G Model
SNB-23187; No.of Pages9

Sensors and Actuators B xxx (2017) XxXX-XXX

Contents lists available at ScienceDirect

Sensors and Actuators B: Chemical AR

ACTUATORS

journal homepage: www.elsevier.com/locate/snb

Research Paper

Efficient wide range electrochemical bisphenol-A sensor by
self-supported dendritic platinum nanoparticles on screen-printed
carbon electrode

Kyubin Shim?, Jeonghun Kim?, Mohammed Shahabuddin®, Yusuke Yamauchi?,
Md. Shahriar A. Hossain*, Jung Ho Kim **
2 Institute for Superconducting and Electronic Materials (ISEM), Australian Institute for Innovative Materials (AlIM), University of Wollongong, North

Wollongong, NSW 2500, Australia
b Department of Physics and Astronomy, College of Science, King Saud University, P.O. Box 2455, Riyadh, 11451, Saudi Arabia

ARTICLE INFO ABSTRACT

Article history:

Received 6 July 2017

Received in revised form 29 August 2017
Accepted 14 September 2017

Available online xxx

A highly sensitive sensor is strategically designed for bisphenol A (BPA) detection. To enable the sensor to
meet the requirements of sensitivity and selectivity, dendritic platinum nanoparticles (DPNs) with a high
surface area were prepared and directly coated on gold nanoparticles deposited on a screen-printed car-
bon electrode, followed by the deposition of a polyethyleneimine-phosphatidylcholine (PEI-PC) layer. The
PEI-PC layer protects the sensor against interference effects (such as from ascorbic acid, acetaminophen,
uric acid, and dopamine) and further enhances the sensitivity. With our sensor, we were able to detect
the presence of bisphenol A precisely at the oxidation potential of 0.270V. The sensor performance in
BPA detection using amperometry under the optimized experimental conditions was demonstrated to
reveal the two wide dynamic ranges of 0.01-1.0 wM and 1.0 uM-300 M, with correlation coefficients of
0.9957 and 0.9864, respectively. The detection limit (DL) for BPA was determined to be 6.63 & 0.77 nM. To
examine its reliability, the sensor was evaluated for the detection of BPA in tap water through a recovery
study, which paves the way for practical applications.
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1. Introduction

Over the past several decades, exposure to chemicals in the
environment has been causing various problems for human health.
Among the problem chemicals is bisphenol A (BPA, 2,2-bis(4-
hydroxyphenyl) propane), which is one of the raw materials used to
produce the polycarbonate-based plastics and epoxy resins that are
ubiquitous in our daily lives. For example, polycarbonate plastics
are used for food containers, drink packaging, and medical devices.
In addition, epoxy resins are used to coat metal products (e.g. food
cans, bottle tops, etc.). [1,2] Also, The threshold values are set for
Bisphenol A in water sample by the European Chemicals Bureau, it
has defined the predicted no effect concentration (PNEC) for BPA
in freshwater is 1.5 ugL~! and for marine water is 0.15 pg L1 [3].
Even though BPA is an estrogenic environmental toxin that can lead
to breast cancer, prostate cancer, birth defects, infertility, preco-
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cious development in girls, diabetes, and obesity [4,5], the most
prevalent polycarbonate-based products still rely on BPA because
of its cost-effectiveness. It is thus important to study methods for
robust, selective, and sensitive BPA detection.

There have been various analytical methods for the detection
of BPA, including separation analysis [6-8], fluorimetry [9,10],
immunoassay [11-13], fluorescence [14], field-effect transistor
[15], and laser direct writing [16]. These methods, however,
demand sophisticated instruments, complex preparation of materi-
als, tedious sample treatment, and long analysis time. Importantly,
electrochemical methods can offer inexpensive instruments, short
analysis time, simplicity, and great sensitivity. With this back-
ground, many electrochemical sensors have been developed to
detect BPA using the direct oxidation reaction [17], which requires
electrochemically active electrode materials such as carbon[18,19],
graphene [14,20], metal oxides [21-23], metal composites [24-26],
and metals [27-29]. Since the direct oxidation of BPA may cause
the deactivation of carbon or noble metal electrodes by poisoning,
it is still a great challenge to develop more reliable, sensitive, and
selective approaches. In addition, BPA oxidation occurs at a rela-
tively high potential, lowering the selectivity due to co-oxidation of
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Fig. 1. (a) Photograph and schematic illustration of PEI-PC/DPNs/AuNPs electrode. (b) Chemical structures of polyethyleneimine (PEI) and phosphatidylcholine (PC). (c)

Bisphenol A oxidation.

interfering species. It is thus necessary to find a new catalytic elec-
trode material to enhance the sensor performance through direct
BPA oxidation without electrode poisoning. Such electrode mate-
rials, including carbon and various metals or precious metals, have
been explored as potential candidates.

