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Abstract

We synthesized second-order nonlinear optical (NLO) polymers for studying the structural effect on the electro-optic (E/O) properties. A
heterocyclic azo chromophore was synthesized to be tethered to the methacrylate and naphthalate polymer backbones. Particularly, 2-amino-
6-methylsulfonylbenzothiazole was employed to prepare the NLO azo chromophore. The real time pole and probe method was employed to
investigate the change of the poled order during poling. The increasing rates of the E/O effect were considered in two polymer systems during
poling. The decaying behaviors of the electro-optic signal were observed at different temperatures below the glass transition temperature. The
decaying rates of the E/O effect were compared and the effect of structural difference was investigated.q 2000 Published by Elsevier
Science Ltd.
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1. Introduction

Nonlinear optics is an important field of photonics whose
technology includes acquisition, storage, process, and trans-
mission of photons instead of electrons in signal processing.
Organic nonlinear optical (NLO) materials provide strong
potential advantages for the second harmonic generation
and electro-optic (E/O) applications [1–3].

Particularly, poled polymeric systems have attracted
remarkable interest in recent years as promising candidates
for application in E/O and photonic devices [4–7]. Useful
measurement techniques were developed for the determina-
tion of the NLO response of polymeric materials. Time
resolved techniques have been developed, which permit
monitoring either the relaxation dynamics of the NLO effect
following previous poling of the material or the growth
dynamics during poling [8–10]. Such time resolved techni-
ques facilitate the study of the physics of electro-optics in
detail and provide a promising method for improving the
NLO properties by optimizing the poling conditions.

The poled order relaxation is important from practical
points of view. The second-order NLO polymeric devices

require that the poled order be quite stable. The study of
orientational relaxation processes in poled NLO polymers
below the glass transition temperature can be utilized as an
important method for investigating polar molecular
dynamics over a long period of time. The poled order
relaxation process can be related to the relaxation processes
measured in polymers using other experimental technique
such as dynamic mechanical analysis, dielectric relaxation
spectroscopy, piezoelectric relaxation spectroscopy. In
these analyses, we can observe two kinds of major transi-
tions for the molecular relaxation process [11–13].
a-Relaxations are usually identified with the glass transition
and involve relative motions of the polymer main chains.
b-Relaxations are frequently associated with the local
motions of the side groups in the polymer chain, which
can be observed below the glass transition temperature
(Tg). Usually thea-transition can appear at the temperature
much higher than that of theb-transition. Poled order that is
strongly related to the second-order NLO property can be
relaxed both above and below theTg. Therefore, the mole-
cular relaxation process can be explained by two tempera-
ture regimes. The relaxation behavior of the poled polymer
can be described using the William–Landel–Ferry equation
above theTg. Below theTg, the relaxation behavior can be
described using an Arrhenius-like behavior.

We report, herein, the results of the in situ measurement
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concerning the isothermal relaxation dynamics of the E/O
signal of poled polymer films made up of polymethacrylate
and polynaphthalate by means of a modified reflection tech-
nique. In an attempt to investigate the rate of molecular
relaxation in the chromophore after poling, we designed
two NLO active polymers. One is composed of a relatively
long repeating unit with a short side chain group. The other
consists of relatively short repeating groups with a long side
chain group. Using two polymers, we performed the in situ
E/O measurement and traced the relaxation behavior of the
signal at temperatures lower than the glass transition
temperature. The relaxation dynamics of two different
polymers were studied below the glass transition tempera-
ture after analyzing the decaying curve of the E/O signal.
The structural difference in the two polymers was consid-
ered to deduce how it could affect the E/O properties and
their relaxation dynamics.

