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Abstract

Poly(m-aminobenzoic acid) (m-ABA) film is de-
posited on glassy-carbon electrode (GCE) by elec-
tropolymerization in pH 7.0 phosphate buffer solu-
tions (PBS). The electrochemical behavior of polymer 
film obtained is characterized by cyclic voltamme-
try (CV), electrochemical impedance spectroscopy 
(EIS), fourier transform infrared spectroscopy (FT-
IR) and scanning electron microscopy (SEM) stud-
ies. In the present study, the effect of the scan rate on 
the current peak is investigated in the range of 50-200 
mV/sec and, it is observed that the anodic and ca-
thodic peak all increased with the solution pH until 
it reached 8 and then decreased until 11. In addition, 
a new electrode is developing by electrodeposition of 
SiO

2
 nanoparticles on glassy-carbon electrode. The 

electrochemical behavior of polymer at the nanopar-
ticles SiO

2
/GCE is investigated. Electrical proper-

ties as a function of frequency and temperature have 
also indicated a great interaction between epoxy ma-
trix and different poly (m-aminobenzoic acid) / nano 
SiO

2
 by physical mixing procedure.

Keywords: Aminobenzoic acid, electropoly-
merization, situ FT-IR spectroscopy, scanning 
electron microscopy, electrochemical impedance 
spectroscopy, SiO

2
 nanoparticles.

Introduction

Chemical modified electrodes (CMEs) become 
a field of exiting research due to their unique elec-

trode surfaces properties (Cheng et al., 2005). Many 
techniques were developed for preparation of modi-
fied electrodes, such as covalent bonding and poly-
mer film (Daum, & Murry, 1981). Deposit a film of 
conducting polymer was essential to work in a me-
dium with an electrolyte that can protect the elec-
trode surface from dissolution without impeding 
the electropolymerization process (Sharifirad et al., 
2010). Polymeric films possess three-dimensional 
extensity, a large number of reactive sites, good sta-
bility and offer the possibility to be designed with 
particular redox active sites (Dong et al., 1995). 
Electropolymerization is a good approach to im-
mobilize polymer as adjusting the electrochemi-
cal parameters can control film thickness, permi-
tion and charge transport characteristics (Kaya, & 
Aydin, 2010). Numerous monomers, such as, thio-
phene, pyrrole, anilin (Benyoucef et al., 2009; Dal-
molin et al., 2005), p-aminobenzoic acid (Zhang 
et al., 2010) and etc (Tanguy, 2000) were synthe-
sized electrochemically and deposited onto differ-
ent metal electrodes such as gold (Benyouce et al., 
2008), copper (Sharifirad et al., 2010), aluminiom 
and etc. monomer-containing electrolytes (Rudge 
et al., 1994). 

Hillman and coworkers (Hillman, & Mallen, 
1987; Hillman, & Swann, 1988) suggested a depo-
sition mechanism including instantaneous nucle-
ation, followed by 3D growth of the nuclei until they 
overlap, leading to formation of a plain polymer 
layer. Different measurement techniques were ap-
plied to study the electrochemical polymerization 
of m-aminobenzoic acid (Cheng et al., 2005) and 
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its derivatives. Most investigations were performed 
under potentiostatic control using potential pulse 
and potential sweep techniques. A number of oth-
er measurement techniques, such as, conductivity 
measurements, UV-vis spectroscopy (Hillman, & 
Swann, 1988) and also electrochemical impedance 
spectra (Sundfors & Bobacka, 2004) were applied 
recently. Electrochemical impedance spectroscopy 
was widely used for kinetic studies of electroactive 
polymer films, including both redox and conduct-
ing polymers 

As well as there are several investigations per-
formed to observe the effect of various parameters 
such as solvent (Yao et al., 2007), electrolyte and 
temperature on the mechanical strength, stability, 
nanoparticle and conductivity (Sayyah et al., 2008). 
In recent years, metal nanoparticles were attached 
much more attention in electroanalysis because 
of their unusual physical and chemical properties 
(Guo & Wang, 2011; Haldorai et al., 2009; Liu et al, 
2010). Many nanomaterials including TiO

