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A novel copper(i) phthalocyanine (CuPc)-modified multiwalled carbon nanotube-based electrode was
prepared for the sensitive electrochemical detection of bisphenol A, by the modification of a pencil
graphite electrode via the adsorption method. The synthesized novel CuPc was characterized by
spectroscopic methods and the electrodes were characterized by electrochemical, spectroscopic and
microscopic methods. The limit of detection (LOD, S/N = 3) was calculated as 0.0189 uM for bisphenol A.
The experimental parameters such as pH and adsorption time were optimized for the electrochemical
detection of bisphenol A. The detection was done in real samples, with a high recovery value (>98%),
indicating the useful application of modified electrodes as electrochemical sensors for bisphenol A. The
electrodes showed excellent repeatability and stability in the differential pulse voltammetric detection
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of bisphenol A. The prepared novel sensor can be used for the detection of bisphenol A in many
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1. Introduction

Bisphenol A (BPA) is an organic compound that is used as a
monomer for the production of polycarbonate and a precursor
of epoxy resins; it is also known as 4,4’-(propane-2,2-diyl)-
diphenol, which is its TUPAC name." Since BPA has been used
for the industrial production of food contact materials, it has
become a great risk factor in human health.** Besides, BPA
contamination in the environment during the production and
recycling process has emerged an important risk to the eco-
system.>>® The sensitive and selective detection of BPA has
received great attention from researchers for monitoring its
levels in environmental, biological and food samples due to
the harmful effects of BPA on the health of the ecology and
humans.”® The detection of BPA can be done through various
methods such as spectroscopy, chromatography, and electro-
chemistry.”** Among these methods, electrochemical methods
have great advantages due to their superiorities such as high
sensitivity, high selectivity, and relatively low cost.'">'* Potentio-
metric, amperometric and voltammetric methods have been used
in the electrochemical detection of BPA.***® The modification of
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environmental analyses due to its simplicity, low cost, environmental friendliness and high sensitivity.

used electrodes in electrochemical methods is important for
improving the selectivity and sensitivity of BPA detection.

Since the first day they were discovered, multiwalled carbon
nanotubes (MWCNT) have been useful electrode materials due
to their unique characteristics, large surface areas, electrical
and chemical properties, high stabilities and strong adsorption
behaviors.'”'® These extraordinary features of MWCNT allow
them to be used in many applications such as electrochemical
sensors. Because MWCNTSs can be easily adsorbed on a bare
electrode surface, they have been extensively investigated as
modified agents for electrochemical sensor applications.*>°

Phthalocyanines (Pc) constitute a notable class of chemicals
that have been applied as molecular materials due to their rich
redox behavior, architectural flexibility, their high thermal
and chemical stabilities, diverse coordination properties and
improved spectroscopic characteristics for electrochemical
sensor applications.** > Among the phthalocyanines containing
metals, copper phthalocyanines (CuPc) have been used as effi-
cient electrochemical sensors for the construction of new elec-
trode materials.'® Pc-modified electrodes have been employed by
many research groups through electropolymerization, physical
adsorption or drop-casting of the Pc moiety on a bare electrode
surface.”*® Phthalocyanine-based materials were used by some
groups to obtain advanced electrodes for the electrochemical
detection of BPA.>’>° In recent years, researchers have shown
that Pc-MWCNTs-based electrodes exhibit improved electro-
chemical responses when compared to MWCNT or Pc electro-
des alone.***
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In this study, a pencil graphite electrode (PGE) was modified
by multiwalled carbon nanotubes (MWCNT-COOH) and CuPc to
obtain a novel electrochemical sensor (CuPc/MWCNT-COOH/
PGE) for the detection of bisphenol A (BPA). The structures of
the synthesized compounds were investigated by elemental
analysis, FT-IR, UV-Vis, '"H-NMR, ">C-NMR and MS techniques.
The prepared CuPc/MWCNT-COOH/PGE electrode was charac-
terized by electrochemical methods such as cyclic voltammetry,
differential pulse voltammetry, and electrochemical impedance
spectroscopy. The structural features of the prepared electrode
were also examined by Scanning Electron Microscopic (SEM)
analysis in each step of the modification. In addition, X-ray
photoelectron spectroscopy (XPS) and Transmission electron
microscopy (TEM) techniques were used for characterization.
The parameters affecting the electrochemical response of the
electrodes such as pH, adsorption time and interferences were
investigated by electrochemical methods. The prepared sensor
showed a linear range of 2.75 x 107> to 1.0 x 10”7 M with a
0.0189 pM limit of detection (LOD, S/N = 3). The recovery values
were higher than 98% for three different real samples, which
also supports the use of this novel sensor for the electrochemical
detection of BPA in environment and food samples.

