
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 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

Liquid crystal alignment and pretilt angle generation on a photopolymer
layer based on N-(phenyl)maleimide
Jeoung-Yeon Hwang; Dae-Shik Seo; Jun-Young Kim; Tae-Ho Kim

Online publication date: 11 November 2010

To cite this Article Hwang, Jeoung-Yeon , Seo, Dae-Shik , Kim, Jun-Young and Kim, Tae-Ho(2002) 'Liquid crystal
alignment and pretilt angle generation on a photopolymer layer based on N-(phenyl)maleimide', Liquid Crystals, 29: 8,
1047 — 1050
To link to this Article: DOI: 10.1080/02678290210145274
URL: http://dx.doi.org/10.1080/02678290210145274

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may 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 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.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290210145274
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Liquid Crystals, 2002, Vol. 29, No. 8, 1047± 1050

Liquid crystal alignment and pretilt angle generation on a
photopolymer layer based on N-(phenyl )maleimide

JEOUNG-YEON HWANG, DAE-SHIK SEO*

Department of Electrical Electronic Engineering (A-226), College of Engineering,
Yonsei University, 134 Shinchon-dong, Seodaemoon-ku, Seoul 120-749, Korea

JUN-YOUNG KIM and TAE-HO KIM

Department of Polymer Science and Engineering, College of Engineering,
Sungkyunkwan University, Chunchun-dong 300, Jangan-gu, Suwon 440-746, Korea

(Received 11 November 2001; accepted 28 February 2002 )

A photopolymer based on N-(phenyl )maleimide was synthesized and the liquid crystal (LC)
alignment eVects of the photopolymer layer on homeotropic alignment were studied. Good
LC alignment with UV exposure of PMI5CA (N-(phenyl )maleimide with a 5-carbon chain
cinnamoyl group) was obtained. However, defective LC alignment was observed for PMI3CA
(N-(phenyl )maleimide with a 3-carbon chain cinnamoyl group) and PMIF (N-(phenyl)-
maleimide including a � uoro-cinnamoyl group). Good LC alignment with UV exposure on
the PMI5CA surface was observed with annealing temperature up to 150ß C. It seems that
the LC aligning ability of the photopolymer layers based on N-(phenyl )maleimide depends
on the side chain length of the photopolymer.

1. Introduction 2. Experimental
Liquid crystal displays (LCDs) require uniform align- Figure 1 shows the chemical structure and copoly-

ment and stable pretilt angles on a substrate layer. merization of the photopolymers based on N-(phenyl )-
Rubbed polyimide (PI) layers have been widely used maleimide. The three photopolymers are as follows.
to align LC molecules, and the eVect of unidirectional
rubbing on various alignment layers has been discussed (a) PMIF: N-(phenyl )maleimide including a � uoro
by many investigators [1–6]. The rubbing method pre- cinnamoyl group;
sents a number of obstacles, such as the generation of (b) PMI3CA: N-(phenyl)maleimide with a 3-carbon
electrostatic charge and the creation of contaminating chain cinnamoyl group;
particles. In a previous paper, we reported the generation (c) PMI5CA: N-(phenyl)maleimide with a 5-carbon
of electrostatic charges on various PI layers during rubbing chain cinnamoyl group.
[7]; thus, rubbing-free techniques for LC alignment are
required in LCD technology . The photoalignmen t method

The polymers were applied to indium tin oxide (ITO)
is one of the most promising rubbing-free methods;

coated glass substrates by spin-coating, and were cured
photoalignment of LCs, with the use of a poly(vinyl)-

at 130 ß C for 1 hr. The thickness of the monomer layercinnamate and other photopolymer layers, has been
was 500 AÃ . The linearly polarized UV (mercury lamp,proposed by many researchers [8–17]. However, the
500 W) exposure system is shown in � gure 2. The sub-thermal characteristics of acrylate material in the back-
strates were exposed to UV at a wavelength of 365 nm;bone photopolymer structure have not been satisfactory
UV energy density was 5.8 mW cm Õ 2. The LC layerfor good LC alignment capabilities.
used was 60 mm thick. The NLC used is a � uorinated-In this work, we report the synthesis of new photo-
type mixture (D 5 8.4; Tc 5 72 ß C; MJ97359 from Merckpolymers based on N-(phenyl)maleimide and the LC
Co., Ltd) and negative LC (D 5 Õ 4; MJ98468 fromalignment capabilities of the photopolymer layer.
Merck Co., Ltd). The pretilt angle of the NLC was

measured by a crystal rotation method.*Author for correspondence; e-mail: dsseo@yonsei.ac.kr
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Figure 2. Schematic diagram of UV system.

3. Results and discussion
Figure 3 shows the thermogravimetri c analysis (TGA)

characteristics of the photopolymers based on N-(phenyl )-
maleimide. TGA measurement revealed that the syn-
thesized photopolym ers have satisfactory thermal stabilities
up to 350 ß C.

Figure 4 shows the UV absorption spectra of the
three new kinds of photopolymer. UV absorption was
observed at 250~350 nm, it decreased with increasing
UV exposure time. It is considered that the low UV
absorption is attributable to the [2 1 2] cycloaddition
reaction by broken C C bonds. The UV absorption
shifted to longer wavelengths as the alkyl chain length
increased.

Photomicrograph s of the LC cell with UV exposure on
the three kinds of photopolyme r layer based on N-(phenyl )-
maleimides are shown in � gure 5; in (a) and (b), LC
alignment defects were measured for UV exposure on the
PMIF and PMI3CA layers. However, good LC align-
ment for the PMI5CA layer was observed. Therefore,
good LC alignment can be obtained on the photopolymer
layer based on N-(phenyl)maleimide with a 5-carbon

Figure 3. TGA characteristics of the photopolymer based onFigure 1. Chemical structure and copolymerization of the
N-(phenyl)maleimide.photopolymer based on N-(phenyl )maleimide.
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1049L C alignment and pretilt angle generation

Figure 5. Microphotographs of photoaligned LC cells on
photopolymer layers based on N-(phenyl )maleimide
(in crossed Nicols): (a) PMIF, (b) PMI3CA, (c) PMI5CA.

Figure 6 shows the LC tilt angles with polarized UV
exposure for 5 min on the PMI5CA layer as a function
of the incident angle. It can be seen that the NLC tilt
angles were about 90 ß for all incident angles. It is
considered that homeotropic alignment can be achieved
by using the 5-carbon chain cinnamoyl group on the
photopolymer layer. Also, the LC tilt angle depends onFigure 4. UV absorption spectra of photopolymers based on

N-(phenyl )maleimide: (a) PMIF, (b) PMI3CA, (c) PMI5CA. the side chain length of the photopolymer.
Figure 7 shows the photomicrographs of the aligned

LC with 1 min polarized UV exposure on PMI5CA forchain cinnamoyl group; LC alignment thus strongly
depends on the alkyl chain length of the photopolymer various annealing temperatures (in crossed Nicols). In

� gures (a) and (b), good LC alignment was observedfor N-(phenyl)maleimide materials.
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4. Conclusion
We have studied the synthesis of photopolymers based

on N-(phenyl )maleimide, and investigated LC alignment
eVects of the photopolymer layers. Good LC alignment
with UV exposure on a PMI5CA layer with a 5-carbon
chain cinnamoyl group was obtained. Good LC align-
ment was also observed upto 150ß C annealing tem-
perature of the layer. The LC aligning ability on the
photopolymer layer based on N-(phenyl)maleimide
depends on the side chain length of the photopolymer.

This University Research Program was supported by
grant No. (2001-145-3) from the Ministry of Information
& Communication in South Korea.
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