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Summary: The terpolymer-1 was prepared from radicalic polymerization of (£)-4-[3-(benzofuran-
2-yl)-3-oxoprop-1-enyl] phenyl acrylate (BPCA), 2-hydroxyethyl methacrylate (HEMA) and N-
isopropylacrylamide (NIPA). The terpolymer-2 was prepared using 2-Acrylamidoglycolic acid
mono hydrate (AMGA) instead of HEMA. The oxidized multi-walled carbon nanotube (MWNT-
COOH) and thyonylchloride (SOCl,) was used in preparing of carbonyl chloride-functionalized
carbon nanotube (MWNT-COCI). MWNT-COC] was coated separately by terpolymer-1 and
terpolymer-2, heating at 120 °C for 6 h. Spectral and thermal properties, the photo-crosslinking
behaviors and dielectrical and electrical properties of the terpolymers and the composites were
investigated. The composite-1 exhibits a double emission wavelength at 325 nm and at 680 nm for
an excitation wavelength of 530 nm. In the photo-crosslinking studies of terpolymer 1, immediately
after each irradiation time intervals, the absorbance change at 345 nm was monitored. Dielectric
constant is not change noticeably with temperature for nonpolar polymers whereas dielectric
constant increases with temperature for strong polar polymers.
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Introduction

The properties and applications of carbon
nanotubes (CNT) and related materials have been
very interesting research fields in recent years [1].
CNTs have received much attention for their much
potential application, such as photocatalyst [2],
electrochemical [3], nanowires [4], nanoelectronic
[5], photovoltaic devices [6], gas sensors [7],
semiconductor [8] and nanocomposite materials [9-
11].

The functionalization of defect sites at the
end or side walls of the nanotubes by oxidation is a
well-known  functionalization  technique.  The
oxidatively introduced carboxyl groups represent
useful sites for further modifications. By this way,
the nanotubes can be provided with a wide range of
functional moieties. For oxidation to carboxyl group,
multi-walled carbon nanotube (MWNT) is treated
with H,SO,/HNO; mixture [12, 13], as an oxidizing
agent. Then the carboxyl group is converted to acyl
chloride using SOCI,, which is a more active group
than carboxyl group.

The combination of CNTs with polymers
may offer attractive possibility to enhance the
thermal, electrical, mechanical and
spectrophotometric properties of polymer composites
[14]. Ajayan et al. [15] reported the first
polymer/CNT composites. The dispersion of CNTs in
polymer matrices is a critical issue in preparation of
CNT/polymer composites. Currently there are several

methods used to prepare CNT/polymer composites.
One of them is solution mixing. In this approach, a
dispersion of CNTs in suitable solvent and polymers
are mixed in solution under ultrasonic irradiation, and
the CNT/polymer composite is formed by
precipitation of composite and by evaporation of
solvent [16]. The number of research article, review
article and patents written on polymer/CNT
composites is increasing every year [1, 10, 17-19].

In this paper, we reported the preparation of
composites of two terpolymers and multi-walled
carbon nanotube (MWNT), and electrical,
dielectrical, thermal and spectroscopic properties of
the composites.

Experimental
Materials

MWCNT is purchased from Grafen Kim.
San. Sti, and it is average diameter and average
length 9.5 nm and 1.5 pum, respectively.
Triethylamine, acryloyl chloride, acetylbenzofurane,
4-hydroxybenzaldehyde, SOCl,, H,SO,, HNO;, 2-
hydroxyethyl methacrylate, 2-acrylamidoglycolic
acid mono hydrate, N-isopropylacrylamide and 1,4-
dioxane were purchased from Aldrich-Sigma and
were used without any purification.
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Characterization Technique

Infrared spectra were recorded on a Perkin-
Elmer Spectrum One FTIR spectrometer. 'H-NMR
spectra were obtained on a 400 MHz Bruker AVIII
400 machine, using dimethyl sulfoxide (DMSO) as
the solvent, and tetramethylsilane as an internal
standard. Calorimetric measurements were carried
out on a Shimadzu DSC-50 thermal analyzer under
N, flow a using a heating rate of 20 °C/min. Thermal
stability studies were carried out on a Shimadzu
TGA-50 thermobalance under N, flow a using a
heating rate of 10 °C/min.