2. Experimental section

2.1. Materials

2-Amino-6-methylsulfonylbenzothiazole, 3-chloro-1-
propanol, and diisopropyl azodicarboxylate (DIAD) were
purchased from Aldrich Chem. Co. and used without further
purification. N-phenyldiethanolamine purchased from
Aldrich Chem. Co. was used after recrystallization from
ethanol. Methacryloyl chloride andN-methylaniline were
purchased from Acros Chem. Co. and the latter was purified
by vacuum distillation. 1,4-Hydroquinone, triethylamine,
and triphenylphosphine were purchased from Kanto
Chem. Co. Dimethylformamide (DMF) was purified by
vacuum distillation just before polymerization. Azobisiso-
butyronitrile (AIBN, Wako Pure Chemical Co.) was recrys-
tallized from acetone. Naphthalene-2,6-dicarboxylic acid
(NDA) was made of naphthalene-2,6-dicarboxylate (NDC)
supplied by Kolon Co. Ltd.

2.2. Synthesis of monomers and polymers

2.2.1. Synthesis of 2-methyl-acrylic acid 3-methyl-[4-(6-
methylsulfonyl-benzothiazol-2-ylazo)-phenyl]-amine-
propyl ester [M I]

2.2.1.1. Synthesis of 3-(methyl-phenyl-amino)-propan-1-
ol. 3-(Methyl-phenyl-amino)-propan-1-ol was prepared
following the literature method [14]. Yield 71%, b.p.
1348C (0.11 mmHg).1H NMR (DMSO-d6) d (ppm) 1.65
(m, 2H), 2.1 (s, 3H), 3.47 (m, 4H), 4.59 (t, 1H), 6.69 (m,
3H), 7.19 (t, 2H).

2.2.1.2. Synthesis of 3-methyl-[4-(6-methylsulfonyl-
benzothiazol-2-ylazo)-phenyl]-amino-propan-1-ol. 2-
Amino-6-methylsulfonylbenzothiazole (5.7 g, 0.025 mol)
was dissolved in H2SO4 (125 g) at 908C and the solution
was cooled to 2108C. Then, sodium nitrite (1.75 g,

0.025 mol) in H2SO4 (12.5 g) was added dropwise in the
mother solution while maintaining the cold temperature. It
was stored at2108C for 75 min. 3-(Methyl-phenyl-amino)-
propan-1-ol (4.05 g, 0.025 mol) was dissolved in H2O
(112.5 g) and H2SO4 (12.5 g) and the solution was cooled
to 248C. In this solution, the prepared solution containing
the diazonium salt was added slowly under vigorous
stirring. The coupling reaction continued for 30 min and
the resulting mixture was poured into H2O (600 ml) to
collect the solid. The solid was washed with water
thoroughly. The product was dissolved in tetrahydrofuran
and the solution was dried with sodium sulfate. The
concentrated solution was added to hexane to obtain the
violet solid. The solid was dried in vacuo. Yield 71%,
m.p. 1488C. 1H NMR (DMSO-d6) d (ppm) 1.73 (m, 2H),
3.13 (s, 3H), 3.28 (s, 3H), 3.44 (t, 2H), 3.59 (t, 2H), 4.68 (t,
1H), 6.93 (d, 2H), 7.84 (d, 2H), 7.94 (d, 1H), 8.13 (d, 1H),
8.62 (d, 1H). Anal. Calcd for C18H20N4O3S2: C, 52.56; H,
5.18; N, 14.42; S, 16.51. Found: C, 53.87; H, 5.86; N, 14.04;
S, 16.25.

