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ABSTRACT: A highly dispersible and stable nanocomposite of Cu(tpa)-
GO (Cu(tpa) = copper terephthalate metal−organic framework, GO =
graphene oxide) was prepared through a simple ultrasonication method. The
morphology and structure of the obtained composite were characterized via
scanning electron microscopy (SEM), transmission electron microscopy
(TEM), UV−vis, Fourier-transform infrared (FT-IR), X-ray diffraction
(XRD), and thermogravimetric analysis (TGA). On the basis of the
characterization results, the binding mechanism of the Cu(tpa) and GO was
speculated to be the cooperative interaction of π−π stacking, hydrogen
bonding, and Cu−O coordination. The electrochemical sensing property of
Cu(tpa)-GO composite was investigated through casting the composite on a
glassy carbon electrode (GCE), followed by an electro-reduction treatment
to transfer the GO in the composite to the highly conductive reduced form
(electrochemically reduced graphene, EGR). The results demonstrated that the electrochemical signals and peak profiles of the
two drugs of acetaminophen (ACOP) and dopamine (DA) were significantly improved by the modified material, owing to the
synergistic effect from high conductivity of EGR and unique electron mediating action of Cu(tpa). Under the optimum
conditions, the oxidation peak currents of ACOP and DA were linearly correlated to their concentrations in the ranges of 1−100
and 1−50 μM, respectively. The detection limits for ACOP and DA were estimated to be as low as 0.36 and 0.21 μM,
respectively.
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1. INTRODUCTION

Nanoscale porous materials have received enormous attention
in the past decade, because of their potential application in gas
adsorption,1 catalyst supports for electric double layer
capacitors,2,3 and fuel cells.4 Among the various porous
materials, metal−organic frameworks (MOFs), also known as
coordination polymers or coordination networks, have attracted
much interest because of their high accessible surface areas,
tunable pore sizes, open metal sites, and ordered crystalline
structures.5,6 MOFs are also of fundamental interest and
practical use in electrochemistry, because many metal ions used
in MOFs are electrochemically active.7 Therefore, in the recent
years, the application of MOFs in the electrochemical field
receives growing concerns.8,9

However, the direct application of single component MOFs
in electrochemistry is limited due to their poor electronic
conductivities, low mechanical stabilities, and inferior electro-
catalytic abilities.10,11 In order to overcome these disadvantages,
the introduction of the other highly conductive and
mechanically durable materials into MOFs has been proposed.
For example, Zhang et al.10 have reported a Cu-based MOF/
macroporous carbon (MPC) hybrid material. The electro-
chemical experiments showed that the incorporation of MPC
greatly enhanced the stability and electrocatalysis of the Cu-

based MOF. In addition, Hosseini et al.11 prepared an Au-SH-
SiO2 nanoparticles/Cu-MOF composite modified electrode
and used it as a highly sensitive and selective sensor for the
electrochemical determination of L-cysteine. Nevertheless, these
materials suffer from the drawbacks of a complicated synthesis
process and low dispersibility and stability in the water solution,
which greatly inhibits their wider practical application in the
electrochemical field.
In this work, a novel hybrid nanocomposite of copper

terephthalate MOF-graphene oxide (Cu(tpa)-GO) with
excellent dispersibility and stability in aqueous solution was
synthesized through a simple and effective sonication method.
The morphology and structure of the obtained composite were
characterized using scanning electron microscopy (SEM),
transmission electron microscopy (TEM), UV−vis, Fourier-
transform infrared (FT-IR), X-ray diffraction (XRD), and
thermogravimetric analysis (TGA). The binding mechanism of
the Cu(tpa) and GO was speculated to be the cooperative
interaction of π−π stacking, hydrogen bonding, and Cu−O
coordination. Then, the Cu(tpa)-GO nanocomposite was cast
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on a glassy carbon electrode (GCE) and treated electrochemi-
cally to transform the GO to the reduced form, namely,
electrochemically reduced graphene (EGR), possessing the
higher accessible surface area and conductivity.12−14 To explore
the potential of the Cu(tpa)-EGR hybrid, the modified
electrode was used as an electrochemical sensing platform for
the determination of acetaminophen (ACOP) and dopamine
(DA). The results showed that the two drugs exhibited well
separated and enhanced redox peaks on the modified electrode,
which opens a new avenue to extend the potential electro-
chemical application of the MOFs materials. Therefore, this
study provided a theoretical and practical basis to prepare
highly dispersible and stable MOF-based composites and
demonstrated their promising applications in the electro-
chemical field.