The capacitance measurements were carried
out at room temperature with a QuadTech 7600
precision LRC meter impedance analyzer over the
frequency range 50 Hz-10 kHz. The polymer and the
composites were ground with an agate mortar and
pestle, and the final fine powders was pressed at four
tons of pressure into disc-shaped samples with a
thickness ranging from 0.42-0.73 mm and a diameter
of 12 mm. The entire surface of the discs was coated
with a silver paste, which acts as a good contact for
capacitance measurements.

Synthesis of (E)-1-(benzofuran-2-yl)-3-(4-
hydroxyphenyl)prop-2-en-1-one (BPC)

BPC was prepared according to the method
given in literature [20], starting by 2-
acetylbenzofurane and 4-hydroxybenzaldehyde.

(E)-4-[3-(benzofuran-2-yl)-3-oxoprop-1-enyl]phenyl
acrylate (BPCA)

In a 50 mL three-necked flask, BFC (0.545
g, 2.06 mmol) and triethylamine (0.3 mL, 2.17 mmol)
were dissolved in 10 mL THF and cooled to 0 °C.
Acryloyl chloride (0.18 mL, 2.17 mmol) in 3 mL
THF was then added dropwise with stirring, keeping
the temperature in the range 0 °C to +5 °C. After
complete addition of the acryloyl -chloride,
temperature of the reaction mixture was allowed to
rise slowly to room temperature and the content was
stirred for 24 h. The mixture was added to cold water
and precipitate was filtered off. The product was
recrystallized from methanol. Yield : 94%; m.p. 138-
139 °C.

Preparation of carbonyl chloride-functionalized
carbon nanotube (MWNT-COCI)

Multi-walled carbon nanotube (MWNT) was
first oxidized according to the experimental
procedures adapted from the literature [12, 13].
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Briefly, 1.2 g MWNT, 10 mL conc. HNO; and 30 mL
conc. H,SO, were added to a 250 mL tree-necked
flask and was sonicated for 9 h at 80 °C. The resultant
mixture was then slowly poured into 200 mL water.
The diluted mixture was neutralized with 40 g NaOH
in 250 mL water, filtered and washed with deionized
water. The oxidized MWNT (MWNT-COOH) was
filtered off, and after the solid was dried in air for a

few hours, it was dried under vacuum at 60 °C for 24
h.

Dried MWNT-COOH (0.86) was suspended
in 50 mL SOCI, and refluxed for 24 h. The solid
filtered off and washed with anhydrous CHCI; and
dried under vacuum at at room temperature.

Preparation of Terpolymer-1

A mixture of the BPCA (0.318 g, 1 mmol),
N-isopropylacrylamide (NIPA) (0.396 g, 3.5 mmol),
2-hydroxyethyl methacrylate (HEMA) (0.072 g, 0.5
mmol), AIBN (0.0079 g) and anhydrous 1,4-dioxane
(2 mL) were added to the polymerization tube and
sealed under argon. The reaction content was heated
at 60 °C for 30 h. Then, the mixture was diluted with
2 mL 1,4-dioxane and precipitated (twice) into
diethyl ether. The terpolymer-1 was dried under
vacuum at 50 °C (0.36 g, 45%).

Preparation of terpolymer-2

A mixture of the BPCA (0.30 g, 0.943
mmol), N-isopropylacrylamide (NIPA) (0.50 g, 4.4
mmol), 2-acrylamidoglycolic acid mono hydrate
(AMGA, 0.154 g, 0.943 mmol), AIBN (0.0095 g)
and anhydrous 1,4-dioxane (2 mL) were added to the
polymerization tube and sealed under argon. The
reaction content was heated at 65 °C for 24 h. Then,
the mixture was diluted with 2 mL 1,4-dioxane and
precipitated (twice) into diethyl ether. The
terpolymer-2 was dried under vacuum at 50 °C (0.267
g, 28%).
Preparation of CNTs coated with terpolymers

Terpolymer-1 (0.1 g) was dissolved in 25
mL 1,4-dioxane, and added to MWNT-COCI (0.2 g)
and was sonicated for 15 min. The solvent was
removed by rotary evaporator. The CNT coated with
terpolymer-1 (MWNT-Ter-1) was dried at 120 °C for
6 h.