2.2.1.3. Synthesis of 2-methyl-acrylic acid 3-methyl-[4-(6-
methylsulfonyl-benzothiazol-2-ylazo)-phenyl]-amine-
propyl ester [M I]. 3-Methyl-[4-(6-methylsulfonyl-
benzothiazol-2-ylazo)-phenyl]-amino-propan-1-ol (5 g,
0.012 mol), triethylamine (1.045 ml, 0.008 mol), and a
trace amount of 1,4-hydroquinone were dissolved in
methylene chloride (200 ml) at 358C under nitrogen
purging. Methacryloyl chloride (2.442 ml) was added
dropwise and the reaction mixture was kept aside for 4 h.
Another portion of methacryloyl chloride (2.442 ml) was
added to the mixture. The solution was stirred at 358C for
another 20 h. The resulting solution was washed twice with
water. The extracted solution was diluted in methylene
chloride and dried with sodium sulfate. The solid was
collected after precipitation into hexane and the solid was
dried in vacuo. Yield 52%, m.p. 1558C. 1H NMR(DMSO-
d6) d (ppm) 1.88 (s, 3H), 1.95 (m, 2H), 3.14 (s, 3H), 3.28 (s,
3H), 3.66 (t, 2H), 4.14 (t, 2H), 5.70 (s, 1H), 6.05 (s, 1H),
6.95 (d, 2H), 7.85 (d, 2H), 7.95 (d, 1H), 8.14 (d,1H), 8.62 (s,
1H). Anal. Calcd for C22H24N4O4S2: C, 64.67; H, 5.92; N,
13.71; S, 15.70. Found: C, 63.97; H, 5.83; N, 13.45; S,
15.58.

2.2.1.4. Synthesisof2-(2-hydroxy-ethyl)-[4-(6-methylsulfonyl-
bezothiazol-2-ylazo)-phenyl]-amino-ethanol [M II].2-
Amino-6-methylsulfonylbenzothiazole (5.7 g, 0.025 mol)
was dissolved in a mixture of H2O (62.5 g) and H2SO4

(62.5 g) at 608C. The solution was cooled to2108C and
sodium nitrite (1.75 g, 0.025 mol) in H2SO4 (12.5 g) was
added. Maintaining the solution temperature at258C,
diazotization was continued for 75 min.N-phenyldiethanolamine
(4.4 g, 0.025 mol) was dissolved in H2O (112.5 g) and
H2SO4 (12.5 g). The solution was added dropwise into the
diazotized solution to facilitate the coupling reaction. The
coupling reaction was continued for 30 min. The floating
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solid was collected and stirred in water (600 ml) for 30 min.
Then, the solid was filtered again. The given solid product
was dissolved in THF and dried with sodium sulfate. It was
concentrated and poured into hexane to make a
precipitation. The obtained violet solid was dried in
vacuo. The crude product was recrystalllized from
ethanol/THF (4:1 v/v). Yield 63%, m.p. 1458C. 1H NMR
(DMSO-d6) d (ppm) 3.21 (t, 4H), 3.40 (s, 3H), 3.62 (d, 4H),
4.95 (t, 2H), 6.99 (d, 2H), 7.84 (d, 2H), 7.96 (d, 1H), 8.14 (d,
1H), 8.62 (s, 1H). Anal. Calcd for C18H20N4O4S2: C, 49.90;
H, 4.94; N, 13.72; S, 15.70. Found: C, 50.26; H, 5.32; N,
13.30; S, 15.54.

2.2.1.5. Copolymer of 2-methyl-acrylic acid 3-methyl-[4-(6-
methylsulfonyl-benzothiazol-2-ylazo)-phenyl]-amine-
propyl ester [M I] and methylmethacrylate (MMA) [MSA].
2-Methyl-acrylic acid 3-methyl-[4-(6-methylsulfonyl-
benzothiazol-2-ylazo)-phenyl]-amine-propyl ester (2 g,
0.004 mol), purified MMA (0.42 g, 0.004 mol), and AIBN
(0.069 g, 0.42 mmol) were dissolved in distilled DMF
(24.2 ml). The solution was poured into an ampoule and
dried under vacuum-freeze–thaw technique. The solution
was kept aside at 758C for 48 h. After cooling the solution
was poured into ethanol. The solid was collected and
reprecipitated into ethanol repeatedly. Yield 84%,Tg

130.88C. 1H NMR (DMSO-d6) d (ppm) 0.90–3.5 (14H,
–CH2–C(CH3)–, –N(CH3)–, –(CH2)3– in M I; 8H,
–CH2–C(CH3)–, –COOCH3 in MMA), 4.02 (3H,
–SO2CH3 in M I), 6.62–8.39 (7H in M I). Anal. Calcd for
m(C5H8O2), n(C22H24N4O4S2); Found: C, 56.78; H, 6.98; N,
7.40; S, 7.40.m/n� 4.5:1.

