
This article was downloaded by: [University of California, San Diego]
On: 09 August 2012, At: 14:21
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
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Novel Photocrosslinking
Polymers for Liquid Crystal
Alignment
Dong Kyo Seo a , Oh Hyun Sung a , Seung Hyun Cho a

, Jun Young Lee a , Whan Gun Kim b & Ki Gook Song c
a School of Applied Chemistry and Chemical
Engineering, Sungkyunkwan University, Suwon, Korea
b Department of Applied Chemistry, Seokyeong
University, Seoul, Korea
c Department of Chemical Engineering, Kyunghee
University, Yongin, Korea

Version of record first published: 12 Mar 2007

To cite this article: Dong Kyo Seo, Oh Hyun Sung, Seung Hyun Cho, Jun Young Lee,
Whan Gun Kim & Ki Gook Song (2007): Novel Photocrosslinking Polymers for Liquid
Crystal Alignment, Molecular Crystals and Liquid Crystals, 463:1, 193/[475]-199/[481]

To link to this article:  http://dx.doi.org/10.1080/15421400601027924

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.

http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400601027924
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
4:

21
 0

9 
A

ug
us

t 2
01

2 



Novel Photocrosslinking Polymers for Liquid Crystal
Alignment

Dong Kyo Seo
Oh Hyun Sung
Seung Hyun Cho
Jun Young Lee
School of Applied Chemistry and Chemical Engineering,
Sungkyunkwan University, Suwon, Korea

Whan Gun Kim
Department of Applied Chemistry, Seokyeong University,
Seoul, Korea

Ki Gook Song
Department of Chemical Engineering, Kyunghee University,
Yongin, Korea

Photocrosslinking polymers with optical anisotropy, which may be applied as the
alignment layer for liquid crystal display (LCD), were synthesized through reaction
between an epoxy compound and several kinds of cinnamic acids. The photocros-
slinking polymer film was formed by spin-coating and then exposed to linearly
polarized UV light. The optical anisotropy of the polymer film caused by the selec-
tive cycloaddition of the cinnamate groups was confirmed from the polarized UV-vis
spectra. The polymer films irradiated by unpolarized UV light exhibited isotropic
absorbance in the polarized UV-vis spectra, while the polymer films irradiated by
the polarized UV light showed anisotropic absorbance. We also confirmed the photo-
crosslinking polymer film could align liquid crystal (LC). LC cell fabricated using
the polymer films irradiated by linearly polarized UV showed anisotropic trans-
mission of the polarized visible light, while the cell fabricated using the polymer
films irradiated by unpolarized UV exhibited isotropic transmission.
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INTRODUCTION

Although the conventional rubbing technique has been widely used for
the liquid crystal (LC) alignment, it has several problems such as the
dust and static charge accumulation due to the mechanical contact of
rubbing cloth. Moreover, the general trend to achieve high perform-
ance for LCD applications requires surface anchoring conditions that
cannot be provided by a traditional rubbing method. For example,
wide viewing angles can be achieved using multiple director orienta-
tions within a given pixel [1]. Among non-contact techniques to over-
come the problems, photo-alignment method is one of the promising
techniques [2]. Poly(vinyl cinnamate) (PVCN) derivatives are the
most-well known materials which can align LC in the direction per-
pendicular to the polarization direction of the light [3–8]. One of the
drawbacks of PVCN was found to be the lack of thermal stability
due to low glass transition temperature.

In this study, we report the design and synthesis of novel photocros-
slinking polymers with optical anisotropy. We investigated photocure
reaction of the cinnamate double bond of the polymer film using UV-vis
spectroscopy. The optical anisotropy of the polymer film and LC align-
ment behavior were studied by the polarized absorption spectroscopies
and their thermal stability of optical anisotropy was also studied.

EXPERIMENTAL

We synthesized the photocrosslinking polymers (YDCN=CA) con-
taining cinnamate derivatives through the simple reaction between
a commercial epoxy compound (YDCN) and various kinds of cinnamic
acids. Figure 1 shows the typical synthesis scheme of the photocros-
slinking polymer and the structures of the epoxy resin and cinnamic
acids. The reaction was carried out using tetramethyl ammonium
chloride (TMAC) as a catalyst in the methyl ethyl ketone (MEK) at
80�C for 120 hours. We confirmed the chemical structures of the photo-
reactive polymers using 1H-NMR and FT-IR spectroscopies.

The photoreactive polymers were completely dissolved in the sol-
vent such as monochlorobenzene, tetrahydrofuran, MEK or toluene.
The solution was filtered through 0.2 mm membrane filter and spin-
coated on a quartz substrate. The polymer film was then dried at
70�C for 30 minutes, leading to an excellent quality of film with a
thickness of about 1mm. Photocuring of the polymer films was car-
ried out by exposing them to 254 nm UV light with the intensity
of 9 mW=cm2 on the surface of the film. Photocuring behaviors of
the YDCN=a-phenyl cinnamic acid (YDCN=a-PCA), YDCN=a-methyl
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cinnamic acid (YDCN=a-MCA), YDCN=4-hydroxy cinnamic acid
(YDCN=4-HCA) and YDCN=3-hydroxy cinnamic acid (YDCN=3-HCA)
double bonds were studied by monitoring the absorbance change at
288 nm, 274 nm, 314 nm, and 276 nm in UV-vis spectra of correspond-
ing cinnamate groups, respectively.

