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Abstract: Presently, bisphenol A (BPA) has been added
to the list of substances of very high concern as endocrine
disruptors. According to the literature, exposure to bi-
sphenol A even at low doses may result in adverse health
effects. In this study, electrochemical sensor of Bisphenol
A based on thioether DDT-Poly(N-vinylpyrrolidone)
oligomer has been developed. The thioether oligomer,
which is capable of recognizing BPA, was prepared and
used for gold electrode modification. The characterization
of the modified gold electrode and the synthesized
thioether oligomer were carried out by cyclic voltammetry
(CV), electrochemical impedance spectroscopy (EIS),

atomic force microscopy (AFM), Fourier-transform infra-
red spectroscopy (FTIR), proton nuclear magnetic reso-
nance spectroscopy (1H NMR) and Size exclusion chro-
matography (SEC). Obtained results indicate that the
modified electrode shows good electrochemical activity,
good sensitivity and reproducibility for BPA detection. It
exhibited a good linear relationship ranging from 1 to
20 pg/mL, and the detection limit was found to be 1.9 pg/
mL at S/N=3. Several interfering species such as hydro-
quinone, phenol and resorcinol were used and their
behaviors on the modified gold electrode were inves-
tigated.
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1 Introduction

Bisphenol A (BPA) is classified as a Xenoestrogen
compound; a type of xenohormone that imitates estrogen,
which has estrogenic effects on a living organism. It can
interfere with natural estrogenic substances produced by
the endocrine system and disrupts hormonal levels [1, 2].
BPA has been extensively studied since the 1930s in the
search for synthetic estrogens as medications for hormo-
nal disorder, but it has never been used, because of the
discovery at the same time of diethylstilbestrol, which has
properties deemed more interesting [3]. However, its use
was only started in the 1950s by the plastics industry [4, 5].
It has been used as a monomer in the manufacture of
plastics such as polycarbonates and epoxy resins, as well
as plasticizer, antioxidant or flame-retardant for other
plastics. Plastic is widely used in our daily lives such as
food packaging, water bottles, baby bottles, toys, lining
canned food and beverages, medical materials and water
pipes [6–8]. Unfortunately, it has been demonstrated that
free BPA can leach from plastics under normal conditions
of use. The rate of leaching accelerate as the temperature
increases and in contact with acidic or basic substances
[9]. Consequently, there is extensive human exposure to
BPA, the current analytical techniques have detected
BPA in over 95% of human blood, serum, tissues, and
urine [10]. According to the European Food Safety
Authority (EFSA), the tolerable daily intake (TDI) for
BPA is 4 μg/kg bw per day [11,12] and the new regulation
introduces the specific migration limit (SML) of 0.05 mg

of BPA per kg of food. But, for the materials in contact
with food for infants and young children, the new
regulation prohibits the use of BPA as a precaution [13].

Food and drinks have been identified as the main
source of BPA exposure in humans, due to its migration
from the plastic containers to the food products. Research
has shown that BPA is absorbed rapidly and efficiently
into the gastrointestinal tract, converted to BPA-glucur-
onide and rapidly eliminated from the blood by urine.
Nearly 100% of exposed BPA is recoverable in urine
within 24 hours [14]. Unfortunately, unconjugated BPA,
its strength is as high as estradiol, which can act at very
low doses and results in changes in certain cell functions
at concentrations ranging from 1 pM to 1 nM [10,15,16].
Studies have reported that BPA can be measured in
follicular fluid, amniotic fluid, placental tissue and um-
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bilical cord blood [8,17]; there is considerable evidence
that bioaccumulation of BPA can occur during pregnancy
[10]. Some other studies suggest that the effects of BPA
may be more pronounced in the fetus, infants and young
children; they are less effective in removing substances
from their systems [1]. The potential effects of BPA on
the brain, behavior and prostate glands of fetuses, infants
and young children have been studied [1]. Moreover,
increased risks of cancer, obesity, diabetes, heart prob-
lems, reduce immune function and impaired reproduction
in adults have been also investigated [2,18–20]. Therefore,
it is very important to establish a reliable method for
determination and monitoring BPA trace amounts and to
evaluate the potential risks associated with cumulative
low-dose exposures to BPA.