2
 nano-

structured films (Curulli et al., 2005), carbon nano-
tubes (Wang & Musameh, 2003; Tsai et al., 2007; 
Zhang & Gorski, 2005; Zhai et al., 2006; Wu et al, 
2007a), carbon nanofibers (Wu et al., 2007b; Wu et 
al., 2008), mesoporous carbon (Wang et al., 2009) 
and gold nanoparticles (Jena & Raj, 2006) were em-
ployed to improve the surface electrode. The sol–
gel method (Li et al., 1999) was one of the common 
techniques for preparing silicate films, superfine 
powders, composite materials, fibers and so on. This 
methodology provides a cryochemical approach to 
both designing and controlling the microstructure 
of materials. Metal nanoparticles, especially no-
ble metal nanoparticles modified electrodes usu-
ally exhibit high electrocatalytic activities towards 
the compounds which have sluggish redox process 
at bare electrodes. As the most stable noble met-
al nanoparticles, gold nanoparticles (GNPs) were 
used increasingly in many electrochemical applica-
tions since they had the ability to enhance the elec-
trode conductivity and facilitate the electron trans-
fer, thus, improving the analytical performance 
(Sayyah et al., 2008).

In the present work, m-aminobenzoic acid was 
selected as monomer for performing electrochem-
ical polymerization in phosphate buffer solution. 
Cyclic voltammetry was used to deposit polymer-
ic films on GC electrode as working electrode. m-
Aminobenzoic acid (m-ABA) contains electron-
rich N atom and high electron density of carbonyl 

group, and it is easy to be polymerized on glassy-
carbon electrode by CV. Jin and co-workers were 
applied poly (m-ABA) modified electrode to inves-
tigate an experimental parkinsonian animal mod-
el (Xu et al.,  2001). We investigate the scan rate, 
pH, conductivity and mechanism of electrochem-
ical polymerization of m-aminobenzoic acid and 
m-aminobenzoic acid/SiO

2
 in PBS solution on GC 

electrode. Also, the characterization of the obtained 
polymer films by IR, EIP and SEM were performed. 

Materials and methods

Materials
m-Aminobenzoic acid (Fluka AG, Buchs SG, 

Switzerland) as the monomer, nano/Si02 (Alld-
erich, Germany) and phosphate buffer solutions 
(PBS) with pH 7.0 as electrolyte that prepared by 
0.1M NaH

2
PO

4
–Na

2
HPO

4
 and adjusting the pH 

with 0.1M HCl and 0.1M NaOH.

Apparatus
Cyclic voltammetery (CV) was carried out using a 

Potentiostat/Galvanostat EG&G Model 263 A; USA 
with a PC and electrochemical set up that controlled 
with M 270 software. Electrochemical impedance 
spectroscopy (EIS) was performed with a Frequency 
Response Detector EG&G Model 1025; USA with 
a PC and electrochemical set up that was controlled 
with M398 software. The FT-IR transmission spec-
trum of m-ABA coating was recorded in horizontally 
attenuated total reflectance mode in the spectral range 
3500–550 cm-1 using a Bruker spectrometer, Vector 
Series 22, Germany. Scanning electron microscopy 
(SEM) images were taken using a VEGA HV (high 
potential) 1500 V at various magnifications. 

Cell and Electrode
A conventional three-electrode system was em-

ployed with a bare or poly(m-ABA) modified glassy-
carbon electrode (GCE) (1.0 mm diameter) as the 
working electrode, a Ag/AgCl (KCl: 3 M) electrode 
as the reference electrode and a platinum electrode as 
the counter electrode. Before each electrochemical ex-
periment, the working electrode was mechanically pol-
ished with abrasive paper (2400 grade), then all of elec-
trodes rinsed with distilled water and finally dried under 
argon flow. After deposition the working electrode was 
removed from the electrolyte and rinsed with double 
distilled water and then dried in air. All the measure-
ments were carried out at room temperature.
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Preparation of materials
The electropolymerization solution consisting 

1.0×10-3 M m-ABA was added to phosphate buffer as 
electrolyte solution. The electrochemical studies were 
performed at room temperature using the potentiody-
namic polarization technique in the buffer solutions. 
The electrode was disposed by cyclic sweeping from 
-1.5 to 2.5 V at 50, 100, 150 and 200 mV/sec at 10, 
20 and 50 circles in pH 7.0 PBS containing 1.0×10-3 
M (m-ABA) solution. Then this work was repeat us-
ing nano SiO

2
 at same scan rates. The electrochemi-

cal impedance spectroscopy (EIS) measurements were 
performed in the presence of 5.0×10-3 M [Fe(CN)

6
]-3/

[Fe(CN)
6
]-4 as a redox probe.

