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Absiract : We synthesized three methacrylate monomers containing chalcone moiety, mesogenic unit,
and p-methoxyazobenzene chromophore, respectively. Copolymers and homopolymer were prepared
using those monomers. Trans-to-cis pholoisomerization was observed under the exposure of UV light
using UV-Vis absorption spectroscopy. The kinetic study of trans-to-cis photoisomerization was per-
formed in three different polymers. Reorientation of polar azobenzene molecules induced optical anisot-
ropy under a linearly polarized light at 365 nm. Azobenzene unit underwent photoisomerization and
photodimerization can be achieved in chalcone moieties under the same range of wavelength of light,
Recrientation of azobenzene molecule was observed followed by photodimerization of chalcone moi-
eties. Regarding the optically induced birefringence, the temporal stability was monitored without excita-
tion light. Effect of mesogenic group and photodimerization on the temporal stability of photoinduced

birefringence was studied.

Introduction

Azobenzene containing polymers were found to
possess unigue optical properties.” There is con-
stantly increasing attention in the field of optical
data storage and holographic applications. Opti-
cally induced anisotropy is very promising prop-
erty to be employed for optical information
storage and erasing. The mechanism of writing
information involves photoinduced excitation of
the azobenzene group which undergoes trans-cis-
trans isomerization. This phenomenon was atirib-
uted to reorientation of azobenzene molecules.

The photoinduced trans-cis isomerization of
azobenzene and its derivatives has been studied
in amorphous and liquid crystalline polymers™”
The type of optically induced isomerization is also
of particular interest because the induced changes
in molecular orientation of polar azobenzene moi-
ety can affect the surrounding molecules. In addi-
tion, the induced birefringence and dichroism that
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result from molecular reorientation could poten-
tially be used to investigate the chain motion of
polymer and environment in the vicinity of the
azobenzene molecules.

If the polymer film is subjected to a linearly
polarized light of an appropriate wavelength, the
azobenzene molecules that have a transition
dipole (Ap) component in the polarization direc-
tion of the pump beam can be readily photo-
isomerized to the cis form. Through a thermal
effect or exposure to light, some molecules in the
cis form can revert back to the trans form,
although a given molecule may not be necessarily
converted to the initial molecular orientation.
After several repetitive photoexcitation and iso-
merization cycles, the azobenzene molecules with
transition dipole moments perpendicular to the
polarization direction of the excitation light can be
stabilized to new molecular direction. The azoben-
zene molecules placed in the perpendicular direc-
tion of polarization of pump light cannot interact
with the excitation lighi and therefore become
inert to the pump beam. The anisotropic molecu-
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lar distribution gives rise to birefringence and
dichroism in the film. In the respect of the stability
of writing information, many researchers made
attempts to prepare high T, polymers bearing an
azobenzene unit. In our previous study, high T,
polymer showed, of course, the better stability
than that in low T, polymer. The rates of writing
and erasing were the problem to be improved in
that case. The growth rate in high T; polymer is
generally smaller than that in low T, polymer.
Therefore, we prepared the new copolymer
whose growth rate is very large and then the
reorientation was stabilized due to the increase of
the matrix density. The matrix density was partly
controlled by photodimerization between the dou-
ble bonds in chalcone moieties, Chalcone has
been found ic be dimerized under UV irradiation,
whose absomption maximum was cbserved around
335 nm. Also the azobenzene chromophore
showed the highest absorption around 365 nm
which is assigned to be 1—nt* transition.

Usually, the induced birefringence increases
under the light with the wavelength at which the
absorption appears. Without light, the birefrin-
gence will relax either fast or slow, which depends
on the geometry of polymer component. The
time required to reach maximum birefringence is
expected to depend on the structure, polarity,
environment of azobenzene molecules, the thick-
ness of the film, the wavelength of the excita-
tion light and intensity. Additionally, the photoin-
duced birefringence is related to the structure of
azo chromophore, the type of the polymer back-
bone, and the interaction between azobenzene
dipoles.***

In this study, we synthesized three different
types of polymers bearing the same p-methoxy-
azobenzene malecule in the side chain. We inves-
tigated the temporal stability of induced birefrin-
gence turning off the excitation light after reaching
the maximum value. We compared the temporal
stabitity of photoinduced birefringence of copoly-
mer with chalcone moiety with that of the poly-
mer without it at room temperature.

