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a  b  s  t  r  a  c  t

In  this  work,  a highly  sensitive  and  selective  electrochemical  sensor  based  on multiwalled  carbon
nanotubes/polydopamine/gold  nanoparticles  composites  (MWCNTs/PDA/AuNPs)  and  chitosan  (CS) was
developed,  which  was  used  for  simultaneous  determination  of  hydroquinone  (HQ)  and  catechol  (CC)
derived  from  a large  specific  area  of  MWCNTs  and  superexcellent  electroconductibility  of  AuNPs.  It was
found that  HQ and  CC could  be completely  separated  on the  electrode  using  cyclic  voltammetry  and
differential  pulse  voltammetry  technique  under  optimal  conditions.  The  proposed  sensor  based  on  MWC-
NTs/PDA/AuNPs  exhibited  linear  responses  for  HQ  and  CC  from  0.1 to 10 �mol  L−1 with  detection  limits
(S/N  =  3)  of  0.035  �mol L−1 and  0.047  �mol  L−1, respectively.  In  addition,  the  modified  electrode  was  suc-
cessfully  implemented  in  the  simultaneous  determination  of CC  and  HQ in  tap  and  lake water  samples.
And  compared  with  other  methods,  this  sensor  exhibited  good  sensitivity,  stability  and  reproducibility.

©  2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

In recent years, nanotechnology has been developing promptly,
and nanometer materials were used to reinforce the selectivity
and sensitivity of sensors widely [1,2]. Multiwalled carbon nano-
tubes (MWCNTs) attract more and more interests all the time
because of their excellent property such as large surface area,
excellent electron transport rates and high electroconductibility
in the construction of sensors [3–5]. At the same time, owing to
the advantages of high surface reactivity and good conductive abil-
ity, gold nanoparticles (AuNPs) are believed that they can greatly
increase the current response of the sensor, therefore, AuNPs are
mostly used in sensing [6–8]. Moreover, the self-polymerization
of dopamine (DA) has developed a favorable method for multi-
functional coatings, in this process, DA forms an adhesion layer
to fix chemical modifications such as AuNPs [9,10]. Furthermore,
the polydopamine (PDA) coated on the material surface creates a
very strong bond [11,12]. And PDA can be easily coated onto MWC-
NTs, then add settlings of AuNPs to fabricate MWCNTs/PDA/AuNPs.
In addition, chitosan (CS), a polysaccharide, has been widely
used to construct electrochemical sensors due to its attractive
properties such as film-forming ability, good adhesion and nice
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biocompatibility [13–15]. So, chitosan is chosen to produce the
phenols sensor in this work.

Hydroquinone (HQ) and catechol (CC) are two  momentous
isomers of dihydroxybenzene, and they coexisted in environmen-
tal samples widely [16,17]. HQ may  induce tiredness, headache,
sometimes even kidney function damage and CC may  cause
liver function lesion [18–20]. Therefore, they are considered as
environmental pollutants by the US Environmental Protection
Agency and the European Union because of their high toxic-
ity and low degradability in the ecological environment [21,22].
Recently, various methods of analysis have been exploited for the
determination of HQ and CC, like high performance liquid chro-
matography [23], gas chromatography/mass spectrometry [24],
chemiluminescence [25], capillary electrochromatography [26],
spectrophotometry [27], synchronous fluorescence [28], pH-based-
flow injection analysis [29], and electrochemical methods [30–34].
Clearly, electrochemical methods are more preferable for the
simultaneous detection of HQ and CC, which have the superiorities
of cheap instrument, fast response and high sensitivity [35–40].

In this work, MWCNTs/PDA/AuNPs composites were synthe-
sized, which were combined with CS to structure an electro-
chemical sensor. The as prepared CS/MWCNTs/PDA/AuNPs/GCE
possesses the advantages of sensitivity and highly selective voltam-
metric determination of HQ and CC, and well peak to peak
separation of HQ and CC could be observed on the modified elec-
trode. In addition, this method was applied to the detection of HQ
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Fig. 1. (A) Schematic illustration of the synthesis process of MWCNTs/PDA/AuNPs. (B) Schematic representation of the fabrication process of the electrochemical sensor.

and CC in the tap water and lake water with satisfactory results. The
recoveries of tap water and lake water samples were 98.0–101.5%
for HQ, and 98.8–103.0% for CC respectively.

