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We synthesized the photoresponsive side chain polvmers containing aminonitro azobenrzene for studying the
clfcet of tlemperature on photoinduced bircfringence. Four different copoly mers were prepared using mcethacry -
late. ae-mcthy Istyrene. and flaconatc monomger, Photoisomerization was observed under the exposure of UV
light using UV-VIS absorpiion speciroscopy. Reoricntation of polar azobenzene molecules imnduced optical
anisotropy under a lincarly polarized light at 532 nm. The change of the birclringence was observed with in-
creasing the sample (cmperature under a continuous irradiation of excitation light. We could ¢stimate the acti-
vation cnergy of molecular motion in thermal and photochemical mode, Besides the cffect of glass transition
fcmperaturc on the activation encrgy. we [ocused our intcrests on the effect of geometrical hindrance of polar
azobenzene molecules and cooperative motion of environmental mesogenic molecules in the vicinity of polar

azobenzene molecules.

Introduction

Polymers containing an azobenzene moiety were highly
attractive to investigate their unique optical and photochemi-
cal properties. ' Besides the research in the direction of non-
linear optical properties. there is constantly increasing
attention in the field of optical data storage and holographic
applications. Photoinduced anisotropy is very promising
property to be employed for optical information storage and
erasing. The mechanism of writing information involves
photoinduced excitation of the polar azobenzene group.
which undergoes trans-cis-trans isomerization. This phe-
nomenon was attributed to photoinduced anisotropy after
reorientation of azobenzene molecules.

The photoinduced trans-cis isomerization of azobenzene
and its derivatives has been studied in amorphous and liquid
crystalline polymers.®!“ The tvpe of optically induced iso-
merization is also of particular interest because the induced
changes in molecular orientation of polar azobenzene moi-
ety can affect the swrrounding molecules. In addition. the
induced birefringence that results from molecular reorienta-
tion could potentially be used to investigate the molecular
motion in polymer matrix and environment in the vicinity of
the polar azobenzene molecules.

In the guest-host system. azobenzene guest molecules that
have the structure of trans form are randomly oriented
throughout the film. If the polymer film is then subjected to
a linearly polarized light of an appropriate wavelength. the
azobenzene molecules that have a nonvanishing transition
dipole (Aff) component in the polarization direction of the
pumip beam can be photoisomerized to the ¢is form. After
several repetitive photoexcitation and isomerization cyvcles.
an excess of azobenzene molecules with transition dipole
moments perpendicular to the polarization direction of the
excitation light can be stabilized to new molecular direction.

The azobenzene meolecules placed in the perpendicular
direction of polarization of pump light cannot interact with
the excitation light and therefore become inert to the pump
beam. The polvmer matrix that was isotropic becomes
anisotropic after irradiation under the excitation light. This
behavior can be observed both in amorphous and liquid
crystalline polymers. The anisotropic polar molecular distri-
bution gives rise to birefringence and dichroism in the film.
This phenomenon is strongly dependent on the molecular
motion of azobenzene in the polymer matrix. During contin-
uous irradiation at room temperature, molecular reorienta-
tion can be sustained in a locally ordered domain. However.
increasing the sample temperature. thermal energy activates
the fixed molecule to randomize and the optical anisotropy
vanishes.

Usually. the induced birefringence increased under the
light with the wavelength around A.... Without light. the
birefringence will relax either fast or slow. which depends
on the polymer structure. Since the relaxation behavior of
induced birefringence depends on the mobility of the side
chain and the main chain. we can have inforinations how the
molecular motion was performed with the change of the
temperature. Therefore, in order to investigate the therinal
effect on the molecular motion. we have to fix the molecular
reorientation under a continuous irradiation of the excitation
light. The time required to reach maxinmium birefringence is
expected to depend on the structure. polarity. enviromment of
azobenzene molecules. the thickness of the filin, and the
wavelength of the excitation light. Additionally. the photoin-
duced birefringence is related to the structure of azo chro-
mophore. the type of the polvmer backbone, and the
interaction between azobenzene dipoles. Therefore. photo-
chemical activation energy in each svstem is dependent on
many above structural factors. Photochemical reaction tends
to reorient the molecules to the perpendicular direction of
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the polarization of the excitation light. On the other hand,
thermal energy tends to disrupt the molecular ordering to
make them dispersed in an isotropic state.