Experimental

Synthesis of Monomers.
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4-Methoxyphenyl 4-Methacryloyloxyhexy-
loxy Benzoate (MMHB) (M-I): [t was synthe-
zed by following the method of Horvath et al.”
using 4-hydroxybenzoic acid as the starting mate-
rial.

'H-NMR (200 MHz, DMSQ-dy): 8(ppm) 8.01 (d,
2H, aromatic), 6.9-7.1 (m, 6H, aromatic), 5.99 {s,
1H, in CH;=), 5.63 (s, 1H, in CH.=), 4.08 (d,
4H, 2(0-CH.)}, 3.74 (s, 3H, Ar-OCHs), 1.85 (s,
3H, aC-CHs), 1.39-1.72 (m, 8H, in-(CHzjs-).

Anal. Caled. for CuHaOs: C, 69.89, H, 6.84
Found: C, 69.51, H, 7.15.

4-Methoxy-4-Methacryloyloxy Hexyloxy Azo-
benzene (MMHA)(M-II): 4-Methoxy aniline
was diazotized by standard technique and reacted
with phenol at 0-5°C over 48 hours. The product
was purified by recrystallizing from the aqueous
ethanol solution (H:O:Ethanol=3:2, v/v)}. The azo
compound thus formed was reacted with 6-
chloro-1-hexanol to attach the spacer unit. In a
typical composition, 0.01 mole of azo compound
was reacted with 0.02 mole of 6-chloro-1-hexancl
in the presence of potassium carbonate and pota-
ssium iodide in dimethylformamide (DMF}. The
mixture was stirred for 20 hours at 90°C. The
solution was cooled to room temperature and
the residue was removed by filtration. Recrystalli-
zation from the ethanol solution purified the
product, 4'-(6-hydroxyhexyloxy)-4-methoxyazo-
benzene (HHMA). HHMA was reacted withmeth-
acryloyl chloride (mole ratio 1:1.3} in the pres-
ence of triethylamine in tetrahydrofuran (THF) for
24 hours at 60°C. The solution was cooled and
excess methylene chloride was added. Repeated
extractions were carried out with distilled water.
The organic layer was separated and dried over
anhydrous sodium sulfate. The solvent was evap-
orated under vacuum. Recrystallization from the
ethanol solution purified the crude monomer.
Yield. 60-65%.

'H-NMR (200 MHz, DMSO-ds): 8(ppm) 7.89
(m, 4H, aromatic), 6.98 (d, 4H, aromatic), 6.11
(s, 1H, in CH.=), 5.58 (s, 1H, in CH:=}, 4.21 {1
2H, -CH,-0 ), 4.08 (t, 2H, O-CH:-), 3.85 (s, 3H,
Ar-OCHz}, 1.95 (s, 3H, aC-CHs), 1.32-1.57 (m,
8H, in -(CH:)s-).

Anal. Caled. for CHpsOuNg: C, 69.68, H, 7.11
Found: C, 70.32, H, 7.26.
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2.Methylacrylic Acid 4-(3-oxo-3-phenyl-
propenyl)phenyl Ester (M-III): 4-Hydroxychal-
cone and M-Il were prepared following the
known method.™

'H-NMR (200 MHz, DMSO-ds}: 8(ppm) 8.05 {d,
2H, aromatic), 7.43-7.85 (m, 5H, aromatic,
-CH=CH-), 7.23(d, 2H, aromatic), 6.41 (s, 1H,
in CH:==), 5.80 (s, 1H, in CH:=), 2.08 (s, 3H,
aC-CHa).

Anal. Calcd. for CioHisOs: C, 78.07, H, 5.51
Found: C, 78.75, H, 6.02.