Among the candidates, platinum (Pt) as an electrocatalytic
material is used in various applications despite its high cost,
because it can detect a wide range of various species. [30] After
the invention of nanoporous/mesoporous structures with high
surface area, noble metals, including Pt, have become highly
attractive choices. In particular, they can be applied for the oxida-
tion/detection of some organic species, such as glucose [7,31,32],
phenols [28], and methanol [33-35], due to their high catalytic
activity and controllable morphology. Recently, Pt nanoparticles
with high surface to volume ratios have received much attention
because they can provide outstanding electrochemistry perfor-
mance compared to bulk platinum nanoparticles [36-39]. Based on
these advantages, we have introduced dendritic platinum nanopar-
ticles (DPNs) for sensing BPA via its electrochemical oxidation
reaction. A BPA sensor using only DPN electrode would be dis-
turbed, however, by some other organic species, which directly
affect the oxidization of the DPN layer. Thus, it is necessary to avoid
interference from positively charged oxidisable species. One way to
avoid the interference and enhance the sensitivity is to coat the DPN
surface with a selective polymer layer (polyethyleneimine, PEI) that
has a positive charge, and/or lipid molecules (phosphatidylcholine,
PC)bearingammonium and phosphate head groups. BPA in particu-
lar bears —OH groups, and they form hydrogen bonds with the head
groups of PC, so that the sensor probe coated with a PEl layer having
tertiary amine groups can provide additional interaction with BPA.

In the present work, therefore, the DPNs were prepared by
the sonochemical method using micelles, and their morphology
and structure were carefully characterized. The sensor was pre-
pared with a layer of DPNs-coated Au nanoparticles deposited on
a screen-printed carbon electrode, followed by the selective mem-
brane with positive and interactive head groups. Hence, we formed
a layer composed of PEI [40] and PC [41] on the DPN surface. The

sensor performance of the DPN modified electrode was compared
with that of a commercial platinum nanoparticle (Pt black) elec-
trode through electrochemical methods. We also examined the
interference effects of foreign species. Finally, the reliability of the
as-designed sensor was evaluated using tap water with a view
toward practical applications.

2. Experimental section
2.1. Reagents and materials

Potassium tetrachloroplatinate(Il) (K,PtCly, 98%), polyethy-
lene glycol hexadecyl ether (Brij 58, HO(CH,CH;0),0Ci6H33),
L-ascorbic acid (AA, CgHgOg, reagent grade) bisphenol A (BPA),
polyethyleneimine (PEI), acetaminophen (AP), dopamine (DA), and
uric acid (UA) were obtained from Sigma-Aldrich. Platinum black
was purchased from Alfa Aesar. Phosphatidylcholine (PC) was
purchased from Avanti Polar Lipids, Inc. (USA). Phosphate buffer
solution (0.1 M, pH 7.4) was prepared by mixing stock solutions of
0.1M NEIH2P04 and 0.1 M NazHPO4.

2.2. Instruments

A screen-printed carbon electrode (SPCE) was used as a dispos-
able all-solid-state sensor strip for the detection of bisphenol A.
The carbon was insulated, with an area of 0.03141 cm?2 exposed for
the working electrodes. Ag/AgCl was used as the reference elec-
trode and pure carbon was also used as the counter electrode
(Fig. 1a) [42,43]. Amperograms and cyclic voltammograms (CVs)
were recorded using a potentiostat/galvanostat (Ivium, Netherland
and Kosentech, Korea). Detailed microstructures were examined
using transmission electron microscopy (TEM) (JEOL-2100, Japan)
and scanning electron microscopy (SEM) (Hitachi SU-8000, Japan).
Wide-angle powder X-ray diffraction (XRD) patterns were obtained
with a GBC MMA XRD at a scanning rate of 2° min~!. X-ray photo-
electron spectroscopy (XPS) was conducted on an ESCALAB 250.
The wetting properties of DPNs, PEI/DPNs, and PEI-PC/DPNs sam-
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Fig. 2. (a) TEM image of prepared DPNs (inset: SAED pattern). (b) Wide-angle XRD pattern of DPN. (c) HAADF-STEM image of DPNs (inset: FFT pattern). (d) SEM image of

DPNs/AuNPs on electrode (schematically illustrated in inset).

ples were analysed by a contact angle 101 measurement system
(PSM Company). The minimized energy between BPA and PC was
calculated using Chem3D pro12.0 (PerkinElmer Informatics) and
the obtained chemical structures at minimized energy state were
described in Fig. 5(a).

