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The electropolymerization process anddoping/dedoping properties of poly(3-aminobenzoic acid) (PABA) thin films on gold-coated
commercial BD-R andDVD-R grating substrates were simultaneously studied by the combination of electrochemical technique and
transmission surface plasmon resonance (TSPR) spectroscopy.The optical property as a function of the applied potentials and time
dependence during electropolymerization were studied. The obtained TSPR wavelength scan spectra after electropolymerization
showed that themaximumwavelength slightly shifted to longerwavelength indicating the increase of film thickness. In addition, the
change during construction of PABA-based immunosensor for label-free detection of human immunoglobulin G can be observed.

1. Introduction

Electrochemical method or electropolymerization represents
a great interest for the synthesis of conducting polymers [1].
The advantages of this method include (1) ease to control
the thickness of the polymer film and (2) the ability for con-
struction of biosensor or immunosensor based on this elec-
trodeposited conducting polymer film upon doping and/or
dedoping conditions [2]. Transmission surface plasmon res-
onance (TSPR) spectroscopy, based on the exploitation of
propagating surface plasmon resonance, is the technique for
monitoring the changes in surface plasmon resonance of
gold film on both glass slide substrates [3–5] and diffraction
grating substrates [6, 7] to their surrounding environments
in transmission configuration.The TSPR spectroscopy shows
a potential as highly sensitive, simple efficient, and inexpen-
sive technique for sensing medium change and monitoring

both chemical and biological binding process. Moreover,
the commercial available recordable compact disc (CD-R),
recordable digital versatile disc (DVD-R), and recordable
Blu-ray disc (BD-R) can also be served as the inexpensive
transparent grating substrates in this technique. The advan-
tages of gratings, which make them a highly flexible and
tunable platform for sensor applications, are (1) inherently
information-rich substrates whose surface plasmon appears
in various diffracted orders and (2) changing of amplitude,
shape, or pitch of the grating profiles affectingwavelength and
shape of plasmon resonance [8–10].

This study aims to in situmonitor the optical property and
kinetic changes during electropolymerization of carboxylated
polyaniline, poly(3-aminobenzoic acid) (PABA), and thin
film on gold-coated commercial BD-R and DVD-R grating
substrates by the combination of electrochemicalmethod and
TSPR spectroscopy so-called electrochemical-transmission
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Figure 1: (a) CV trace and (b) corresponding potential ramp (top) with TSPR kinetic curves on BD-R (middle) and DVD-R (bottom) grating
substrates during electropolymerization of 3-ABA in 0.5MH

2
SO
4
at scan rate of 20mV/s for 5 cycles.

surface plasmon resonance (EC-TSPR) spectroscopy. Fur-
thermore, the PABA films on the grating substrates were used
for construction of immunosensor for detection of human
IgG which can monitor the changes by EC-TSPR spectro-
scopy.

2. Experimental Section

2.1. Materials. All chemicals were used without further
purification. The commercial available BD-R with a storage
of 25GB and DVD-R with a storage of 4GB were purchased
from START Lab Inc. and Taiyo Yuden Co., Ltd., respectively.

2.2. Preparation of BD-R and DVD-R Grating Substrates. The
blue grooved polycarbonate pieces of both substrates were cut
to small pieces and then immersed in a concentrated nitric
acid for 15min followed by washing several times with deion-
ized water and ethanol, respectively [6, 11]. The gold-coated
grating substrates were then prepared by vacuumevaporation
of 2.5 nm chromium and 50 nm gold, respectively.

2.3. Electrochemistry and TSPR Instrument. All electrochem-
ical experiments were performed using the potentiostat
HZ-5000 model (Hokuto Denko Ltd., Japan). The prepared
grating substrates were used as working electrode. The
counter electrode was a platinumwire and the reference elec-
trode was an Ag/AgCl aqueous electrode. All TSPR spectra
were obtained with home-made configuration instrument
[7]. The optical property during electropolymerization as
a function of the applied potential range was studied at
the fixed incident angle of 35∘ to obtain the transmission
intensity-wavelength curve. The kinetic study during elec-
tropolymerization was also in situ monitored at the fixed

wavelength, which is amaximumwavelength of the transmis-
sion intensity-wavelength curve, to obtain the transmission
intensity-time curve.

2.4. Electropolymerization of 3-ABA. The electropolymer-
ization was performed using a solution of 50mM 3-
aminobenzoic acid (3-ABA)monomer in 0.5MH

2
SO
4
on the

prepared grating electrodes with an applied potential ranging
from −0.2 V to 0.9V at a scan rate of 20mV/s for 5 cycles
[12, 13].The transmission spectra inwater at the fixed incident
angle were obtained before and after electropolymerization.
The electroactivity of the PABA film can be investigated in
neutral phosphate buffered saline (PBS, pH 7.4) at constant
applied potentials (0.02V, 0.15 V, −0.2V, and open circuit) for
further study in immunosensor application. The kinetic data
during this experiment were also obtained. Furthermore, the
PABA-coated grating substrates can be employed to construct
the immunosensor for label-free detection of human IgG.
Thedetails for constructing the immunosensorwere reported
elsewhere [14].

