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The composite thin films of poly(3-aminobenzoic acid) (PABA) and multiwalled carbon nanotubes (MWNTs) are successfully
fabricated through an electrochemical method. The composite mixtures containing 50mM of 3-aminobenzoic acid with various
concentrations ofMWNTs (1.0, 2.5, 5.0, 7.5, and 10mg/mL) in 0.5MH

2
SO
4
were prepared andused in this study. Cyclic voltammetry

(CV) was used for fabrication and monitoring the electropolymerization of the composite thin films with potential range of 0 to
1100mV for 5 cycles at scan rate of 20mV/s on indium tin oxide- (ITO)-coated glass substrate. UV-vis absorption spectroscopy,
atomic force microscopy (AFM), and scanning electron microscopy (SEM) techniques were employed to characterize the obtained
composite thin films. It was found that MWNTs can enhance the peak current of CV traces of the PABA/MWNTs composite thin
films without affecting the UV-vis absorption spectra. The surface morphology of the thin films can be studied using AFM and
SEM techniques.

1. Introduction

The application of the conducting polymers has attracted
attention in various fields such as medical, industrial, and
environmental fields [1–5]. Conducting polymers such as
polypyrrole, polyaniline, polythiophene, and their derivatives
can be obtained through both chemical and electrochem-
ical polymerization. Their unique conjugated 𝜋-electron
backbone system had led them to have unusual electronic
properties such as electrical conductivity, low energy optical
transitions, low ionization potential, and high electron affin-
ity. Various conducting polymers have been widely used in
sensor applications [5–10]. Among these conducting poly-
mers, poly(aminobenzoic acid), which is one of polyaniline
derivatives, is a conducting polymer containing electron-rich
nitrogen atom and high electron density of carbonyl group.
This makes it easily electropolymerized on the electrode [11,
12]. Carboxylated polyanilines with both ortho- and meta-
substitutions known to show self-doping have been studied as

a promising polyaniline derivative for biosensor applications.
The carboxylic acid group serves as a functional group that
can be used as a matrix material for immobilization onto
substrates or for covalent bonds with biomolecules such as
proteins and antibodies [13]. Recently, the ultrathin films
of poly(3-aminobenzoic acid) (PABA) were fabricated by
electropolymerization on gold-coated high-refractive index
glass slide as working electrode to construct the surface plas-
mon resonance (SPR) immunosensor for detecting human
immunoglobulin G [13]. The other poly(aminobenzoic acid),
poly(o-aminobenzoic acid), was also electropolymerized on
boron-doped diamond electrode by cyclic voltammetry for
construction of the amperometric immunosensor [14].

Carbon nanotubes (CNTs) show many advantages such
as small size, high electrical, thermal conductivity, high
specific surface area, and long term chemical stability which
can improve the electrochemical reactivity of biomolecules
and promote the electron transfer of redox reaction in
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Figure 1: UV-vis spectra of (a) compositemixtures after sonication, (b) compositemixtures after sonication/centrifugation, and (c) composite
thin films after electropolymerization for 5 cycles.

electropolymerization [15–20]. CNTs are hexagonal arrange-
ments of carbon atoms which can be classified as single-
walled (SWNTs) and multiwalled (MWNTs) carbon nan-
otubes. Since MWNTs are easier to synthesize and are
of lower price than SWNTs [16], MWNTs were chosen
for preparing the composite mixture in this work. The
film of poly(2,6-pyridindediamine)/MWNTs composite and
gold nanoparticles was developed to be used as amper-
ometric immunosensor for detecting human chorionic
gonadotrophin [21]. The cytochrome C biosensor base on
the hybrid material consisting of the conducting polymer
poly(3-methylthiophene) andMWNTs exhibited a good elec-
trochemical performance concerning direct electron transfer.
Moreover, it showed better sensitivity than other structured
cytochrome C biosensors [22].