2. EXPERIMENTAL SECTION
2.1. Chemicals. ACOP and terephthalic acid (TPA) were obtained

from Sinopharm Chemical Reagent Co., Ltd. (P. R. China). DA and
copper nitrate trihydrate (Cu(NO3)2·3H2O) were purchased from
Aladdin Reagent Co., Ltd. (P. R. China). Graphite powder was
obtained from Guangdong Xilong Chemical Co., Ltd. (P. R. China).
Phosphate-buffered saline (PBS) with different pH values was
prepared by mixing 0.02 M NaCl and 0.5 M NaH2PO4−Na2HPO4.
All the other chemicals were of analytical grade and used without
further purification. Doubly distilled water (DDW) was used
throughout the experiments, and all assays were performed at room
temperature.
2.2. Apparatus. Scanning electron microscopy (SEM) was

performed using a Hitachi model S-4800 microscope (Japan). X-ray
diffraction (XRD) was operated on a Bruker D8-Advance X-ray
diffractometer (Germany). Fourier-transform infrared (FT-IR) spectra
were recorded using a Bruker Tensor 27 spectrometer (Germany).
UV−vis absorption spectra were obtained with a Shimadzu UV-2550
spectrophotometer (Japan). Thermogravimetric analyses were con-
ducted on a TGA Q600 thermal degradation analyzer (USA) with a
heating rate of 10 °C under N2. Electrochemical experiments were
measured on a CHI 650D electrochemical workstation (P. R. China)
with the conventional three-electrode system consisting of a bare or
modified GCE (Φ = 3 mm) as working electrode, platinum wire as
counter electrode, and Ag/AgCl (saturated KCl solution) as reference
electrode. All potentials were measured and reported versus Ag/AgCl.
The pH values were measured on a model pHS-25 digital acidometer
(P. R. China).
2.3. Preparation of Cu(tpa)-GO Nanocomposite. GO was

synthesized from natural graphite powder by a modified Hummers’
method.15 The Cu(tpa) MOF was synthesized by a modified
published procedure.16,17 In brief, 40 mL of DDW with 5 g of
Cu(NO3)2·3H2O was mixed with 2 g of TPA dissolved in the mixing
solvent of 40 mL of N,N-dimethylformamide (DMF) and 40 mL of
ethanol. Then, the mixture was treated with a solvothermal method at
85 °C for 24 h. The blue powder was recovered by filtration, washed
with water and DMF, and dried at 80 °C under vacuum. The Cu(tpa)-
GO nanocomposite was prepared by adding 1 mg of Cu(tpa) to 1 mg
mL−1 aqueous GO under stirring, followed by sonication at 100 W for
1 h to obtain a homogeneous dispersion.
2.4. Fabrication of the Cu(tpa)-EGR Modified GCE. Prior to

modification, the bare GCE was polished to a mirror-like surface
sequentially with 1.0, 0.3, and 0.05 μm α-Al2O3 and then rinsed
ultrasonically with DDW, ethanol, and DDW. The cleaned electrode
was dried under a high-purity N2 stream. Then, 10 μL of Cu(tpa)-GO
suspension was cast onto the electrode surface. After dryness under
room temperature, the modified electrode was carefully rinsed with
DDW to remove loosely attached Cu(tpa)-GO; thus, the Cu(tpa)-GO
modified GCE (Cu(tpa)-GO/GCE) was obtained. For comparison,
the Cu(tpa) modified GCE (Cu(tpa)/GCE) and GO modified GCE
(GO/GCE) were prepared only by replacing the Cu(tpa)-GO
dispersion with Cu(tpa) or GO solutions.

The reduction of GO in the Cu(tpa)-GO film was performed
electrochemically as described in the literature.18 Briefly, Cu(tpa)-GO/
GCE was immersed in 0.1 M PBS (pH 7.0) and circularly scanned
between −1.5 and 0.6 V until steady curves were achieved. The
obtained electrode was denoted as Cu(tpa)-EGR/GCE. The EGR
modified electrode (EGR/GCE) was prepared by the similar
electrochemical reduction of GO/GCE in 0.1 M PBS (pH 7.0).

