This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Cross-sectional observations of the cholesteric texture in a Cano wedge cell
Shin Masuda®; Toshiaki Nose®; Usumu Sato®

2 Department of Electrical and Electronic Engineering, Akita University, Akita, Japan ® Advantest
Laboratories, Ltd, Sendai, Japan

To cite this Article Masuda, Shin , Nose, Toshiaki and Sato, Usumu(1996) 'Cross-sectional observations of the cholesteric
texture in a Cano wedge cell', Liquid Crystals, 20: 5, 577 — 579

To link to this Article: DOI: 10.1080/02678299608031145
URL: http://dx.doi.org/10.1080/02678299608031145

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678299608031145
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09:13 26 January 2011

Downl oaded At:

LiQuip CRYSTALS, 1996, VoL. 20, No. 5, 577-579

Cross-sectional observations of the cholesteric texture in a
Cano wedge cell

by SHIN MASUDA*, TOSHIAKI NOSE and SUSUMU SATO

Department of Electrical and Electronic Engineering, Akita University,
1-1 Tegatagakuen-cho, Akita 010, Japan

(Received 7 November 1995; accepted 14 November 1995)

A novel procedure for an observation of a liquid crystal texture is proposed by using a UV
curable liquid crystal. Optical observations from a cross-section of the Cano wedge cell are
demonstrated and layered structures of cholesteric LC are visualized clearly. The structures
near the Grandjean lines are then revealed in detail from images. From the observations, it is
confirmed that the texture near the Grandjean line is similar to fingerprint texture

1. Introduction

Recently, UV curable liquid crystal (LC) materials
have been synthesized [1] and are receiving great atten-
tion as novel LC materials. They have a nematic phase at
room termperature, and can be photo-polymerized by
ultraviolet (UV) light irradiation. So far, an optical
phase-controlling component using this material has
been developed in order to decrease the dependence of
viewing angles in LC display panels [2]. As a micro-optic
device, a UV cured LC microlens array has been fabri-
cated in which an inhomogeneous electric field produced
by a hole-patterned electrode structure is applied during
the UV curing process [3]. It is confirmed that relatively
good optical properties can be obtained. Since this
material shows a nematic phase before photo-
polymerization, conventional LC technologies can be
employed to fabricate these devices. Furthermore, the
optical properties of the devices can easily be adjusted by
applying a voltage before photo-polymerization. This
feature seems to be useful for device fabrication.

A method for observing the molecular organization in
a cross-section of a LC cell has been proposed by de
Gennes [4] in order to clarify the complicated cholesteric
texture near a Grandjean line. He suggests using a liquid
crystalline material such as a cholesteric acrylate [4]. In
practice, Heynderickx et al., observed the twisted struc-
ture near the Grandjean line in a cholesterically ordered
liquid crystalline network by using scanning electron
microscopy (SEM) [5]. This observation revealed a
layered structure in the cross-section of the cell. Unfortu-
nately, it is difficult to understand the layered structure
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near the Grandjean lines in detail since the cross-
sectional images are unclear.

We have proposed and demonstrated a novel observa-
tion method to investigate the molecular orientation in a
cross-section of a LC cell by using a UV curable LC
material [6]. This procedure allows us to visualize con-
tinuous director distributions and structures of disclina-
tion lines in the cross-section of the cell. This observation
method seems, therefore, to be useful for understanding
the mechanism by which disclination lines are formed
and for clarifying various types of complicated LC tex-
tures which have helical structures.

In this paper, we elucidate the cholesteric texture near
the Grandjean lines in a cross-section of a Cano wedge
cell [7] by using a UV curable LC material.

2. Experimental

Grandjean lines were produced by using the Cano
wedge method [7]. PVA (polyvinylalcohol)-coated glass
substrates were used to fabricate the wedge-shaped LC
cell and the substrates were rubbed to give a homoge-
neous molecular orientation. The UV curable LC
material, Mixture E {from Dainippon Ink and Chemi-
cals, Inc.) containing 9wt % chiral dopant (C15,
Merck) was used in this work. The cell gap was con-
trolled by a glass plate of thickness 120 pm, which was
inserted in one side between the substrates. The angle of
the wedge was 0-7°. The UV curable LC in the wedge-
shaped LC cell was photo-polymerized by UV irradia-
tion. The irradiation intensity and time were | mWcm ™2
and 120s, respectively.

A specimen for the observation was cut from the cured
wedge-shaped LC cell so that the cutting plane was
perpendicular to the Grandjean lines, and it was lapped
until the thickness became less than 50 um in order to
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obtain transmission images from the cross-section of the
cell. Cross-sectional transmission images of the specimen
were observed optically by using a microscope. Here, a
tungsten lamp was used as a light source and the incident
light was polarized in a direction normal to the helical
axis.