Currently, many analytical methods have been used
for the determination of BPA such as high performance
liquid chromatography (HPLC) [21,22], liquid chromatog-
raphy-mass spectrometry [23,24], gas chromatography-
mass spectrometry (GC-MS) [25,26], fluorescence analy-
sis [27, 28], colorimetric [29] and electrochemical methods
[16,30–34]. However, electrochemical technics are most
important due to their high sensitivity, simplicity, low
cost, miniaturization, cheap instrument, fast and real time
response compared to the other methods. The develop-
ment of electrochemical sensors via a modifying electrode
is a common strategy for the electrochemical detection of
BPA. Therefore, various types of electrodes have been
modified, for this purpose, with the use of enzymes [35],
antibodies [36], chitosan [37], graphene [38,39], carbon
nanotube [30], gold nanoparticles [27], quantum dots [40]
and polymer[41,42].

In this research, thioether oligomer DDT-Poly(N-
vinylpyrrolidone) has been prepared by a simple bulk
radical polymerization in presence of a thermal initiator
benzoyl peroxide (BPO) and transfer agent dodecanethiol
(DDT). Resulting oligomer has been used for gold
electrode modification for BPA sensing for the first time.
The characterization of synthesized thioether oligomer
DDT-Poly(N-vinylpyrrolidone) and the corresponding
modified gold electrode were carried out by 1H NMR,
FTIR, size exclusion chromatography (SEC), cyclic
voltammetry (CV), electrochemical impedance spectro-
scopy (EIS) and atomic force microscopy (AFM).

2 Experimental

2.1 Materials

All chemicals required for experiments were of analytical
purity and used as received; N-vinyl pyrrolidone (NVP,
+99%) was purchased from Aldrich. Hydroquinone (+
99%), Resorcinol (99%) and Phosphate buffer saline
were purchased from sigma. Phenol (>99.5%) was
obtained from Riedel-DeHaën. Bisphenil A (�99%),
Potassium hexacyanoferrate(II) trihydrate(>98,5%), Po-
tassium hexacyanoferrate(III) (>99%), heaxane (�99%)
and chloroform (�99%) were purchased from Sigma-

Aldrich. 1-dodecanethiol (DDT, >97%) and Benzoyl
peroxide (BPO, �99%) was obtained from Fluka. All the
measurements were carried out at room temperature in a
0.01 M PBS buffer solution containing ions [Fe(CN)6]

3� /4�

at a concentration of 5 mM (pH=7.4).

2.2 Methods

Electrochemical experiments were carried out with a
VMP3 multichannel potentiostat (Biologic-EC-Lab,
France) with a conventional three-electrode cell. A
saturated calomel electrode (SCE) and a platinum elec-
trode were used as reference electrode and auxiliary
electrode, respectively. Gold working electrodes (WEs)
(1 cm2) based on 300 nm of gold coated onto silicon and
silicon oxide substrate (Si/SiO2) were used as transducer
for the electrochemical sensor. WEs were fixed within the
teflon electrochemical cell [43]. The surface of gold WEs
exposed to the electrochemical measurements was
0.3 cm2.

Infrared spectra of monomer and synthesized thio-
ether oligomer were recorded on FTIR spectrometer
Nexus 470 (Thermoscientific France) in a total reflexing
attenuated on crystal of diamond in monoreflexion
(Smart-orbit, Thermo Scientific). The average weight and
polydispersity of synthesized thioether oligomer was
determined by using steric exclusion chromatography
(SEC). The analyzes are carried out using an AGILENT
1200 Series isocratic pump equipped with an AGILENT
1200 Series, automatic switch and a set of columns.
Detection is performed by an AGILENT 1260 Infinity
Series Refractometer with debit of 1.0 mL.min� 1 in 30 °C
(columns). 1H NMR spectrum was recorded in CDCl3 on
a Bruker AV400 MHz spectrometer at room temperature
using the δ scale and tetramethylsilane (TMS) as an
internal standard. Chemical shift was given in ppm
relative to tetramethylsilane.