In this study, the PABA/MWNTs thin films were fab-
ricated by electropolymerization of the composite mixtures

prepared from 50mM 3-aminobenzoic acid (ABA) and
various concentrations of MWNTs in 0.5MH

2
SO
4
. The

effect of the concentration of MWNTs on PABA film were
demonstrated by cyclic voltammetry and characterized by
UV-vis absorption spectra, atomic force microscopy (AFM),
and scanning electron microscopy (SEM) techniques.

2. Experimental

2.1. Materials. All materials and indium tin oxide- (ITO-)
coated glass substrates were purchased from Sigma-Aldrich
and used as received. The multiwalled carbon nanotubes
(MWNTs) were synthesized by chemical vapor deposition
method from Department of Physics and Materials Science,
Faculty of Science, Chiang Mai University.

Before electropolymerization, the composite mixtures of
50mM of ABA and various concentrations (1.0, 2.5, 5.0, 7.5,
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Figure 2: CV traces (selected from the second cycle) during electropolymerization at scan rate of 20mV/s of composite mixtures containing
50mM ABA and 0, 1.0, 2.5, 5.0, 7.5, and 10.0mg/mL MWNTs in 0.5MH

2
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4
.
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Figure 3: SEM images of (a)MWNTs and (b) PABA/MWNTs composite thin film containing 7.5mg/mLMWNTs after electropolymerization
for 5 cycles in 0.5MH

2
SO
4
.

and 10.0mg/mL) of MWNTs were prepared. The 1.0, 2.5,
5.0, 7.5, and 10.0mg/mL of MWNTs were dispersed in a
solution of 50mM ABA in 0.5MH

2
SO
4
by ultrasonication

for 30min. The aggregated MWNTs were then removed by
centrifugation at 4000 rpm for 1 h. The dispersed MWNTs
in ABA solution (after sonication) and the supernatant
solution (after sonication/centrifugation) were studied by
UV-vis absorption spectroscopy (Lambda 950 UV-vis spec-
trophotometer). An ITO-coated glass substrate was cleaned
in ultrasonic bath before being used in electropolymerization
experiment.

2.2. Fabrication of the Composite Thin Films. Electropoly-
merization processes were performed in 3-electrode setup
potentiostat (eDAQ potentiostat ED410 e-corder 410) using
platinum wire as counter electrode, Ag/AgCl aqueous elec-
trode as reference electrode, and ITO-coated glass substrate
as working electrode. The ITO electrode surface area for

electropolymerization was 1 cm2. The PABA/MWNTs com-
posite thin films were electropolymerized on the ITO-coated
glass slide by switching potential range from 0 to 1100mV
at scan rate of 20mV/s for 5 cycles. The composite thin
films were washed with 0.5MH

2
SO
4
and distilled water,

respectively, for several times to wash out the ABAmonomer
residue on the ITO electrode surface. The thin films were
then stored in desiccator before characterization. The AFM
(NanoScope IIIa, Digital Instruments) and SEM (JEOL JEM-
6335F) measurements were employed to study morphology
of the obtained thin films.

3. Results and Discussion

The UV-vis absorption spectra of the obtained composite
mixtures and thin films are shown in Figure 1. As can
be seen in Figure 1(a), for the composite mixture after
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Figure 4: AFM image of the PABA/MWNTs composite film containing 7.5mg/mL MWNTs after electropolymerization for 5 cycles in
0.5MH
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Figure 5: Schematic drawing of the proposed noncovalent attachment between PABA and MWNTs of the composite thin film.

sonication, and Figure 1(b), for the composite mixtures after
sonication/centrifugation, the absorption peaks were clearly
observed at around 295 nm. The baseline of the spectra
was found to increase for the mixture after sonication.
The different baseline can also be observed for each com-
posite mixture probably due to the aggregated complex
bundles of ABA/MWNTs in the mixtures. However, the
baselines were decreased for the composite mixture after
sonication/centrifugation because the aggregated complex
bundles were removed from the composite mixtures [23,
24]. Moreover, the unique baseline can be obtained after