Results and discussion

Electropolymerization of m-ABA on GCE surface
Figure 1 shows the cyclic voltammograms (CVs) re-

corded during the oxidative polymerization of 1.0×10-3 

M m-aminobenzoic acid in pH 7.0 phosphate buffer so-
lution on GCE. In the first scan, anodic current peak 1 
was observed with current value at 180 µA and potential 
value at 1.66 V, respectively. Then, larger peak was ob-
served upon continuous scanning, reflecting the continu-
ous growth of the film. It can also be observed that film 
growth was faster for the first cycles than for the other cy-
cles. From the seventh cycles, the film was hardly growth; 
the maximum of peak current was 600 µA. It showed po-
lymerization reached saturation. This fact indicated m-
ABA was deposited on the surface of GCE by electropo-
lymerization mode.

The mechanism of the electrochemical polymer-
ization of monomer is believed to proceed via a radical 
cation which reacts with a second radical cation to give a 
dimmer (Alishah and Holze,  2006)

In case of polymerization, the mechanism may be 
described as the follows Scheme 1. 

Scheme 1. Oxidative polymerization of m-aminobenzoic acid.
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Figure 1. Cyclic voltammograms of 1.0 × 10-3 M m-ABA in pH 7.0 PB solution. Terminal potential, 2.5 
V, potential, -1.5 V; scan rate, 100 mV/sec, for 50 cycles at the GC electrode.

It seems accepted that the first step involves the 
formation of a radical cation (Bard and Yang, 1992). 
Later, this intermediate forms a dimeric species by 
para-coupling with either an unoxidized monomer 
or another radical cation giving rise to the propaga-
tion of the reaction. This mechanism (involving pa-
ra-coupling) is assumed to be valid also for the oxi-
dative polymerization of m-aminobenzoic acid, as 
it has been illustrated in Scheme 1. It will be shown 
below that in FT-IR spectroscopy results are also 
compatible with the polymer structure derived from 
this kind of mechanism.

Effect of the solution pH on the anodic current peak
The effect of solution pH on the formation of 

polymeric film was investigated over the range 

of 3-11. Anodic and cathodic current peak all in-
creased with the solution pH until it reached 8 and 
then decreased until pH reached 11. Figure 2 shows 
that the cathodic current peak changed with in-
creasing pH (Table 1).  

Effect of increasing scan rate on the anodic 
current peak

The effect of increasing scan rate on the current 
peak was investigated in the range of 50-200 mV/
sec. The anodic current peak was proportional to the 
scan rate (Figure 3). This result shows that the cur-
rent peak shifted to the positive direction at high-
er scan rates because when scan rate was increased, 
the monomers were received sooner to the electrode 
surface, similarly, the current increased (Table 2).

Table 1. The values of the anodic current on GC/m-ABA electrode with different pH.

pH 5 6 7 8 9 10 11

Anodic current 
(mA)

0.34 0.47 0.48 0.56 0.56 0.54 0.51

Table 2. The values of the anodic current on GC/m-ABA electrode with different scan rate.

Scan rate (mV/sec) 50 100 150 200

Anodic current (mA) 0.445 0.452 0.471 0.478
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Figure 2. The effect of pH on the anodic current peak; scan rate, 100 mV/sec.

Figure 3. Effect of increasing scan rate on the anorthic current peak.

Electrochemical impedance characterization of 
poly (m-ABA) modified electrode 

As is well know from measurements performed un-
der potential control, the low frequency impedance of 
the polymer covered electrodes can be approximated by a 
limiting low frequency capacitance and a series resistance 
(Popkirov and Barsoukov, 1995; Popkirov et al., 1997).

The EIS experiments were carried out in 5.0×10-3 

M [Fe(CN)
6
]-3/[Fe(CN)

6
]-4 solution. Figure 4 shows 

the plots (Z” vs. Z’, Nyquist plot) of the EIS obtained 
at the modified GC electrode and at the modified GC 
electrode with nanoparticles. The results indicated 
that the electron-transfer resistance of polymer film 
was increased with the increase of the SiO

2 
adsorption 

on electrode and conductivity was decreased. By these 
results qualitative characteristics of electron-transfer 
resistance of the modified electrode were determined 
(Wang et al., 2004).



Natural science section

371 Openly accessible at http://www.european-science.com 

Spectroscopic characterization of the produced 
poly (m-ABA) film

The FT-IR spectrum of the film produced in 
PB solution was deposited in Figure 1. A band at ~ 
3300-3450 cm-1 was due to the characteristic N–H 
stretching vibration. The band at ~ 3400 cm-1 was 
assigned to O–H stretching mode in carboxylic 

acid. Also a band observed at ~ 1500cm-1 was due 
to carbonyl group at in carboxylic acid. In addi-
tion, a band appearing at 1100 cm-1 related to the 
single band aromatic C–N stretching in second-
ary aromatic amines. The electropolymerization 
mechanism can be easily proposed by this band 
(Figure 5).