2. Experimental

2.1. Reagents and apparatus

Multiwalled carbon nanotubes (MWCNT) (D x L 110-170 nm X
5-9 pm, >90%), N,N-dimethylformamide (>99%), phosphoric
acid (>85%), potassium hydroxide (>85%), potassium hexa-
cyanoferrate(m) (>%99), potassium hexacyano-ferrate(u)trihydrate
(=%99), methanol (>99.7%), bisphenol-A (>99%), sulfuric
acid (>95-97%), nitric acid (>70%), trans-4-hydroxy-3-methoxy-
cinnamic acid (ferulic acid) (>99%), 4-nitrophthalonitrile(>99%),
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) (>98%) and copper(u)
acetate (>98%) were purchased from Sigma-Aldrich. Potassium
dihydrogen phosphate (>98%), dipotassium hydrogen phosphate
(=98%), potassium hydroxide (>85%), chloroform (>99%),
ethanol (>96%), n-pentanol (>99%), potassium carbonate
(>99%), hydrochloric acid (> 37%), acetone (>99%) and tetra-
hydrofuran (>99%) were purchased from Merck. All substances
were directly used without any purification. Plastic bottled water
samples, which were used in real sample analysis, were pur-
chased at a local market. The carbon-based electrode was a
pencil graphite electrode (Tombow, HB, 0.5 mm). Electrochemi-
cal measurements were carried out via the Autolab PGSTAT 128N
model and Gamry Reference 3000 model potentiostat/galvano-
stat at room temperature. Solutions were prepared with ultra-
pure water (obtained by MILLIPORE Milli-Q Direct 16 model
apparatus). The pH of solutions was determined using a HANNA
HI 2211 pH/ORP meter. Scanning electron microscope (SEM)
images of all electrodes were obtained using Zeiss-Ultraplus
model equipment. A Tecnai TM G2 Spirit model (FEI Company)
instrument was used for transmission electron microscope (TEM)
analysis. The pictures were taken of powders of modified and
unmodified PGE dispersed on a Cu grid at 87 000x magnification.
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Elemental analysis was carried out by a LECO CHNS 932 instru-
ment. The UV-Vis spectra were recorded on an Agilent 8453
UV/Vis spectrophotometer. FT-IR analyses were conducted on
Perkin Elmer Spectrum One model equipment. Nuclear magnetic
resonance (NMR) spectra of the synthesized substances were
obtained using Bruker Avance III 500 MHz equipment. LC/MS
and MALDI-TOF MS spectra of products were obtained on
Shimadzu LCMS-8030 Plus and Bruker Microflex LT MALDI-
TOF MS model equipment, respectively.

2.2. Chemical preparation of modified MWCNT

Chemical modification of MWCNT was done to obtain ~-COOH
groups on the surface of the nanotubes. For this process, 1.0 mg
of MWCNT was treated with HNO;: H,SO, (1:3) solution using
an ultrasonic mixer at 40 °C for 6 hours (Fig. S8, ESIt). The
obtained solid particles were washed three times with ultrapure
water to remove all of the acid from the solution. The modified
solid particles were filtered and dried. The final products were
dispersed in DMF solution in an ultrasonic mixer for 15 min.*?
The synthesis procedures (Fig. S1 and S2, ESIt) and character-
ization results (Fig. S3-S5, ESIt) of (E)-3-(4-(3,4-dicyanophenoxy)-
3-methoxyphenyl)acrylic acid (1) and (E)-3-(2,9,16,23-tetrakis-(4-
oxy-3-methoxyphenyl)acrylic acid)phthalociyaninato copper(u) (2)
are given in the ESLY

2.3. Preparation of modified electrodes

CuPc modified multiwalled carbon nanotube-based electrodes
were used for the sensitive electrochemical detection of BPA.
A pencil graphite electrode (PGE) was modified by adsorption of
MWCNT-COOH and a novel CuPc compound. Firstly, MWCNT-
COOH dispersed in DMF (5.0 mg/1.0 mL) was dropped on the
PGE surface and the electrode was dried at room temperature.
The electrode was then immersed in methanol solution con-
taining the synthesized novel CuPc compound for adsorption
on the electrode surface; the product was called CuPc/MWCNT-
COOH/PGE. The amount of MWCNT-COOH was optimized by
using different amount (3, 5, 7, 10 and 20 pL) in dropping
solutions. The adsorption time was also optimized to obtain the
best analytical response for BPA in DPV analysis.