2.3. Preparation of dendritic platinum nanoparticles (DPNs)

For the preparation of the DPNs, we used the following solu-
tions: 5 ml of 20 mM K, PtCl, aqueous solution, 1 ml of 50 mg Brij®
58 aqueous solution, and 5 ml of 0.1 M ascorbic acid (AA) aqueous
solution, respectively, with each solution kept at room temper-
ature (20°C). The K,PtCly and Brij 58 solutions were mixed in
another vessel, and subsequently, the AA aqueous solution was
added. The mixed solution was reacted at room temperature (20 °C)
for 50 min under ultrasonication (220-240V, 50-60 Hz). The pre-
cipitates were collected by centrifugation and washed several times
with deionized (DI) water to remove the surfactant and excess reac-
tants [44].

2.4. Preparation of gold nanoparticles (AuNPs)

For the preparation of the colloidal gold solution, 1ml of
HAuCly-3H,0 (1 wt%) was stirred into 90 ml deionized water for
1min, and then 2ml of 38.8 mM sodium citrate was added to
the solution with stirring for 1 min. Following this, 1 ml of fresh
0.075 wt% NaBH4 in 38.8 mM sodium citrate solution was added

very slowly with continuous stirring. The reaction mixture was
allowed to stand for 15-20 min and then used without purification
[45].

2.5. Preparation of PEI-PC/DPNs/AuNPs electrode

AuNPs (as prepared solution), DPNs (1 mgml-'), and PEI-PC
membrane solutions were sequentially coated on a screen-printed
carbon electrode, and the as-prepared electrode was dried in
an oven at 55°C: Firstly, the gold nanoparticles (AuNPs) were
dropped onto the screen-printed carbon electrode (SPCE) and were
dried. Secondly, the dendritic platinum nanoparticles (DPNs) were
dropped on the AuNP modified SPCE and were dried. The electrode
surface was then activated by potential cycling from —0.55V to
1.1V with a scan rate of 0.2Vs~! for 30 cycles in 0.5M sulfuric
acid, and washed with distilled water (DI water). Finally, a mem-
brane solution prepared by mixing PEI (0.5%) with PC (0.5 mM)
(95 wt%: 5wt%) was coated on the DPNs/AuNPs/SPCE and used for
the experiments.

3. Results and discussion

To demonstrate the performance of the sensor using den-
dritic platinum nanoparticles (DPNs) for bisphenol A (BPA)
detection, we strategically designed a three-layer electrode
architecture, with the layers (from the top down) consist-
ing of polyethyleneimine/phosphatidylcholine (PEI-PC), DPNs,
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Fig. 3. Cyclic voltammograms (CVs) for characterization of DPNs and Pt Black on the AuNPs modified electrodes. (a) Determination of electrochemical active surface area
(ECSA) of DPNs and Pt Black. (b) Detection of various concentrations (10, 25, 50, and 100 M) of bisphenol A using Pt Black electrode. (c) Detection of various concentrations
(10,25, 50, and 100 wM) of bisphenol A using DPNs electrode. (d) Bisphenol A detection calibration curves (DPNs and Pt black), with insets showing DPN and Pt Black particles.
(For interpretation of the references to colour in the text, the reader is referred to the web version of this article.)

and gold nanoparticles (AuNPs), respectively (denoted as PEI-
PC/DPNs/AuNPs). Herein, the purpose of the PEI-PC was to enhance
sensitivity and to reduce the interference effect on the BPA sensor.
The AuNPs were also used for stabilization of the screen-printed
carbon electrode (SPCE). A photograph of the set-up and a detailed
illustration of the PEI-PC/DPNs/AuNPs on the SPCE are clearly
shown in Fig. 1a. Fig. 1b displays the chemical structures of the
components of PEI-PC, which can offer enhancement of the sen-
sor’s selectivity and sensitivity due to their polarity and charge
properties [46,47]. In the as-prepared electrode, the bisphenol A
is detected from its electrochemical oxidation reaction, a two-
electron and two-proton process, in which it is converted to
2,2-bis(4-phenylquinone) propane (Fig. 1c).