3. Results and Discussion

3.1. EC-TSPR Spectroscopy for Measurement of PABA Film
Formation on Grating Substrates. The cyclic voltammogram
(CV)with the corresponding kinetic data during electropoly-
merization of 3-ABA to PABA film is shown in Figure 1.
Shown in Figure 1(a) is the CV trace during the electropoly-
merization of 50mM 3-ABA in 0.5MH

2
SO
4
on the gold-

coated BD-R grating substrate with the potential range of
−0.2 to 0.9V at scan rate of 20mV/s for 5 cycles. The CV
trace obtained on the gold-coated DVD-R grating substrate
showed the same result as obtained on the BD-R grating
substrate. From both CV traces, the oxidation onset peak
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Figure 2: T-SPR spectra (wavelength scan) during electropolymerization of 3-ABA in 0.5MH
2
SO
4
at various potentials for 1 cycle on (a)

BD-R and (b) DVD-R grating substrates.

at about 0.6V corresponds to the beginning formation of
PABAon goldworking electrodewith dedoping peak at about
0.02V in the cathodic scan and doping peak at about 0.15 V
in the anodic scan. The kinetic property during electropoly-
merization was also studied for monitoring the change in
transmission intensity. The kinetic data including potential
cycling (top) and transmission intensity changes (middle and
bottom panels), as shown in Figure 1(b) (middle panel for
the BD-R substrate and bottom panel for the DVD-R sub-
strate), were obtained using the p-polarized light at the fixed
wavelength and fixed angle of incidence. The transmission
intensity was decreased during oxidation or doping process
and increased during reduction or dedoping process for both
substrates. Since the grating pitches of BD-R and DVD-R are
different (320 nm for BD-R and 740 nm for DVD-R) [15], the
difference of spacing between each potential cycling in kinetic
data of BD-R and DVD-R, as seen in the middle panel and
bottompanel of Figure 1(b), can be explained as the difference
in real part of complex wavevector of surface plasmon
(SPs) described by the mathematic dispersion relationship
[16, 17].

A series of TSPR spectra taken at various potentials
during electropolymerization of PABA for 1 cycle at scan
rate of 20mV/s are shown in Figure 2. All TSPR spectra
were obtained by performing both s- and p-polarized light
measurements. The transmission intensity reported in all
TSPR spectra is the difference between p- and s-polarized
light spectra. Shifts of the transmission peaks, both wave-
length and intensity, were observed indicating the changes of
both thickness and dielectric constant of the thin film dur-
ing electropolymerization at different potentials. Shown in
Figure 2(a) is a series of TSPR spectra during electropolymer-
ization on the BD-R substrate, starting with the spectrum of

the bare gold-coated grating substrate before electropolymer-
ization. As previously mentioned above that the oxidation
onset occurred at about 0.6V, the TSPR spectrum taken at
0.5 V was therefore almost similar with the substrate (equal
transmission peak at about 665 nm). It is noticeable that
the change in the transmission peak to longer wavelength
occurred at 0.9 V where the polymer film was formed. This
change is because the thickness of the film was increased
as the polymer deposited on the substrates. The change in
transmission peak was again obviously observed to shorter
wavelength with transmission intensity change when the
potential cycling was subsequent to 0.02V in cathodic scan
and 0.15 V in anodic scan which are the reduction state and
the oxidation state, respectively.This was also consistent with
the kinetic data shown in Figure 1(b). This tendency was also
found on the DVD-R substrate as shown in Figure 2(b). The
change in TSPR intensity is due to the change in dielectric
constant of PABA film upon dedoped and doped states [7].
In addition, as we previously reported that the thickness
of PABA film during doping and dedoping processes was
assumed to be constant [14], thewavelength shift during these
processes in the present study should be due to the change
in both real and imaginary parts of dielectric constant of the
PABA film upon these doping and dedoping processes. The
shift of wavelength on the DVD-R substrate during doped
and dedoped states was dramatically observed comparing
with the BD-R substrate. This, again, is due to the difference
in grating pitches of the substrates with difference in real part
of the wavevector mentioned earlier. This DVD-R substrate
should be appropriate for construction of immunosensor
upon various applied potentials in the future. Finally, the
TSPR spectra were obtained in water before and after elec-
tropolymerization as shown in Figure 3. It can be seen that
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Figure 3: T-SPR spectra taken in water before and after electropolymerization of 3-ABA on (a) BD-R and (b) DVD-R grating substrates.

the transmission peaks on both substrates were shifted to
longer wavelength after electropolymerization, about 7 nm
comparing with gold-coated grating substrate, indicating the
formation of PABA film on the substrates. The shift to longer
wavelength is due to the increase of film thickness [6].

