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An electrochemical sensor has been developed for simultaneous detection of dopamine (DA), uric acid (UA)
and ascorbic acid (AA) based on a gold nanoparticle-decorated MoS, nanocomposite (AuNPs@MoS,)
modified electrode. The AuNPs@MoS, nanocomposite has been synthesized by electrodeposition of
AuNPs on the MoS, nanosheets, which possesses better properties than pure AuNPs and MoS,. The
AuNPs@MosS,; film modified electrode showed excellent electrocatalytic activity toward the oxidation of
AA, DA and UA with three well-resolved oxidation peaks. The peak separation of AA-DA, DA-UA and
AA-UA is 151 mV, 137 mV and 288 mV, respectively, which permits the modified electrode to individually

) or simultaneously analyze AA, DA and UA by differential pulse voltammetry (DPV). Under optimum
iigzgti?j inggnzeoég“ conditions, the AuNPs@MoS, modified electrode exhibits linear response toward AA, DA and UA in the
range of 50-100 000 uM, 0.05-30 uM and 50-40 000 uM, respectively. Moreover, the MoS,-based

DOI: 10.1035/c4ra04046e modified electrode was successfully employed to determine DA in human serum samples with
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www.rsc.org/advances satisfactory results.

1. Introduction

As we known, ascorbic acid (AA), dopamine (DA) and uric acid
(UA) always coexist in the extracellular fluids of the central
nervous system and serum in mammals, which play very
important roles in human metabolism. For example, abnormal
DA expression leads to neurological disorders such as schizo-
phrenia, Parkinson's disease and attention deficit hyperactivity
disorder (ADHD)." Therefore, accurate, fast and simultaneous
detection of DA, AA and UA is critically important in analytical
and diagnostic applications. However, it is still a challenge of
simultaneous determination of AA, DA and UA at conventional
solid electrodes, ascribing to their overlapping oxidation
potential. In order to improve the determination without cross-
interferences, modified electrodes have been developed for the
simultaneous detection of AA, DA and UA. Up to now, polymer
films,**® nobel metal nanoparticles,” nanowires,® nanotubes®
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and nanocomposites’®**> have been employed to prepare
modified electrodes to simultaneous detection of AA, DA and
UA. Among these modified electrodes, nanocomposites-based
modified electrodes have been attracted greatly attentions
because of their better properties than single nanomaterials,
such as larger surface area and higher catalytic activity.
Nanocomposites, because of their unique electronic, optical,
and catalytic properties, combined with possibly synergistic
effects and unique properties of individual nanostructures, have
been extensively employed in electrochemical filed in the past
few years.''* For example, gold-based and graphene-based
nanocomposites have been extensively applications in electro-
chemical catalysis, sensors, capacitors and lithium batteries.">™®
Molybdenum disulfide (MoS,) is a two-dimensional nano-
material, which has been receiving great attentions due to its
ultra-thin structure and unique physical and chemical proper-
ties. MoS, has been proved that it can be easily exfoliated to
single-layer or few-layer sheets. Moreover, the single-layer or few-
layer MoS, nanosheets could be considered as a semiconducting
analogous of graphene, which can be easily decorated with noble
metal nanoparticles (such as gold, silver, palladium, platinum)
and other nanostructures.>*** Such MoS,-based nanocomposites
have been expected to offer superior properties, which have been
employed in many fields. Chen et al. synthesized ultrasmall
Fe;0, nanoparticles-decorated MoS, nanosheets and success-
fully used the MoS,-based nanocomposites in lithium ion
batteries with superior performances.”” Huang's group had
reported that AuNPs@MoS, can significantly enhance
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Scheme 1 Schematic illustrates of MoS,-based electrochemical
sensors.

electrocatalytic performance toward hydrogen evolution reac-
tions.>® Our group also had already employed AuNPs-decorated
MosS, to construct electrochemical sensors for DA and glucose
detections.***®

In this work, the AuNPs@MoS, nanocomposite was
prepared by electrochemical deposition method. The
prepared nanocomposite possessed advantages of both
AuNPs and MoS,, resulting in excellent electrocatalytic
activity for oxidation reactions of AA, DA and UA. As shown in
Scheme 1, the peak potential separations were large enough
to individually or simultaneously determine AA, DA and UA.
In addition, the MoS,-based modified electrode exhibited
good sensitivity and selectivity for the determination of DA in
human serum.

