature. The sample cells were made with indium-tin-oxide 
coated glasses which were treated with polyimide. The thickness of the polyimide 
layer was about 300 A,  and the surface was unidirectionally rubbed. The cells were 
assembled such that two rubbing axes on the substrates make an angle of 0" for a 
planar cell and 54" for a twisted one. The nominal cell thickness is 3pm. The twist 
angle is exactly twice of the tilt angle as for the TFLC case. In this configuration, 
the molecular director in smectic layers will stay on one side of the cone at the top 
surface and on the other side at the bottom surface. The molecules in two adjacent 
smectic layers will then form the herringbone arrangement characteristic to the AF 
order. 

The material was filled in the isotropic state and cooled down into the.mesophase 
at a rate of O.l"C/min. The EO transmittance through the cell, placed under crossed 
polarizers, was monitored with a photodiode and a digitizing storage oscilloscope. An 
arbitrary waveform generator was used to apply a voltage with variable amplitude to 
the cell. A HeNe laser of 632.8 nm was used as a light source. All the measurements 
were carried out at room temperature. 

RESULTS AND DISCUSS ION 

We first discuss the effect of an external twist on the uniformity of molecular ori- 
entation and layer structure in TAFLCs. Figs. l(a) and l(b) show microscopic 
textures of a planar AFLC cell and a TAFLC one, observed under crossed polarizers 
at room temperature, respectively. Clearly, the texture of the 0" twisted (planar) 
cell exhibits multidomains because of the herringbone structure of AFLC. The 54" 
twisted cell, however, produces a well aligned monodomain as shown in Fig, l(b).  
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This indicates that a gradual twist of smectic layers is essential to produce uniform 
alignment. Among various treated cells, for example, 126" twisted and/or only one 
surface rubbed, the best alignment was achieved for the 54" twisted cell. 

Figure 1: Typical textures of (a) the planar and (b) the 54" twisted AFLC cells, 
observed under crossed polarizers. (See Color Plate I). 

We now discuss the resultant EO transmittance through the 54" twisted cell 
together with that through the planar one. Since gradual unwinding of the twisted 
structure is expected, variable transmittance through TAFLC is produced with vary- 
ing the electric field, thereby giving some degree of gray scale. Fig. 2 shows the 
transmittance through the planar AFLC and TAFLC as a function of the field. For 
the EO measurements, a pulsed voltage at 30Hz was applied to the cell in which one 
of crossed polarizers coincides with one of two rubbing axes on the surfaces. The 
TAFLC has about 20% larger transmittance than AFLC. For AFLC, the transmit- 
tance increases sharply at  Eth = 11V/pn where the field-induced antiferroelectric 
(AF) to  ferroelectric (FO) phase transition takes place. Above EL*, the FO phase pro- 
duces the maximum transmittance. For TAFLC, however, the maximum transmit- 
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tance is obtained in the absence of the field since TAFLC experiences waveguiding, 
and the polarization of the incident light becomes to rotate by 54". In the low field 
regime ( E  < &,), the twisted state becomes gradually transformed into a uniform 
state by the unwinding process, and the resultant transmittance changes continu- 
ously with changing the field. In the hgh field regime ( E  > Eth), the field-induced 
AF-FO phase transition occurs, so that the minimum transmittance is produced. 
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Figure 2: The EO transmittance as a function of the electric field. Open circles and 
triangles represent the experimental data for AFLC and TAFLC, respectively. The 
solid lines are theoretical fits to numerical results. 

More quantitatively, the EO transmittance through TAFLC described above 
can be understood within the framework of the field-induced AF-FO transition pro- 
vided that the external twist is imposed by the surface an~horing.~ For numerical 
simulations, the following expression for the free energy density is used. 

N 
F = 

+ 
C [ F F X ( @ )  + (J~/~){cos(~"+' - 4') + COS(&-' - #)} 

I 

(J2/2){c=(d'+2 - 8)  + c=(v-2 - 8 ) )  - 71 COS2(4') - "(2 Cos(471 1 (1) 

where # denotes the azimuthal angle of the molecule in the i-th layer. F F ~  repre- 
sents the free energy density of the FO phase. 51 and J2 are the coupling constants 
of the nearest and the next nearest neighboring layer pairs, re~pectively.~ The last 
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two terms are the nonpolar (71) and polar ( 7 2 )  anchoring energies.6 The boundary 
conditions used are (i) q5t = 0 and 4 b  = 0 for AFLC, and (ii) & = x and q5b = 0 for 
TAFLC, where the subscript t and b represent the top and bottom surfaces, respec- 
tively. The transmittance can be computed using the 2 x 2 Jones matrix method once 
the director profiles are obtained. The solid lines in Fig. 2 are theoretical fits per- 
formed with numerical results. For both AFLC and TAFLC, the fitted parameters 
are 51 = 7.0 x l$J/m3, 52 = 10J/m3, 71 = 5.0 x l@J/m3, and 72 = 1.0 x 102J/m3. 
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Figure 3: The double hysteresis in the EO transmittance measured with a trian- 
gular wave voltage at 0.5Hz. Solid and dashed lines represent AFLC and TAFLC, 
respectively. 

Let us examine the effect of the external twist on the characteristics of the 
double hysteresis. Fig. 3 shows the double hysteresis in the EO transmittance as a 
function of the electric field. The measurements were performed with a triangular 
wave voltage at 0.5 Hz. Note that in both the AFLC and TAFLC cases, the hysteresis 
loops are very symmetric with respect to the field, meaning that no appreciable bias 
fields at the surfaces are present. The difference in the threshold for the AF to FO 
transition between AFLC and TAFLC is relatively small while that for the FO to 
A F  transition is noticeable. It is suggested that the hysteresis loop is influenced 
by not only microscopic environment of the molecules but also externally imposed 
conditions such as the cell thickness and surface anchoring Moreover, any 
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finite degree of twist is expected to renormalize the surface anchoring energy in a 
twisted ge~metry.~ 

CONCLUDING REMARKS 

We have studied the effect of an external twist on molecular orientation and layer 
structure in twisted antiferroelectric liquid crystals (TAFLCs). This external twist 
was found to significantly influence the uniformity of molecular alignment and the 
characteristics of the double hysteresis inherent to the antiferroelectric order. The 
width of the hysteresis loop for TAFLC is larger than that for planar AFLC. Fur- 
thermore, variable EO transmittance was achieved with varying the electric field. 
The twist effect on the dynamical properties of TAFLC remains to be explored. 
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