In this study, we synthesized four difterent types of copol-
ymer bearing the same aminonitro azobenzene molecule in
the side chain. Afier reaching to the maximum value of bire-
fringence under a linearly polarized excitation light, we
increased the sample temperature during exposure 1o pump
light (532 nm). From the relationship between the biretrin-
gence and sample temperature, we could investigate the
molecular motion arising from the thermal energy. Among
many factors to affect the reorientation of azobenzene mole-
cule, we performed the study on the environmental effect of
polar azobenzene molecules.

Experimental Section

Copolymer 1 (CP 1) and copolymer [[ {CP 1[) were synthe-
sized by following the literature methods!'-'1*

4-Methoxyphenyl-4-methacryloyloxy hexyvloxy benzo-
ate (MMHB) (M-I). It was synthesized by following the
method of Horvath ef al."* using 4-hydroxy benzoic acid as
the starting material. Yield: 56% 'H NMR (200 MHz,
DMSO-dy): 8 (ppm) 8.01 (d, 2H). 7.04 (m. 6H). 5.99 (s, LH).
5.63 (s. 1H). 4.08 (d, 4H). 3.74 (s. 3H), 1.85 (s, 3H). 1.39-
1.72 (m. 8H). Anal. Caled. for Ca3H504: C. 69.89. H. 6.84
Found: C. 69.51,H. 7.19

4-Nitrophenyl azophenyloxy-N-methylhexyl methacry-
late (NAMM) (M-II). This monomer was synthesized in
three steps by using the method described in literature !> 'H
NMR (200 MHz. DMSO-dg): § (ppm) 8.33 {d, 2H). 7.89 (in,
4H), 6.84 (d. 2H). 5.99 (s, 1H), 5.63 (s. 1H), 4.08 (1. 2H), 3.46
(t. 2H). 3.05 (s, 3H), 1.85 (s, 3H). 1.32-1.57 m. 8H). Anal.
Caled. for C::HxN4Oy: C, 65.08, H, 6.65. N, 13.20. Found:
C.65.82, H.6.24. N, 13.65.

2-Methylene-succinic acid bis-(6-{methyl-|4-|{4-nitro-
phenylazo)-phenyl|-amino}-hexyl) ester (MSAE) (M-III).
4°-[(6-Hydroxyhexyl)methylamino]-4-nitroazobenzene (HMNA)
was reacted with itaconic acid using a Mitsunobu rcac-
tion.™15 7.12 g (0.02 mole) HIMNA was dissolved in THF
(100 mL). 13.1 g (0.050 mole) triphenyl phosphine. dis-
solved in THF (20 mL) was added. A solution containing
8.08 g (0.04 mole) diisopropyl azodicarboxylate and ita-
conic acid {1.44 g. 0.11 mole) in 20 mL THF was added

He-Ne Laser Polarizer(0°)

632.8nm

Bull Korean Chem. Soc. 1999, Vol. 20.No.9 1011

dropwise over a period of 40 min. The progress of the reac-
tion was checked by thin layer chromatography (TLC). The
reaction was completed in 2 h. The solution was cooled in a
deep freezer and the crude product was filtered. The residue
was recrystallized from acetonitrile to get pure product.
Yield: 70%. 'H NMR (200 MHz, DMSO-d,): & (ppm) 8.34
(d. 4H). 7.93 (m, 8H). 6.85 (d. 4H), 6.23 (s. IH), 5.73 (s,
1H). 4.06 (m. 6H), 3.50 (m. 4H). 3.11 (s, 4H). 2.87 (s. 2H).
1.39-2.04 m, 16H). Anal. Caled. for CysHs(NgQg: C. 64.01,
H, 6.25. N, 13.89 Found: C, 64.98, H, 6.64. N, L3.11.

