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Photo-Alignment Properties of Photo-Crosslinked
Films of Liquid Crystalline Polymers Containing
Chalcone Derivatives

Takashi Mihara
Department of Chemistry, Faculty of Science, Science University of
Tokyo, Shinjuku-ku, Tokyo, Japan

Side-chain polymethacrylates, side-chain polyimides, and main-chain polyimides
containing chalcone derivatives were synthesized in order to investigate the photo-
alignment behavior of liquid crystalline (LC) molecules in the LC cell fabricated
from the polymer film irradiated with linearly polarized UV (LPUV) light under
different conditions. The side-chain polyimides and the main-chain polyimides
containing the 6FDA (4,40-(hexafluoro-isopropylidene)-diphthalic anhydride)
derivative are soluble in organic solvents and fusible, while the main-chain poly-
imides with the BPDA (4,40-biphthalic anhydride) derivative show only fusibility.
Only the polymethacrylate and main-chain polyimides with the BPDA derivative
demonstrate a smectic A phase. The mixture of 4-cyano-40-n-pentylbiphenyl
(5CB) and dichroic dye was filled in the LC cell. In the LC cell using the
polymethacrylate film irradiated in the LC state and the side-chain polyimide film
irradiated above glass transition temperature, 5CB was easily aligned parallel
to the electric vector of incident LPUV light, while 5CB in the LC cell using the
irradiated main-chain polyimide film was aligned perpendicular to the electric
vector of incident LPUV light.

Keywords: chalcone; liquid crystalline polymer; photo-dimerization; polyimide; smectic
phase

INTRODUCTION

Liquid crystal display(LCD)s require uniform alignment of the LC
molecules on the polymer-coated indium tin oxide (ITO) glass surfaces
for their quality. Rubbing of the polymer-coated ITO glass surfaces has
been mainly employed for the uniaxial orientation of the LC molecules
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on the ITO glass surfaces. However, rubbing has many disadvantages
for LCDs such as generation of electrostatic charge and dust. There-
fore, many alignment methods for LC molecules have been proposed
instead of the rubbing method. Photo-alignment procedure is a
rubbing-free method and is investigated as one of the candidates that
overcome generation of electrostatic charge and dust from the rubbing
process [1,2].

The photo-alignment procedure is based on photochemical reac-
tions such as photo-isomerization [3–5], photo-dimerization (photo-
crosslinking) [6–12] and photo-decomposition [13] as shown in Figure 1.
Generally, the photo-dimerization reaction of photosensitive groups
in the polymer was employed to obtain a stable alignment of low mol-
ecular weight LC compounds. It would be desirable that the photo-
dimerization occurs by the exposure of relatively longer wavelength
UV light to avoid partial degradation of polymer main chain by UV
irradiation [14]. It is well known that the photo-dimerization of
chalconyl moieties takes place by UV irradiation having a relatively

FIGURE 1 Typical photochemical reactions for photo-alignment procedure:
(a) trans and cis isomerization, (b) photo-dimerization of polyvinylcinnamate.

186 T. Mihara

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

 0
9:

18
 2

2 
A

ug
us

t 2
01

2 



longer wavelength. The polymers containing chalcone derivatives
have been studied for the photo-alignment film [14–20].

Alignment of LC molecules would be easily improved by using LC
polymers with surfaces containing a mesogenic group. This idea arises
from the behavior similar to the solubility of the organic compounds,
that is to say, like dissolves like. In this study, we investigate the
photo-alignment properties of the chalcone-based LC polymers in
the film state, as shown in Figure 2. The extent of photo-reaction for
the chalconyl group in the polymers was examined by UV-vis and=or
FT-IR spectroscopy measurements. The LC cell was fabricated from
the LC polymer film irradiated with linearly polarized UV (LPUV)
light under different conditions. A mixture of low molar mass liquid
crystal [4-cyano-40 -n-pentylbiphenyl (5CB)] and a dichroic dye
(M137) was filled in the LC cell fabricated from the irradiated polymer
film. Alignment of the LC molecules is discussed on the basis of the
order parameter calculated from the absorbance of the dichroic dye
in the LC cell.