2.2.2. Polymerization of 2-(2-hydroxy-ethyl)-[4-(6-methyl-
sulfonyl-bezothiazol-2-ylazo)-yl]-amino-ethanol (M II) and
naphthalene-2,6-dicarboxylic acid [MSC]

Naphthalene-2,6-dicarboxylic acid (NDA, 1.0283 g,
5 mmol) and M II (2 g, 5 mmol) were dissolved in DMF
(27 ml) in the presence of triphenyl phosphine (2.745 g,
0.011 mol) at 508C. After complete dissolution, diisopropyl
azodicarboxylate (2.116 g, 0.011 mol) in DMF (3.3 ml) was
added into the solution and the reaction was continued for
48 h. The resulting solution was poured into ethanol to facil-
itate precipitation. The crude product was redissolved in
DMF and reprecipitated into ethanol. Yield 76%,Tg

1378C. 1H NMR (DMSO-d6) d (ppm) 1.20–4.10
(8H(� 2 × 4H), –(CH2)2– in M II), 4.50 (3H, –SO2CH3

in M II), 6.40–8.62 (13H, aromatic protons in M II and
NDA). Anal. Calcd for C29H24N4O6S2: C, 59.17; H, 4.11;
N, 9.52; S, 10.89. Found: C, 58.42; H, 4.81; N, 10.04; S,
10.70.

2.3. Material processing

Polymethacrylate was dissolved in tetrachloroethane/
methylene chloride (5:1) with a 15% proportion in weight.
Polynaphthalate was also dissolved in dimethylacetamide/

tetrahydrofuran (1:5). These solutions were filtered before
spin coating with a 0.2mm filter. The films were spun at
about 1000 rpm onto ITO precoated glass. After deposition,
the films were dried in a vacuum oven at 1508C for 72 h. The
prepared films were approximately 1.2–1.5mm thick. The
thickness was measured using a surface profilometer
(Tencor P10). Gold was deposited on the surface of the
film fabricating a sandwich sample.

2.4. In situ measurement of electro-optic effect

We measured the linear E/O signal (Im/Ic) of the polymer
samples using the reflection technique [8–11]. An ac
voltage was applied to each sample for observing the modu-
lated signal (Im). The linear E/O coefficient, “r33” of the
poled film can be calculated from the following equation.
The r33 value is directly proportional toIm/Ic in Eq. (1):

r33 � 3lIm

4pVmIcn
2

�n2 2 sin2 u�1=2
sin2 u

, Im=Ic �1�

wheren is the refractive index of the polymer film,Im the
amplitude of the E/O modulation,Vm the ac voltage applied
to the sample andIc the intensity of incident light where
phase retardation is 908 between the TE and TM modes.

The pulse poling method was employed to monitor the
variation of the E/O signal. Poling,t1, and probing time,t2,
were controlled by a programmable device to give any
combination of the time period. We can either decide to
investigate the poling dynamics under pulse poling condi-
tions or observe an isothermal relaxation of the E/O signal
(Im/Ic).

2.5. Measurement of thermally stimulated current (TSC)

For this experiment, we used the same type of the sample
that was used in the E/O signal measurement. The dc current
that flows between the two electrodes was measured with an
electrometer (Keithley 8517A). The current was measured
with increasing and decreasing sample temperature.