The hydrophilic character of the modified gold work-
ing electrodes (WEs) was investigated by contact angle
measurements using ‘Digidrop’ from GBX (France).
Here, 5 μL of deionized water were dropped onto the
modified electrode surface and the digital camera asso-
ciated with the instrument captures the images. The
contact angles were obtained from different areas of the
WEs. The volume and the size of the water droplets were
kept constant.

Atomic Force Microscopy (AFM) was performed in
air under ambient conditions using a Nano observer (CSI
Company, France). Measurements were made using
silicon cantilever tip (ScienTec AppNano). The cantilever
size L: 125 μm, W: 35 μm and T: 4.5 μm. The tip radius:
<10 nm, H: 14–16 μm and with a frequency of 200–
400 kHz and spring constant of K: 25–75 N/m. The
scanning images were performed at 669 mV amplitude,
3.18 V set point and Tip DC at 477 nV. Measurements
were performed in taping mode with a speed of 0.25 lines
per second and 511 resolutions.
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2.2.1 DDT-Poly(N-vinylpyrrolidone) Synthesis
(DDT-PNVP)

The synthesis of thioether oligomer (DDT-PNVP) was
carried out by the free-radical bulk polymerization as
follow: 2 mL of N-vinyl pyrrolidone (NVP, 18,76 mmol)
was heated at high temperature between 100 °C and 110 °
C for 48 h in the presence of thermal initiator, benzoyl
peroxide BPO (10 mg, 0.0413 mmol) and 0.96 mL of
dodecanethiol (DDT, 4 mmol). The mixture was degassed
for 30 min by using ultrasonic apparatus before heating in
an oil bath. After cooling, viscous product, yellow to
orange in color, was obtained. For removing unreacted
monomer and oligomer with very low weight, the final
product was dissolved in chloroform and re-precipitated
in cold n-hexane several times. Oligomer thus obtained
was dried, at ambient temperature then at 50 °C to a
constant weight. The yield of thioether oligomer DDT-
PNVP was 62.68%.

2.2.2 Preparation of Modified Gold Electrode
(GE/DDT-PNVP)

Gold substrate was washed twice with acetone in an
ultrasonic bath for 15 min, followed by incubation in piranha
solution (H2SO4/H2O2 :3v/1v) for 5 min to remove the
inorganic and organic impurities present on the surface.
Then, the substrate was rinsed thoroughly with absolute
ethanol and distilled water and finally dried with nitrogen.
The cleaned gold substrate was incubated in the thioether
oligomer solution (0.35 g/mL of DDT-PNVP) in chloroform
for 48 hours at 4°C. Prior to any electrochemical measure-
ment, the gold substrate was rinsed with ethanol and
distilled water several times to remove the unattached
oligomer. The measurements were made in PBS buffer
containing Ferro/Ferricyanide ions Fe(CN6)

3� /4� at a concen-
tration of 5 mM (pH=7.4).

3 Results and Discussion

3.1 Synthesis and Characterization of DDT-PNVP

DDT-PNVP was synthesized by the chain transfer radical
polymerization method using NVP as a monomer and
DDT as the chain-transfer agent (Scheme 1). The use of
DDT is for the purpose of having a chain end containing
sulfur. The polymerization reaction is initiated by a
thermal initiator, benzoyl peroxide BPO at 100–110 °C for
48 h, in fact DDT also contributes to the initiation of the
polymerization; sulfur has a great affinity to radicals and