EXPERIMENTAL

Materials

The chemical structures of the synthesized polymers are shown in
Figure 2. Details of the synthesis of all the polymers are described
in other references [21–24]. Polymers 1 and 2 were synthesized by
radical polymerization [21]. Polymers 3 and 4 were prepared by the
polymer reaction between a soluble main-chain polyimide and chal-
cone derivative [22,23]. Polymers 5 and 6 were obtained by the chemi-
cal imidization of the polyamic acid prepared from an anhydride
compound and a diamine compound containing the chalconyl moiety.
Polymers 7 and 8 were prepared by the thermal curing reaction of
the relative polyamic acids [24]. Thermal properties and molecular
weights of the polymers are summarized in Table 1.

Characterization

UV-vis spectroscopy measurements were carried out using a Hitachi
U-3410 spectrophotometer. FT-IR measurements were carried out
using a JEOL JIR-7000 with an infrared microscope unit.

Linearly Polarized UV Irradiation

Polymers 1 and 2 in the film state were irradiated with linearly
polarized UV (LPUV) light under the four following conditions:
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FIGURE 2 Chemical structures of polymers containing chalcone derivative.
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(1) at room temperature after spin-coating, (2) at room temperature
after annealing the spin-coated film in the LC state, (3) in the LC
state, and (4) in the isotropic state. On the other hand, the polymer
3–8 films were irradiated under the three following conditions: (1) at
room temperature after spin-coating, (2) above glass transition
temperature (in the LC state of polymers 7 and 8), and (3) in the
isotropic state of polymer 7. The thickness of the polymer films
was several hundred angstroms. The LPUV light intensity was
1.89–1.90mW=cm2 at 365nm using a 500W super high-pressure
mercury lamp with a glan laser prism and a cut filter (350 nm) as
shown in Figure 3(a).

Alignment of 4-cyano-40-n-pentylbiphenyl (5CB)

A sandwich-type LC cell was fabricated in the parallel fashion using
the polymer films irradiated with LPUV light. A mixture of 4-cyano-
40-n-pentylbiphenyl (5CB) and a dichroic dye (M137, kmax ¼ 640nm)
was injected into the LC cell as shown in Figure 3(b). The thickness
of the LC cell was controlled to 10mm by glass fiber. Alignment of
5CB was investigated on the basis of the order parameter (S) calculated
from the absorbance at 640nm for the dichroic dye, obtained by the
polarized UV-vis spectroscopy measurements [25,26]. The alignment
direction (parallel or perpendicular alignment) of 5CB to the electric
vector of incident LPUV light was investigated using the absorbance

TABLE 1 Thermal Properties and Molecular Weights of Polymers

Polymers Phase transition temperatures=�C Mn Mw=Mn

Polymer 1 g  ����
����!34

31
SmA1  ����

����!196

188
j 27,300 3.7

Polymer 2 g  ����
����!87

78
SmA1  ����

����!165

162
j 3,300 1.2

Polymer 3 Tg; 87 14,000 1.6
Polymer 4 Tg; 81 11,500 2.3
Polymer 5 Tg; 110 42,300 1.7
Polymer 6 Tg; 107 20,600 1.8

Polymer 7 g  ����
����!87

81
Sm  ����

����!229

210
j — —

Polymer 8 g 96 Sm 310a Decomp: — —

g; glassy, Sm; smectic phase, SmA1; smectic A1 phase, I; isotropic phase, Decomp.;
thermal decomposition, Tg; glass transition temperature.

aTemperatures at which 10% weight loss was recorded by TGA measurements.