2.4. Electrochemical characterization parameters of
CuPc/MWCNT-COOH/PGE

Cyclic voltammetry (CV) and electrochemical impedance spectro-
scopy (EIS) were used to investigate the electrochemical behav-
iors of the bare and modified electrodes. The electrodes were
characterized in a 0.1 M KCI and 2.5 mM Fe(CN)s>/*~ solu-
tion over the potential range of 0.1 and 0.9 V versus Ag/AgCl
(in 3.0 M KCl) with a 100 mV s~ ' scan rate by the cyclic
voltammetric method. The solution resistance (R;), charge
transfer resistance (R.) and Warburg impedance values were
investigated by EIS analysis. Electrochemical impedance spectro-
scopy analysis was conducted at an open circuit potential in a
10° to 10> Hz frequency range at an amplitude of 10 mV in
0.1 M KCl and 10.0 mM Fe(CN)s>*~ solutions. All the
spectra were fitted with an equivalent circuit model as shown
in Fig. 1b (inset).

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2018
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Fig. 1 (a) Cyclic voltammograms (in 0.1 M KCl and 2.5 mM Fe(CN)g> /4~
solutions); (b) fitted electrochemical impedance spectra of PGE and CuPc/
MWCNT-COOH/PGE (inset: equivalence circuit model in 0.1 M KCl and
10 mM Fe(CN)g*> /4~ solutions).

2.5. Electrochemical detection of BPA

Plastic bottled water samples, which are commercially available
in the local market, were used without any pretreatment; 1.0 mL
of each water sample was diluted to 100 mL with phosphate
buffer solution (pH 2.0) for analysis.

3. Results and discussion
3.1. Characterization of CuPc/MWCNT-COOH/PGE

Cyclic voltammetric and electrochemical impedance spectro-
scopic analyses were carried out for the electrochemical char-
acterization of CuPc/MWCNT-COOH/PGE. The electrodes were
characterized in a solution consisting of 0.1 M KCl and 2.5 mM
Fe(CN)s>~'*". Fig. 1a shows the cyclic voltammograms of PGE
and CuPc/MWCNT-COOH/PGE in the 0.1-0.9 V potential range.
The anodic and cathodic peak potentials for PGE were deter-
mined as 0.25 and 0.17 V, respectively (Fig. 1a), and were 0.42
and 0.11 V, respectively, for CuPc/MWCNT-COOH/PGE. The
reversibility and current of the peaks in PGE were higher than
in CuPc/MWCNT-COOH/PGE (Fig. 1a). This was probably due
to electrostatic interactions of carboxyl acid groups on the

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2018
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Fig. 2 SEMimages of (a) PGE with 25000, (b) MWCNT-COOH/PGE with
25000x, (c) MWCNT-COOH/PGE with 50 000x, (d) MWCNT-COOH/PGE
with 100 000x, (e) CuPc/MWCNT-COOH/PGE with 50 000, and (f) CuPc/
MWCNT-COOH/PGE with 100 000x.