2. Experimental

2.1. Reagents and materials

Potassium hexacyanoferrate(m) (K;Fe(CN)s, =99.5%), Na,HPO,
and NaH,PO, were purchased from Sinopharm Chemical
Reagent Co., Ltd. Phosphate buffer (PB, 0.1 M, pH 6.0-8.0)
solution was prepared from stock solutions of Na,HPO, and
NaH,PO,. Dopamine (DA), ascorbic acid (AA), uric acid (UA),
gold(m) tetrachloride trihydrate (HAuCl,-3H,O, =99%) and
molybdenum(wv) sulfide powder (<2 mm, 99%), were purchased
from Sigma-Aldrich. Aqueous solutions were prepared with
ultrapure water from Millipore system (>18 MQ cm). All chem-
icals were directly used without further purification.

2.2. Apparatus and measurements

Cyclic voltammetry (CV), different pulse voltammetry (DPV),
and normal pulse voltammetry (NPV) were obtained by an
Autolab PGSTAT302 (Metrohm China Ltd, Switzerland). The
electrochemical experiments were tested by a conventional
three-electrode system, in which a Pt wire and a saturated
calomel electrode (SCE) were employed as the counter and the
reference electrode, respectively. Different modified glass
carbon electrodes (GCE) were employed as work electrodes. PB
solution of 0.1 M (pH 7.0) was used as supporting electrolyte
unless specifically illustration. Nitrogen bubbling is needed to
restrain oxygenation in electrolyte solutions for at least 30 min
and the electrochemical measurements were carried out under
a nitrogen atmosphere. The morphology of nanocomposites
was observed using a scanning electron microscope (SEM, S-
4800, Hitachi).
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2.3. Preparation of MoS,

We employed the same method to fabricate few layer MoS,
nanosheets as we previously reported.”® Briefly, we prepared
MoS, nanosheets by the intercalation exfoliation method
developed by Joensen with some decorations.”® 10 mL n-butyl-
lithium solution was applied to form intercalted MoS, within Ar
atmosphere at room temperature for about two days. The
redundant n-butyllithium solution was removed and the
residual solvent was removed by Ar gas flow. The exfoliation of
Li intercalated MoS, was realized by adding deoxidation water
and sonicating with the suspension for 1 hour. Finally, the
aqueous dispersed MoS, nanosheets were centrifuged at least
twice to remove the LiOH and other soluble impurities.

2.4. Preparation of AuUNPs@MoS, nanocomposite decorated
electrode

The GCE of 3 mm in diameter was polished mechanically with
0.3 pm and 0.05 pm-alumina powders and rinsed with ultrapure
water between each polishing step. After this, it was sonicated
with absolute ethanol and ultrapure water for about 1 min,
respectively. 5 microliters of the MoS, solution were dropped to
the surface of the GCE and allowed to dry in the ambient air for
about 16 h, which denotes as MoS,/GCE. The MoS,/GCE was
then immersed in 0.5 mM HAuCl, solution to form the AuNP-
S@MOoS,/GCE. The electrodeposition method: pulse voltamme-
try (1.1 V to —0.2 V), scan rate: 10 mV s~ '. For comparison, the
AuNPs/GCE was prepared under the same condition.

3. Results and discussion

The morphologies of MoS, and AuNPs-decorated MoS, were
observed by SEM. As shown in Fig. 1A, the exfoliated MoS,
nanosheets displayed few and thin layers. With the electrode-
position of HAuCl,, the AuNPs dispersed homogeneously onto
the surface of MoS, nanosheets and the average diameter of
AuNP was 50 nm. The SEM image indicates AuNPs@MosS,
nanocomposite has successfully synthesized (Fig. 1B). The
energy-dispersive X-ray spectroscopy (EDX) was also employed
to confirm the presence of gold in the nanocomposite (Fig. S17).

The electrochemical performances of AA, DA and UA on the
different electrodes were investigated by cyclic voltammetry
(CV). As shown in Fig. 2, a broad peak was obtained at 0.277 V by
GCE (curve a), indicating that the bare GCE can't distinguish the
AA, DA and UA. Unfortunately, both AuNPs/GCE (curve b) and
MoS,/GCE (curve c) also didn't simultaneously determine DA,

Fig. 1 SEM images of the (A) MoS, and (B) AuNPs@MoS, nano-
structures at ITO.