Terpolymer-2 (0.06 g) was dissolved in 25
mL 1,4-dioxane, and added to MWNT-COCI (0.12 g)
and was sonicated for 15 min. The solvent was
removed by rotary evaporator. The CNT coated with
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terpolymer-2 (MWNT-Ter-2) was dried at 120 °C for
60 h.

Preparation of CNT/the polymer nanocomposites

The composites were prepared according to
the method adapted from the literature [16]. Briefly,
0.245 g of the terpolymer-1 was dissolved in 5 mL
1,4-dioxane, and was dispersed in this solution 0.005
g of the CNT coated with terpolymer-1(MWNT-Ter-
1) by using an ultrasonic bath. The mixture was
dropwise added into diethyl ether to precipitate the
composite-1 (with content 1.2% MWNT) , filtered,
dried under vacuum at 50 °C for 24 h. Composite-2
(with content 1.2% MWNT) was prepared similarly
from the terpolymer-2 and the CNT coated with
terpolymer-2  (MWNT-Ter-2). The powder
composites were formed in the form of pellet by
applying 10 ton.

Results and Discussion
Spectral Characterization

The FT-IR spectra of MWNTs and
terpolymers were presented in Fig. 1. The bands at

3430 cm” (OH stretch vibration), 1755 c¢cm™ (C=0O
stretch vibration for ester groups in chalcone units),
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1725 cm™ (C=0 stretch vibration for ester in HEMA
units), 1655 cm™ (C=0 stretch vibration for amid and
ketone groups in NIPA and chalcone units), 1612 cm
' (C=C stretch vibration for in chalcone units) are
attributed to the presence of the monomeric units on
the terpolymer-1. The bands at 3340 cm™ (OH stretch
vibration), 1755 cm™ (C=0 stretch vibration for ester
groups in chalcone units), 1730 cm™ (C=0O stretch
vibration for acid group in AMGA units), 1655 cm™
(C=0 stretch vibration for amid groups in NIPA and
AMGA units, and ketone groups in chalcone units),
1612 cm™ (C=C stretch vibration for in chalcone
units) are attributed to the presence of the monomeric
units on the terpolymer-2. In the both spectra, the
isopropyl group shows two bands at 1387 and 1367
cm™ assigned to the C-H bending vibration. In the
FT-IR spectra of MWNT-COOH, the bands at 3434
em’ (O-H stretching vibration), 1711 ecm” (C=0
stretching vibration) and 1630 cm” (C=C on the
MWCNT) indicate surface modification of the
MWCNT. The bands at 1720 cm™(C=0) and 1630
em’(C=0 and C=C) and 1000-1200 cm” (C-O) in
the spectra of MWNT-Ter-1 and MWNT-Ter-2 (no
spectrum) show the functional groups on the surface
of the terpolymers. The FT-IR spectrum of
composite-2 shows the bands at 1725 cm™ (C=0),
1632 cm” (C=0 in the amid group and C=C on the
CNT) and 1000-1200 cm™ (C-O).
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Fig. 1:

1

The FT-IR spectra of MWNT-Ter-1, MWNT-COOH, composite-2, terpolymer-1 and terpolymer-2.
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All the "H-NMR spectra taken from DMSO
solution are shown in Fig. 2. In the spectrum of
terpolymer-1, signals at 8.3 ppm (-CONH-), at 7.3-
8.0 ppm (aromatic and olefinic protons in chalcone
units), at 4.8-4.2 ppm (broad peak, —OH), 3.7-4.0
ppm (-NCH-, -COOCH,CH,0O- ) and 0.8-2.3 ppm
(CH3, CH, and CH) are confirm the structure. The
'H-NMR spectrum of terpolymer-2 contains signals
at 12.9 ppm (-COOH), 8.3 ppm (CONH), 7.0-8.0
ppm (aromatic and olefinic protons in chalcone
units), 6.2-6.5 ppm (N-CH-COO-), 5.3-5.6 ppm
(OH), 3.85 ppm (-NCH-) and 0.8-2.3 ppm (CH3, CH,
and CH).

water |

Terpolymer-1 DME0

Terpolymer-2

Fig.2: 'H-NMR spectra

terpolymer-2.

of terpolymer-1 and

Fluorescent spectra of terpolymer-1 and
composite-1 were taken from the film samples. For
an excitation wavelength of 529 nm the film shows a
resonance emission at 525 nm for terpolymer-1. The
composite-1 exhibits a double emission wavelength
at 325 nm and at 680 nm for an excitation
wavelength of 530 nm. This emission shift in the
composite-1 can be caused by changing the number
of emission sites on the surface of carbon nanotube
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because of the oxidative treatment during the
functionalization [21]