LC Polymers Containing Chalcone Derivatives 189

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

 0
9:

18
 2

2 
A

ug
us

t 2
01

2 



ratio (AR) of the dichroic dye in the LC cell. AR is defined as follows:

AR ¼ Apara

Aper
ð1Þ

where Apara and Aper indicate absorbance of the dichroic dye in the par-
allel and perpendicular directions to the electric vector of incident
LPUV light, respectively. The parallel or perpendicular alignment of
5CB in the LC cell was estimated by Eq. (1). 5CB in the LC cell was
aligned parallel to the electric vector of incident LPUV light
when AR > 1. On the other hand, when AR < 1, 5CB was aligned
perpendicular to the electric vector. The order parameter (S) of the
LC cell was calculated by the following Eq. (2);

FIGURE 3 Linearly polarized UV light irradiation apparatus (a) and liquid
crystal cell (b).
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S ¼ Alarge � Asmall

2Asmall þ Alarge
ð2Þ

When AR > 1, Alarge and Asmall correspond to Apara and Aper, respect-
ively. On the other hand, when AR < 1, Alarge and Asmall correspond
to Aper and Apara, respectively.

RESULTS AND DISCUSSION

Photoreaction of Polymers in the Film State

The polymers in the film state were irradiated with LPUV light under
different conditions. UV-vis spectra of polymer 8 film irradiated with
LPUV light at 160�C for different irradiation times are shown in
Figure 4. The absorption peak around 320nm decreased with
irradiation time. The peak around 270nm increased with irradiation
time. The wavelength of the peak in the longer wavelength region
was dependent upon the chemical structure of the chalcone derivative.
The same concerning the changes in the UV-vis spectra was observed
for the irradiated films of other polymers [22,23,27]. The peak around

FIGURE 4 UV-vis spectra of the polymer 8 film irradiated with LPUV light
at 160�C under different irradiation time.
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320nm as shown in Figure 4 was assigned to the chalcone derivative.
The peak around 270nm would be attributed to the dimer of the chal-
cone derivative formed by the photo-dimerization [14–16]. The absorp-
tion peak around 320nm was significantly diminished by the LPUV
irradiation for 10–40 seconds. However, a remarkable decrease in
the peak around 320nm was not observed after the LPUV irradiation
above 160–240 seconds.

Photo-dimerization and photo-isomerization are known as a poss-
ible photo-reaction of the photo-reactive molecules like the chalconyl
or cinnamoyl groups. The photo-dimerization of the chalconyl groups
is also supported by the FT-IR measurements. A main photo-reaction
of the chalcone derivative in the polymer film is attributed to the
photo-dimerization on the basis of a decrease in the peak near
985 cm�1 assigned to the olefin C�H out-of plane bending for the trans
chalconyl groups and a shift to the higher wavenumber of the peak at
1665 cm�1 assigned to the ketone group [14]. These results support the
fact that the main photo-reaction of the chalcone derivative in the
polymers was the photo-dimerization and that the LPUV irradiation
did not lead to the photo-decomposition of the polymer’s backbone.

Photoreaction of Polymethacrylates

The extent of photo-dimerization for the chalcone derivative was esti-
mated by the decrease in the absorption peak around 320nm in the
UV-vis spectra. The extent of the photo-dimerization in the LC state
of polymers 1 and 2 was greater than that in the other states, as
described in the experimental section, i.e., the spin-coated film,
annealed film and irradiated film in the isotropic phase [22,23].
Furthermore, the photo-dimerization of polymers 1 and 2 in the LC
state was faster than that in the other states [27]. This indicates that
the thermal motion and the orientation of the chalcone derivative in
the LC state would play an important role in producing larger extent
of photo-dimerization.

Photoreaction of Polyimides

In the case of the side-chain polyimides, the extent of photo-
dimerization above glass transition temperature was greater than
that at room temperature. The extent of photo-dimerization of the
chalcone derivative in the main-chain polyimides irradiated for 360
seconds was investigated by FT-IR. The extent of photo-dimerization
after LPUV irradiation for 360 seconds is summarized in Table 2.
For polymers 5 and 6 that display no mesophases, the extent of
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photo-dimerization of the chalcone derivative above glass transition
temperature was slightly lower than that at room temperature.