Synthesis of Copolymers. Equimolar mixture of M-I
{(mesogenic monomer) and M-Il was dissolved in freshly
distilled 1-methyl-2-pyrrolidinone (NMP) to a total mono-
mer concentration of 10 wt%. Azobisisobutyronitrile { AIBN)
(2 mole % with respect to total monomer) was added to the
monomer solution. The solution was taken in glass ampoule
and embedded gas was removed by a vacuum-treeze-thaw-
ing technique. The ampoule was placed at 70 °C and the
solution kept stirring for 48 h. The copolymer was precipi-
tated into hot ethanol. The precipitated copolymer was puri-
fied by successive reprecipitation from THF into ethanol.
The pure copolymer {(CP 1} were filtered and dried under
reduced pressure at 60 °C for 48 h. (Yield, 48%) Copolymer
1V was also prepared by the same method (Yield, 35%).

Characterization

NMR Spectroscopy. Proton NMR spectrum was recor-
ded with Varian 200 NMR spectrometer using tetramethylsi-
lane as an internal standard. Dimethylsulfoxide-ds was used
as a solvent tor recording NMR spectra.

UV/VIS absorption spectroscopic study. Hewlett Pac-
kard (PDA type. model 8453) spectrophotometer was
employed to record the UV/VIS absorption spectrum from
190 nm to 1100 nm.

Gel permeation chromatography. The number aver-
age molecular weight (A.) and molecular weight distribu-
tions were determined by using Waters gel permeation
chromatography (imodel 440) attached with 410 diftraction
refractometer. Spectral grade THF was used as a solvent and
molecular weight calibration was done using polystyrene
standard.

Differential Scanning Calorimetry. Thermal transition
temperatures were examined by using diflerential scanning
calorimeter (Perkin Elmer, DSC 4) at a scan rate of 10 °C/
min under nitrogen atmosphete. Both heating and cooling
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Figure 1. Schematic diagram for the measurement of optically induced birefringence.
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scans were repeated three times.

Optically Induced Birefringence. The optic setup for
measuring optically induced birefringence is shown in Fig-
ure 1, where the change in transmittance of the He-Ne laser
through the film between crossed polarizers is recorded as a
function of time after irradiation of pumped diode laser
(A=532 nm, intensity: 216 mW/cm?). He-Ne laser (~10 mW)
at 632 nm was used as a probe light to measure the power
which is transmitted. Optical anisotropy was induced in the
pelymer film using a polarized pumped diode beam at a
pelarization angle of 45° with the respect to the polarizer
direction. The transmittance was detected with a photodiode
detector (New Port 818-SL). The transmitted signal () due
to birefringence is proportional to sin®(/mf AnfA) where d and
An are thickness and birefringence of the film, respectively.
A is the wavelength of the probe beam (He-Ne laser radia-
tion at 632 nm). We measured the thickness of the films
using Tencor P10 to convert from transmittance to birefrin-
gence using the following equation {1).

An = [AJrd] arc sin [(K6)! 1Y) )

For studving the eftect of sample temperature on photoin-
duced reorientation of azobenzene molecules. we irradiate
the pump light to the sample continuously preserving the
maximum birefringence at room temperature. In order to
increase the sample temperature, we placed the sample on
the hot stage whose temperature was being monitored with
K-type thermocouple and all the data was transmitted 1o the
data acquisition module. The rate of temperature was set to
be 5 °C/min. Temperature of hot stage was precisely con-
trolled by programmable thermo-controller P100 {Han-
young. Korea).

Results and Discussion

Four difterent copolymers were prepared by a free radical
polymerization method under a small amount of AIBN ([A4]
{[f]750). The structures of synthesized copolymers were
illustrated in Figure 2. Copolymer I {CP 1) was prepared
using the methacrylate (M-IT) bearing the aminonitro
azobenzene and methylmethacrylate (MMA). Copolymer 11
(CP I} was also prepared using the o-methylstytene con-
taining an aminonitro azobenzene and MMA. Copolymer [[1
(CP D) consists of MMIIB {(M-I) and NAMM (M-II) units,
whereas copolymer [V (CP [V) consists ol MMIIB (M-[)
and MSME (M-II[) units. All the copolymers are well solu-
ble in organic solvents such as tetrahydroluran, dimethyllor-
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Figure 2, Structures of copolymers used in this study.

mamide. chlorinated hydrocarbon etc. Composition ratio of
each copolymer was determined by NMR and elemental
analysis. The details about monomer feeding ratio, copoly-
mer composition. molecular weight, and glass transition
temperature are listed in Table 1.