3. Results and discussion

3.1. Synthetic consideration

The present work describes the second-order NLO
properties of active polymers with a simple structure and
a chromophore for attaining high NLO activity, and the
relaxation of molecular alignment after poling. The
synthetic procedures for the new polymers are illustrated
in Schemes 1 and 2 (synthetic procedures for poly-
methacrylate and polynaphthalate, respectively). The NLO
active methacrylate monomer was synthesized to prepare
the copolymer with methylmethacrylate. The molar
composition of the copolymer was determined to be 4.5:1
(MMA/NLO monomer, M I) by virtue of elemental
analysis. Polynaphthalate was prepared with naphthalene
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dicarboxylic acid (NDA) and a chromophoric diol
compound via the Mitsunobu reaction. At low temperature
the polymers were successfully prepared without the
decomposition of the chromophore.

The glass transition temperatures of two polymers were
obtained from DSC thermograms. The glass transition
temperatures of polynaphthalate and polymethacrylate
were found to be 137 and 130.88C, respectively, which are
close to each other.

3.2. Linear E/O effects of poled polymers

For measuring the E/O modulation signal during poling, a
reflection technique widely used by many researchers was
used [10]. Although there are some problems due to the
multiple reflection between each boundary, contribution of
induced piezoelectric and electrostrictive effect, and the
imposition of third order NLO effect, the linear E/O coeffi-
cient was measured by the reflection method being much
simpler and easier than the prism coupling methods.
Recently this setup was modified for investigating the
molecular dynamics during poling.

We fabricated the sandwiched samples with two
polymers between ITO and gold electrode. We can switch
the applied voltage between a poling dc voltage,Vp, and an
ac voltage of amplitude,Vm, in a periodic manner and study
the time and temperature dependence of [Im/Ic] (t, T). Using
the computerized switching device of applying voltage, any
selection of poling (t1) and probing (t2) times can be adjusted
(3 s, t1, t2 , infinity).

The sample was mounted on a heating plate whose
temperature can be varied from room temperature up to
1808C with a precision of 0.58C. We applied 20 V/mm of
the poling dc field to the sample for poling at room tempera-
ture. The temperature was programmed to increase at a rate
of 108C/min and to decrease at a rate of 158C/min approxi-
mately. We sett1 andt2 to be identical at 5 s. For every 5 s,

we poled and integrated the E/O signal of the sample at an
instant temperature.

In both polymers, we could not observe a large increment
of the E/O effect at room temperature during the application
of the pulse electric field. The E/O signal (Im/Ic) increased
slowly as the sample temperature was raised. In the case of
polymethacrylate, the signal increased faster at around 115–
1208C. Then, the signal increased continuously until the
temperature reached 1438C (see Fig. 1A). The temperature
(115–1208C) at which the E/O signal starts to increase coin-
cides with the temperature at which the specific heat has a
discontinuity in the DSC thermogram (onset temperature of
Tg). We also measured the dc current through the sample
after applying the poling voltage with the sample tempera-
ture (Fig. 2A). The tunneling dc current increased rapidly
from about 1208C. Therefore, the maximum poling
temperature should be selected to be around 140–1458C.

In the case of polynaphthalate, the transition temperature
of the E/O signal was observed at around 1238C, i.e. 5–108C
higher than that of polymethacrylate (see Fig. 1B). This
temperature is consistent with that at which the glass transi-
tion starts to appear in the DSC thermogram. We also
measured the thermally stimulated dc current of the sample
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after applying the poling voltage. The change of the
measured current is quite reversible in the heating and
cooling cycle (Fig. 2B). As can been seen, the tunneling
current increased rapidly from about 1408C. Therefore, the
maximum poling temperature can be selected to be around
145–1508C in polynaphthalate.