can easily lose its thiol-hydrogen in radical form [44]. The
molecular weight of the DDT-PNVP oligomer was
determined using size exclusion chromatography (SEC).
The average molecular weight (Mw) was found to be
1790 g/mol relative to polystyrene standards, with a
polydispersity index (PDI) of 1.37. The calibration is
carried out with polystyrene standards of increasing
molecular weight (3600, 7200, 10050, 12900, 21720 g/mol).
The molecular weight of N-vinylpyrrolidone is 111.14 g/
mol corresponding to chain length approximately PD=16
(polymerization degree). However, the low molecular
weight of the polymer (<2000 g/mol) and the relatively
narrow molecular weight distribution, are due to the
radical polymerization technique used. 1H NMR and
FTIR spectroscopy were selected to validate the structure
of the ligand DDT-PNVP oligomer (Figure. SI.1 and SI.2
in the supporting data).

FTIR spectrum of DDT-PNVP, provided in Figure
SI.1 (in the supporting data), illustrate the absorption
peaks at 2953.36 and 2892.91 cm� 1. These were associated
with the asymmetric and symmetric stretching vibrations
of aliphatic methylene (� CH2� ) and methyl (� CH3)
coming from oligomer and from DDT linked at its
extremity. The band at 1662.98 cm� 1 originates from the
vibration of the carbonyl bond (C=O). The large band
around 3440 cm� 1 can be attributed to the O� H stretching
vibrations; this is because the carbonyl groups can form
hydrogen bonds with traces of water (moisture). The
strong band at 1288.94 cm� 1 was the stretching vibration
of C� N bond. In the monomer (NVP) spectrum, the
strong bands at 1629.24 cm� 1 and 1705.05 cm� 1 correspond
to the absorptions of the double bond (C=C) and
carbonyl bond respectively. The absorption peaks at
3109.03, 981.82 and 930.72 cm� 1 were attributed to the
bond (=C� H) of the double bond. The stretching
vibration of C� N bond in the monomer appeared at
1285.8 cm� 1. On the spectrum of polymer, the band
characteristics of vinyl group were disappeared, which
clearly shows the disappearance of the monomer after the
polymerization reaction and the purification step (Figure
SI.1 in the supporting data).

The proton nuclear magnetic resonance (1H NMR)
spectra of the synthesized DDT-PNVP is presented in
Figure SI.2 (in the supporting data). For protons of
pyrrolidone group in NVP, the main chain methine (H6)
and methylene protons (H5) are assigned around 3.6–
4.01 ppm and 1.5–1.88 ppm, respectively. The side chain
methylene protons are assigned in the range 3.0–3.42 ppm
(H7), 2.13–2.5 ppm (H9), and 1.8–2.1 ppm (H8) [45,46].
Signals located at 0.88, 1.25, 1.43 and 2.37 ppm are

Scheme 1. Radical polymerization reaction of NVP in the presence of DDT.
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assigned to the aliphatic protons of the DDT fragment,
linked to the chain end of the oligomer, H1, H2, H3 and H4

respectively [47].

3.2 Characterization of Modified Gold Electrode
GE/DDT-PNVP

The GE/DDT-PNVP was prepared by a simple incubation
of clean gold substrate in DDT-PNVP solution in chloro-
form. The presence of the DDT fragments at the end of
the oligomer chain, which contain sulfur, helps the
oligomer attach to the surface of gold, because sulfur
atom is known by its affinity with gold. Thiol can form,
according to the literature, monolayers on gold surfaces,
with �85% of their sulfur atoms forming bonds (Au� S)
to the gold substrate [48]. Contrary to this, thioether
retains its structure; there is many evidences confirming
that thioether (dialkyl sulfides) molecules can be ad-
sorbed on gold surface with double-chain conformation
without C� S cleavage and most thioether molecules are
held on the surface by “physisorption” [49,50]. Figure 1
shows a schematic illustration of the proposed morphol-
ogy of GE/DDT-PNVP.