The structure of the DPNs prepared by the sonochemical method
was observed by transmission electron microscopy (TEM) as shown
in Fig. 2. The as-prepared DPNs showed a dendritic structure with
an abundance of pores 2-4 nm in size, which offer highly catalytic
sites. The average size of the DPNs was estimated to be around
25nm (Fig. 2a). The selected area diffraction pattern (SAED) in the
inset confirmed that the particles have a typical face-centred-cubic
(fcc) structure. In detail, the particles show concentric rings rep-
resenting the (111), (200), (220), and (222) planes. This is further
supported by the wide-angle X-ray diffraction (XRD) pattern, which
exactly corresponds to the fcc structure (Fig. 2b). From detailed
high-angle annular dark field scanning TEM (HAADF-STEM) anal-
ysis, the {111} and {200} facets were observed in various beam
orientations using fast Fourier transform (FFT) patterns (inset
in Fig. 2c). Based on this information, the DPNs were directly

deposited on the AuNPs/carbon electrode. As can be seen in Fig. 2d,
the top-view scanning electron microscope (SEM) image provides
the evidence of the successful coverage by DPNs. The DPN-coated
electrode is composed of particles with homogeneous shapes and
sizes.

The electrochemical active surface areas (ECSA) of the DPNs and
commercial Pt black powders were closely compared using cyclic
voltammetry (CV) in the range of —0.55V to +1.1V (vs. Ag/AgCl) in
a 0.5 M sulfuric acid (H,SO,) solution at the scan rate of 0.1Vs~1,
We observed that the DPNs possessed a relatively high hydrogen
adsorption/desorption currents compared to the Pt black. From the
results, the ECSA determined for DPNs was 5.46 m2 g~1, while that
for the Pt black was estimated to be 3.78 m2 g~! (Fig. 3a), indicating
that the DPNs had more catalytic active sites. We propose that the
DPNs reveal an enhanced current response for BPA due to their
highly catalytic surfaces and sites.

The as-prepared electrode was further tested for electrochem-
ical BPA detection. Before the determination of BPA, two DPNs (or
Pt black)/AuNPs/carbon electrodes were first activated by scanning
the potential from 0.0V to 0.6V at a scan rate of 0.1Vs~! for 20
cycles. Through this step, it allows the stabilization of the baseline
and the electrodes can get more reproducible response. After the
electrodes were activated, CVs were recorded in various concentra-
tions of BPA by scanning the potential from 0.0V to 0.6V at a scan
rate of 0.1V s~1. During the scan to the positive direction to +0.6 V
from 0.0V, the voltammetric responses of the Pt black (Fig. 3b) and
DPNs (Fig. 3c) powders to BPA in a phosphate buffered saline (PBS)
buffer solution revealed a clear oxidation peak at around +0.27 V vs.
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Fig. 4. XPS analysis of surface of DPNs electrode: (a) before BPA oxidation, (b) after
BPA oxidation.

Ag/AgCl (sat. KCl) (Fig. 3b and c) in both cases, while no redox peaks
were observed on either electrode in a blank PBS solution. From the
results, the obtained response current of the DPNs was about two
times higher than that of the Pt black. In addition, the calibration
plots showed that the sensitivity of the DPNs modified electrode
(slope=0.0298 wA wM~1) (red) is 2 times higher than that of the Pt
black modified electrode (slope =0.0155 wA uM~1) (blue) (Fig. 3d).
These results indicate that the DPNs electrode has much better BPA
sensing capability than commercially available Pt black electrodes.
As a result, our DPNs were clearly worth applying on a BPA sensor.

