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The relationship between the structure and the dielectric properties of the azo polymers was studied. Four azo polymers were
synthesized through the azo-coupling reaction between the same precursor (PAZ) and diazonium salts of 4-aminobenzoic acid
ethyl ester, 4-aminobenzonitrile, 4-nitroaniline, and 2-amino-5-nitrothiazole, respectively. The precursor and azo polymers were
characterized by 1HNMR, FT-IR, UV-vis, GPC, and DSC.The dielectric constant and dielectric loss of the samples were measured
in the frequency range of 100Hz–200 kHz. Due to the existence of the azo chromophores, the dielectric constant of the azo polymers
increases compared with that of the precursor. In addition, the dielectric constant of the azo polymers increases with the increase
of the polarity of the azo chromophores. A random copolymer (PAZ-NT-PAZ) composed of the azo polymer PAZ-NT and the
precursor PAZwas also prepared to investigate the content of the azo chromophores on the dielectric properties of the azo polymers.
It showed that the dielectric constant increases with the increase of the azo chromophores. The results show that the dielectric
constant of this kind of azo polymers can be controlled by changing the structures and contents of azo chromophores during the
preparation process.

1. Introduction

Dielectricmaterials which can be used to control and/or store
charge and electric energy play an important strategic role
in modern electronic and power systems. With the rapid
development of the electric industry, dielectricmaterials have
been intensively investigated in recent years owing to their
fascinating properties and potential applications in electronic
devices [1, 2]. Up to now, the most used dielectric materials
are the inorganic dielectric materials (inorganic piezoelectric
ceramic materials) including titanium dioxide [3], calcium
titanate [4], magnesium titanate [5], barium titanate [6, 7],
mica [8], boron nitride [9], aluminum oxide [10], among
others. Although the inorganic dielectric materials usually
show higher dielectric constant which is critical for its appli-
cation, its fragility and high processing temperature limit its

further application. With the development of information
technology and microelectronics industry, the miniaturiza-
tion, integration, and intellectualization of new devices such
as dielectric substrate, dielectric antenna, and embedded
thin film capacitor require that the dielectric materials not
only show excellent dielectric properties but also have good
mechanical properties and processing properties [11, 12].

The dielectric materials including the polypropylene
(PP) [13], biaxially oriented polypropylene (BOPP) [14],
polyethylene terephthalate (PET) [15], poly(vinylidene fluo-
ride) (PVDF) [16, 17], and polyarylene ether nitrile (PEN)
[18–22], among others, have recently attracted considerable
attention from the material research community. In com-
paring with the inorganic dielectric materials, the dielec-
tric materials especially the polymeric dielectric materials
exhibit the advantages of low intrinsic density, excellent
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Figure 1: Synthetic route for the azo polymers.

performance, easy processing, long serving life, and even
recyclability [11]. However, pure polymer material suffers
from the defect of low dielectric constant [21, 22]. As a
result, preparing polymer-based composite which combines
the advantages of polymer material and inorganic additive
has been intensively investigated in recent years [23–25].
However, the addition of the inorganic additive also results
in the increment of the dielectric loss of the system [23, 24].
Another method to improve the dielectric constant of a
polymer is to increase the polar groups in the polymer, as the
dielectric constant indicates how easily amaterial can become
polarized by imposition of an electric field on an insulator
[21]. For example, PEN is widely used as dielectric materials
for its high dielectric constant attributing to the polar cyano
groups as the side-chains on the backbone [18–21]. PVDF is
also one of themostly used dielectric materials due to its high
dielectric constant resulting from the asymmetrical fluorine
[16, 17].

Azobenzene as a functional group has been widely
used to design materials with photoresponsive property
[26–29]. When irradiated with appropriate light, polymers
containing azobenzene groups (azo polymers for short) will
show different photoresponsive properties attributing to the
reversible photoinduced trans-cis isomerization of the azo
chromophores [30–33]. The photoresponsive properties and
applications of azo polymers include photoinduced bire-
fringence [34], dichroism [35], surface-relief-grating [36,
37], spontaneous surface pattern [38], and contraction and
bending [39–41], among others. On the other hand, the
azobenzene, usually as organic dyes, possesses conjugated
molecular structures with large dipole moments resulting
from the terminal electron donors and acceptors. Con-
sequently, the azobenzene can be potentially used as the
polar groups to fabricate organic dielectric materials [42].