Photo-Crosslinking Studies of Polymers

The photo-crosslinking study of terpolymer-
1 was carried out upon illumination with 365 nm
light, and monitored by UV-visible spectroscopy.
The quartz cell containing polymer solution with the
concentration of 4 mg polymer / 25 mL solvent
(dimethyl formamid, DMF) was kept at a distance of
12 cm from the UV lamp for different irradiation
time. Immediately after each irradiation time
intervals, the absorbance change at 345 nm was
monitored (Fig. 3). The decrease in absorption at 345
nm was evident, which is attributed to the formation
of cyclobutane rings through [27 + 2x] cycloaddition
of C=C double bond in the chalcone unit. The
maximum absorbance at A = 345 nm of the C=C
double conjugated to the carbonyl group decreases
fast upon UV illumination. At that same time, an
increase of absorption is exhibited at 270 nm and at
413 nm attributed to the photochemical product.
These behaviors of chalcones exposured to UV light
were reported in many studies [22-25].
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Fig. 3: UV-Visible spectral changes of terpolymer-1

upon UV irradiation.

The terpolymer-1 film prepared on salt plate
was exposed to UV light for different irradiation
time. After each irradiation time intervals, the FT-IR
spectrum of the film was monitored (Fig. 4).
Depending on the time of irradiation, intensities of
ester carbonyl band at 1755 cm™ and the carbon-
carbon double bond band at 1612 cm™ in units with
chalcone were significantly reduced. These
reductions indicate the changes in the chalcone units
with UV irradiation.
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Fig. 4: FT-IR spectral changes of terpolymer-1
upon UV irradiation.

Thermal Characterization

A differential scanning calorimetry (DSC)
curve (Fig. 5) for terpolymer-1 was generated using a
DSC-50. The glass transition temperature of
terpolymer-1(as about 75 °C) was determined by
DSC. Fig. 5 also show changing of dielectric constant
(¢”) with temperature. Dielectric constant increased
moderately up to 75 °C, very slow between 75-120 °C
and very fast after 120°C with temperature. Dielectric
constant is not change noticeably with temperature
for nonpolar polymers whereas dielectric constant
increases with temperature for strong polar polymers.
The increase of the dielectric constant with
temperature is due to an increase total polarization
arising from dipols and trapped charge carriers [26].
An increase in growth rate of specific volume slowed
down the increase of dielectric constant between 75-
120 °C. After 120 °C increase in the dielectric
constant is dominated by an increase in specific
volume. The expansion increases with increasing of
temperature. The specific volume increases with
increasing of expansion. The dielectric constants of
these polymers increase for this reasons.
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Fig. 5: The variation of dielectric constant(¢”) and
DSC trace with temperature of terpolymer-1.
The TGA curves for the MWNT-Ter-1,
MWNT-Ter-2, terpolymer-1, composite-1 and