surface of the modified electrode with Fe(CN)s* ">~ groups,
indicating a successful surface modification.?*** Fig. 1b shows
the fitted electrochemical impedance spectra of PGE and CuPc/
MWCNT-COOH/PGE. R;, R, Zy, and CPE represent the
solution resistance, charge transfer resistance, Warburg impe-
dance and capacitance, respectively.**® R, also known as
ohmic resistance, includes the resistance of electrolytes, the
resistance of corrosion products located on the surface of the
electrode, and the resistance of the electrical connections to
the electrode. R, is a parameter related to the resistance of the
rate controlling the electrochemical reaction of the corrosion
process. Z,, also corresponds to the rate of mobile ion transfer
to the electrode surface.’”?® The R, values were almost the
same due to same experimental conditions for PGE and modi-
fied electrodes (Fig. 1b). R, values were 19.1 and 392.8 Q for
PGE and CuPc¢/MWCNT-COOH/PGE, respectively (Fig. 1b).
Here, the electron transfer in the electrochemical reaction is
more difficult on the modified electrode surface than that of
PGE. This also showed that the surface modification of PGE by
carboxylic acid groups pushed the negatively charged ions of
the electrolyte. The Z, value was the lowest in CuPc/MWCNT-
COOH/PGE, indicating a low diffusion rate of mobile ions to
the porous surface modified electrode due to the electrostatic
pushing effects of the negatively charged surface.*® FT-IR spectro-
scopy was used in the characterization of functional groups of the
modified electrode surface (see the ESI,} Fig. S6). SEM analyses
were done to determine the structural features of modified
electrodes and the unmodified electrode. Graphitic flakes
including the surface of PGE can be seen easily in Fig. 2a.
—-COOH modified MWCNT were adsorbed on the surface of PGE
and separated homogeneously (Fig. 2b-d). After the last modi-
fication step with CuPc, the organometallic complex was
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adsorbed on the surface of the MWCNT-COOH/PGE (Fig. 2e and f).
SEM analysis also supported the successful surface modification of
PGE with MWCNT-COOH/CuPc. TEM images of PGE and CuPc/
MWCNT-COOH/PGE can be seen in Fig. S7 (ESIt). The changes
on the surface of PGE can be easily seen in Fig. S7b. Although no
nano-particles can be seen in the PGE (Fig. S7a, ESIY), certain
nanostructures, which are related to CuPc/MWCNT-COOH, can be
seen in the modified electrode (Fig. S7b, ESIY).

3.2. Electrochemical detection of BPA

The modification process is of great importance in modified
electrode-based sensor studies.**** The main purpose of the
modification is to selectively improve the analytical response of
modified electrodes to the analyte. Cyclic voltammetric analyses
were carried out between 0.4-1.3 V in each step of the modifica-
tion to investigate the electrochemical response of the electrodes
to BPA. Fig. 3 shows the cyclic voltammograms of PGE, CuPc/
PGE, MWCNT-COOH/PGE and CuPc/MWCNT-COOH/PGE. The
obtained oxidation peak around 0.8 V corresponds to the oxida-
tion of BPA in Fig. 3, because the PGE and CuP¢c/MWCNT-COOH/
PGE showed no peak at this potential in the blank solution
(Fig. 3). The highest anodic peak current was determined with
CuPc/MWCNT-COOH/PGE. This result may be caused by the
catalytic oxidation effects of the modified surface PGE by CuPc/
MWCNT-COOH. A plausible oxidation reaction was proposed in
eqn (1)-(3) according to the literature.****> Cu(i)Pc was reduced
Cu()Pc during the oxidation of BPA (eqn (1)). The formed
oxidized form of BPA probably had two tautomer forms as
Intermediate I and Intermediate II in eqn (2). The bifurcated
oxidation peaks were probably tautomeric transformations of
two radical forms (eqn (2) and Fig. 3). In the last step, quinoid
products of BPA were formed (eqn (3)). Since MWCNT-COOH/
Cu(u)Pc modified PGE catalyzed the oxidation of BPA, the high-
est anodic peak was determined in this electrode.

CH, .
2Cu(IPc+ HOOH — 2Cu(l)Pc+ HO*BH 1)
CHs CHs

— PGE
0,00008 |—— MWCNT-COOH/PGE
CuPc/PGE
0,00006 — CuPc/MWCNT-COQH/PGE
— PGE (in blank solution)
CuPc/MWCNT-COOH/PGE (in blank solution)
0,00004
<
0,00002
0,00000
-0,00002
-0,2 0,0 0,2 0,4 0,6 08 1,0 1,2
EN

