
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 10:38
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

Novel Orientation States
Transitions in Liquid Crystal
Induced by Microtextured
Substrates
Kumar Rajesh a , Hirotsugu Kikuchi b & Tisato
Kajiyama b
a Fukuoka Industry Science & Technology
Foundation, Across Fukuoka, 9th Flooc 1-1-1 Tenjin,
Chuo-ku, Fukuoka, 812-0001, Japan
b Department of Material Physics & Chemistry,
Faculty of Engineering, Kyushu University, 6-10-1,
Hakozaki, Higashi-ku, Fukuoku, 812-8581, Japan

Version of record first published: 24 Sep 2006

To cite this article: Kumar Rajesh, Hirotsugu Kikuchi & Tisato Kajiyama (1999): Novel
Orientation States Transitions in Liquid Crystal Induced by Microtextured Substrates,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 330:1, 401-406

To link to this article:  http://dx.doi.org/10.1080/10587259908025615

PLEASE SCROLL DOWN FOR ARTICLE

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908025615


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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

38
 1

7 
A

ug
us

t 2
01

2 

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


Mol. Crysr Liq. Clysf.. 1999. Vol. 330. pp. 401-406 
Repnnts aviulable directly from lbe publisher 
Photocopying permitted by license only 

0 1999 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 
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and TISATO KAJIYAMAb 

aFukuoka Industry Science & Technology Foundation, Across Fukuoka, 9th 
Flooc 1-1-1 Tenjin, Chuo-ku, Fukuoka 812-0001, Japan and bDepartment of 
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Substrate induced alignment of liquid crystal is well established for electro-optical applica- 
tions. In most of these cases it results in strong anchoring of liquid crystal, however, tuning of 
effective anchoring is well desired. Some of the photopolymers, under exposure to polarized 
UV light, induces the alignment in adjacent liquid crystals and offers the way to control the 
alignment on local basis. Here, we show a method of tuning the effective anchoring energy 
on patterned photopolymer with mixed alignment potential (resulting in planer and tilted ori- 
entation) of constant periodicity. The effective anchoring is weak and associated with first 
order transition of orientation state as a function of temperature. The phenomena observed 
here might be exploited for application purposes by local heating or by applying an electric 
field. 

Keywords: Liquid Crystal; Anchoring Transition; Photo-polymer; Microtexturing 

Introduction 
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Liquid crystals (LC) are used as electro-optic materials in variety of 
applications such as display and light modulator etc. For these 
applications, LC molecules are needed to be oriented in uniform direction 
on the substrate, in prior, before applying the electric field. Here, the 
substrate induced alignment of LC is a crucial factor for applications 
where weak surface forces are used to orient the LC[I]. In most of these 
cases the alignment of LC remains pinned to the surface induced orientation 
dependingon the substrate condition. In some of applications, for better 
performance of devices, the use of liquid crystal in electro-optics desires 
the control of director (averagt LC molecular Orientation) over local area 
with any arbitrary angles between Oo to 90° that director forms with the 
substrate. 

In case of weak anchoring either on uniform substrates[2] or substrate 
with modified uniform potential by co-adsorbed m o l e ~ u l e s [ ~ ~ ~ ]  the 
anchoring transition occurs, where LC orientation state is the continuous 
function of temperature. It has been reported that a case of weak anchoring 
could be the way to control the LC alignment for an arbitrary 
angle[2]though it was not persuaded and exploited for application 
purposes. Recently, under the framework of ffite elastic correlation length 
Quian et al.[51 have predicted the possibility of orientation transition in 
liquid crystal on microtextured substrate with mixed al iment  potential. It 
has been reported that microtexturing may offer the approach to 
continuously vary the anchoringstrength from the strong (far away from 
the transition point) to the weak (close to the transition point). 

To the best of our knowled&, the first experimental evidence of the 
novel orientation states associated with fust - order orientation transition of 
liquid crystal as function of temperature on microtextured substrate with 
spatially mixed alignment potential of constant periodicity is reported in 
this paper. The phenomena is observed on weak strensh photopolymer 
$polyvinyl cinnamate (PVCi) with azimuthal anchoring- 10-7 j/m2 used as 
an aligning agent. However, same substrate microtextured with similar 
alignment potential (planer and twisted) does not give the orientation 
transition as a function of temperature. The phenomena reported here might 
be exploited in tuning the effective anchoring energy for application by 
using the local heating for a 'light control light' liquid crystal device or by 
applying an electric field based on field induced effect. 
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Experiment 

Our approach of patterning the substrate with mixed alignment 
potential is based on the photoalignment technique for orientation of 
LC[6,7]. Here, 2wt% of chloroform solution of polyvinyl cinnamate was 
spin coated on IT0  coated glass for uniform thickness. The films were 
baked and subsequently, irradiated with polarized ultra violet light (LP Uv) 
for 30 min. At 10mW/cm2. The cell was assembled using lOpm spacer and 
filled with LC and PVCi mixture (in 99:l weight ratio) in isotropic phase 
and cooled slowly. The resulting orientation is the uniform planer 
orientation. The liquid crystal used here is RDN-91207-1 ( Dannipon inc. 