composite-2 are shown in Fig. 6. Table-1 gives the
thermal stability data of the polymers measured by
TGA in nitrogen. Except a weight loss of about 2 %
at 120 °C which is due to the expulsion of the
moisture present in terpolymer-1, composite-1 and
composite-2 the decomposition of all the polymers
begin at about 300 °C. The MWNT-Ter-1 and
MWNT-Ter-2 undergo two-stage decomposition. In
the first step decomposition, they show a 30% weight
loss in the temperature range of 295-455 °C, and then
the MWNT-Ter-2 decomposes more rapid than the
MWNT-Ter-1 in the second stage decomposition,
which show a 12% residue and a 25% residue,
respectively, at the end of the temperature range of
455-600 °C. The terpolymer-1 and nanocomposites
(composite-1 and composite-2) undergo three-step
thermal degradation processes. The first step
degradation in the temperature range of 300-460 °C
show a weight loss 55% for composite-1, 60% for
composite-2 and 62%. In the second stage
decompositions, a weight loss 10% in the
temperature range of 460-550 °C for the composite-1
and terpolymer-1 and a weight loss 10% in the
temperature range of 460-520 °C for the composite-2
occur. Having a weight loss 10% in this temperature
range of these polymers implies that their thermally
stable probable due to formation of cyclic imide
structures with a reaction between adjacent N-
isopropylacrylamide units by heating up to 460 °C
[27] all the polymers left a constant residue lower
than 10% at about 650 °C. From these Figs the high
termal stability of the MWNT-Ter-1, MWNT-Ter-2
and low thermal stability of the terpolymer-1 and the
nanocomposites can be seen. The thermal stabilities
of the MWNT-Ter-1 and MWNT-Ter-2 are lower
than that of MWNT which its decomposition starts at
about 500 °C (no TGA curve) due to activation its
surface of free radicals generated during
decomposition of polymer on the surface of the
MWNT [28].
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Dielectrical and Electrical Properties v %] Composite-1 g
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The general trend of conductivity is to F 015 - u
increase according to increase in frequency. Fig. 7 w, - =
shows real part of the permittivity (¢”) and the ac & 01 - = ™
o . . I
conductivity as function of frequency for the '§ [ " Terpolymer-1
composites and the polymers. The composite-1 g 005 A " . *
. ) & Em v ¢ °
shows ac conductivity higher than that of the & ’
. . e L st
terpolymer-1, and the ac conductivity of composite-1 g J : J
increases largely in comparison to terpolymer-1 and 0 : 4f ) ® i 10
thus the difference between their conductivities )
increases with increasing frequency. According to 6 1
Fig. 7, while the values of & of terpolymer-1 and . .
composite-1 decrease a little faster up to about 3 kHz, ©
and then remains nearly constant with increasing a ”
frequency, but the values of & of composite-2 Ew ”
constant. As be seen in Fig. 7, the conductivity of § E 37 Composite-1 4
composite-1 increases with rise temperature. Such a g ] 5 | *
character of the temperature dependence can be S .
attributed both to ionic and electronic type of 14 .
conductivity [29]. Thus, the both electrons and ions o | o
contribute to the conductivity of composite-1. B = e e 0
. . T °
In this study, we synthesized and emperature (°0)
characterized ~ the  novel ~ polymer  coated  Fjs 7. Variation of dielectric constant with
MWCNT/Terpolymer compqsnes. Su;h composites frequency for terpolymer-1, composite-1
can bq use.d'as photo-'sensmve. materials. We hgpe and composite-2 (a), and conductivity with
that th1§ original work is pqtentlally a useful addition frequency for terpolymer-1 and composite-
to the literature and can guide to some high polymer 1(b), and conductivity with temperature for
works. composite-1 (c).
Table-1: TGA data for the polymers.
a Stage 1 Weight Loss Stage 2 Weight Loss Stage 3 Weight Loss .
T Residue
polymers "Cl] Temperature in Stage 1 Temperature in Stage 2 Temperature in Stage 3 (%)
[ Range (%) Range (%) Range (%) °
MWNT-Ter-1 295 295-455 30 455-600 45 25
MWNT-Ter-2 295 295-455 30 455-600 58 12
Terpolymer-1 300 300-460 62 460-550 10 550-605 20 8
Composite-1 300 300-460 55 460-550 10 550-650 26 9
Composite-2 300 300-460 60 460-520 10 550-605 22 8

* Initial decomposition temperature.
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Conclusions

In preparation of composites, the first
MWNT have been coated by covalently bonding with
terpolymer, and then the MWNT coated the polymer
has been dispersed in terpolymer solution. The
powder composite was prepared by together
precipitation of the coated MWNT and the
terpolymer from the solution. Terpolymers and
composites were characterized structurally by 'H-
NMR and FT-IR spectra. For an excitation
wavelength of 529 nm the film shows an emission at
525 nm for terpolymer-1, but the composite-1 exhibit
a double emission wavelength at 325 nm and at 680
nm for an excitation wavelength of 530 nm.

The chalcone units in terpolymer used to
prepare the composite exhibited photo-crosslinking
behavior when expose to UV irradiation.

Thermal stabilities of terpolymer-1, MWNT-
Ter-1, MWNT-Ter-2, composite-1 and composite-2
are very lower than that of the MWNT because of the
organic groups attached to the others except MWNT

The composite-1 shows ac conductivity
higher than that of the terpolymer-1, and the ac
conductivity of composite-1 increases largely in
comparison to terpolymer-1 and thus the difference
between their conductivities increases with increasing
frequency.
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