The extent of photo-dimerization of the chalcone derivative in poly-
mers 7 and 8 at 160 or 200�C (in the smectic phase) was relatively
high. The relatively high degree of photo-dimerization of the chalcone
derivative in polymers 7 and 8 originates from the thermal motion and
orientation in the smectic phase.

Alignment of 5CB on the Irradiated Polymer Film

Figure 5 shows the angular dependence for the absorption of the
dichroic dye in the LC cell fabricated from the polymer 3 and 8 films
irradiated with LPUV light. Before UV irradiation, absorption of the
dichroic dye was independent of the polarized angle in the polarized
UV-vis spectroscopy measurements. After UV irradiation, anisotropy
of absorption of the dichroic dye was observed. In the case of the LC
cell using the polymer 3 film, the absorption in the direction parallel
to the electric vector of incident LPUV light was greater than that
in the perpendicular direction to the electric vector as shown in Figure
5(a). A similar result was obtained for the LC cell fabricated from the
polymer 1 and 4 films.

The opposite tendency concerning the alignment direction was
detected for the LC cell using the polymer 5–8 films after UV
irradiation as shown in Figure 5(b). The absorption in the perpendicu-
lar direction to the electric vector of incident LPUV light was greater
than that in the parallel direction to the electric vector. These results
show that 5CB is randomly aligned before UV irradiation, and that

TABLE 2 Extent of Photo-Dimerization of Chalcone Derivative in Main-Chain
Polyimides

Polymers Irradiation temperatures=�C extent of photo-reaction=%a

Polymer 5 25 18
160 10

Polymer 6 25 33
160 31

Polymer 7 25 54
160 57
250 90

Polymer 8 25 35
160 77
200 76

aAfter irradiation for 360 s, measured by FT-IR.
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5CB is aligned parallel (side-chain polymers 1, 3 and 4) or perpendicu-
lar (main-chain polymers 5–8) to the electric vector of incident LPUV
light after UV irradiation.

Order Parameter of LC Cell Using Irradiated
Polymethacrylate Film

We calculated the absorbance ratio (AR) and the order parameter (S)
of the dichroic dye according to the equation shown in the experi-
mental section and investigated the alignment of 5CB based on the
AR and S. When AR > 1, 5CB was aligned parallel to the electric
vector of incident LPUV light, while when AR < 1, 5CB was aligned
perpendicular to the electric vector of LPUV light.

In the LC cell fabricated from the polymer 1 film irradiated in the
LC state, AR was about 4.0–4.5 when the irradiation time was 80 or
120 s. S (0.57) of the LC cell using the polymer 1 film irradiated in
the LC state was greater than that under other conditions. These
results show that 5CB is easily aligned parallel to the electric vector
of incident LPUV light in the LC cell using the polymer 1 film irra-
diated in the LC state. Uniaxial alignment of 5CB was achieved using
the polymer 1 film where the photo-induced anisotropy was generated
by the orientation of both the non-reacted side chains and dimerized
moieties in the same direction [27].

FIGURE 5 Angular dependence for absorption of dichroic dye in the LC cell
fabricated from the polymer 3 (a) irradiated with LPUV light at 130�C for 0 s
(open squares) and for 360 s (filled squares), and from the polymer 8 (b) irra-
diated in the LC state (160�C) for 0 s (open squares) and for 360 s (filled
squares). Arrow indicates electric vector of incident LPUV light.
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AR was about 1 independent of the irradiation time for the LC cell
using the polymer 1 film irradiated in the isotropic state. AR of about 1
can be obtained if Apara was almost equal to Aper. This shows random
alignment or homeotropic alignment of 5CB. We confirmed homeotro-
pic alignment of 5CB by conoscopic observation of the optical
microscopy measurement. In the case of the LC cell using the polymer
1 film irradiated after spin-coating or after annealing, 5CB was
aligned perpendicular to the electric vector of incident LPUV light.
However, S of the LC cell was very low [22,27].