This journal is © The Royal Society of Chemistry 2014
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Fig. 2 Cyclic voltammograms of (a) bare GCE and (b) AuNPs/GCE (c)
MoS,/GCE (d) AuNPs@MoS,/GCE in 0.1 M PB solution (pH 7.0) con-
taining of 20 mM AA, 1 uM DA and 10 mM UA. Scan rate: 100 mV s~ %,

AA and UA. Only two oxidation peaks were observed at 0.241 V
and 0.355 V at AuNPs/GCE and at 0.94 V and 0.317 V at MoS,/
GCE, respectively. However, three well-resolved oxidation peaks
were observed at —0.046 V, 0.105 V and 0.242 V at AuNP-
S@MOS,/GCE, indicated that the MoS,-based modified elec-
trode possessed excellent electrocatalytic oxidation toward AA,
DA and UA (curve d). More importantly, the peak potential
separation of AA-DA, DA-UA and AA-UA was 151 mV, 137 mV
and 288 mV, respectively, which large enough to individual and
simultaneous detection of AA, DA and UA. All the results sug-
gested that the AuUNPs@MoS,/GCE possesses excellent electro-
chemical performance, which can simultaneously detect DA, AA
and UA using electrochemical method.

The influence of scan rate and pH value on the electro-
chemical response of AUNPs@MoS,/GCE toward AA, DA and UA
was studied. As shown in Fig. 3A, the oxidation peak current of
AA, DA and UA was linearly to the scan rate in the range of 10-
300 mV s ' indicating that the oxidation reaction was
controlled by adsorption process. The cyclic voltammograms of
AA, DA and UA at the AuNPs@MoS,/GCE at different scan rate
were displayed in Fig. S2.1 The effect of pH on the catalytic
response of AA, DA and UA at the AuNPs@MOoS,/GCE was also
investigated over the pH range from 6.0 to 8.0. The results
showed that the anodic peak potential of AA, DA and UA shifted
to negatively with pH value increasing (Fig. 3B). Moreover, the
oxidation peak potential of AA, DA and UA were linearly
proportional to the pH value with a slope of —62.7, —51.8 and
—57.1 mV per pH, respectively, suggesting protons were
involved in electrochemical process (the DPV data displayed in
Fig. S31). The peak current of AA, DA and UA was also changed

B —a—AA|

\\\
—

0 100 200 300 60 65 70 75 80
v/mV s pH

Fig. 3 (A) Effect of scan rate on the current and (B) effect of pH on the
peak potential at AuNPs@MoS,/GCE.
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with the pH value increased (Fig. S47). In this work, pH 7.0 was
taken in our following investigation.

Individually or simultaneously determination AA, DA and UA
at AuNPs@MoS,/GCE was carried out by differential pulse vol-
tammetric (DPV) technique. In ternary mixture, the concentra-
tion of only one species changed, while other species kept
constant for selective detection at AuUNPs@MoS,/GCE. As shown
in Fig. 4A, the electrochemical responses of AA linearly with the
increasing AA concentration in range from 0.05 to 100 mM with
detection limit of 50 uM. More important, the changes of AA
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Fig.4 DPV profiles at AuNPs@MoS,/GCE in 0.1 M PB solution (pH 7.0)
(A) containing 6 uM DA, 30 mM UA and different concentrations of AA
from 0.05 mM to 100 mM, (B) containing 12 mM AA, 10 mM UA and
different concentrations of DA from 0.05 uM to 30 uM, and (C) con-
taining 50 mM AA, 4 uM DA and different concentrations of UA from
0.05 mM to 50 mM. (D-F) The plots of the oxidative peak currents
versus the concentrations of AA, DA and UA.
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Fig. 5 (A) DPV profiles at AuNPs@MoS,/GCE in 0.1 M PB solution (pH
7.0) containing different concentrations of AA, DA and UA. From
bottom to up the concentrations from 1 mM to 70 mM for AA, 0.01 uM
to 7 uM for DA and 0.01 mM to 12 mM for UA, respectively. (B—D) The
plots of the oxidative peak currents versus the concentrations of AA,
DA and UA.
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Table 1 Comparison of the response characteristics of different modified electrodes for simultaneous detection of AA, DA and UA