Figure 4. The inquest impedance plots for (a) modified electrode, (b) modified electrode with nanoparticles 
of SiO

2.

Figure 5. FT-IR spectrum of the poly m-aminobenzoic acid coating synthesized on GC substrate under 
cyclic voltammetric condition

Wave number (cm-1)



Natural science section

372 Openly accessible at http://www.european-science.com 

Surface analysis of deposited poly(m-ABA)
The SEM images of the electrodeposited poly(m-

ABA) film and poly(m-ABA) using SiO
2
 are shown in 

Figure 6. The polymer is formed by cyclic voltammetry 

mode for 25 cycles. In Figure 6 (a,b), poly(m-ABA) film 
appears thin on the carbon electrode. In the case of so-
dium acetate solution, Figure 6c, the film morphologhy 
is more granular and the film reaches a higher thickness. 

a) b)

c)

Figure 6. SEM images of polymer coated GCE: (a,b) m-ABA, (c) m-ABA SiO
2.

Effect of using nanoparticles of SiO2 on the 
formation of poly(m-ABA)

Figure 7 show the cyclic voltammograms (CVs) 
recorded during the oxidative polymerization of 
1.0×10-3 M m-aminobenzoic acid by using nano SiO

2
 

in pH 7.0 phosphate buffer solutions on GCE. In the 
first scan, anodic current peak 1 was observed with 
current value at 132 µA and potential value at 1.55 V, 
respectively. Then, larger peak were observed upon 
continuous scanning, reflecting the continuous growth 
of the film. This fact indicated poly m-ABA/nano SiO

2
 

was deposited on the surface of GCE by electropoly-
merization mode. It can be observed that currents of 

all peaks in the synthesis of films increased quickly 
with the number of cycles and also their peak currents 
were lower than those of the corresponding peaks in 
Figure 1 at the same cycle, the maximum of current 
peak was 520 µA thus, it is interesting to note that the 
board voltammetric charge decrease by the increase of 
the amount of nano SiO

2 
for mixture of the monomers. 

Figure 8 shows CVs of m-ABA and m-ABA/SiO
2
 

modified electrode, at both of them, compared of cur-
rent peak can be investigated for fiftieth cycles. The re-
sults indicated that the conductivity of polymer film 
was decreased with the increase of the nano SiO

2
 ad-

sorption on electrode.
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Figure 7. Cyclic voltammograms of 1.0×10-3 M m-ABA by using SiO2 in pH 7.0 PB solution. Terminal 
potential, 2.5 V, potential, -1.5 V; scan rate, 100 mV/sec, for 50 cycles at the GC electrode.

E(V)

Figure 8. Cyclic voltammograms on a GC electrode (1 cycle): (a) m- ABA, (b) m-ABA/Sio
2
.

Effect of the scan rate on the formation of 
poly(m-ABA) using nanoparticles SiO2

The effect of increasing scan rate on the anod-

ic current peak was investigated in the range of 50-
200 mV/sec. The result shows that the anodic cur-
rent peak shifted to the positive direction at higher 
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scan rates until scan rate reached 150 mV/sec and 
then decreased until it reached 200 mV/sec. These 
results indicated that maximum of current observed 
at the 150 mV/sec, because when the scan rate in-
creased more than 150 mV/sec pieces of electro-
active did not have enough time to receive to the 

electrode surface, therefore the faradic current de-
creased (Table 4, Figure 9). Also the values of the 
impedance parameters from the fit to the equiva-
lent circuit for the impedance spectra recorded for 
GC/m-ABA and GC/m-ABA/nano SiO

2
 electrode 

are listed in Table 3.

Table 3. The values of the impedance parameters from the fit to the equivalent circuit for the impedance 
spectra recorded for GC/m-ABA and GC/m-ABA/SiO

2
 electrode.

Sample Rct (Ω/cm2) Rcd (Ω/cm2) Rsol (Ω/cm2)

GCE/m-ABA 49.6 179.4 64.2

GCE/m-ABA/SiO2 68.2 275.1 68.3

Table 4. The values of the anodic current in Fig. 9 for GC/m-ABA/SiO
2
 electrode with different scan rate

Scan rate (mV/sec) 50 100 150 200

Anodic current (mA) 0.345 0.425 0.556 0.365

Figure 9. Effect of increasing scan rate on the anodic current peak by using SiO
2.