As shown in Fig. 1A and B, the temperature dependence
of the E/O signal appeared. The E/O signal started to
increase slowly from 45 to 508C, which is far below the
Tg. As the temperature increased, the E/O signal,Im/Ic,
also increased constantly. This indicates that the origin of
the E/O effect can be attributable to the segmental motion in
the polar molecule. The motion of polar molecule will be, of
course, much enhanced in the vicinity of theTg. However,
the small segmental motion at some nodes can provide a

change of the transition dipole moments because there is a
flexible bond in the side chain of this polymer. The origin of
the E/O effect can be considered from the polar side group
itself. Once the environmental condition gives some
degree of freedom to the polar molecules, the applied
field can generate the change of the dipole moment during
poling. This can provide some extent of electron delocali-
zation to induce the enhancement of dipole moment at an
instant.

From the above experiments, we could optimize the
poling temperature to induce the maximum E/O signal in
a short poling time.

We also observed the increasing rate of the E/O signal
below theTg under the same temperature rate (see Fig. 3).
The slope of the E/O signal in polynaphthalate is slightly
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Fig. 2. Temperature dependence of the tunneling current during heating. Applied dc field, 20 V/mm: (A) polymethacrylate; (B) polynaphthalate.

Fig. 1. Temperature dependence of the E/O signal,Im/Ic: (A) polymethacrylate; (B) polynaphthalate.



larger than that in polymethacrylate, which implies
the smaller effect of geometrical hindrance of the
chromophores. The chromophores in polynaphthalate are
much easier to move due to less hindrance in their positions.

3.3. Isothermal relaxation behavior of the E/O signal

In order to compare the temporal stability of the two
polymers, we traced the decaying behaviors of the E/O
signal without poling field at certain temperatures. In
order to investigate and compare the relaxation behaviors
of the E/O signal, we selected a reduced temperature (Tred).
The reduced temperature (Tred) was calculated dividing the
measuring temperature,T (K), by the glass transition
temperature,Tg (K). We selected six annealing temperatures
including the Tg. In order to investigate the decaying

behavior of (Im/Ic) and prevent the relaxation of molecular
alignment, we applied the poling dc electric field and raised
the temperature toTg. After the temperature reachedTg and
the sample was stored for 10 min for thermal equilibrium,
we decrease the temperature to the desired level and stored
the sample for another 10 min. Then, the dc voltage was
switched off and the ac voltage starts to be applied for
recording the E/O signal. The normalized decaying data of
polymethacrylate and polynaphthalate at each temperature
are plotted in Figs. 4 and 5. The decaying curves were
analyzed using a stretched single exponential function
(Eq. (2)):

�Im=Ic�t � �Im=Ic�∞ 1 D�Im=Ic� exp�2�t=t�b�: �2�
Using the above equation, we could determine the

relaxation time,t , and a stretching parameter,b . Using
these two parameters, we finally calculated the average
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Fig. 4. Relaxation behaviors of the measured E/O signal,Im/Ic, for six
temperatures (psample: polymethacrylate).

Fig. 5. Relaxation behaviors of the measured E/O signal,Im/Ic, for six
temperatures (psample: polynaphthalate).

Fig. 3. Growth of the E/O signal,Im/Ic, below the glass transition temperature: (A) polymethacrylate; (B) polynaphthalate.



time constantktl andb at each annealing temperature (see
Table 1). Theb value increased with temperature, which is
consistent with the results in the literature [3,7] As theb
value is smaller, the distribution of relaxation times is
broader. It will accompany the apparent Arrhenius behavior
that is characteristic of a local dipolar relaxation and the
relaxation of the backbone molecules was excluded in this
behavior due to the large segmental motion. The increase in
b with the temperature implies that the distribution of
relaxation times would be narrow and the polymer
approaches a highly viscose phase close to the glass transi-
tion temperature.