In addition, resulting from the high efficiency of the azo-
coupling reaction, azo polymers containing different push-
pull azo chromophores can be easily obtained [43–46]. As
a result, the relationship between the structure and the
dielectric properties of the azo polymers can be systematically
investigated.

In this work, the relationship between the structure and
the dielectric properties of the azo polymers was studied.
An epoxy-based precursor was firstly synthesized by con-
densation polymerization from bisphenol A diglycidyl ether
and aniline. Then, a series of azo polymers with different
substituents at 4-positions of the azobenzene units were
prepared by the azo-coupling reaction from that precursor.
The azo polymers were characterized by 1H NMR, FT-IR,
UV-vis, GPC, and DSC. The influences of the molecular
structures on the dielectric properties of the azo polymers
were investigated in detail.

2. Experimental Section

2.1. Materials. Bisphenol A diglycidyl ether (80%), aniline
(99%), 2-amino-5-nitrothiazole (97%), and 4-aminobenzoni-
trile (98%) were purchased from Alfa Aesar, Tianjin, China.
4-Aminobenzoic acid ethyl ester (98%) and 4-nitroaniline
(98%) were purchased from J&K chemicals, Beijing, China.
Tetrahydrofuran (THF) was purified by distillation with
sodium and benzophenone. Deionized water was obtained
from a Milli-Q water purification system. All of the other
reagents and solvents were purchased commercially and used
as received without further purification.

2.2. PAZ. As shown in Figure 1, the precursor polymer (PAZ)
and the azo polymers (PAZ-R, R = ET, CN, NT, and TZ)
were prepared according to the literature [37]. Bisphenol A
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diglycidyl ether (18.8 g, 0.1mol) and aniline (4.7 g, 0.05mol)
were homogeneously mixed before polymerizing and then
polymerized at 110∘C for 20 h. The production was dissolved
in a CHCl3/CH3OH solvent mixture (4 : 1, 200mL) followed
by precipitation in 800mL of acetone. The polymer was
collected by filtration and dried under vacuum for 24 h. 1H
NMR (DMSO-𝑑6): 𝛿 = 7.07 (6H, d), 6.82 (4H, d), 6.72 (2H, d),
6.54 (1H,m), 5.27 (1H, d), 5.18 (1H, d), 4.03 (2H,m), 3.87 (4H,
s), 3.34–3.75 (4H, m), and 1.55 (6H, s). FT-IR (KBr, cm−1):
3365 (O-H, s), 2963 and 2926 (C-H, m), 1600, 1508, and 1459
(Benz. ring, s), and 1247 (C-O, s). GPC:𝑀𝑛 = 2.47 × 104 and
𝑀𝑤/𝑀𝑛 = 1.69. DSC: 𝑇𝑔 = 89.8∘C.

2.3. PAZ-CN. According to the literature [37], PAZ (1.3 g,
3mmol) was dissolved in DMF (150mL) at 0∘C. A diazonium
salt of 4-aminobenzonitrile was prepared by adding an
aqueous solution of sodium nitrite (0.37 g, 5.5mmol in 3mL
of water) into a solution of 4-aminobenzonitrile (0.54 g,
4.5mmol) in a homogeneous mixture of 1.3mL of sulfuric
acid and 18mL of glacial acetic acid. The mixture was stirred
at 0∘C for 30min and then was added dropwise into the
solution of PAZ. The solution was stirred at 0∘C for another
12 h. Then the solution was poured into plenty of water
and the precipitate was collected and dried afterwards. The
product was dissolved in 60mL THF and precipitated into
600mL petroleum ether. The final product was dried in
vacuum at 70∘C for 24 h. 1HNMR (DMSO-𝑑6): 𝛿 = 7.93 (2H,
d), 7.83 (2H, d), 7.75 (2H, d), 7.06 (4H, d), 6.91 (2H, d), 6.84
(4H, d), 5.40 (H, d), 5.29 (H, d), 4.12 (2H, m), 3.70–4.01 (6H,
m), 3.41–3.70 (2H, m), and 1.54 (6H, s). FT-IR (KBr, cm−1):
3400 (O-H, s), 2963 and 2927 (C-H, m), 2227 (C≡N,m), 1600
and 1510 (Benz. ring, s), 1384 (-N=N-, m), and 1247 (C-O, s).
GPC: 𝑀𝑛 = 2.96 × 104 and 𝑀𝑤/𝑀𝑛 = 1.82. UV-vis: 𝜆max =
452 nm. DSC: 𝑇𝑔 = 120.5∘C.