Thin films were obtained by dissolving the copolymers in
THF and casting the solution onto a clean glass slide. We
dried the films thoroughly at room temperature under vac-
uum for 48 h.

UV-Vis absorption spectroscopic study. Aminonitro
azobenzene chromophore shows the highest absorbance at
483 nm. [n Figure 3. the representative UV-VIS absorption
spectrum of CP 1 was shown 1o observed the absorption
behavior of the azo chromophore and the absorption maxi-
mum was found at 483 nm, which can be assighed to 7%
transition in a polar azobenzene unit. The wavelength of
used excitation light (332 nm) is in the range ol the absorp-
tion. We could observe the clear photoisomerization process
and that the reverse reaction also is very quickly per-
formed.'®

Table 1. Molar composition. molecular weight. polvdispersity. and glass transition temperature of the synthesized cach copolymer

Monomer Feeding

Resultant Mole

Molecular Weight

Glass Transition

Mole Ratio Composition (o) Polydispersity Temperature ¢°C)
A B A B
CPI 1 1.3 1 0.7 9300 290 115.0
CPII 1 2 | | 10000 2,10 118.0
CPII 1 | | 0.9 7000 2.23 36.0
CPIV I I | 0.2 3300 2.50 37.5
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Figure 3. LIV-VIS absorption spectrum of copolymer | (CP ).

Effect of sample temperature on photoinduced bire-
fringence. A typical sequence for inducing birefringence
and relaxation in copolymer [V are presented in Figure 4.
The sample is homogeneous and optically isotropic. No
transmission of the probe beam is detected through the
crossed polarizers. Optical anisotropy is induced by expo-
sure to a linearly polarized pumped diode laser beam (A—532
nm). Using CP Il and CP 1V, we measured the maximum
value of transmittance with the change of the difference
between polarization of pump beam and analvzer axis. We
increased the angle of difference from 0° to 45¢ to obtain the
maximum birefringence at each step. These experimental
results were shown in Figure 5. At 45° angle difterence
between the polarization of pump beam and analyvzer axis,
the transmittance was observed to be the highest level in
both cases. Theretfore, we set the angle difference to be 45¢
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Figure 4. Growth and decay of birefringence on a copolymer IV
(CP [V) film: (a} The writing beam is turned on. {(b) The writing

beam is turned oif. {c} Circularly polarized light on. *Pump beam
intensity 216 mWicm?2,
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Figure 5. Change of the transmittance with respect to angle
between pump polarization and analyzer optic axis. *Sample:
Copolymer TICP 1), Copolymer IV(CP V), Pump beam
intensity 216 mW/em®.

when we did pump the azobenzene molecules in polymer
film. When optical anisotropy is induced in the polvmer
film. the probe light is partially transmitted through the opti-
cal setup and transmittance reaches to the maximum level.
[n order to study the eflect of thermal and photochemical
stimuli on induced birefringence. we placed the sample on
the hot stage to increase the sample temperature. We irradi-
ated the excitation light on the sample continuously during
heating. In this case, we can expect two diflerent kinds of
molecular behavior inside the polymer matrix. One is to
increasc the mobility ol azobenzene molecule due to the
thermal effect. Sample temperature can aflect the increase of
the molecular mobility to diminish the optical anisotropy.
On the while, the photo-irradiation tends to make the azo-
benzene molecules reorient to induce the molecular anisot-
ropy. Therelore, over a whole temperature range, both ther-
mal and photochemical effect can be undergone in the
polymer matrix. However, photochemical and thermal elfeet
can be competitive to retain the optical birefringence and to
disrupt the molecular ordering. Generally. at the temperature
higher than 7, azobenzene molecules cannot retain the local
ordering from molecular reorientation due to large induced
free volume arising from the main chain motion. Thermal
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effect is dominant to randomize the molecular ordering in
the temperature range. On the contrary. far below 7. thermal
and photochemical eftects are all available to induce the
optical anisotropy and sequentially to randomize the molec-
ular arrangement. At room tempetature, photochemical
effect is predominant to retain the optical birefringence built
under the exposure to pump beam.