2.5. Electrochemical Measurements. Electrochemical character-
izations of the modified electrodes were performed in 0.1 M PBS (pH
7.0) through a cyclic scan in the potential range from −1.0 to 0.8 V.
The electrochemical sensing test of the modified electrode was carried
out in the following procedure: Appropriate amounts of ACOP and
DA standard solution were added into 0.1 M PBS (pH 5.0), and then,
cyclic voltammetric (CV) and differential pulse voltammetric (DPV)
measurements were recorded. CVs were recorded in the potential
range from 0 to 0.80 V. DPVs were recorded at an increment potential
of 0.004 V, pulse amplitude of 0.05 V, pulse width of 0.05 s, sample
width of 0.0167 s, pulse period of 0.2 s, and quiet time of 2 s. Scheme
1 shows the preparation of Cu(tpa)-EGR/GCE and its application for
sensing analysis of ACOP and DA.

3. RESULTS AND DISCUSSION
3.1. Materials Characterization. Figure 1A displayed the

SEM image of the synthesized Cu(tpa) particles, in which a
large amount of regular and independent cuboids were
observed, indicating high yield and good crystallinity of the
Cu(tpa) MOF. From the higher magnification image (inset of
Figure 1A), it could be seen that the large cuboids generally
consisted of two to four small cuboids with a diameter of about
100 nm. The SEM image of the sonication-prepared Cu(tpa)-
GO composite showed that the Cu(tpa) particles in the
composite remained in their original cuboid shape (Figure 1B),
indicating that the sonication treatment used in the preparation
of the composite had no effect on the morphology of the
Cu(tpa) MOF. Moreover, from the local amplification image as
shown in the inset of Figure 1B, some obvious wrinkles (see the
arrows in the inset) in accordance with the characteristics of
GO were observed,19 suggesting that the Cu(tpa) MOF had
been coated well with GO. From the TEM images of Cu(tpa)
(inset of Figure 1C) and the Cu(tpa)-GO composite (Figure
1C), the well-defined cuboid-shaped Cu(tpa) and its
combination with GO could be further confirmed. The inset
of Figure 1D showed the electronic photos of Cu(tpa) (1), GO

Scheme 1. Illustration for the Sonication-Assisted
Preparation of Cu(tpa)-GO and Its Application for the
Simultaneous Determination of ACOP and DA
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(2), and Cu(tpa)-GO (3) aqueous dispersions. As seen, the GO
aqueous solution showed a homogeneous black−brown color
(Photo 2), indicating the as-prepared GO had good solubility in
water, but for the aqueous solution of Cu(tpa), it was observed
that a layer of light-blue powder appeared on the bottom of the
vial within 20 min (Photo 1), which indicated that the
synthesized Cu(tpa) MOF had very poor solubility and
dispersibility in water. It was interesting that, when GO was
mixed with Cu(tpa), a homogeneous brown dispersion without
any precipitate was obtained (Photo 3), and this state could be
maintained at least for one month, suggesting that the addition
of GO could effectively improve the solubility and dispersibility
of Cu(tpa).
In order to probe the binding mechanism of between

Cu(tpa) and GO, the composite material was further
characterized by UV−vis spectroscopy. As displayed in Figure
1D, the GO in water exhibited a broad absorption peak at 231
nm and a weak shoulder peak at about 300 nm (curve a), which
could be assigned to π → π* transitions of unoxidized aromatic
CC bonds and n → π* transitions of CO bonds,
respectively.20 While for the aqueous solution of Cu(tpa)-GO,
it was found that the absorption peak of GO at 231 nm was
red-shifted to 238 nm (curve b), indicating that the electronic
conjugation within GO sheets had been restored after the
reaction with Cu(tpa). This is likely due to the π electrons
coupling between the terephthalate linker in the MOF
framework and the unoxidized aromatic rings. Besides, the
weak shoulder peak of GO at about 300 nm totally disappeared
in the absorption curve of Cu(tpa)-GO. This indicated that GO
might also interact with Cu(tpa) through the hydrogen
bonding and/or the Cu−O coordination bond.20 The UV−

vis experiments also revealed that the absorption spectrum of
Cu(tpa)-GO hardly changed after the solution was stored for a
month (curve c), demonstrating that the Cu(tpa)-GO had
excellent chemical stability in water.
Further evidence of the interaction between GO and