2.4. PAZ-ET. PAZ-ET was similarly prepared as mentioned
for PAZ-CN. FT-IR (KBr, cm−1): 3397 (O-H, s), 2963 and 2927
(C-H, m), 1713 (C=O, s), 1599, 1510, and 1460 (Benz. ring, s),
1386 (-N=N-, m), and 1241 (C-O, s). 1H NMR (DMSO-𝑑6):
𝛿 = 8.06 (2H, d), 7.82 (2H, d), 7.74 (2H, d), 7.07 (4H, d), 6.90
(2H, d), 6.84 (4H, d), 5.40 (H, d), 5.29 (H, d), 4.30 (2H, t), 4.12
(2H, m), 3.70–4.00 (6H, m), 3.40–3.70 (2H, m), 1.54 (6H, s),
and 1.30 (3H, d). GPC:𝑀𝑛 = 3.16 × 104 and𝑀𝑤/𝑀𝑛 = 1.88.
UV-vis: 𝜆max = 438 nm. DSC: 𝑇𝑔 = 112.7∘C.

2.5. PAZ-NT. PAZ-NT was similarly prepared as mentioned
for PAZ-CN. FT-IR (KBr, cm−1): 3420 (O-H, s), 2963 and
2927 (C-H, m), 1602 and 1510 (Benz. ring, s), 1384 (-N=N-,
m), and 1243 (C-O, s). 1H NMR (DMSO-𝑑6): 𝛿 = 8 : 32 (2H,
d), 7.88 (2H, d), 7.75 (2H, d), 7.06 (4H, d), 6.90 (2H, d), 6.82
(4H, d), 5.40 (H, d), 5.29 (H, d), 4.12 (2H, m), 3.71–4.00 (6H,
m), 3.41–3.66 (2H, m), and 1.55 (6H, s). GPC: 𝑀𝑛 = 2.91 ×
104 and 𝑀𝑤/𝑀𝑛 = 1.78. UV-vis: 𝜆max = 482 nm. DSC: 𝑇𝑔 =
124.8∘C.

2.6. PAZ-TZ. PAZ-TZ was prepared according to the liter-
ature [44], nitrososulfuric acid was prepared by carefully
adding sodiumnitrite (0.21 g, 3mmol) to 2mLof sulfuric acid
at 65∘C while stirring. The resulting solution was cooled in
an ice bath and diluted with 5mL of acetic acid. A diazonium
salt of 2-amino-5-nitrothiazole was prepared by adding the
solid of 2-amino-5-nitrothiazole (0.36 g, 2.5mmol) directly
into the above nitrososulfuric acid solution and stirred at
0∘C at least for 2 h. The diazonium salt solution was added
dropwise into a solution of PAZ (0.86 g, 2mmol) in 100mL
DMF at 0∘C.The solution was stirred at 0∘C for another 12 h.
After precipitation of the above solution in water and being
dried for 12 h, PAZ-TZ was purified by dissolving in THF and
precipitating in petroleumether and then dried in vacuum for
24 h. FT-IR (KBr, cm−1): 3441 (O-H, s), 3045, 1460, and 753
(thiazole, m), 2964 and 2870 (C-H, m), 1601 and 1508 (Benz.
ring, s), 1353 (-N=N-, m), 1340 (N=O, m), and 1240 (C-O,
s). 1H NMR (DMSO-𝑑6): 𝛿 = 8.26 (1H, s), 7.80 (2H, d), 7.10
(6H, d), 6.86 (4H, d), 5.40 (H, d), 5.29 (H, d), 4.17 (2H, m),
3.70–4.00 (6H, m), 3.40–3.65 (2H, m), and 1.57 (6H, s). GPC:
𝑀𝑛 = 3.01 × 104 and𝑀𝑤/𝑀𝑛 = 1.84. UV-vis: 𝜆max = 572 nm.
DSC: 𝑇𝑔 = 138.7∘C.