3.2. Electroactivity of PABA Film in Neutral PBS Solution.
Because the electroactivity in neutral buffer solution is an
important factor for TSPR biosensor applications, we fur-
ther explored CV and TSPR properties of PABA films in
neutral PBS solution. Figure 4(a) shows CV traces indicating
electroactivity of the obtained PABA film in PBS solution
on BD-R grating substrate. The potential range was from
−0.2 V to 0.4V for 1 cycle at various scan rates. The doping
and dedoping peaks were obviously seen at about 0.15 and
0.02V, respectively. The kinetic data during this experiment
was also recorded for monitoring the change in transmission
intensity as shown in Figure 4(b). The transmission intensity
was decreased during doping process and increased during
dedoping process. This kinetic data was consistent with the
above kinetic data obtained during electropolymerization. To
further study the electroactivity of the PABA film on grating
substrate, the TSPR spectra of the film during applying
constant potentials (−0.2V, 0.02V, 0.15 V and open circuit)
for 2 min were recorded in neutral PBS solution as shown in
Figure 4(c).TheTSPR peak intensity was obviously increased
upon doped state at 0.15 V and dedoped state at 0.02V,
respectively, comparing with an open circuit potential. This
may correspond to the change in electrochromic properties of
the surface upon applied potentials.Moreover, the TSPRpeak
was shifted to shorter wavelength upon applying constant
potential of −0.2 V which is a neutral state of the PABA film.
This is due to the change in the dielectric constant both real
and imaginary parts of the film. The dramatical change was
also observed in the previous work [14]. This would be an

advantage for construction of electrochemically controlled
immunosensor under several applied potentials monitoring
by TSPR spectroscopy in future work.

3.3. Construction of Immunosensor for Label-Free Detection of
Human IgG. The procedure for construction of immunosen-
sor from the obtained electropolymerized PABA thin film
was previously reported in the details by our group [14].
In this present study, we examined the construction of
immunosensor at constant potential of an open circuit for
all immunosensing experiments. The TSPR spectra were
obtained after each modification step including binding of
anti-human IgG and human IgG in PBS solution on both
DVD-R and BD-R substrates. Figure 5 shows the example of
TSPR spectra after injection of 100 𝜇g/mL anti-human IgG
andhuman IgG, respectively, 5 𝜇g/mL for BD-R (Figure 5(a)),
and 10 𝜇g/mL for DVD-R (Figure 5(b)). Shift of TSPR inten-
sity was observed to be increased after injection of anti-
human IgG to the PABA film on both substrates. However,
after subsequent injection of human IgG, the intensity was
decreased for BD-R substrate whereas it was increased for
DVD-R substrate. This can be concluded that the intensity
change corresponds to the immobilization of anti-human IgG
on the PABA surface and binding of anti-human IgG with
human IgG.The shifts of transmission intensity as a function
of human IgG concentrations are shown in the inset of
Figure 5(a) for BD-R and Figure 5(b) for DVD-R substrate.
These preliminary results clearly indicate that the TSPR tech-
nique is applicable as a simple tool for sensitive biosensors.

4. Conclusions

The combination of electrochemical technique and transmis-
sion surface plasmon resonance (TSPR) technique was used
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Figure 4: (a) CV traces with (b) corresponding TSPR kinetic curve of PABA film in PBS at various scan rates and (c) TSPR spectra of PABA
film during applying constant potentials in PBS for 2min on BD-R grating substrate.

for in situ monitoring of the changes during electropoly-
merization of poly(3-aminobenzoic acid) (PABA) film and
studying the doping/dedoping properties of the obtained film
on discontinuous gold-coated commercial BD-R and DVD-
R grating substrates. The kinetic data during the electropoly-
merization obtained from this combined technique showed
the changes in transmission intensity during doping and
dedoping processes indicating the changes of electrochemi-
cal/electrochromic properties. The formation of the film on
the substrates was confirmed from the TSPR spectra, which
taken before and after electropolymerization, resulting in
shifting to higherwavelength after electropolymerization. For

further application in immunosensor, the obtained PABA
film showed a good electroactivity in neutral phosphate
buffer solution. The doping/dedoping process of the film in
this neutral buffer solution was also studied by in situ EC-
TSPR spectroscopy. The intensity of transmission maximum
wavelength of the TSPR spectra was changed during sensing
experiment of human IgG under an open circuit potential.
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Figure 5: TSPR spectra of PABAfilm after binding process of anti-human IgG and human IgG on (a) BD-R and (b)DVD-R grating substrates.
Insets show plots of the shift of TSPR intensity (after binding with human IgG) with concentration of human IgG.
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