Cu(tpa) was investigated by FT-IR spectroscopy as shown in
Figure 2A. For GO (curve a), the bands at 3386 and 1726 cm−1

were assigned to the characteristic vibrations of O−H and C
O bonds, respectively. The peaks at 1232 and 1042 cm−1 could
be ascribed to the C−O stretching vibrations of C−OH and
C−O−C (epoxy), respectively. The peak at 1620 cm−1 was
related to the skeletal vibration of unoxidized graphitic
domains.21 After interaction with Cu(tpa), it was found that
the CO peak of GO shifted to 1688 cm−1, and peaks at 1620
cm−1 (skeletal vibrations), 1232 cm−1 (C−OH), and 1042
cm−1 (C−O−C) disappeared (curve c). These changes
confirmed that the interactions between the two species were
π−π packing and hydrogen bonding.22 In addition, the
characteristic peaks of Cu(tpa) (curve b) were all present in
the spectrum of the composite (curve c), testifying that the
structure of Cu(tpa) MOF had not been changed upon
incorporation with GO. The XRD patterns of GO (curve a),
Cu(tpa) (curve b), and Cu(tpa)-GO (curve c) were displayed
in Figure 2B. Through a comparison, it was found that all the
diffraction peaks of the crystalline Cu(tpa) remained in the
composite of Cu(tpa)-GO, suggesting that the crystallinity of
the Cu(tpa) component had not been disrupted by the
interaction with GO under sonication. The thermal stabilities of
GO (curve a), Cu(tpa) (curve b), and Cu(tpa)-GO (curve c)
were measured by thermogravimetric analysis (TGA) under a
N2 atmosphere. As seen in Figure 2C, the GO began to lose

Figure 1. SEM images of Cu(tpa) (A) and Cu(tpa)-GO (B) with low resolution (main panel) and high resolution (inset). (C) TEM images of
Cu(tpa)-GO (main panel) and Cu(tpa) (inset). (D) UV−vis absorption spectra of GO (a) and Cu(tpa)-GO before (b) and after (c) standing for 30
days. The inset in (D) shows the photographs of Cu(tpa) (1), GO (2), and Cu(tpa)-GO (3) aqueous dispersions.
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weight below 100 °C due to the thermal desorption of the
water molecules physically adsorbed onto the hydrophilic GO
surface. Then, a significant loss took place at around 200 °C,
presumably due to the loss of the oxygen-containing functional
groups present in GO.23 The TGA curve of Cu(tpa) revealed
that decomposition began at 150 °C, and the second weight
loss step occurred in the range from 200 to 360 °C. When the
temperature was up to 360 °C, a sharp increase in the weight
loss appeared, indicating the Cu(tpa) structure had collapsed
due to the removal of structural terephthalic acid linkers from
the framework.24 When the temperature was above 470 °C, the
TGA curve became stable, suggesting no significant weight loss
happened. The TGA curve of Cu(tpa)-GO composite showed
the expected thermal behavior. The occurrence of the first loss
was below 100 °C for GO adsorbed water molecules, and then,
there were second and third losses at 190 and 330 °C,
respectively. All these changes were quite consistent with the

combined thermal decomposition behaviors of GO and
Cu(tpa).

3.2. Electrochemical Properties of Cu(tpa)-EGR. The
electrochemical reduction is a straightforward, efficient, and
environmentally friendly approach for the preparation of the
reduced form of GO.25 In this work, GO in the Cu(tpa)-GO
film was also electrochemically reduced to EGR by continuous
cyclic scanning of Cu(tpa)-GO/GCE in 0.1 M PBS in the
potential range from −1.5 to +0.6 V as reported in the
literature.18 The results were displayed in the main panel of
Figure 3A. It was found that a pair of progressively increasing

redox peaks was observed with the increase of the scan cycles,
suggesting that the electrochemical response of the modified
electrode gradually enhanced in the cyclic scan process. In
addition to this, the background currents were also increased,
suggesting that the capacitance currents that were related to the
conductivity of the electrode interface also increased.18

However, when the Cu(tpa) modified GCE (Cu(tpa)/GCE)
was used as a control to test in the same way, it was found that
almost no variation in the CV curves was observed throughout
the scan process (right inset of Figure 3A). When the difference
for these two electrodes was compared, it could be concluded
that, with the increase of the sweep cycles, the GO nanosheets
on Cu(tpa)-GO/GCE were continually transformed to the
higher conductive EGR. Of course, it was noticeable that the
peak-to-peak separation (ΔEp) of the redox peaks on Cu(tpa)-
GO/GCE also increased as the CV cycles increased, which

Figure 2. FT-IR spectra (A), XRD patterns (B), and TGA curves (C)
of GO (a), Cu(tpa) (b), and Cu(tpa)-GO (c).