XRD Studies of poly (m-aminobenzoic acid) / SiO2
Figure 10 shows the XRD patterns of the pure 

poly (m-aminobenzoic acid) and its nanocompos-
ites reinforced with poly (m-aminobenzoic acid) / 
SiO

2
 nanocomposite loadings. The peaks at 17.5° 

and 40.0° were observed in the pure poly (m-ami-
nobenzoic acid). The first peak has a d-spacing of 
0.454 nm, corresponding to the typical doublet re-
flection of the planes of the semi crystalline atac-
tic poly (m-aminobenzoic acid). The second peak is 
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assigned to the plane of the poly (m-aminobenzoic 
acid). The peak corresponding to the plane of the 
poly (m-aminobenzoic acid) becomes narrower and 
narrower as a function of the particle loading. The 
average particle size (L) was estimated from the De-
bye–Scherrer equation. 

solidification process. Concurrently, the standard 
SiO

2
 nanocomposites reflection peaks are observed, 

similar to Figure 10.

Electrical Conductivity Studies of poly 
(m-aminobenzoic acid) / SiO2

Figure 11 displays the conductivities of the poly 
(m-aminobenzoic acid) / SiO

2 
samples prepared us-

ing both the absorption-transferring and blending 
processes. As shown in Figure 11, the conductivity 
of the hybrid prepared using the absorption-trans-
ferring process was higher than that from the blend-
ing process regardless of the content of poly (m-ami-
nobenzoic acid) / SiO

2
. In addition, the percolation 

threshold was also lower because the DDS molar-
ity aggregated readily during the latter process. In 
the absorption-transferring process, when the con-
tent of poly (m-aminobenzoic acid) / SiO

2
 reached 

a threshold, the conductivity of the hybrid increased 
thereafter because the poly (m-aminobenzoic acid) 
/ SiO

2
 composite aggregated into secondary parti-

cles. Not only did this process cause the poly (m-
aminobenzoic acid) / SiO

2 
chains to entangle read-

ily, it also interrupted the conducting pathway.

θθβ
λ
cos)2(

KL =

Where β(2θ) is the full width at half-maximum 
(FWHM), K is a constant taken as the normal value 
of 0.9, λ is the wavelength of X-ray wavelength (for 
copper, K = 1.5406 A° ), and L is the Bragg angle. 
The crystal plane at 2θ = 23.5° was used to estimate 
the particle size. The calculated values are about 15 
to 20 nm for poly (m-aminobenzoic acid). 

This suggests a higher crystalinity of the poly 
(m-aminobenzoic acid), which is in contrast to 
SiO

2
 nanocomposites reinforced with poly (m-

aminobenzoic acid). The presence of SiO
2
 nano-

composites favors the recrystalization of poly (m-
aminobenzoic acid) during the polymer solution 

Figure 10. X-ray diffraction patterns of (poly (m-aminobenzoic acid) / SiO
2.

(1)

 2θ (degree) 



Natural science section

376 Openly accessible at http://www.european-science.com 

Figure 11. Electrical conductivity of (a) poly (m-aminobenzoic acid) (b) poly (m-aminobenzoic acid) / SiO
2.

Conclusions

Poly(m-aminobenzoic acid) was deposited 
on a glassy-carbon electrode to form film modi-
fied electrode. Also the SiO

2
 nanoparticles were 

electrochemically generated on the glassy-car-
bon electrode surface. In addition, the effect of 
solution pH on the current response was investi-
gated. Anodic and cathodic current peak all in-
creased with the solution pH until it reached 8. 
FT-IR spectroscopy technique allowed obtain-
ing the para-couplung mechanism. According 
to cyclic voltammetry, composite poly (M-ami-
no benzoic acid) / nano SiO

2
 (silica) anodic peak 

current on the scan rate is 150 mV/s. EIS stud-
ies were indicated that the electron-transfer re-
sistance of polymer film was increased with the 
increase of the SiO2 adsorption on electrode. The 
X-ray spectra showed that the size of the parti-
cles in the composite structure is approximately 
between 15 and 20 nm. Also, SEM images dem-
onstrate the nanoparticles of composites. In the 
other hand, the anodic current for the composite 
poly (m-aminobenzoic acid) is more than other 
poly (M-amino benzoic acid) /nano SiO

2 
(silica), 

respectively.
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