Fig. 3 Cyclic voltammograms of PGE, CuPc/PGE, MWCNT-COOH/PGE
and CuPc/MWCNT-COOH/PGE in 0.1 mM BPA solution (pH 2.0 buffer
solution; scan rate: 100 mV s™3), and, PGE and CuPc/MWCNT-COOH/PGE
in the blank solution.
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Fig. 4 Cyclic voltammograms of CuPc/MWCNT-COOH/PGE in 1.0 mM
BPA solution (pH 2.0 buffer solution) with different scanning rates (inset:
the plot of anodic peak current against the square root of the scan rates).
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To determine the mass transfer mechanism as adsorption or
diffusion, the scanning rate using cyclic voltammetry with the
CuPc/MWCNT-COOH/PGE electrode was changed from 5 to
500 mV s~ ' and this is shown in Fig. 4. When the anodic peak
current was plotted against the square root of the scan rates, a
linear correlation was observed (Fig. 4 inset). This result sup-
ported the diffusion-controlled mass transfer mechanism for the
reaction. This was also important for sensor application.’”*%>

Differential pulse voltammetry (DPV) was used to deter-
mine the analytical response of the electrodes for BPA. Fig. S9
(ESIt) shows the differential pulse voltammograms of PGE,
CuPc/PGE, MWCNT-COOH/PGE and CuPc/MWCNT-COOH/PGE.
The analytical response of the oxidation peak of BPA increased
from PGE to CuPc/MWCNT-COOH/PGE. Since the modified
electrode has the -COOH group, the selectivity and inter-
actions of the analyte and electrodes increased in the modified
materials. Besides, the activated surface of PGE during the
modification process probably had a catalytic effect on the
oxidation reaction of BPA (eqn (1)-(3)).**** In addition, each
modification step caused an increase in the oxidation peak of
BPA in DPV analysis (Fig. S9, ESIt). CuPc/PGE and MWCNT-
COOH/PGE also has a relatively high analytical response for
BPA in DPV analysis. The success of modification by adsorption
was also confirmed by the obtained voltammograms in Fig. S9
(ESIT) and each modification step increased the selectivity of
the electrodes for BPA.

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2018
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3.3. Optimization of adsorption conditions and pH for the
electrochemical detection of BPA

Adsorption conditions and the effect of pH were optimized to
improve the electrochemical response of the modified electro-
des for BPA. The amount of modifier and adsorption time were
optimized using the analytical response of BPA. Different
amounts (0.01, 0.1 and 1.0 mM) of CuPc were dissolved in
methanol and these solutions were used in the optimization
of the amount of modifier. The best analytical response was
obtained by the time the concentration was 1.0 mM. In this
amount of modifier, the electrode surface probably fully adsorbed
the CuPc for the selective determination of BPA.*® When the
concentration of CuPc increased from 0.01 to 1.0 mM, a larger
amount of CuPc was probably adsorbed on the surface of
MWCNT-COOH/PGE. Another crucial factor, which affects the
selectivity and response of electrode, is the thickness of the film
on the surface of the electrodes.*>***” Different adsorption times
(1, 5, 10, 20 and 25 min) were studied to determine the effects of
the adsorbed amount of CuPc and the thickness of the formed
modified layers. The results obtained in DPV analysis for BPA with
CuPc/MWCNT-COOH/PGESs, which were obtained at different
adsorption times, are given in Fig. S10 (ESIt). When the adsorp-
tion time in the 1.0 mM CuPc solution was 10 min, the highest
analytical response was determined in the DPV analysis (Fig. S9,
ESIt). The higher or lower adsorption time than that of 10 min
negatively affected the analytical response of the modified electro-
des for BPA. The result may be explained by the interactions of
CuPc molecules during the adsorption process. The entire surface
was probably not modified by CuPc for adsorption times lower
than 10 min. On the other hand, CuPc molecules probably formed
a thicker film on the surface MWCNT-COOH/PGE, which also
prevented the diffusion of BPA on the electrode surface due to
steric factors.*>*®