Figure 3. (A) Multiple sweep CVs of Cu(tpa)-GO/GCE (main
panel), GO/GCE (left inset), and Cu(tpa)/GCE (right inset) in 0.1 M
PBS (pH 7.0). (B) CVs of GO/GCE (a), Cu(tpa)-GO/GCE (b), and
Cu(tpa)-EGR/GCE (c) in 0.1 M PBS (pH 7.0).
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conflicted with the above-mentioned conclusion; i.e., the
conductivity of the modified film increased with the increase
of the cycle number. This case might be caused by the following
reason: At the initial stage, only the nonconductive GO existed
in the composite film, so the electrochemical response at this
stage only came from a small amount of Cu(tpa) that was in
close contact with the GCE. As a result, the redox peak at this
stage was small. Because this layer of Cu(tpa) molecules could
directly communicate with electrons in the GCE, a small
electron transfer resistance with a small ΔEp was obtained.
With the increase of the scan cycles, more and more GO in the
composite film was transformed to the highly conductive EGR,
which then acted as the electron pathway for the outer layer of
Cu(tpa) and resulted in ever-increasing redox peaks on the
electrode surface. However, when the outer Cu(tpa) molecules
exchanged electrons with the GCE, they needed to overcome
film-thickness caused resistance; therefore, a larger ΔEp as
compared with the initial stage was produced. When all the GO
nanosheets in the composite film had been reduced, the CV
curves became stable.
The continuous scanning of GO/GCE was also performed in

PBS, and the results (left inset in Figure 3A) showed that the
redox signal of GO/GCE ascribing to the electron transfer of
oxygen-containing groups on GO was obviously smaller than
that on Cu(tpa)-GO/GCE.18 This indicated that the Cu(tpa)
MOF in the composite could also significantly influence the
electrochemistry of the modified electrode. To further probe
this influence, the electrochemical behaviors of GO/GCE,
Cu(tpa)/GCE, and Cu(tpa)-GO/GCE before and after
electroreduction were investigated by CV in 0.1 M PBS (pH
7.0) with the potential range from −1.0 to 0.8 V. The results
were shown in Figure 3B. As is well seen, no redox peaks were
observed for the GO/GCE (curve a), suggesting that the GO
layer was electrochemically inactive over this potential range.
However, a clear oxidation peak at −0.017 V and two adjacent
reduction peaks at −0.024 and −0.441 V appeared at Cu(tpa)-
GO/GCE (curve b), which were very similar to the
electrochemical response of Cu(tpa)/GCE during a continuous
scan as presented in the right inset of Figure 3A. Thus, the
redox peaks on Cu(tpa)-GO/GCE could be ascribed to the
electroactive Cu(tpa). According to the literature,26 the
oxidation peak was assigned to electron transfer of Cu0 →
Cu2+, and the two reduction peaks to Cu2+ → Cu+ and Cu+ →
Cu0, respectively. After the Cu(tpa)-GO film was reduced to
Cu(tpa)-EGR, it was found that redox peaks corresponding to
the electrochemistry of Cu(tpa) were dramatically enhanced
(curve c) due to the superior electrocatalytic effect of the
EGR.27

3.3. Electrocatalysis of ACOP and DA by Cu(tpa)-EGR/
GCE. To exploit the potential application of the Cu(tpa)-EGR
composite, the electrochemical behaviors of two important
drugs of ACOP and DA were investigated on the Cu(tpa)-
EGR/GCE. Figure 4 shows the typical CVs of 0.1 mM ACOP
and 0.1 mM DA on various electrodes in the potential range
from 0 to +0.8 V. It was observed that two pairs of small and
asymmetric redox peaks corresponding to the electron transfers
of ACOP (at the higher potential range) and DA (at the lower
potential range)28,29 were detected at Cu(tpa)-GO/GCE
(curve a). However, when the electro-reduced electrode
(Cu(tpa)-EGR/GCE) was applied for determination, the
redox peaks of ACOP and DA increased dramatically (curve
d), and the redox process became more reversible as judged
from the more symmetric peak profiles. In addition, the

electrochemical behavior of Cu(tpa)-EGR/GCE in PBS
without ACOP and DA was tested, and the result showed
that not any redox peak was observed under the same potential
range (curve b). Therefore, it could be concluded that the
composite material of Cu(tpa)-EGR had significant electro-
catalysis toward ACOP and DA. As a control, the electro-
chemistry of ACOP and DA at EGR/GCE was also studied,
and the result was depicted as curve c in Figure 4. Clearly, also
two pairs of well-defined redox peaks were observed, but the
intensities of all the peaks were obviously smaller than those at
Cu(tpa)-EGR/GCE. This meant that the component of
Cu(tpa) material in the composite film also had a positive
effect on improving the electrochemical response of ACOP and
DA, which was likely caused by the outstanding porous
structure and favorable electron transfer mediating function of
the electroactive Cu(tpa) MOF.