centrifugation. We therefore used these mixtures for prepa-
ration of the composite thin films. The absorption peaks of
the obtained PABA/MWNTs composite films as shown in
Figure 1(c) appeared at around 295 nm in UV region and at
around 480 nm in visible region. The two absorption bands
were assigned to 𝜋-𝜋∗ interband transition associated to
the benzoid/quinoid ring structure and 𝑛-𝜋∗ transition from
the nonbonding nitrogen lone pair to the 𝜋∗ conduction
band [23, 24]. Therefore, this indicated that MWNTs did not
exhibit the UV-vis absorption peak of both the composite
mixture and the PABA/MWNTs composite films.
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To fabricate the PABA/MWNTs composite thin films,
electropolymerization of 50mM ABA monomer solution
containing 0, 1.0, 2.5, 5.0, 7.5, and 10.0mg/mL of MWNTs
in 0.5MH

2
SO
4
on ITO-coated glass substrate was per-

formed by cyclic voltammetry (potential range between 0
and 1100mV at a 20mV/s). Figure 2 shows the CV traces for
electropolymerization of 1 cycle of the composite mixtures
of ABA containing various concentrations of MWNTs. The
PABA/MWNTs composite thin films were deposited and
grown on the ITO-coated glass substrates. The PABA thin
film showed one pair redox peak with the anodic current
peak at around 0.35V and cathodic peak at around 0.2V. In
addition, the PABA/MWNTs composite thin films showed
another anodic current peak at about 0.75V. It can be
concluded that this anodic current peak of the composite thin
films was probably due to the presence of MWNTs in the
thin films. The anodic peak currents of the PABA/MWNTs
composite thin films were clearly observed indicating higher
electroactivity than PABA thin film. Moreover, MWNTs had
larger effective surface area which can increase the amount
of PABA loading on the films. Therefore, the pair redox
current peaks at 0.75V (anodic peak from PABA/MWNTs
composite) increased and at 0.2 V (cathodic peak) decreased
whereas the anodic peak at 0.35V (from pure PABA) was
decreased with increasing of MWNTs concentration. This
indicated that the MWNTs affected the oxidation process
of the PABA thin film; therefore, MWNTs can enhance the
electroactivity of the PABA film.

Moreover, the potential of anodic peak was shifted with
increasing concentration ofMWNTs.The reason for potential
shifting was that the strong adsorption of PABA in MWNTs
led to more conjugated structure of PABA [22]. Furthermore,
the increase of the current peak indicated that higher con-
centration of MWNTs, which had large specific surface area,
could increase the amount of PABA loading and lead them to
have good electron transfer. Therefore, the electron transfer
of redox reaction in this work was promoted by the presence
of MWNTs.

The surface morphology of the PABA/MWNTs com-
posite thin films was further studied by SEM and AFM
techniques. Figure 3(a) shows the surface morphology of
MWNTs which have average diameters of about 72 nm.
The example of surface morphology of the composite thin
film obtained from electropolymerization of the composite
mixture containing 7.5mg/mL MWNTs was presented in
Figure 3(b). As shown in the Figure 3(b), the aggregates of the
PABA/MWNTs composite formed on the ITO electrode with
average diameter of about 226 nm.This can be also previously
observed in AFM image as shown in Figure 4.

From the SEM and AFM images in Figures 3 and 4,
respectively, we proposed that the presence of MWNTs
can lead PABA to wrap around the MWNTs bundles as
noncovalent attachment between PABA and MWNTs. The
schematic drawing of this proposed structure is shown in
Figure 5. This may be the utility to future use as modified
electrode in biosensor application.

4. Conclusion

In summary, the electropolymerization of PABA/MWNTs
composite thin films was successfully fabricated on ITO-
coated glass substrate which is also used asworking electrode.
The presence of MWNTs can enhance the current of redox
peaks of the PABA and lead the composite thin films
showing good electron transfer. The AFM and SEM images
demonstrated the aggregation bundles ofMWNTs and PABA
on the substrate. We proposed that PABA can wrap around
MWNTs. These composite thin films will be investigated in
biosensor application in the future work.
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