To further characterize its working principle as a BPA sensor, we
also evaluated the surface conditions of the DPNs modified elec-
trode. For this purpose, detailed XPS spectra were obtained for
the DPNs electrode before and after the oxidation of BPA in the
phosphate buffer solution (PBS), as can be seen in Fig. 4a and b.
The XPS spectra of the DPNs modified electrode revealed peaks at
74.49eV, 71.10eV (Pt%); and 75.6, 71.99 eV (Pt?*) before the oxi-
dation (Fig. 4a). After the BPA oxidation, peaks were observed at
74.45eV, 71.07 eV (PtY); 75.57 eV, 72.09eV (Pt?*); and 76.91¢eV,
73.31 eV (Pt*) (Fig. 4b). It should be noted that an additional peak
(Pt**) was clearly present after the BPA oxidization on the DPNs
electrode. That is to say, both Pt® and air-oxidized Pt2* at the DPNs
surface are partially oxidized to Pt** during the oxidation of BPA.
This result can support an electrochemical oxidation reaction of the

BPA, as described in Fig. 1c. The detailed electrochemical surface
properties of different electrodes in negatively charged K3Fe(CN)g
and positively charged [Ru(NH3 )g]Cl3 solutions are provided in the
Supplementary materials (Fig. S1).

Finally, we also needed to confirm the surface oxidization and
surface morphology of DPNs with and without PEI-PC. From the
SEM observations, the surface was composed of homogeneously
dispersed DPNs before deposit of the PEI-PC layer (Fig. S2a), while
a murky image of DPNs was observed after the PEI-PC layer coat-
ing (Fig. S2¢). That is to say, there is an obvious thin coating layer
of PEI-PC on the DPNs. The formation of each layer was addition-
ally confirmed using XPS (Fig. S2b and d). The XPS spectra obtained
for the PEI-PC layer showed O1s, N1s, and Cls peaks with rela-
tively strong intensity after PEI-PC coating, while the XPS intensity
of Pt4f was relatively decreased. This indicates that the PEI-PC layer
covered the electrode surface completely.

As was described above, to improve the sensitivity and reduce
interference effects, the DPNs/AuNPs/SPCE (denoted as DPNs-
modified electrode) was covered with a functional layer, which
was drop-coated by mixed solutions of PEI and PC with different
weight percentages. Anion permeation can be achieved by cover-
ing the electrode with a positively charged PEI layer to protect it
from interference by other species [40]. Otherwise, the PC, having
both positively charged-tertiary amine and negatively charged-
phosphate groups in the head part, would give the coating a neutral
property [41]. In addition, the tail group of the PC molecule has
a hydrophobic property that can protect the sensor from other
hydrophilic interfering species, and also, the head group of PC can
form a hydrogen bond with the —OH group of BPA to enhance the
sensitivity of the sensor. Theoretically, a highly sensitive layer can
be designed through the orientation of the head group of the PC
so that it faces inward and the tail part faces outward on the PEI
layer. Based on these considerations, the selectivity and sensitiv-
ity to the target species was improved, so that the interference
effect by positively charged molecules was reduced, and the hydro-
gen bond formation between the head groups of PC and BPA could
enhance the sensitivity. To support our hypothesis about the com-
plex interaction between the BPA and the PC, their interactions
were studied by calculating the minimized energy. The interac-
tion of deprotonated phenyl groups of BPA and (CH3)3N* groups
of PC was expected to be stable (Fig. 5a). Therefore, the rationally
design sensor can be fabricated using a PEI-PC layer. To evaluate
its reliability, CVs were recorded for a sample solution containing
bioorganic interfering molecules, such as dopamine, and the sen-
sor showed a reduced response for positively charged interfering
species. This indicates that the PEI-PC layer plays an important role
in protecting the sensor from interference effects and improving
sensitivity.

Most conventional electrodes composed of various metal
nanoparticles have the drawbacks that they simultaneously detect
mixed species, including ascorbic acid (AA), acetaminophen (AP),
uric acid (UA), and dopamine (DA), even at different oxidation
potentials. With this background, our strategic PEI-PC coating was
introduced onto the DPNs-modified electrode due to its selectively
oxidized functionality and minimization of interference effects.
To obtain the best response from the PEI-PC/DPNs/AuNPs, there-
fore, the experimental conditions were systematically optimized
in terms of the amount of DPNs, the concentration of PEI, and the
ratio of PC to PEI (Fig. S3). In regard to the amount of DPNs, 3 .l
(1 mgml~1) of DPNs was drop-coated on the AuNPs deposited on
the SPCE from one to four times, as can be seen in Supporting Infor-
mation Fig. S3a. In detail, the CVs (not shown here) were evaluated
for the DPNs-modified electrodes with different amounts of DPNs
(3 wl-12 wl) in PBS solution containing various concentrations of
BPA (2.5 wM-10 wM). The results clearly revealed that the elec-
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trode coated with 3 pl (1 mgml~!) of DPNs gave us the steepest
calibration slope.