Synthesis of Polymers: Monomer 1 (M-I),
monomer I (M-I}, and monomer III {M-IIl) were
dissolved in freshly distilled N-methylpyrrolidone
(NMP) to a concentration of 0.3 mole/L. The
solution was transferred into a two-necked flask
and placed in a thermostated oil bath maintained
at 70°C. The solution was freed from oxygen by
purging argon gas for 2 hours. Azobisiscbutyroni-
trile (AIBN) (2 mole% with respect to total mono-
mer) was added in two equal installments at an
interval of 24 hours. The solution was stirred for
72 hours, cooted to room temperature, and then
poured in hot ethanol. The yellow solid was fil-
tered and then reprecipitated from THF solution
into n-hexane/diethyl ether {4:1, v/v). The pure
copolymer (CP-1I} was finally dried for 48 hours at
60°C under vacuum. Homopolymer 1 (HP-I} and
copolymer [ {CP-I} were also prepared by the sim-
ilar method.

Characterization

NMR Spectroscopy. Proton NMR spectra
were recorded on Varian 200 NMR spectrometer
using tetramethylsilane as an internal standard
and DMSO-d; as a solvent.

UVNis Spectroscopy. Hewlett Packard
(model 8453) spectrophotometer was utilized to
record the UV/VIS absorption spectra. The sam-
ples in a quartz ampoule were irradiated with a
high pressure mercury lamp (1 kW) equipped
with a liquid optical cable and band pass filter for
investigating photoisomerization and photodimer-
ization.

Gel Permeation Chromatography. The num-
ber average molecular weight {M,) and molecular
weight distribution were determined by using
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Waters gel permeation chromatograph (model
440} attached with 410 diffraction refractometer.
Spectral grade THF was used as the solvent and
molecular weight calibration was done using poly-
styrene standard.

Differential Scanning Calorimetry. Glass
transition temperatures were measured using a
differential scanning calorimeter {Perkin Elmer,
DSC 4] at a scan rate of 10°C/min under nitrogen
atmosphere. Both heating and cooling scans were
repeated three times.

Photoinduced Birefringence. The change in
transmittance of the He-Ne laser through the film
between crossed polarizers is recorded as a func-
tion of time after irradiation of UV lamp (8 W,
A=365 nm, intensity 50 mW/cm’). The light
intensity reported herein was measured using
broadband power/energy meter (model 13PE-
MO001, Melles Griot).

He-Ne laser (—10 mW) at 632 nm was used as
a probe light to measure the power which is trans-
mitted. Optical anisotropy was induced in the
polymer film using a polarized UV light at a polar-
ization angle of 45° with the respect to the polar-
izer direction. The wavelength of the pump beam
is in the absorption range of the copolymers. The
transmittance was detected with a photodiode
detector (New Port 818-SL). The transmitted sig-
nal I{t) due to birefringence can be shown to be
proportional to sin’(x d An/A) where d and An are
thickness and birefringence of the film, respec-
tively. [ is the wavelength of the probe beam {He-
Ne laser radiation at 632 nm). We measured the
thickness of the films using Tencor P10 to convert
from transmittance to birefringence using the fol-
lowing equation {1).

An=[A, /md] aresin [{(t)/ 1.)°7] (1)
Results and Discussion

Structures of synthesized polymers are depicted
in Figure 1. Copolymer [ {CP-I} consists of M-I
and M-I units, whereas copolymer Il (CP-II) con-
sists of M-I, M-I, and M-Il units. Homopolymer
was also prepared only with M-II. Two copoly-
mers are yellow in color and well soluble in
organic solvents such as tetrahydrofuran, dimeth-
yviformamide, chloroform, acetone etc. Table I
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Figure 1. Structures of synthesized polymers used in this study.

Table I. Compositions, Glass Transition Tempera-
tures, and Molecular Weights of Polymers Used in

This Study
Feeding Mole Resultant Mole o
Ratio {x: v:z) Ratio (x: y: 2) T.(C) M,
CP-1 0:31 0:4:5:1 76 7,620
CPRlI 1:8:25 1:1.5:05 48 8270
HP 0:0:1 0:0:1 65 5,560
1.2-

Absorbance

L g aiiiie
300 350 400 450 500 550 600

Wavelength(nm}

Figure 2. The change of UV-Vis absorption spectrum of
CP-l under UV exposure.

gives monomer feeding ratio, copolymer compo-
sition, glass transition temperature {T;), and mo-
lecular weight (M,).