Detection limit (uM) Liner range (uM)
Electrode materials AA DA UA AA DA UA Ref.
OMC/Nafion® 20 0.5 4.0 40-800 1-90 5-80 27
Nitrogen doped graphene 2.2 0.25 0.045 5-1300 0.5-170 0.1-200 28
Poly(Evans blue)/GCE — 0.25 2 — 1.0-10 30-110 29
CILE? 20 1.0 1.0 50-7400 2.0-1500 2.0-2200 30
Poly(eriochrome black T)/GCE 10 0.02 1.0 150-1000 0.1-200 10-130 31
Pt-Au hybrid 103 24 21 103-165 24-384 21-336 32
Chitosan-graphene 50 1 2 50-1200 1-24 2-45 33
AuNPs-B-CD-Gra/GCE° 10 0.15 0.12 30-2000 0.5-150 0.5-60 34
AUNPs@MOoS,/GCE 100 0.05 10 10°-7 x 10* 0.05-4 x 10° 10-7 x 10° This work

“ Ordered mesoporous carbon/Nafion composite film. ® Carbon ionic liquid electrode. ¢ Gold nanoparticles-p-cyclodextrin-graphene.

concentration have no significant influence on the electro-
chemical performances of other two compounds. Similarly, the
oxidation peak currents of DA (Fig. 4B) or UA (Fig. 4C) increased
linear with the increasing concentration in the range from 0.05
to 30 uM and 0.05 to 40 mM with detection limit of 50 nM and
50 pM, respectively (S/N = 3). These results proved that the
proposed MoS,-based electrode can well separate and deter-
mine the DA, AA and UA when they co-exist in buffer solution.

Furthermore, we proved the feasibility of simultaneous
determination of AA, DA and UA based on AuNPs@MoS,/GCE.
As shown in Fig. 5, the electrochemical response of AA, DA and
UA still increases linear with the increase of their concentra-
tions. The peak currents of AA, DA and UA were linear with the
concentrations in the ranges from 1 mM to 70 mM, 50 nM to 4
mM and 10 uM to 7 mM with detection limit of 100 uM, 50 nM
and 10 pM, respectively (S/N = 3). The present results are
compared to other nanomaterials-based electrodes in Table 1,
indicating that the analytical parameters including linear range
and detection limit using AuNPs@MoS,/GCE are better or
comparable to the reported results at different modified elec-
trodes. All the experimental results indicated that AuNP-
s@MoS, nanocomposite provides a comfortable condition
which is suitable to individual or simultaneous determination
of AA, DA and UA with high sensitivity and selectivity. Thus,
AuNPs@MoS, nanocomposite with well electrocatalytic prop-
erty is a promising material for constructing sensitive and
selective biosensors and biofuel cells.

In order to verify the reliability of the method for detection in
real samples, we took DA determination as an example in 1%
human serum. The analysis of DA was investigated by the
standard addition method and the results are shown in Table 2.

Table 2 Determination and recovery test of DA in human serum
samples (n = 4)

DA specified (uM) Added (M) Found (uM) Recovery (%) RSD (%)

1 0 1.013 101.30 2.64
1 9 9.823 98.03 2.99
1 14 15.291 102.08 2.66
1 24 25.246 101.03 2.71

27628 | RSC Adv., 2014, 4, 27625-27629

The recovery and the relative standard deviation (RSD) were
accurate and precise, indicating that successful applicability of
the proposed electrode to determination of DA in the real bio-
logical samples.

4. Conclusion

An ultrasensitive biosensor for the determination of AA, DA and
UA was fabricated by AuNPs@MoS, nanocomposite film
modified electrode. The AuNPs@MoS,/GCE exhibits excellent
electrocatalytic oxidation towards AA, DA and UA, which can
individually and simultaneously determine AA, DA and UA. It is
a very simple method for preparation of MoS,-based electro-
chemical sensor and can be very useful for detection of AA, DA
and UA in buffer or in real sample. The AuNPs@MoS, nano-
composite may be a hopeful candidate nanomaterial for the
development of electrochemical sensors for chemical and bio-
logical molecules determinations.
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