pH is another important parameter in the electrochemical
sensor studies.’® To determine the effects of pH on the electro-
chemical detection of BPA with CuPc/MWCNT-COOH/PGE,
the DPV analysis was carried out in 0.1 mM BPA solutions at
different pH values (2, 3, 4, 5, 6 and 7). The effect of pH on the
oxidation peak of BPA obtained with differential pulse voltam-
mograms can be seen in Fig. 5. When the pH was changed from
2 to 7, the analytical response of electrodes decreased to pH 4.0,
then increased to pH 7.0. This result showed that the amount of
hydronium plays a key role in the oxidation of BPA (Fig. 5
inset).**>° Besides, the potential of the oxidation peaks shifted
to a greater cathodic area with increasing pH, indicating the
electrocatalytic effects of decreasing hydronium concentration
(Fig. 5 inset).**° This was probably related to the oxidation
reaction of BPA (eqn (1)-(3)). Particularly, decreasing the con-
centration of hydronium by increasing the pH is supported by
eqn (2), indicating the consumption of the hydronium formed.
The slope of the equation, which was given as —55.7 mV pH ™'
in Fig. 5 inset, is very close to the theoretical value of —57.6 mV
pH .*°7! This also supported that the electron transfer occurs
with an equal number of protons in the electrode reaction.”
On the other hand, the analytical response of the electrode at
PH 2.0 for the oxidation of BPA was the highest (Fig. 5 inset).

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2018
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Fig. 5 Cyclic voltammograms of CuPc/MWCNT-COOH/PGE in 1.0 mM
BPA solutions prepared at different pH values (2, 3, 4, 5, 6 and 7; inset:
anodic peak current and peak potential).

When the pH of the solution was 2, the surface of the modified
electrode was probably activated to the selective oxidation of
BPA by hydronium ions. This also improves the response of
modified electrodes to BPA.***° The pH of BPA solutions was
chosen as 2 for further analysis.

3.4. Effect of interferences on the electrochemical detection
of BPA

Many different substances and ions such as methanol, phenol,
S0,%~, Na“, Cl-, cu*', Fe**, Pb**, K", Cd*", etc., can be used in
the production and structure of food packaging materials.>*>?
To determine the effects of these substances on the electro-
chemical detection of BPA, we studied the change in current
with adding them to the BPA solutions in the DPV analysis
(Fig. S12, ESIf). Sodium chloride, sodium sulfate and methanol
(0.01 M each) were separately added to the 0.01 mM of BPA
solutions. Since these substances were electrochemically inac-
tive in the potential range studied, any changes in the oxidation
current of BPA in DPV analysis were observed (Fig. S12a, ESIT).
The concentration of each interference was more than 1000 times
greater than the BPA concentration in the determination of the
interference effect in the DPV analysis (Fig. S12a, ESIT). Methanol
(0.001 M) was also added to the 0.01 mM BPA solutions and a
decrease in the anodic peak current was observed, lower than that
of 5% (Fig. S12a, ESI{). The effects of 0.1 M of Cu**, Fe**, Pb*", K,
and Cd**, which have been used in many industrial processes and
are available in some water samples, were also studied for the
analytical response of BPA using the modified electrode in DPV
analysis, given in Table 1 (Fig. S12b, ESI{). This showed that
CuPc/MWCNT-COOH/PGE has great selectivity for BPA and can
be used in the electrochemical detection and monitoring of BPA
in many samples.

3.5. Calibration curve and analytical parameters for the
electrochemical detection of BPA

The linear range, limit of detection (LOD), repeatability and
stability of electrochemical sensors are crucial properties for
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Table 1 Interference effects of some ions on the oxidation peak of
0.01 mM of BPA (pH 2.0 buffer solution)

Species (1 mM)  Current (pA)  Current differences (LA)  %RSD
— 148.39 — —
cu®* 147.56 —0.83 2.94
Fe** 149.92 1.53 3.18
Pb** 147.14 —1.25 3.32
K" 149.81 1.42 2.97
cd* 149.74 1.35 2.16

0,000016

000012 /

Y

"y 02x s xt0
0,000012 o / Re0%
omms y=02518c+ Ex10S
2
R =09955

0,000008 | om0 #

000000 000002 000004 000005 000308 000010
=0 ]

I/A

0,000004

0,000000

0,4 0,6 0,8 1,0 1,2
EN

Fig. 6 Differential pulse voltammograms of solutions consisting of dif-
ferent concentrations of BPA (inset: plot of anodic peak current to BPA
concentration).