The effect of PEI concentration on the response current was
investigated between 0.1 and 1.5% in 100 wM of BPA solution (Fig.
S3b). In this case, 0.5% PEI minimized the decrease in the current
response. As was mentioned above, however, using only PEl was not
enough to avoid interference and to give more selectivity. Hence,
the DPNs surface was covered with a lipid (PC) layer along with the
PEI, where the —OH group of BPA was more interactive to the head
group of PC molecules through the hydrogen bond formation. To
optimize theis, the weight (wt.%) ratio of PEI to PC was varied on the
DPNs layer. As shown in Fig. S3¢, the maximum response and selec-
tivity toward BPA were observed for the sensor probe with a ratio
of 95: 5wt.% (PEL:PC), which was finally applied to the subsequent
experiments.

To confirm the adaptability of as-optimized polymer layers (PEI-
PC), we evaluated the sample solution permeability for different
layer architectures. The water contact angle for all samples was
measured at time intervals of 0 and 20s, (Fig. 5b). The angles for
three samples at Os and 20s were 40.7°and 38° (DPNs); 31.9°
and 31.6° (PEI/DPNs); 26.2° and 20.7° (PEI-PC/DPNs), respectively
(Fig. 5¢). This suggests that the wettable nature of the DPNs surface
also increases with the surface modification using PEI and PC. In
particular, the PEI-PC/DPNs layer reveals the lowest contact angle,
which is the best condition. In addition, the wetting property for all
samples was further increased with increasing wetting time, which
indicates the better interaction of target species in the solution to
be measured with increasing time. With this experimental result,
the PEI-PC layer can give us greater responsiveness.

Finally, the interference effects on BPA detection using the
PEI-PC/DPNs/AuNPs/SPCE sensor probe were further investigated
with 0.5% PEI and 0.5% PEI with PC (0.5 mM phosphatidylcholine,
ratio 0.5% PEI (95 wt%) and PC (5 wt%)). In addition, only the DPNs
electrode was tested as reference. After electrode activation, the
amperometric responses for the oxidation of BPA and the expected

Interference Concentration : 100 uM
BPA 50 uM
'S
BPA 50 uM
N
DPNs with PEI-PC H H
5 (&) @) @) @)
o
S |DPNs with PEI i H : :
3 @ @) @) @)
DPNs
30 36 42 48 54

Time /s

Fig. 6. Amperograms of the addition of 50 uM BPA and 100 M of other interfering
species in various electrodes (i: ascorbic acid, ii: acetaminophen, iii: uric acid, and
iv: dopamine).

interfering species were assessed between the initial potential of
0.0V and the final potential of 0.4V: bisphenol A (BPA) as a ref-
erence, and (i) ascorbic acid (AA), (ii) acetaminophen (AP), (iii)
uric acid (UA), and (iv) dopamine (DA) (Fig. 6). All the interference
was decreased in the order of DPNs/AuNPs, PEI/DPNs/AuNPs, and
PEI-PC/DPNs/AuNPs layers. The interference effects were investi-
gated for AA, AP, UA, and DA a reduction in response current was
observed on AA (14%), AP (24%), UA (35%), and DA (22%), respec-
tively. After only PEI coating, the response current was somewhat
decreased compared to that of bare DPNs, where the percent ratios
of the response current were AA (13%), AP (16%), UA (22%), and DA
(18%), respectively. On the other hand, the PEI-PC coated-electrode
showed a greatly decreased interference effect for AA (4%), AP (3%),
UA (5%), and DA (3%) (Fig. 6). The electrodes with only a PEI layer
showed high-interference responses (over 10%), while the PEI-PC

Please cite this article in press as: K. Shim, et al., Efficient wide range electrochemical bisphenol-A sensor by self-supported dendritic plat-
inum nanoparticles on screen-printed carbon electrode, Sens. Actuators B: Chem. (2017), http://dx.doi.org/10.1016/j.snb.2017.09.096



dx.doi.org/10.1016/j.snb.2017.09.096

G Model
SNB-23187; No.of Pages9

K. Shim et al. / Sensors and Actuators B xxx (2017) XxxX—Xxx

(@) 300 uM
1.2
1.0
E“O.S—
g
£ 0.6
]
0.4
0.2
80 90 100 110
Time /s
(b) i \ i i
v 1.0
\
‘\
0.101 0.
\
< \
=4 <
= 0.081 |
5 E
z £04-
3 )
= 0.064 9
0.2-
0.041 0.0
00 05 10 0 100 200 300

BPA Concentration / pM BPA concentration / pM

Fig. 7. (a) Amperometric response of PEI-PC/DPNs/AuNPs modified SPCE according
to different concentrations of BPA. (b) Calibration curves from the amperometric
responses at two ranges of BPA concentration: of (i) 0.01-1 uM and (ii) 1-300 WM.

modified electrode displayed low-interference responses (below
5%).