Generally, it was thought that the temporal stability of
birefringence in a high 7, polymer is much better than that in
a low 7, polymer. However, induction of optical birefiin-
gence is strongly dependent on the mobility of the side chain
bearing the azobenzene unit. Therefore, the geometrical hin-
drance around azobenzene moiety will be another important
factor to improve the stability of optical anisotropy.

First of all, we recorded the transmittance and sample tem-
perature during irradiation of excitation light (216 mW/cm?).
We converted the transmittance to birefringence using
the equation (1). The induced birefringence was gradually
decreased and finally fell down to zero even though the irra-
diation kept going. In CP [ and CP 1. birefringence vanished
totally in the vicinity of the glass transition temperature.
Using the above data of birefringence (A#) and sample tem-
perature (T). we derived the relationship between In (An)
and 1000/T according to the Arrhenius relationship. The
curve can be interpreted by following equation (2) employ-
ing the step function, (T-T}(— L. T=<T";—0, T>T").

In An=1n An, + (Ep/R)(UTY + {T-T°) [(Fua-Fot )R]
X AUT=1/T?) (2)

T is the temperature at which the inflection point is
abserved in birefringence. As, is the maximum birefrin-
gence we observed. £, and £, are the activation energies at
T<T and T > T, respectively.

The molecular motion was wholly attributed to thermal
effect over a full temperature range and the change of the
reorientation of azobenzene is strongly dependent of side
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Figure 6. Arthenius Relationship between the logarithmic birelr-
ingence and the measured temperatures. *Sample: PMMA/ IO wite
DRI.

Dong Hoon Choi

In (An)

24 26 28 30 32 34
1000/T (K

Figure 7. Arthenius Relationship between the logarithmic bireliin-
gence and the measured temperatures, *Sample: Copolymer 1 (CP 1),
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Figure 8. Arrhenius Relationship between the logarithmic bivetrin-
gence and the measured temperatures. *Sample: Copolymer I[[(CP 11).

32 33 34

chain and main chain motion. Two different slopes (£./R)
can be observed in Figure 6-10. The first slope, £,2/R is due
to distuption of opftical birclringence and increase of the
main chain mobility. As the temperature rises, one inflection
point was obscrved in every case. This temperature can be
explained that the main chain begins 1o move and then the
mobility was added to the side chain mobility. In the case of
CP 1 and CP IL this temperature is also likely to be consis-
tent with the onset temperature of 7, in a heating cycle.

[n this experiment. we could observe two different slopes
cither in below T and over T'. In the lower temperature
range, the slope (E.,1/R) is comparably smaller than that (£.»/
R) in a high temperature range. This implies that in the low
temperature range (T < T*). the photo encrgy and thermal
energy contribution are quite competitive and mainly the
side chain mobility can make the reoriented azo molecules
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Figare 9. Arrhenius Relationship between the logarithmic birefrin-
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Figure 10. Arrhenius relationship between the logarithmic biretiin-
gence and the measured temperalures. *Sample: Copolymer IV
(CPIV).

isrupt.

In a high temperature range (T > T'). photoinduced
melecular reorientation cannot be sustained since the ther-
mal encrgy is fully adequate to make the main chain move
and randomize the local ordering that can induce the optical
anisotropy. Two slopes are the important parameters 1o csti-
mate the rate of induction and temporal stability ol birelrin-
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gence in each polymer system. The slopes were calculated
and shown in Table 2. We focused our interests to what the
structural effect to retard and accelerate the relaxation of
birefringence is.

Five figures describe the relationship between In (A#n) and
1000/T, where T is the sample temperature, in five poly-
meric systems. As we mentioned in the experimental sec-
tion, four ditferent kinds of copolymer were used including
the PMMA doped with 10 wt% disperse red 1. [n the guest-
host system the azobenzene molecule was not tethered
through chemical bond in any side of azobenzene molecule.
The time to reach the maximum birefringence is the shortest
and the relaxation of birefringence is the fastest without
pump light. [n Figure 6, the two different slopes were
observed and can be calculated in the plot. £,/R is the larg-
est among the polymers used in this study. In the low tem-
perature range (T << T7), the larger excluded volume of dis-
perse red 1 provides the guest molecules to move more
freely. Additionally, in the temperature higher than 45 °C
(— T). the larger slope was obtained. About 45 °C is the
onset temperature at which the main chain starts 10 move.
The birefringence totally vanished around 70 °C because the
glass transition temperature of PMMA was lowered with
plasticizer ot 10 wt% disperse red 1.