Japan) with AE = -2.5, TN1 = 7OoC. To achieve the patterned structure of 
mixed alignment potential, a metallic grating mask with pitch 400pm was 
placed over the cell (having prior uniform planer orientation of LC) and 
irradiated with linear polarized UV light parallel to the planer alignment 
direction of the LC while heating the cell near by but a few degree above the 
nematic-isotropic transition temperature of LC. 

Result & Discussion 

the non masked area with director normal to the initial direction (Fig. 1). 

tilted region due to double degenerate aligunent state of PVCi and the 

After exposure, we have observed the reorientation of LC with tilt on 

In optical micrograph Fig1 there are domain boundaries seen on the 

FIGURE 1 Optical micrograph of the cell rotated by 45O under cross 
Nicole (See Color Plate VIII at the back of this issue) 
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the directors are tilted in opposite direction from domain boundary after 
reorientation. 

The pitch (p) of the grating was chosen as 400pm i.e. P >>A so that 
director may respond to the spatial texturing where parameter A = 

(LC/B2)''* is the elastic correlation length over which the order parameter 
can vary sipificantly, and L, C & B are the usual phenomenological 
constants expressed in the Landau-deGenns equation of free energy for 
the uniaxial LC phase. Fig2 shows the temperature dependence of the 
transmission of the two regions respectively. It appears that the bulk 
director lies in the YZ plane as the optimal twist elastic energy 
configuration[5]. 

15 
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0 

5 
300 310 320 330 340 350 

FIGURE 2 
temperature.. (See Color Plate IX at the back of this issue) 

Intensity (i, in arbitrary units) plotted as the function of 

The variation of orientation states near the transition temperature is 
quite pronounced as shown in the transmission curve of Fig2 and in the 
optical micrograph of Fig3. From a certain temperature 33 1K to 338K the 
director started tilting away from the substrate as the apparent 
birefringence changes sharply as shown in optical micrographs of Fig3 
(a), (b) and (c) and as of the sharp transmission curve Fig2. At 332.8K, 
Fig 3(a) changc: of birefrinpce in tilted region (YZ state) begins, at 
338.3K Fig 3(b) birefringence in both region begtns, whereas in Fig3(c) at 
338.9K the change in birefringence is more pronounced in both region. 
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FIGURE 3 
Nicole at different temperature. (See Color Plate X at the back of this issue) 

Optical micrographs of the cell rotated by 4 5 O  under cross 

But before going to isotropic phase, at critical temperature 338.9K, the 
direiAor in the bulk jumps from the YZ state to the XZ state as seen from 
optical micrographs Fig3(d) & (e) and over the transmission curve. At 
339.8K, Fig 3(f) the cell goes to random homogenous orientation and onset 
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of nematic-isotropic transition begurs The jump of the director from the YZ 
state to the XZ state might be associated with the fust-order orientation 
transition between two states as boundary layer energy is overcome by 
strong uniform surface potential at critical temperature 338.9K. 

Conclusion 

Thus microtexturing with d aligunmt potential offers a method of 
continuous variation of effective anchoring strenglh from the strong ( far 
away from the transition point) to the weak anchoring (close to the 
transition point). The orientation states are reversible over temperature 
cycle nematic-isotropic-nematic and we believe that the approach enhances 
the possibility to explore the m i c r o t e d  controlled tuning of effective 
anchoring energy on various class of substrates. 

Acknowledgement 
Authors express thanks to Prof. S. Sato, Department of Electrical 

Engineering Akita University , as some part of the research was carried out 
there. We also express our thanks to Mr. H. Yamme, Department of 
Material Physics & Chemistry, Kyushu University, for support in 
carrying out the research. 

References 
[l] J. Cognard,. Mol. Crysr. Liq. Crysr. I (suppl.), 1-77 (1982) 
[2] J.S. Patel, & H. Yokoyama, Nature 362,525 (1993) 
[3] J. Bechhoefer, J-1 Durail, L. Masson, B. Jerome, R.M. H o m i c h .  & P Pieranski., 

fhys. Rev. Len. 64,1911 (1990) 
[4] B. Jerome, J.O. Brien, Y. Ouchi, C. Stamen,. &. Y. R Shen., fhys. Rev. Len. 71, 758 

[5] T.Z. Quian, & P. Sheng., fhys. Rev. Len. 77,4564 (1996) 
[6] M. Schadt, K. Schmitt, V. Kozinokov, & V. Chignimv, Jpn. J. Appl Phys. 31, 2155 

( 1992) 
[7] K. Rajesh. S. Masuda, R. Yamaguchi, & S. Sato,. Jpn. J. Appl. fhys. 36,4404 (1997) 

(1993) 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

38
 1

7 
A

ug
us

t 2
01

2 