their potential applications.****** The calibration curve method was
used for the determination of BPA by the developed novel sensor
as CuPc/MWCNT-COOH/PGE. The voltammograms obtained on
increasing the concentration of BPA from 1.0 x 1077 to 1.0 x
10~* M are given in Fig. 6. The analytical response of the oxidation
peak of BPA increased as a function of BPA concentration (Fig. 6).
When the obtained oxidation peak currents were plotted to the
concentration of PBA, two different linear ranges were determined
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between 2.75 x 107> to 1.0 x 10~* M (Fig. 6 inset) and 2.75 x 107>
to 1.0 x 10”7 M (Fig. 6 inset). The lower linear range was used for
the electrochemical detection of BPA since the concentration of BPA
was low in the studied samples. The LOD (S/N = 3) was calculated as
0.0189 uM for BPA using CuPc/MWCNT-COOH/PGE according to
the equation (given in Fig. 6 inset) with the 2.75 x 107> to 1.0 x
1077 M linear range. The comparison of the calculated limit of
detection and studied linear range with the literature is given in
Table 2. The developed method showed better performance with its
high sensitivity to BPA as compared to those of many reported
studies in the literature (Table 2). The repeatability of the prepared
electrodes was studied by preparing ten electrodes. They were used
in the DPV analysis of the same solutions and the RSD% (N = 10)
was 3.42, indicating enhanced repeatability for modified electrodes.
The analytical response of the modified electrode was lower by only
4% at the end of the 60th day as compared to the first day, which
was also related to the high stability of CuPc/MWCNT-COOH/PGE.

3.6. Electrochemical detection of BPA in real samples

The electrochemical detection of BPA in real water samples,
purchased in plastic bottles from a local market, was conducted
with CuPc/MWCNT-COOH/PGE using DPV. The water samples
were directly analyzed by DPV with CuPc/MWCNT-COOH/PGE
without any other procedure in the pH 2.0 buffer solutions. BPA
(5.0 uM) was added to three different samples and the solutions
were analyzed with CuPc/MWCNT-COOH/PGE by the DPV
method. The results obtained are given in Table 3. Each measure-
ment was repeated five times and the RSD% was calculated. The
recovery values were greater than 98% for the three samples
(Table 3). The results showed that the methods developed using
novel CuPc/MWCNT-COOH/PGE can be used for the sensitive
detection of BPA.

4. Conclusion

In this work, a novel CuPc was synthesized and characterized in
the literature for the first time. The prepared novel compound

Table 2 Comparison of the proposed method with some of the previously reported ones

Electrode Technique/method Linear range (uM) Limit of detection (LOD)/uM Ref.
PGE/NiPcTS DPV 0.5-10.0 0.029 45

ITO DPV 5.0-120.0 0.290 11
Cathodically pretreated BDD DPV 0.44-5.2 0.210 54
Laccase-thionin-carbon black-modified Amperometry 0.5-50 0.2 55

screen printed electrode

Thionin-tyrosinase/CPE Amperometry 0.15-45 0.15 56
EC(CYP2C9-PAM/GCE) Amperometry 1.25-10 0.58 57
PEDOT/GCE CV and Amperometry 55 and 22 90-410 and 40-410 58
CuPc/MWCNT-COOH/PGE DPV 0.1-27.5 0.0189 This work

Table 3 Electrochemical detection of CuPc/MWCNT-COOH/PGE in real samples

Initial concentration Added concentration Determined concentration RSD (%) Recovery
Sample ID of BPA (uM) of BPA (uM) of BPA (uM) (n=5) (%)
1 0 5.0 4.984 3.87 98.00
2 0 5.0 4.987 3.94 99.60
3 0 5.0 4.985 3.54 99.78
New J. Chem. This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2018
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was used as a modifier for activated groups including multi-
walled carbon nanotubes (MWCNT-COOH) on the PGE to
obtain a novel electrochemical sensor for BPA. Spectroscopic,
electrochemical and microscopic techniques were used in the
characterization of the synthesized novel compound and pre-
pared novel electrode. CuPc/MWCNT-COOH/PGE was used as
an electrochemical sensor for BPA. The electrode has a linear
range analytical response, 2.75 X 10> to 1.0 x 10~ M, with a
0.0189 pM limit of detection in DPV analysis. pH and adsorp-
tion time were optimized for the electrochemical detection of
BPA to obtain the highest electrochemical response. Any inter-
ferences effects were observed for the prepared BPA sensor in
DPV analysis. The recovery value in the real sample analyses
was greater than 98%, indicating the plausible application of
CuPc/MWCNT-COOH/PGE as a sensor for BPA.
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