2.7. PAZ-NT-PAZ. PAZ-NT-PAZ would be the random
copolymer of PAZ and PAZ-NT, and it was similarly pre-
pared as mentioned for PAZ-NT. However, only 30% of the
diazonium salt as preparing PAZ-NT was added to the PAZ
solution. 1HNMR (DMSO-𝑑6): 𝛿 = 8.34 (d), 7.89 (d), 7.74 (d),
7.09 (d), 6.90 (d), 6.82 (d), 6.73 (d), 6.54 (m), 5.40 (d), 5.32
(m), 5.18 (d), 4.12 (m), 4.05 (m), 3.87 (s), 3.34–3.75 (m), and
1.55 (s). FT-IR (KBr, cm−1): 3365 (O-H, s), 2963 and 2927 (C-
H,m), 1713 (C=O, s), 1600, 1508, and 1459 (Benz. ring, s), 1384
(-N=N-, m), and 1243 (C-O, s). GPC: 𝑀𝑛 = 2.72 × 104 and
𝑀𝑤/𝑀𝑛 = 1.75. UV-vis: 𝜆max = 482 nm. DSC: 𝑇𝑔 = 121.2∘C.

2.8. Characterization. 1H NMR spectroscopy was obtained
on a JEOL JNM-ECA300 (300MHz) or JEOL JNM-ECA400
(400MHz) NMR spectrometer. FT-IR spectra were collected
on a Nicolet 560-IR spectrometer.Themolecular weights and
molecular weight distributions of the polymers were mea-
sured on a gel permeation chromatographic (GPC) instru-
ment which is equipped with a column (PLgel 5𝜇m Mixed-
D) and a refractive index detector (Wyatt Optilab rEX).
The temperatures during the measurements were maintained
at 35∘C and the molecular weights of the polymers were
calibrated with polystyrene as standards. Chromatographic
THF was used as the eluent agent and the flow rate was
controlled to be 1.0mL/min. The thermal behaviors of the
polymers were performed on a TA Instrument DSC-Q100
with a heating rate of 10∘C/min from room temperature to
180∘C and in a nitrogen atmosphere. The UV-vis spectra of
the samples were measured in solution by using a Persee
TU-1810SPC UV-vis spectrophotometer, the concentrations
of the samples under the concentration of 0.02mg/mL were
obtained by dissolving the corresponding samples in THF
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(HP). Dielectric measurements of the azo polymers were
carried out by a TH 2819A precision LCR meter. The films
of the polymers were firstly obtained by casting the DMF
solution of the corresponding polymer on the copper foil and
thendried in an ovenwith the procedure of 80∘C for 1 h, 100∘C
for 1 h, 120∘C for 1 h, and 160∘C for 2 h.Then, a simple parallel-
plate capacitor was fabricated by putting another copper foil
on the surface of the polymeric film. The copper foils at both
side of the polymeric film were used as the electrodes and
the dielectric constant and dielectric loss of the samples were
measured at temperature from 100Hz to 200 kHz.

3. Result and Discussion

In this study, the relationship between the structure and the
dielectric properties of the azo polymers was studied. Epoxy-
based azo polymers with strong push-pull azo chromophores
(PAZ-ET, PAZ-CN, PAZ-NT, and PAZ-TZ) were synthesized
from the precursor (PAZ) by azo-coupling reaction [44].The
synthetic route and chemical structure of these polymers
are given in Figure 1. The precursor PAZ was synthesized
through the condensation polymerization between bisphenol
A diglycidyl ether and aniline. According to the GPC results,
the number-average molecular weight of PAZ is 2.47 × 104
and the polydispersity index is 1.69. PAZ shows good solu-
bility in polar organic solvents such as tetrahydrofuran,N,N-
dimethylformamide, and N,N-dimethylacetamide, which is
critical for the subsequent azo-coupling reaction. 𝑇𝑔 of PAZ
is 89.8∘C, which is determined by DSC.