The photocrosslinked polymer film with optical anisotropy was
obtained by exposing the film to the linearly polarized UV light (LPUV).
The optical anisotropy of the polymer film was investigated by monitor-
ing the absorbance change of the film during rotating the film in
polarized UV-vis spectroscopy. The LC cell was constructed with two
polymer-coated glass plates after LPUV-exposure. In order to monitor
LC alignment, nematic liquid crystal (E7:Merck) was inserted into
the LC cell by capillary action with methyl violet as a probing dye at
65�C and then slowly cooled to room temperature. LC alignment in the
cell was measured by monitoring the transmittance change of the line-
arly polarized He-Ne laser beam (632.8 nm) during rotating the LC cell.
We also studied thermal stability by observing the change of anisotropy
after isothermal heating at different temperatures for 10 minutes.

RESULTS AND DISCUSSION

We confirmed the chemical structures of the photocrosslinking polymers
containing various kinds of cinnamate groups by 1H-NMR and FT-IR
spectroscopies. In the 1H-NMR spectra of the Epoxy=CA polymers, the
peak at 2.7 � 2.9 ppm corresponding to the proton of the epoxide ring

FIGURE 1 Synthetic scheme of the photocrosslinking polymers.
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disappeared and new peaks at 5.5 and 6.7 ppm corresponding to the pro-
ton of the cinnamate double bond appeared. In the FT-IR spectra of
Epoxy=CA polymers, new characteristic absorption peaks were
observed at 3200 � 3500 cm� 1 (hydroxyl group), 1720 cm� 1 (carbonyl
group), and 1620 cm� 1 (cinnamate double bond). These spectra con-
firmed the syntheses of the Epoxy=CA with the desired structure.

The UV-vis spectral changes can clearly confirm the photo-dimeriza-
tion of the cinnamate groups as shown in Figure 2(a). The absorbances
of YDCN=3-HCA cinnamate group at 276 nm in both directions parallel
and perpendicular to the polarized direction decreased with LPUV
exposure time. However, it was observed that absorbance in the paral-
lel direction decreased much faster than that in the perpendicular
direction, indicating preferred and selective photo-dimerization of the
cinnamate groups in the polymer by LPUV light. It was also figured
out that photocrosslinking could be completed within 1,200 seconds.
Figure 2(b) shows the dichroic ratio of photocrosslinking polymers with
LPUV irradiation time. Dichroic ratios of the polymer films increased
very steeply with the LPUV light exposure time. In the case of
YDCN=3-HCA, the dichroic ratio reached the maximum at 180 seconds.

The optical anisotropy of the film due to the selective aligned
cycloaddtion of the cinnamate groups in the polymer film was confirmed
by anisotropic absorption of the film in polarized UV-vis spectroscopy as
shown in Figure 3. The polymer film crosslinked by unpolarized UV
exhibited isotropic absorption with the rotating angle of the film in
polarized spectroscopy, while the polymer film crosslinked by LPUV
light showed significantly anisotropic absorption with the rotating
angle. This anisotropic absorption indicates the selective cycloaddition
of the cinnmate groups in one direction.

FIGURE 2 (a) UV-visible absorption spectra of YDCN=3- HCA (0 means par-
allel direction, and 90 means perpendicular direction to polarized direction) and
(b) Dichroic ratios of polymer films bearing various kinds of cinnamate groups.
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We also confirmed that the polymer film crosslinked by LPUV light
could align LC. Figure 4 shows the angular dependent transmittances
of methyl violet (kmax ¼ 546 nm) in LC cells observed by the polarized
visible spectroscopy. The LC cell fabricated using the films crosslinked
by unpolarized UV light exhibited isotropic transmittance with the

FIGURE 3 Circular diagrams of the polymer films exposed to unpolarized
and linearly polarized UV.

FIGURE 4 Angular dependent transmittance of the polarized visible
light through the LC cell fabricated using the films crosslinked by linearly
polarized UV.
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rotating angle of the cell in polarized spectroscopy, while the cell
fabricated using the films crosslinked by LPUV light showed signifi-
cantly anisotropic transmittance with the rotating angle.

Figure 5 shows angular dependent absorbances of the LC cell,
which were measured after isothermal heating at 80, 100 and 120�C
for 10 minutes. Even though, in general, cinnamate group is known
to be a perpendicular director [1,2] as shown in Figure 5(b), the cinna-
mate groups in YDCN=a-PCA and YDCN=a-MCA worked as parallel
director as shown in Figure 5(a). It might be due to the specific struc-
tures with the substitutes located at a-position. YDCN=a-PCA and
YDCN=a-MCA do not seem to have good thermal stability. The poly-
mers completely lost their anisotropic absorption characteristics upon
heating even at 100�C as shown in Figure 5(a). However, YDCN=3-
HCA exhibited excellent thermal stability up to 120�C, displaying little
loss of the anisotropic behavior.

CONCLUSIONS

We designed and synthesized photocrosslinking polymers with optical
anisotropy, which may be applied as the photoalignment layer for
LCD. The optical anisotropy of the polymer film caused by the selec-
tive cycloaddition of the cinnamate groups was confirmed from the
polarized UV-vis spectra. The polymer films irradiated by the polar-
ized UV light showed anisotropic absorbance in the polarized UV-vis
spectra. It was also confirmed that the polymer films crosslinked by
linearly polarized UV light could align LC. LC cell fabricated using
the polymer films irradiated by linearly polarized UV light showed
anisotropic transmission of the polarized visible light. The polymer
films crosslinked by LPUV light maintained the angular dependent

FIGURE 5 Circular diagram of methyl violet absorbance (kmax ¼ 546 nm) in
LC cell fabricated with (a) YDCN=a-PCA and(b) YDCN=3-HCA.
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absorption behavior even after heating at 120�C, implying good
thermal stability. We, therefore, consider the photocrosslinking poly-
mers synthesized in this study can be applied to the photoalignment
layer.
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