The electrochemical properties of the modified gold
WEs were determined by CV and by EIS. Figure 2 shows
CV analysis of the gold WEs before and after chemical
surface modification with DDT-PNVP. CV was recorded
by varying the potential from – 400 mV to +600 mV with
a scan rate of 100 mV/s. For bare gold, a couple of redox
peaks of Fe(CN)6

3� /4� (supporting electrolyte) were
observed with peak-to-peak separation (ΔIp) of 1.66 mA
and (ΔEp) of 24.54 mV. When the substrate was covered
with DDT-PNVP, a decrease of charge transfer was
observed; a couple of redox peaks of Fe(CN)6

3� /4� were
obtained with peak-to-peak separation (ΔIp) of 1.09 mA
and (ΔEp) of 31.26 mV. The decrease in current indicates
that DDT-PNVP could effectively decrease the electron
transfer rate between the gold electrode surface and Fe
(CN)6

3� /4� solution which could be attributed to the bad
conductivity of DDT-PNVP.

Fig. 1. Proposed morphology of gold electrode modified by thioether oligomer (GE/DDT-PNVP).

Fig. 2. Cyclic voltammograms of gold WEs (A) before and (B)
after modification by DDT-PNVP. The measurements were
made in PBS in the presence of Fe(CN6)

3� /4� , scan rate 100 mV/s.

Fig. 3. Nyquist plots of bare gold WEs (A) and DDT-PNVP
modified gold WEs (B). The EIS were recorded in the presence
of Fe(CN)6

3� /4� at a frequency range between 1 Hz and 200 kHz,
at a potential of 0.2 V. The impedance behavior of the electrolyte
can be fitted to a Randles model; that includes the solution
resistance (Rs), charge transfer resistance (Rct), constant phase
element (Cdl) and Warburg impedance element (W).
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Nyquist plots presented in Figure 3 clearly demon-
strate the impedance difference between unmodified and
DDT-PNVP modified gold WEs. The first Nyquist plot
semi-circle corresponds to bare gold with low transfer
charge resistance (Rct) at the interface electrode/electro-
lyte. After the modification with DDT-PNVP, the diame-
ter of the Nyquist plot semi-circle was much larger with
high impedance. This increased impedance (increase of
Rct) was induced by the formation of thioether oligomer
layer, on the gold WEs, and implying good blocking
behavior and complete control of charge transfer for the
transfer process. The Faradaic impedance measurements
are in good agreement with CV measurements. The
recovery rate was calculated by using the equation (1) and
found to be θ=67.66%. The interaction type of the
thioether with gold surface can explain the low value of
the recovery rate; thioether adsorb on the surface of gold
with a double-chain conformation and this structure is
more congested and leads to a low density [50].

q ¼ 1 �
Rct0

Rct
(1)

Where, Rct0 is the charge transfer resistance at bare
gold and Rct is the charge transfer resistance at the GE/
DDT-PNVP under the same condition.

The chemical surface modification was also confirmed
by the wettability study using water contact angle
measurements. A camera recorded the image of the water
droplet deposited on the gold electrode surface and the
contact angle was calculated from the droplet shape by an
image-analysis system. The contact angle value for the
bare gold was found to be 67.19°; while after treatment
with the piranha solution a decrease in the contact angle
value was observed (33.49°). After the modification with
DDT-PNVP, the contact angle of the modified gold
substrate revealed a slightly increase from 33.49° to 45.88°
(Figure SI.3 in the supporting data), which confirms that
the surface has been modified and the sensing film was
deposited on the gold WEs surface.

Electrochemical active surface area of GE/DDT-
PNVP was determined by Chronoamperometry. In this
method, the potential of the working electrode is stepped
and the resulting current from faradaic processes occur-
ring at the electrode is monitored as a function of time. In
chronoamperometric studies, the current for the electro-
chemical reaction of ferrocyanide, that diffuse to a
electrode surface, is described by the Cottrell equation
(Eq.2) [51], which defines the current-time dependence
for linear diffusion control.