3. Results and discussions

Figure [ shows the transmission image of the wedge-
shaped LC cell after photo-polymerization. Periodically
appearing disclination lines can be seen in the wedge-
shaped LC cell under the boundary condition that the
molecules on both the substrates are aligned parallel to
one another. These lines are attributed to the chiral pitch
of cholesteric media.

The period of the disclination lines did not change
during the photo-polymerizing process and is 350 pm
here. This fact shows that the molecular orientation state
in the cell is not affected by the photo-polymerization.
The relation between cholesteric pitch p and the distance
between the disclination lines d is approximately given by
p=2d0, where 0 is the angle of the wedge-shaped cell [8].
Hence, we get a value of 85 um for the cholesteric pitch p
in this case.

These periodically appearing disclination lines, called
Grandjean lines, horizontal x-lines, or edge-dislocations,
were first observed by Grandjean [9]. Their structures
and molecular orientation states are explained by
Zocher, Cano and Scheffer [7, 10, 11]. Scheffer has shown
that x-lines are unstable and tend to split into pairs of 1-
and A-lines. Figure 2 shows some examples of pairing of
A- and t-lines of opposite signs in cholesteric liquid
crystals [8). It is found that y-lines dissociate into edge
dislocations (a) 2~ A% pair, (b)) 1~ 1" pair, (¢) 1~ A" pair
and (d) A~ 1" pair, of figure 2 respectively.

Figure 1. The transmission image of the wedge-shaped cell
after the photo-polymerization.

(e} T A pair (d)y A" 1 pair
Figurc 2. Examples of pairing A- and t-lines of opposite sign
in a cholesteric LC.

Figure 3 (a) and (b) show cross-sectional transmission
images of the wedge-shaped LC cell. As shown in the
figures, narrow stripes of cholesteric layers can be
observed clearly. It seems that the dark and bright stripes
display the cholesteric layered structures. The bright
stripes correspond to the solid lines shown in figure 2.
This texture seems to be similar to a fingerprint texture,
and the edge dislocation occurs in the middle of the LC
cell. Provided that the period of a layer shown in figure
3(a) equals m, the defect is located at the boundary
between a total molecular twist of 10z and 117. Since the
observed layer spacing is about 5pm, the cholesteric
pitch is determined to be 10 um. This value almost corre-
sponds to the calculated value. This edge dislocation
corresponds to the cross-sectional image of the Grand-
jean line. It seems that a new banded layer is formed
between two banded layers at the region where the edge

(h)

Figure 3. The cross-sectional transmission images near the
Grandjean line. The edge dislocation of strength % dis-
sociated into a t~ A™* pair (a) and a L~ 1" pair (b) respect-
ively, can be observed.
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dislocation occurs. Therefore, in this case the Grandjean
line of strength } appears and it tends to dissociate into a
T~ A7 pair, This texture is the same as that shown in
figure 2 (c).

In figure 3 (b), the edge dislocation is also found at the
boundary between a total molecular twist of 11x and
12n. As shown in the figure, the banded layer at the edge
dislocation to the left-hand side of the discontinuity
seems to split into two new banded layers. Hence, the
Grandjean line of strength 4 has dissociated intoa A" t*
pair. This texture corresponds to that shown in
figure 2 (d).

As the cell thickness increases, curious edge disloca-
tions are observed and are shown in figure 4 (a)—(c).
These appear to be edge dislocations and lie opposite to
cach other. These edge dislocations seem to be a Grand-
jean line of strength I dissociated into a T~ 1" pair (see
figure 4 (a)) and one of strength 1 dissociated intoa A~ L™
pair (see figure 4(b)). These edge dislocations seem to
correspond to the texture shown in figures 2 (b) and (a),
respectively. Moreover, it is seen that two edge disloca-
tions lie one upon another as shown in figure 4 (¢). Since

(h)

Figure 4. The cross-sectional transmission images of near the
Grandjean line. The edge dislocation of strength 1 disso-
ciated into a t "t " pair (a) and a A~ A" pair (b) respect-
ively, occur. Two edge dislocations are observed in (¢).

these edge dislocations do not dissociate into pairs of -
and A-lines, curious edge dislocations which do not cor-
respond to the texture shown in figure 2 are observed in
these figures. The reasons seem to be that it takes a long
time to achieve a stable state, and the molecules in the
middle of the cell are not effected by the boundary
condition of the rubbed substrate since the cell thickness
is larger.

4. Conclusions

In this study, we have observed cross-sectional images
of the Cano wedge cell. The structures near the Grand-
jean lines are visualized optically for the first time and
edge dislocations dissociated into paris of - and A-lines
were observed in detail by using this procedure. It is
confirmed that the texture of the cross-sectional images
near the Grandjean lines is similar to a fingerprint tex-
ture. This observation method is useful in revealing the
complicated LC textures which have yet to be fully
understood.
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