AR of about 1 was observed for the LC cell using the polymer 2 film
irradiated in the LC or isotropic state. The conoscopic observation of
the polarized optical microscopy measurements of the LC cell revealed
homeotropic alignment of 5CB in the LC cell [22].

Order Parameter of LC Cell Using Irradiated Polyimide Film

AR of greater than 1 was obtained for the LC cell using the polymer 3
and 4 films irradiated for more than 160 seconds above glass tran-
sition temperature. 5CB was easily aligned parallel to the electric
vector of incident LPUV light in the LC cell using these polymer films
irradiated above glass transition temperature. S of the LC cell using
these polymer films irradiated above glass transition temperature
were greater than that for the LC cell using the polymer films irra-
diated at room temperature [23].

AR was about 1 for the LC cell using the polymer 5 and 6 films irra-
diated for 0–80 seconds. 5CB in the cell was aligned perpendicular to
the glass substrate coated with the polyimide film. In the case of the
LC cell using these polymer films irradiated over 240 seconds at room
temperature, AR was below 1, and S was greater than that at 160�C.
The LPUV irradiation at 160�C did not result in uniaxial alignment
of 5CB in the LC cell. Lower S of the LC cell (160�C, irradiation for
240 seconds) would originate from no anisotropy induced by the LPUV
irradiation on the surface of the main-chain polyimide film. The use of
these polymer films irradiated for 360 seconds at room temperature
resulted in the perpendicular alignment of 5CB to the electric vector
of LPUV light.

AR of less than 1 was observed for the LC cell using the polymer 7
film irradiated at room temperature over 80 seconds or in the LC state
over 10 seconds. This result shows that 5CB is aligned perpendicular
to the electric vector of LPUV light. In contrast, for the LC cells using
the polymer 7 film irradiated in the isotropic state, AR changed with
irradiation time. The alignment direction of 5CB in the LC cell using
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the polymer 7 film irradiated in the isotropic state was dependent
upon the LPUV irradiation time.

S of the LC cell using the polymer 7 film irradiated in the LC state
was relatively greater than that for the LC cell using the polymer 7
film irradiated under different conditions. This result shows that the
LC state of polymer 7 would play an important role for obtaining the
relatively large S. Large S would be associated with the relatively
large extent of photo-dimerization of the polymer 7 film as shown in
Table 2. However, although the extent of photo-dimerization of the
polymer 7 film irradiated in the isotropic state was larger than that
under other conditions, large S of the LC cell was not obtained. This
result indicates that no uniaxial alignment of 5CB is observed for
the LC cells using the polymer film. Not obtaining uniaxial alignment
would originate from no anisotropy on the surface of the polymer film.
The magnitude of the thermal motion of main chain in the isotropic
state would be greater than that in the LC state. Therefore, the ther-
mal motion of the main chain of polymer 7 in the isotropic state would
interfere with the generation of anisotropy in the polymer 7 film. As a
result, the photo-dimerization of the chalcone derivatives in polymer 7
would isotropically occur in spite of the LPUV irradiation.

Figure 6 shows the relationship between LPUV irradiation time
and AR or S of the LC cell using the polymer 8 film. AR was below 1
and independent of irradiation time or irradiation temperature. 5CB

FIGURE 6 Absorbance ratio (Apara=Aper (a)) and order parameter (b) of the
dichroic dye in the LC cell fabricated from the polymer 8 film irradiated with
LPUV light at 25�C (open circles), at 160�C (filled squares, LC state) and at
200�C (filled circles, LC state).
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in the LC cell was aligned perpendicular to the electric vector of LPUV
light. S was relatively large compared to that for the LC cell using
other main-chain polyimides. The remarkable uniaxial alignment of
5CB was achieved using irradiated polymer 8 film.