The relationship between the reduced temperature,Tred,
and the average time constant,ktl; is illustrated in Fig. 6.
Since the difference ofktl is ambiguous between 0.94 and
1.00 of Tred, the expanded plot is illustrated as an insert
figure. We could find that the rate of relaxation of the E/O
signal in polymethacrylate is much smaller than that in
polynaphthalate. Below theTg, the poled order in
polynaphthalate was randomized much faster. The NLO
chromophores were tethered partly in the backbone of poly-
naphthalate. Therefore, it is difficult to reach a complete

equilibrium state of poling alignment. The oriented dipolar
molecules were trapped in a strained conformation during
poling below theTg. The effect of residual strain on thermal
backward isomerization kinetics has already been shown for
the photoisomerized azobenzene chromophore in polymer
solids [15]. According to the literature, it can be explained
that the existence of residual strain from the equilibrium
state during poling provided more degrees of freedom for
rapid relaxation from the oriented dipolar alignment than
the case in polymethacrylate where the NLO chromophore
is attached more flexibly in the side chain.

In Table 1, the temperature dependence of the average time
constantktl is shown. Below theTg, the decaying curve exhi-
bits an Arrhenius temperature dependence. In Fig. 7, we can
observe the linear relationship between lnktl and the inverse
sample temperature, (1000× 1/T). The curves are well fitted
to the Arrhenius relationship with activation energies of
72.89 and 48.58 kcal/mol in polymethacrylate and poly-
naphthalate, respectively. This indicates a better stability of
the orientation of the chromophore in polymethacrylate.
Briefly, the temporal stability of NLO effect in poled polymer
is strongly dependent on the geometrical environment of
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Table 1
Selected and calculated parameters in polymethacrylate and polynaphthalate

Tred (� T/Tg) Polymethacrylate Polynaphthalate

T (K) 1000× 1/T ktl ln ktl b T (K) 1000× 1/T ktl ln ktl b

1.00 404 2.48 2.43× 103 7.80 0.58 410 2.43 1.78× 103 7.49 0.67
0.98 396 2.53 1.12× 104 9.33 0.55 402 2.49 7.81× 103 8.96 0.60
0.96 388 2.58 5.06× 104 10.83 0.47 394 2.54 1.85× 104 9.82 0.58
0.94 380 2.63 1.35× 105 11.81 0.46 385 2.60 7.25× 104 11.19 0.49
0.92 372 2.68 1.31× 106 14.08 0.36 377 2.65 9.51× 104 11.46 0.47
0.90 364 2.73 8.10× 107 18.21 0.28 369 2.71 3.97× 106 15.19 0.34

0.90 0.92 0.94 0.96 0.98 1.00

τ

0

1x106

2x10
6

3x10
6

4x106

80x10
6

100x10
6

0.94 0.95 0.96 0.97 0.98 0.99 1.00

0

40000

80000

120000

160000

A
B

Fig. 6. Relationship between the average relaxation time constant,ktl; and the reduced temperatures: (A) polymethacrylate; (B) polynaphthalate.



the side chain in a wide range of the temperatures below the
Tg.

4. Conclusions

Polymethacrylate and polynaphthalate bearing a
methylsulfonyl benzothiazolyl azo chromophore were
synthesized to study the relaxation dynamics of poled E/O
polymer films via a modified reflection technique. The pulse
poling method led to an increase in the rate of the E/O signal
during heating. The increasing rate of the E/O signal in
polynaphthalate is relatively larger than that in poly-
methacrylate.

In the two different polymer systems, we found that
isothermal relaxation of the E/O signal can be described
by the KWW stretched exponential function with tempera-
ture dependent average relaxation time constant,ktl; and the
stretching parameter,b . The temperature dependence of the
decay constant,ktl; is Arrhenius-like below theTg. We
compared the activation energies of the two polymer
systems. Compared to polynaphthalate, polymethacrylate
has higher activation energy,Ea, so that it can show a better
orientational stability of dipolar alignment in poled polymer
system below theTg.
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Fig. 7. Relationship between lnktl and the inverse sample temperature, (1000× 1/T): (A) polymethacrylate; (B) polynaphthalate.