[n the case of CP [, the slope. £,/R is smaller than that in
PMMA/DRI system since the azobenzene molecule was
bound to the polymer backbone. Therefore, the activation
energy to disrupt the reorientation of the azobenzene mole-
cules is relatively smaller. The birefringence disappeared
around 110-115 °C, which is well consistent with 7, mea-
sured by DSC. The inflection point {T’) was observed
around 86 °C at which the main chain begins to move.

[n the case of CP [I. we could also observe two different
slopes with the change of temperature. In the low tempera-
ture range (T < T°), the slope is smaller than that in CP 1.
This can be explained that there is high density of hydrogen
bond between carbonyl and secondary amine in the carbam-
ate groups in the side chain. That hydrogen bond formation
was confirmed in IR spectral analysis.'® The [raction of
hydrogen bond and isolated mode was caleulated to be 56%
and 44% respectively. The side chain motion was restricted
from hydrogen bond between the side chains themselves.
Therelore, the rates of induction and relaxation ol birelvin-
genee were smaller than those of CP [ in the initial petiod.'®

[n the case of CP 111, mesogenic monomer, M-1 was copo-
lymerized with methacrylate containing a polar azobenzene
moicty. As was reported, when polar azobenzene was photo-

Table 2, Parameters obtained by Arrhenius relationship between the logarithmic birelvingence and the measured temperatures

Thickness (ftm) Max. An Temp 1 (°C) Temp I (¢C) Slope [{£./R}  Slope I1 (E2/R)
PMMA/TO wt% DRI 0.24 0.040 45 70 2.368 12.938
Copolymer 1 0.35 0.045 87 110 1.388 15.632
Copolymer 11 0.20 0.042 9l 120 1.205 19.394
Copolymer [1 0.31 0.071 39 75 1.154 23.797
Copolymer [V 0.16 0.075 57 82 0.449 32.424

*Temperature |: The temperature at inflection point. Temperature I1: The temperature at which induced birefringence vanished totally. Slope |: The slope
in the low temperature range (T<Temp |, T7). Slope I1: The slope in the high temperature range {Temp [I=T=>Temp 1. T')
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isomerized and reoriented. the mesogenic molcecule was
moved cooperatively.™ The aszobenzenc molecules are sur-
rounded by bulkicr groups than mcethy Imethacrylate. which
become more hindered geometrically. Therefore. the activa-
tion cnergy to induce the side chain motion becomes smaller
than that of CP 1 and CP Il. The birefringence vanished
around 75-80 *C that is higher than 7 ¢~37 *C') of CP I11.
This can be explained that the strong intcraction between
two monomers shifls the temperature at which induced
birclringence disappeared totally. Although the contribu-
tion of main chain motion aflects the disruption of reorien-
tation of azobenszene molecules. the small degree of local
oricntation of azobenzene unit sustained flor longer period.
We reperted why this copolymer shows the slow rate of
growth and decay of bircfringence at room (emperature
although the glass transition icmperature was obsecrved
around 37 °C.1%

Two polar azobenzene units were (ethered in ong repeating
unit of CP IV so that the dipolar intcraction imposcs some
more hindrance 1o polymer scgment. Stronger inlcraction
between the monomers can be expected (o restrict the
melccular side chain motion (o isotropic state. [nduccd birc-
fringence disappearcd around 73-80°C. This cmperature is
far higher than 7 (~37 °C) of CP [V. This implics that the
stronger inleraction provides the betler temporal stability ol
induced birclringence. Larger shift of the temperature at
which the birefringence vanished is observed. compared

with that in CP [Il. According 1o the cooperative motion of

mesogenic unit. it is more difTicult to inducc the side chain
mobility under a same history of (cmperature. Therelore.
the slope (F,)/K) in the low (emperature range is the lowest
among five pelvmeric svstems, Two copolymers bearing a
mesogenic monomer showed unique propertics comparcd (o
thosc of copolvmer [ and [1. When the side chains arc inter-
aclive mutually. activation cnergy 1o disrupt the optical
anisotropy becomes smaller than those of the others. Once
the reonentation was proceeded. dipole in cach side chain
tends to stabilize in an antiparalle] way. Resulting from that
phenomenon. it is more difficult to randomive the molecular
ordering. This was proved by the relationship between In
(Amy and 1000/T. shown in Figure 10.