I tð Þ ¼ nFAC

ffiffiffiffiffi
D

pt

r

(2)

Slope ¼ nFAC

ffiffiffiffiffi
D

p

r

(3)

Where, n is the number of electrons involved, A is the
electrochemical active area, F is the Faraday constant
(96500 C.mol� 1), D is the diffusion coefficient (7.6
10� 6 cm2.s� 1) and C is the concentration of Fe(CN)6

3� /4�

(5 mM). Figure 4 depicts typical chronoamperometric
response, I vs t plot at a potential of 0.2 V and the
resulting I vs t � 1/2 representation. The chronoamperogram
I vs t � 1/2 plot was found to be straight line (R2=0.99).
From the slope (Eq.3) the electrochemical active area of
the GE/DDT-PNVP electrode obtained was 0.15 cm2.

AFM was also used to characterize the topography
modification of gold WEs before (A) and after chemical
surface modification (B). Figure 5 shows gold surface
topography and the surface morphology as well as the
film thickness of DDT-PNVP deposited on gold WE (B).
At the micrometric scale, the oligomer layer is in the form
of relatively dense and homogeneous globules. The
roughness parameter was calculated in order to permit
the comparison of the layer density after modification.
The bare gold has a roughness factor of 0.43 nm, after
modification the oligomer layer has a roughness factor of

Fig. 4. Plot of I-t curve of GE/DDT-PNVP in PBS containing
5 mM Fe(CN)6

3� /4� at a potential of 0,2 V; and the plot of I-t� 1/2

curve derived from the data of chronoamperometry for the same
sample as inset (I(t)=10� 4 (� 1.517–1.1454 xt

� 1/2), R2=0,99).

Fig. 5. AFM images of gold WEs: (A) bare gold and (B) GE/
DDT-PNVP.
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3.7 nm. This increases of roughness factor confirms the
surface modification of the gold substrate.

3.3 Electrochemical Behavior of Bisphenol A on
DDT-PNVP Modified-gold Electrode

The prepared GE/DDT-PNVP was immersed during
30 min into solution containing BPA with different
concentrations ranging from 1 pg/mL to 20 pg/mL. After
each incubation, the electrochemical sensor was washed
with absolute ethanol and water. EIS measurements were
carried out, after each incubation, in a 0.01 M PBS buffer
solution containing Fe(CN)6

3� /4� at a concentration of
5 mM (pH=7.4) within the frequency range from 1 Hz to
200 KHz and at a potential of 0.2 V. Figure 6, shows a
distinct EIS response (Nyquist diagram (A) and the
corresponding Bode plots (B)) of the GE/DDT-PNVP for
different concentrations of BPA. The first Nyquist plot
semi-circle corresponds to blank GE/DDT-PNVP. After
incubation of the electrochemical sensor in BPA for
30 min, the second Nyquist plot semi-circle has shifted
and decreased from the first highlighting thus the
adsorption of BPA onto the sensitive membrane. The
radius of the semicircles, in the Nyquist plots, decrease
linearly with increasing BPA concentration. The efficient
trapping of BPA molecules within thioether oligomer
caused the increase in electrochemical current. In the
work of Dahlia C. Apodaca et al, they also found, that the
total impedance, obtained during the rebinding of the
different concentrations of BPA on the imprinted film,
decreases with an increase in BPA concentration [52].
The equivalent electrical circuit shown in Figure 5
modeled resulting impedance spectra, obtained in the

presence of different concentrations of BPA. The binding
mechanism between BPA and the oligomer may be
explained by the formation of hydrogen bonds; hydroxyl
groups in the BPA molecules (on both ends) and nitrogen
or oxygen presented along the oligomer chains favored
the formation of these interactions (hydrogen bonds).
This would imply, that the binding opens up channels in
the adlayer such that Fe(CN)6

3� /4� can reach the surface
and undergo electronic transfer. This phenomenon in-
crease with increasing BPA concentrations. Chemical
adsorption energy of BPA molecules binding to the
oligomer layer can be calculated by using Langmuir
equation [53,54], and it was found to be ΔG° = � 65.19 KJ/
mol with a high adsorption constant 0.2712 109 L/g (SII in
the supporting data).