Atypical current response curve was observed during successive
addition of various concentrations of BPA in a 0.1 M PBS solution
using chronoamperometry (CA) (Fig. 7a). In detail, the stepping
potential of 0.4V was applied to obtain amperograms of the
BPA sensor probe with the PEI-PC/DPNs/AuNPs architecture. Two
dynamic ranges of the calibration plot for the BPA detection were
determined from 0.01 to 1.0 wuM and from 1.0 wM to 300 M with
respective correlation coefficients of 0.9957 and 0.9864, respec-
tively (Fig. 7b). Two different linear ranges are due to the different
kinetics at different concentrations of BPA. The oxidation kinetics in
the low concentration range was related to only adsorption process,
and the oxidation process at high concentration range depended
on adsorption and diffusion of BPA [48,49]. The detection limit (DL)
of BPA was determined to be 6.63 +0.77 nM. Compared to previ-
ous reports [19,23,24,26,29,50-57], the DL reported in this work
was quite comparable to those for other sensing materials using
the direct oxidation method (Table 1). In order to investigate its
reliability, we also investigated the PEI-PC/DPNs/AuNPs modified
electrode for the detection of BPA in tap water through a recov-
ery study. Blank solutions were mixed from tap water and PBS in
the ratio of 1:1, and three different concentrations of BPA were
obtained by mixing it with the blank solution. In this case, the range
of recovery was from 95% to 104% (Table 2), indicating that our
sensor design paves the way toward practical application.

4. Conclusions

We have successfully fabricated and evaluated the highly cat-
alytic dendritic platinum nanoparticles (DPNs) for detection of

Table 1
Comparison of proposed sensors for detection of BPA by the electrochemical method
(direct oxidation).

Active materials Linear range Detection limit ~ References
DPNs 0.01-1,1-300pM  6.6nM This work
MCM-41 0.088-0.22 M 38nM 23
Pt/Gr-CNTs 0.06-10.0 uM 42 nM 24
AuNPs/MoS, 0.05-100 uM 5nM 26
Pd@TiO,-SiC 0.01-5,5-200nM  4.3nM 29
MW(CNTSs-PEI 0.01-50 uM 3.3nM 19

Arg-G 0.005-40 uM 1.1nM 50
Laccase-Thionine- 0.5-50 uM 200nM 51

Carbon

black

MW(CNTs 4.9-82.5uM 84nM 52

Zr0, /Nano-ZSM-5 0.006-600 pM 3nM 53
Na-doped WO3 0.081-22.5 pM 28nM 54
AuPdNPs/GNs 0.05-10 uM 8nM 55
AuNP/PVP/PGE 0.03-1.1 pM 1nM 56
GO/MWCNT 0.05-1,1-650 M 4.4nM 57

Gr-CNT (Graphene-carbon), MCM-41 (Mesoporous silica), AuNPs (Gold nanopar-
ticles), MWCNTs (Multi-walled carbon nanotubes), PEI (Polyethylenimine), Arg-G
(Arginine functionalized graphene), Nano-ZSM-5 (Nanocrystalline ZSM-5 zeolite),
GNs (Graphene nanosheets), PVP (polyvinylpyrrolidone), PGE (pencil graphite elec-
trode), GO (graphene oxide), MWCNT (multiwalled carbon nanotubes).

Table 2
Recovery of spiked BPA in tap water. RSD: relative standard deviation.
Sample Spiked (wM) Found (nM) Recovery (%) RSD (%)
Tap 1 0.95 94.55 3.06
water 5 513 102.63 2.65
10 10.39 103.90 6.77

bisphenol A (BPA). As-prepared DPNs having a high surface area
showed very selective and sensitive detection as the sensor. More-
over, the interference effect was obviously reduced by top coating
of PEI and PC. Finally, our sensor was further tested in a tap water
through recovery study toward practical applications.
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