Shortly. we found that the photoinduced birclringence
decays as the sample (emperature increascd. Around the
onscl tecmperature that glass (ransilion behavior appears.
birelringence starts (o fall down (o minimum level. Temper-
ature dependence of stability of photoinducced bircfringence
led us o figure out how much thermal energy are needed to
disrupt the optical anisotropy during exposurc to the excita-
tion light and what structural lactors govern the stability of
photoinduced birciringence respectively,

Conclusion

We synthesized four different types of copolvmer beaning
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an aminonitroazobenzene chromophore in the side chain,
Aminonitroazobenzene was svithesized to tether it to the
side chain copolymers through the {lexible mcthylene spac-
crs. All copolymers contain amnonitroazobenzene mole-
cules in the side chain. Optical anisotropy can be induced
under exposure 10 a lincarly polarized light at 332 nm. The
rclationship between the birefringence and the sample tem-
perature was provided to understand the temporal stability at
various temperatures. The stability of photoinduced bircfrin-
gence was affected by various structural factors in copoly-
mers. The hvdrogen bond between the side chains. dipolar
mtcraction of azobenzene molecules. Van der Waals interac-
tion. and cooperative motion of environmental molecules in
the vicinity of azobenzene molecules are found to be impor-
tant factors to alfcet the rate ol relaxation and the stability of
bircfringence,

Acknowledgment. This work was supported by Kyung
Hee University (1999) and Korea Science and Engincering
Foundation (contract: #96-0300-10-03-3).

References

1. Ikeda, .. lloriuchi, 8.0 Karamjit, D. B.. Kurihara, S.
Tazuke, S. Macromolecudes 1990, 23, 42,
2. Chen, C.. Dalton, L. Yu, L.. Shi, Y. Steier, W. M facromol-
ectiles 1992, 25, 4032.
3. Ringsdorl, H.: Semidt. H-W. Makromol. Chem. 1984, 183,
1327.
4. Pham. V. P Galstvan. T.: Granger, A Lessard. R. AL Jpa,
JoAppl. Phys. Part |, No. 113, 1997. 36. 429.
5. Rochon, P: Gosschin, I Natansohn, A Xie, S. Appl.
Phys. Ler. 1992, 66K1), 6.
6. Eich, M.. Wendortt, 1. 1L: Reck, B.: Ringsdort, 11 Afakro-
mol. Chem., Rapid Comm. 1987, 8, 39,
7. Natansohn, A.. Xie, S.: Rochon, P. Macromolecules 1992.
23,3531,
8. Natansohn, A.: Rochon, P.. Gosselin, J. Xie, 8. Afacio-
molecules 1992, 23 2268,
9. Rochon, P: Bissomnette. T Natansohn, A Xie, S
Applied Optics 1993. 32.35, 7277
10. Natansehn, A - Rochon. P: Pezolet, M. Audet, P Brown,
D2 To, 8. AMacromolecules 1994, 27(9), 2580.
1. Aln, I S: Choi, . H: Rhee, T. H. Kim, N. Poly-
mer(Rorea) 1998, 22(1), 150,
12, Robello, D. R. J. Pohm. Sci., Pat A Chem. Ed. 1990,
2%, 1.
13. [lorvath, L. Nvitwai. K. Cser, b2 Hardy. G, Y. Eur: Pohom.
J. 1985, 21(3), 251.
14, Pautard, A. M.: Evans. Ir. 8. A, J. Org. Chem. 1988, 33.
2300,
15. Roush. W. R Blizvard, T. A Ong. Chewm. 1984, 49,4332,
16. Chol. . H: Kang, S Ho Tee, I Ho: Tee, ST Polvwer
1999 submitted.