The azo polymers (PAZ-ET, PAZ-CN, PAZ-NT, and PAZ-
TZ) with strong push-pull azo chromophores were then
prepared by the azo-coupling reaction between the precursor
PAZ and diazonium salts of 4-aminobenzoic acid ethyl
ester, 4-aminobenzonitrile, 4-nitroaniline, and 2-amino-5-
nitrothiazole at 0∘C in a polar organic solvent such as DMF.
The diazonium salts were obtained by adding the solution of
sodium nitrite into the acidic aqueous solution of the corre-
sponding amino derivatives or putting the amino derivatives
directly into the nitrososulfuric acid at 0∘C.The azo-coupling
reaction enables introducing various azo chromophores at
the final stages of the synthetic route with high yield. As the
precursor is the same and excessive diazonium salts were
used in the reaction, the only differences between these azo
polymers are the azo chromophores linked on the backbone.
The azo polymers with strong push-pull azo chromophores
are named as PAZ-X, where X is the abbreviations to make
the distinction for the different electron-withdrawing groups.

Figure 2 shows the 1H NMR spectra of the precursor
and the azo polymers with assignments. For the 1H NMR
spectrum of PAZ, the resonance signal at 6.54 ppm is coming
from the proton 𝑗 which is on the para position of the
benzene ring connected to the nitrogen, while the proton 𝑖
on the ortho position of the benzene ring connected to the
nitrogen shows a resonance peak at 6.72 ppm.The resonance
signals at 5.27 and 5.18 ppm are resulting from the protons

on hydroxyl groups. After the azo-coupling reaction, PAZ-
ET, for example, the resonance signal at 6.54 ppm disappears
completely indicating the 100% reaction of the PAZ. In
addition, the resonance signals located at 8.06 and 7.82 ppm
are coming from the protons on the benzene ring of the
azobenzene unit (𝑘 and 𝑗). What is more, resonance peaks of
the protons on the benzene ring of the azobenzene unit (ℎ and
𝑖) shift to the low field due to the formation of the azobenzene
unit. The new resonance peaks at 4.30 (𝑙) and 1.30 (𝑚) ppm
are coming from the methylene and methyl group connected
to the ester. For the other azo polymers, the resonance peaks
can also be correspondingly assigned which means that the
azo polymers are successfully prepared (Figure 2).

The azo polymers were also characterized by FT-IR.
In comparing with the FT-IR spectrum of PAZ, a new
absorption peak at around 1385 cm−1 is observed for all of
the azo polymers. This new absorption peak is attributed to
the symmetrical stretching vibration of the azo group (-N=N-
) [47] which confirms the preparation of the azo polymers.
The molecular weights and molecular weight distributions
of the polymers were measured by using GPC. The number-
average molecular weights of the azo polymers are 3.16 × 104,
2.96 × 104, 2.91 × 104, and 3.01 × 104 for PAZ-ET, PAZ-CN,
PAZ-NT, and PAZ-TZ, respectively, which are higher than
that of the precursor PAZ. In addition, the molecular weight
distributions of the azo polymers are also higher than that
of the precursor. The thermal properties of the azo polymers
were obtained by using the DSC measurement. Figure 3
shows the DSC curves of the precursor PAZ and the azo
polymers PAZ-X. 𝑇𝑔 of PAZ is 89.8∘C. After the azo-coupling
reaction, 𝑇𝑔 of the azo polymers increases and is 112.7, 120.5,
124.8, and 138.7∘C for PAZ-ET, PAZ-CN, PAZ-NT, and PAZ-
TZ respectively. The increment of 𝑇𝑔 of the azo polymers
is due to the formation of the azobenzene groups and the
increasing of the number-average molecular weights of the
samples after the azo-coupling reaction.