To evaluate the detection limit (LOD), sensitivity and
the linear response range, a calibration curve was formed
(Figure 7). In this calibration curve, the analytical signal
(ΔR/R= (Rct-Rct0)/Rct0) is plotted versus the concentra-
tion of BPA. The linear relationship (R2=0.9885) be-
tween the ΔR/R and the concentration of BPA is
according to the equation: ΔR/R= � 0.01017[BPA]–
0.29469. All the measurements were performed with n=3
replicates. The detection limit was calculated from
LOD=3SD/b, where (SD) is the standard deviation of
intercept of the linear calibration curve for three
independent curves and (b) is the slope of the calibration
curve [55]. The LOD was found to be 1.9 pg/mL at S/N=

3 (equivalent to 8.32 pM), and the sensitivity (0.01 pg� 1/
mL� 1) is the slope of the calibration curve. In addition, it
was obtained a calibration curve with a linear range from
1 to 20 pg/mL (equivalent to 4.38–87.71 pM). The charac-
teristics of relevant and previous modified electrodes for
BPA detection in terms of the concentration range and
detection limit are given in Table 1. Furthermore, The
reproducibility of the modified electrode GE/DDT-PNVP
was evaluated by the measurement of the response to
10 pg/mL of BPA in 0.01M PBS containing 5 mM Ferro/
Ferricyanide ions by impedance spectroscopy. We pre-
pared three different BPA sensors with the same mod-
ification. The relative standard deviation was calculated
and found to be 6.72%, indicating that the proposed
sensor has good reproducibility.

Fig. 6. EIS analysis in PBS containing 5 mM Fe(CN)6
3� /4� ,

obtained from the increasing concentration of BPA from 1 to
20 pg/mL at a potential of 0.2 V: (A) Nyquist plots and (B) Bode
plots of GE/DDT-PNVP electrode. Measurements was.

Fig. 7. Calibration plot of the BPA modified gold electrode
sensor.
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In this work, selectivity of the developed chemical
sensor has also been studied for BPA over other
interfering species, which have the same functional group
as BPA (hydroxyl function). Here, Phenol, hydroquinone
and resorcinol, which are used usually in plastic manufac-
ture as a monomer, stabilizer or inhibitor, were used to
check selectivity of the present sensor. As shown in
Figure 8, the calibration curves, obtained after incubation
of GE/DDT-PNVP in different concentrations of interfer-
ing products between 1 and 20 pg/mL, are not linear. This
indicates that the GE/DDT-PNVP has no sensitivity for
both phenol, hydroquinone and resorcinol products.

4 Conclusion

In the present work, an electrochemical sensor of bi-
sphenol A has been developed by a very simple method.
A thioether DDT-poly(N-vinylpyrrolidone) oligomer has
been synthesized and used to modify the surface of a gold
electrode. The thioether oligomer represents the sensitive
layer in the chemical sensor. Synthesis of oligomer has
been carried out by radical polymerization in the presence
of dodecanethiol as a transfer agent, leading to formation
of polymer chains with an end chain containing sulfur.
Sulfur atom has a remarkable affinity for noble metals,
which helps the oligomer chains to be attached on gold
surface and leading to stable layer formation. Achieved

results demonstrate that the oligomer-based sensor has
good reproducibility and appreciable sensitivity
(0.01 pg� 1/mL� 1) for BPA and exhibits excellent perform-
ance for BPA determination with a good linearity
relationship for concentration raging from 1 pg/mL to
20 pg/mL (equivalent to 4,38 pM–87.71 pM), with detec-
tion limit of 1.9 pg/mL (8.32 pM) at S/N=3. Several
interfering compounds, such as phenolic (phenol, hydro-
quinone and resorcinol) were used and their behaviors on
the modified gold electrode were investigated. The
obtained results demonstrate that the elaborated GE/
DDT-PNVP electrode was found to be more sensitive to
BPA than Phenol, resorcinol and hydroquinone.
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