Photoisomerization and Photodimeriza-
tion Behavior. CP-I, HP-1 and CP-ll were found
to undergo isomerization under irradiation with a
UV source. In order to observe the trans-cis iso-
merization, we irradiate the excitation light to the
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Figure 3. The change of UV-Vis absorption spectrum of

CP-II under UV exposure,

sampie. In Figure 2, 3, and 4, we presented the
hange of UV-Vis absorption spectra of CP-1, CP-II,
and HP-[ with the exposure time. In order to com-
pare the rates of isomerization in three polymers,
we set the same distance between the sample and
the high pressure Mercury lamp. The light was
isolated with the 325 nm bandpass filter (A= 260-
380 nm, light intensity 2.5 mW/cm’). The spec-
trum was taken at 1 second intervat. Commonly,
the absorbance {m—n* transition) at 365 nm is
reduced while the absorbance {(n—z* transition) at
450 nm increased during irradiation, as trans
form gradually isomerizes to cis form, CP-II exhib-
its a UV absorption band between 310 and
320 nm due to 7~7* transition of ethylenic bond
of the pendent chalcone moiety. In CP-II as the
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Figure 4. The change of UV-Vis absorption spectrum of
HP-I under UV exposure.
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Figure 5. Change of the absorbance at 365 and
315 nm in polymers with the UV exposure time.

photoisomerization proceeded, the decrement of
absorption intensity at 315 nm was observed.
This is due to the opening of double bend in
chalcone moiety. Since the 2n+2n cycloaddi-
tion destroys conjugation in the entire n-electron
systemn, the UV absorption intensity decreases
with irradiation time.

In Figure 5, the rate of decrease of abscrption
intensity at 315 is much smaller than that at
365 nm. This implies that the photodimerization
followed the photoisomerization. It was figured
out that photodimerization is much slower than
photoisomerization in CP-I under the UV expo-

Korea Polym. J., Vol. 7, No. 3, 1999

0.07 ‘ |

UVon «————(V off

0.06 -

Birefringence(4n)
(=)
2
-
iy

T - L . e J
0 200 400 600 800 1000 120C 1400

Time (sec)
Figure 6. Growth and decay of birefringence on CP-l
film: {a) The writing beam is turned on. (b} The writing
beam is turned off. *Pump beam intensity 50 mW/er®,
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Figure 7. Growth and decay of birefringence on HP-l
film: {a) The writing beam is turned on. (b) The writing
beam is turned off. *Pump beam intensity 50 mW/enm’.

sure. When we compare the rate of photoisomer-
ization from trans-to-cis form in three polymers,
they are very similar to those in CP-I and HP-I
(see Figure 5). However, in CP-II, photoisomeriza-
tion is faster than those in CP-I and HP-I. This is
due to the dilution effect from M-III, lower molec-
ular weight, and lower concentration of azoben-
zene unit.

Phoioinduced Birefringence. Growth of
birefringence and its relaxation in CP-I, HP-], and
CP-Il are presented in Figure 6, 7, and 8, respec-
tively. The sample is initially homogeneous and
optically isotropic, No transmission of the probe
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Figure 8. Growth and decay of birefringence on CP-II
film: {a) The writing beam is turned on. (b} The writing
beam is turned off. *Pump beam intensity 50 mW/cm?’.

beam is detected through the crossed polarizers.
The thicknesses of the films of CP-1 ,CP-Il, and
HP-1 were determined to be 0.24, 0.18, and 0.20
mm, respectively by using Tencor P10. Optical
anisotropy is induced by exposure to a linearly
polarized UV light (A~365 nm). The excitation
beam is polarized at 45° with respect to the polar-
izer axis. When optical anisotropy is induced in
the polymer film, the probe light is partially trans-
mitted through the optical setup and transmit-
tance reaches to the maximum level. At the
second stage, the excitation light is turned off and
the transmittance was observed to decrease to a
certain level. This shows that the induced optical
anisotropy is not completely retained after excita-
tion with a linearly polarized light. We can evalu-
ate the temporal stability of birefringence in terms
of the rate of relaxation and its residue. In growth
of birefringence, fast mode and slow mode can be
classified after analyzing the behavior. Fast mode
of growth is mainly attributed to the reorientation
of azobenzene molecules forced by side chain
mobility and slow mode is partly due to the main
chain motion. In decay of birefringence, fast and
slow modes are all ascribed to the inherent prop-
erties of polymers.