The UV-vis spectra of the solution of the azo polymers
are shown in Figure 4. The concentrations of the solution of
the samples are 0.02mg/mL by dissolving the corresponding
solid samples in THF (HP) which is a common solvent for
the azobenzene and its derivatives. In comparing with the
spectrum of PAZ which shows a weak absorption around
300 nm, the azo polymers show a strong absorption in the
visible region and the color of the azo polymers ranges
from red to blue. This strong absorption is contributed to
azobenzene which also confirms the successfully fabrication
of the azo polymers. Azo chromophores are usually clas-
sified into azobenzene type, aminoazobenzene type as well
as pseudostilbene type based on the spectral feature and
isomerization behavior of them [34]. The pseudostilbene
type azo chromophores, also known as push-pull type azo
chromophores, contain strong electron-donating/electron-
withdrawing substituents at the 4 and 4 positions of the
azobenzene moieties which results in the strong absorption
bands in the visible light region. According to Figure 4,
the position of the absorption band of the azo polymers is
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Figure 2: 1H NMR spectra the precursor and the azo polymers.
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determined by the electron-withdrawing group on the 4
positions of azobenzene moieties. The location of the max
absorption band (𝜆max) of the azo polymers is 438, 452, 482,
and 572 nm for PAZ-ET, PAZ-CN, PAZ-NT, and PAZ-TZ,
respectively. As the azo polymers are made from the same
precursor PAZ and have the same electron-donating group
on the azobenzene moiety, the red-shift of 𝜆max indicates the
polarity of the electron-withdrawing group on the 4 position
of the azobenzene becomes stronger.

The dielectric constant and dielectric loss of the azo poly-
mers and the precursorweremeasured in the frequency range
of 100Hz–200 kHz. For high performance polymers such as
PEN, the dielectric constant, and dielectric loss can be easily
measured by using the films of PEN whose surfaces were
coated with a thin layer of conductive silver paste to form a
plate capacitor [21, 22]. However, as the free standing films

of the precursor and the azo polymers cannot be obtained
resulting from their poor mechanical property, the samples
were firstly cast on the copper foil, and then a simple parallel-
plate capacitor was fabricated by putting another copper foil
on the surface of the polymeric film. The copper foils at both
sides of the polymeric film were used as the electrodes for
the measurement of the dielectric constant and dielectric
loss. The dielectric constant and dielectric loss of the azo
polymers are shown in Figures 5(a) and 5(b). As shown in
Figure 5(a), the dielectric constant of the samples decreases
slightly with the increasing of measuring frequency. This
decrement of the dielectric constant with changing frequency
is caused by the effect of the polarization relaxation [21]. The
dielectric constant of PAZ is 3.1 at 1 kHz. Due to the existence
of the azo chromophores, the dielectric constant of the azo
polymers increases compared with that of the precursor. In
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Figure 5: Dielectric constant (a) and dielectric loss (b) of the precursor and the azo polymers.

particular, the dielectric constant of PAZ-ET, PAZ-CN, PAZ-
NT, and PAZ-TZ is 3.7, 4.0, 4.6, and 5.2 at 1 kHz, respectively.
In addition, the increase of dielectric constant from PAZ-
ET to PAZ-TZ would be due to the fact that the electron-
withdrawing group on the azobenzene of PAZ-TZ is the
strongest. The dielectric loss of the azo polymers is also
higher than that of the precursor due to the azo moieties. In
addition, as the movement of the polar azobenzene is much
easier than themain-chain of the polymers, the dielectric loss
increases with the increasing of the frequency. What is more,
the dielectric loss increases from PAZ-ET to PAZ-TZ as that
of the dielectric constant.

After the study between the structure and the dielectric
properties of the azo polymers, the contents of the azo
chromophore on the dielectric properties of azo polymers
were further studied. Due to the high efficiency of the azo-
coupling reaction, the precursor PAZ was 100% reacted to
form the azo polymers (PAZ-ET, PAZ-CN, PAZ-NT, and
PAZ-TZ) by using excessive diazonium salts, which was
confirmed by the 1H NMR spectra. On the other hand,
a random copolymer composed of the azo polymer and
the precursor would be obtained if inadequate diazonium
salt is used. Herein, by using the diazonium salt of the 4-
nitroaniline as typical example, PAZ-NT-PAZ which can be
seen as the random copolymer of PAZ-NT and PAZ was
similarly prepared as mentioned for PAZ-NT. However, only
30% of the diazonium salt as preparing PAZ-NT was added
to the PAZ solution when preparing PAZ-NT-PAZ. Figure 6
shows the 1HNMR spectra of PAZ, PAZ-NT-PAZ, and PAZ-
NT. In comparing with the 1H NMR spectrum of PAZ-
NT, the 1H NMR spectrum of PAZ-NT-PAZ also shows the

resonances of the azo chromophore as located at 8.34, 7.89,
7.74, and 6.90 ppm. However, the existence of the resonance
peaks at 6.73 and 6.54 ppm indicates the incomplete reaction
of the PAZ. In addition, the resonances of the proton from
the hydroxyl groups also show the superposition of PAZ and
PAZ-NT. According to the integral area of the resonances at
5.40 and 5.18 ppm, it can be calculated that PAZ: PAZ-NT =
6 : 4 in PAZ-NT-PAZ.