S of the LC cell using the polymer 7 and 8 films irradiated at room
temperature for 360 seconds was similar to that at 160�C. In parti-
cular, S of the LC cell using the polymer 8 film irradiated at room tem-
perature was almost the same as that in the LC state, regardless of
irradiation time. The polymer 7 and 8 films were prepared by thermal
curing reaction of each polyamic acid at 200�C. Thermal analysis of
polymers 7 and 8 supported the fact that the polymers exhibited a

FIGURE 7 A possible model of induced anisotropy in the polyimide film
irradiated with LPUV light: (a) before irradiation; arrow indicates the electric
vector of the incident LPUV light, and (b) after irradiation; arrow indicates the
alignment direction of LC molecules.
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smectic phase at 200�C. Therefore, two processes concerning the imidi-
zation of polyamic acids and annealing in the LC state of the resulting
polyimides would occur at the thermal curing temperature (200�C).
The orientation of the mesogenic groups would be locked-in below
glass transition temperature of the polyimides obtained by the ther-
mal curing reaction. Therefore, the orientation of the mesogenic
groups in the polyimides obtained by the thermal curing reaction
would be related to large S of the LC cell using the polymer 7 and 8
films irradiated at room temperature.

We speculate about the possible model concerning perpendicular
alignment of 5CB as shown in Figure 7. The chalcone moiety whose
long axes are parallel to the electric vector of LPUV light would prefer-
entially react. As a result, the non-reacted chalcone derivatives in the
main-chain polyimides are aligned perpendicular to the electric vector
of incident LPUV light. The dimer of the chalcone derivative would not
form the anisotropic shape. Therefore, anisotropy in the main-chain
polyimide films would originate from the non-reacted chalcone deriva-
tive. It is well known that the photo-alignment properties of the
polyimides are based upon photo-decomposition of the main chain of
polyimides [13]. However, we were not able to detect any remarkable
changes in the peaks due to the photo-decomposition of the main
chains of the polyimide in FT-IR spectra after LPUV irradiation.
Therefore, the photo-alignment mechanism of the chalcone-based
polyimides is related to the photo-dimerization of the chalcone

TABLE 3 Order Parameter of Dichroic Dye in the LC Cell before and after
Annealing

Order parametera

Polymers Irradiation temperature=�C Before annealingb After annealing

Polymer 5 25 0.49 0.35
Polymer 6 25 0.72 0.36
Polymer 7 25 0.58 0.58

160 0.56 0.58
Polymer 8 25 0.69 0.67

160 0.65 0.63
200 0.65 0.66

aOrder parameter (S) is calculated from the following equation; S ¼ (Alarge�
Asmall)=(2AsmallþAlarge). Absorbance ratio (AR) is defined as Apara=Aper. Alarge
and Asmall are Apara and Aper, respectively, when AR > 1. While Alarge and Asmall
are Aper and Apara, respectively, when AR < 1.

bAfter irradiation for 360 s.
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derivatives in the polyimides. Furthermore, the LC state also deeply
affects the photo-alignment properties of the polyimides.

We investigated thermal stability of the alignment properties of the
main-chain polyimide film in the LC cell. We employed the LC cell
using the main-chain polyimide films irradiated for 360 seconds in
the LC state or at room temperature, because relatively large S was
observed for the LC cell. After each LC cell was left for 15 minutes
at 200�C, we examined S of each LC cell at room temperature. S before
and after annealing of the LC cell at 200�C are summarized in Table 3.
S of the LC cell using the irradiated polymer 5 film or the irradiated
polymer 6 film decreased after annealing. In contrast, after annealing
of the LC cell using the irradiated polymer 7 and 8 films, S of the LC
cell did not change. Uniaxial alignment of 5CB in the LC cell was still
maintained. The LC state and rigid chemical structure of polymers 7
and 8 containing biphenyl units would be important for the thermal
stability of uniaxial alignment of 5CB.
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