As is expected, HP-I showed highest birefrin-
gence among three polymers, which is attributed
to highest concentration of azobenzene unit. In
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Figure 9, Change of infrared spectrum of CP-II before
and after UV exposure. *Exposure time: 30 minutes.

CP-], the growth and decay of birefringence are
similar to those in HP-I,

In CFI, chalcone unit can act as a crosslinking
unit during UV irradiation, Photoisomerization is
proved to be much faster than photodimerization
(see Figure 5). Then, without light, the relaxation
behavior is almost similar to all three polymers
after exposure for same period of others. How-
ever, in this case, we continue to irradiate the
UV light another 1 hour when the birefringence
reached to the highest level. During this period of
exposure, the photodimerization can be expected
to be performed inside the matrix.

According to the infrared spectra of CP-Il before
and after UV exposure for 30 minutes, we could
observe the change of the unsaturated carbonyl
stretching to saturated carbonyl stretching mode.
They showed strong absorption bands at 1728
and 1663 cm” due to ester and ketone carbonyl
stretchings, respectively. The absorption band at
1663 cm’ (a) was shifted to 1675 cm’ (b) after
exposure to UV light (see Figure 9), At the same
time, the absorbance at 1604 ¢cm'® (c) due to
stretching vibrations of the ethylenic double bond
of pendent chalcone moiety disappeared with the
increase of the UV exposure time. Aromatic dou-
ble bond stretching bands generally appears at
1605, 1593, and 1505 cm'. The remaining
absorbance at 1604 cm™ is assigned to be double
bond stretching in phenyi group. With increase of
exposure time, the absorbance at 1604 cm® did
not change any more. Therefore, resulting from
UV-Vis absorption and infrared spectroscopy, we
could confirm the formation of cyclobutane by

Korea Polym. J., Vol. 7, No. 3, 1999
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2n+2n cycloaddition under UV exposure.

The structural difference in two copolymers
(CPl and CPII} is whether M-Il exists in the
copolymer structure or not. In the case of CP,
the rate of relaxation is larger than that in CP-I
and residual birefringence is also smaller. This
indicates that the formation of cyclobutane is pro-
viding more steric hindrance to the side chain in
CPIl. The activation energy to disrupt the reori-
entation and local ordering of azobenzene mole-
cules is thought to be much higher than that in
CP-1. The remainder of birefringence is much lar-
ger than that in CP-I after same period have
passed. In HP:1, the decaying is slightly faster than
that in CP-1I arising from larger extent of azoben-
zene molecule. Although the data of birefringence
were hard to be fitted to theoretical equation, we
could compare the residual birefringence after
passing for same period. After storing for 500 sec
at room temperature without excitation light, 63%
and 56% of maximum birefringence were observ-
ed in CPJ and HP- respectively. In CP-Il, we
could observe 84% residual birefringence even
after 8000 seconds without excitation light. There-
fore, we could perform photoisomerization and
photodimerization under same range of waveleng-
th (315-365 nm) of excitation light and improve
the temporal stability of induced birefringence
introducing the chalcone moiety in the copolymer
structure. However, the reorientation of azoben-
zene molecule was not fully locked under this
strategy because the chalcone reacted with non-
photoisomerizable unit themselves. We will pur-
sue to photo-react the chalcone unit with the side
chain bearing the azobenzene unit for much
improvement of optical anisotropy.

Conclusion
We synthesized three different types of polymer
bearing an azobenzene chromophore in the side

chain. All polymers contain p-methoxyazoben-
zene molecules in the side chain. Trans-to-cis
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photoisomerization was clarified under the expo-
sure of UV light with the UV-Vis absorption spec-
troscopy. Optical anisotropy can be induced
under exposure to a linearly polarized UV light.
We investigated the photoisomerization and pho-
todimerization behaviors in copolymer Il (CP-II)
bearing mesogenic group, chalcone, and p-meth-
oxyazobenzene. 2r+2x cycloaddition provides
strong aid to improve the temporal stability of
induced birefringence.
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