2. Experimental

2.1. Reagents and apparatus

MWCNTs were obtained from ShenZhen Nanotech Port Co.
(Shenzhen, China). DA, tris-(hydroxymethyl) aminomethane (Tris),
HQ and CC were provided by Aladdin Reagent Co. (Shanghai, China).
HAuCl4 was purchased from GuangFu Co. (Tianjin, China). Sodium
citrate was provided by DeEn Co. (Tianjin, China). CS was  pro-
vided by HuaSuo Reagent Co. (Shanghai, China). Phosphate buffer
(PB, 0.1 mol  L−1) was prepared by mixing the stock solution of
0.1 mol  L−1 NaH2PO4 and 0.1 mol  L−1 Na2HPO4. All solutions were
prepared with double distilled water.

Electrochemical experiments were performed with a CHI 630E
electrochemical workstation (Chen Hua instruments Co., Shanghai,
China) with a three electrode cell. A bare glassy carbon elec-
trode (GCE, d = 3 mm)  or modified GCE with MWCNTs/PDA/AuNPs
was used as working electrode, Ag/AgCl (KCl saturated) and
platinum wire were used as reference electrode and counter
electrode, respectively. Transmission electron microscope (TEM)
images were performed with JEM-2100 (JEOL Co., Japan). Scan-
ning electron microscope (SEM) images and energy dispersive
X-ray detector (EDX) spectrums were recorded on a field emis-
sion scanning electron microscope (Nova NanoSEM450, FEI Co.,
USA). X-ray diffraction (XRD) analysis was performed with a D8
Advances diffractometer (Bruker Co., Germany). Fourier trans-
form infrared spectroscope (FTIR) spectra were recorded with
AVATAR360 (Thermo Nicolet Co., USA).

2.2. Synthesis of MWCNTs/PDA/AuNPs

MWCNTs/PDA/AuNPs composites were synthesized as previ-
ous report [5]. In the first, MWCNTs were carboxyl-functionalized
by sonication H2SO4/HNO3 (3:1 v/v), then washing with water to
make pH to 6.0. Secondly, purified MWCNTs was dispersed into Tris
buffer (pH 8.5) and sonicated. After centrifuge for three times, the
sediment was  washed with Tris buffer and re-dispersed into the
solution with DA (Tris buffer, pH 8.5) and incubated in the dark.
The obtained brown suspension was washed with distilled water
for three times to obtain MWCNTs/PDA composites. Then, MWC-
NTs/PDA was  added into HAuCl4 solution and freshly prepared
sodium citrate was added into the compound and stirred at room
temperature. The resulting precipitate was  collected by centrifuga-
tion and rinsed with distilled water to obtain MWCNTs/PDA/AuNPs.
The synthesis mechanism of MWCNTs/PDA/AuNPs was  shown in
Fig. 1A.

2.3. Preparation of CS/MWCNTs/PDA/AuNPs/GCE

The bare GCE was primarily burnished by 1.0 �m,  0.3 �m,
0.05 �m Al2O3 in file, and then washed with absolute ethyl alco-
hol and double distilled water in an ultrasonic bath, respectively.
6 mg  MWCNTs/PDA/AuNPs were dispersed in 2 mL double distilled
water by ultrasonication for 10 min  to obtain a homogeneous black
suspension liquid. Afterward, 8 �L of MWCNTs/PDA/AuNPs sus-
pension was  dropped onto bare GCE and dried to manufacture a
modified electrode (MWCNTs/PDA/AuNPs/GCE). After that, 2 �L of
1% chitosan solution (2% acetic acid) was  dropped onto the MWC-
NTs/PDA/AuNPs/GCE and dried. The proposed sensor was marked
as CS/MWCNTs/PDA/AuNPs/GCE and stored at room temperature.
Fig. 1B shows the fabrication of the electrochemical sensor.



Download English Version:

https://daneshyari.com/en/article/7145485

Download Persian Version:

https://daneshyari.com/article/7145485

Daneshyari.com

https://daneshyari.com/en/article/7145485
https://daneshyari.com/article/7145485
https://daneshyari.com