The FT-IR spectrum of PAZ-NT-PAZ also shows the
absorption peak of the symmetrical stretching vibration
of the azo group (-N=N-, 1384 cm−1) which confirms the
existence of azo chromophores in PAZ-NT-PAZ. Figure 7
shows the UV-vis spectra of PAZ, PAZ-NT-PAZ, and PAZ-
NT in THF at 0.02mg/mL. In comparing with the UV-vis
spectrum of PAZ-NT (curve (3)), the UV-vis spectrum of
PAZ-NT-PAZ (curve (2)) shows the same max absorption
band at 482 nm. This result indicates the existence of the
same azo chromophores in PAZ-NT-PAZ and PAZ-NT. In
addition, the intensity of the max absorption band of PAZ-
NT-PAZ is about 0.4 to that of the PAZ-NT, the same as
the result of the 1H NMR spectra. Combining the 1H NMR
spectra and UV-vis spectra, it can be concluded that the ratio
of the azo chromophores in PAZ-NT-PAZ with that in PAZ-
NT is 0.4.

The dielectric constant and dielectric loss of PAZ-
NT-PAZ were also measured in the frequency range of
100Hz–200 kHz.As shown in Figure 8, the dielectric constant
of PAZ-NT-PAZ is 4.1 at 1 kHz which is between that of the
PAZ and PAZ-NT. This is because that the content of the
azo chromophores which contributes to the increases of the
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Figure 6: 1H NMR spectra of the PAZ, PAZ-NT, and PAZ-NT-PAZ.
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Figure 7: UV-vis spectra of the THF solution (0.02mg/mL) of the
polymers. Curve (1): PAZ, curve (2): PAZ-NT-PAZ, and curve (3):
PAZ-NT.

dielectric constant is 0.4 to that of in PAZ-NT. As a result, it
can be concluded that the dielectric constant of this kind of
azo polymer can be controlled by changing the content of azo
chromophores during the preparation process. The dielectric
loss of PAZ-NT-PAZ is similar to that of PAZ-NT. However,
as the content of azo chromophores is less, the dielectric loss

of PAZ-NT-PAZ is lower than that of PAZ-NT at all the tested
frequencies.

4. Conclusions

In summary, a series of epoxy-based azo polymers with
different substituents at 4-positions of the azobenzene units
were synthesized through the azo-coupling reaction. The 1H
NMR spectra indicated the successful preparation of the
azo polymers and the UV-vis spectra showed that the max
absorption band of the azo polymers red-shifts with the
increase of the electron-withdrawing ability of the groups at
4-positions of the azobenzene unit.The dielectric properties
of the azo polymers were obtained by pasting two copper foils
which were used as the electrodes during the measurement
at both sides of the polymeric film. In comparing with the
precursor PAZ, the dielectric constant of the azo polymers
increased obviously due to the large dipole moments of the
azo chromophore. In addition, the dielectric constant of the
azo polymers increased with the increase of the polarity of
the azo chromophores and was as high as 5.2 for PAZ-TZ
at 1 kHz. A random copolymer PAZ-NT-PAZ composed of
PAZ-NT and PAZ was similarly prepared to investigate the
content of the azo chromophores on the dielectric properties
of the azo polymers. The dielectric constant of PAZ-NT-PAZ
was 4.1 at 1 kHz which is between that of PAZ and PAZ-NT.
The results showed that the dielectric properties of this kind
of azo polymers can be controlled by changing the structures
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Figure 8: Dielectric constant (a) and dielectric loss (b) of the PAZ, PAZ-NT, and PAZ-NT-PAZ.

and contents of azo chromophores during the preparation
process.
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