3.4. Electrochemical Parameters of ACOP and DA at
Cu(tpa)-EGR/GCE. Figure 5A shows the dependence of CVs
of ACOP and DA on the scan rate (v). It was observed that all
the peak currents (Ip) presented good linear correlations with v
at Cu(tpa)-EGR/GCE over the range from 20 to 400 mV s−1

(Figure 5B), suggesting adsorption-controlled processes of
ACOP and DA at Cu(tpa)-EGR/GCE.30,31 Additionally, the
electrochemical parameters of electron transfer coefficient (α)
and standard electron transfer rate constant (ks) of ACOP and
DA at the modified electrode were calculated according to the
following Laviron’s eqs 1−3.32

α
ν= +

−
′E E

RT
nF

2.3
(1 )

logpa
0

(1)

α
ν= −′E E

RT
nF

2.3
logpc

0
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α α α α

α α

= − + − −

−
− Δ

k
RT
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nF E
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log log(1 ) (1 )log log

(1 )

2.3
p

s

(3)

where n is electron-transferred number of the electroactive
species, Epa and Epc represent the oxidation and reduction peak
potentials, respectively, and R, T, and F are in their usual
significance. Through analyzing the data from Figure 5, it was
obtained that the Epa and Epc had linear relationships with the

Figure 4. CVs of the 0.1 mM ACOP and 0.1 mM DA mixture at
Cu(tpa)-GO/GCE (a), EGR/GCE (c), and Cu(tpa)-EGR/GCE (d)
in 0.1 M PBS (pH 5.0). Curve b is the CV of Cu(tpa)-EGR/GCE in
0.1 M PBS (pH 5.0) without ACOP and DA.
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logarithm values of v (log v) for both ACOP and DA. The
regression equations for ACOP were Epa/V = 0.7336 + 0.1151
log v (V s−1, γ = 0.9784) and Epc/V = 0.5110 − 0.03497 log v
(V s−1, γ = 0.8993), and the regression equations for DA were
Epa/V = 0.5521 + 0.07393 log v (V s−1, γ = 0.9817) and Epc/V =
0.2029 − 0.05354 log v (V s−1, γ = 0.9761). Then, on the basis
of eqs 1 and 2, the values of α and n of ACOP were determined
to be 0.77 and 2.2 and those of DA were 0.58 and 1.9,
respectively. These indicated that both DA and ACOP
underwent a two electrons transfer process at the modified
electrode of Cu(tpa)-EGR/GCE, which was consistent with the
results in the literature.30,33 Furthermore, the values of the ks of
ACOP and DA were calculated to be 1.19 and 0.49 s−1 on the
basis of eq 3.
3.5. Selective Determination of ACOP and DA. DPV is

a powerful electrochemical technique that is often used for
quantitative analysis because of its higher sensitivity and better
resolution than CV.34 Therefore, in this work, DPV was further
utilized to investigate the analytical performance of the sensor
to ACOP and DA. Figure 6A shows the DPVs of 20 μM DA in
the presence of increasing amounts of ACOP. As is well seen,
two well-defined and resolved peaks were observed, suggesting
that the Cu(tpa)-EGR/GCE was very appropriate for the
simultaneous determination of the two species as an electro-
chemical sensor. In addition, it was clear to see that the peaks at
the lower potential corresponding to the electro-oxidation of
DA remained constant throughout the tests. This meant that
DA and its oxidative products did not irreversibly adsorb on the

Cu(tpa)-EGR/GCE surface to interfere with the determina-
tion.35 However, the peaks at the higher potential ascribing to
the oxidation of ACOP were enhanced gradually with the
increase of the ACOP concentrations, and the peak currents
(Ipa) presented a good linear relationship with the ACOP
concentration (CACOP) in the range from 1.0 to 100 μM with
the linear equation of Ipa/μA = −0.2596 CACOP (μM) + 0.4352
(γ = 0.9996). With a signal-to-noise (S/N) = 3, the detection
limits of ACOP were estimated to be 0.36 μM.
Similarly, when the solution of 50 μM ACOP with increasing

amounts of DA was detected at Cu(tpa)-EGR/GCE by DPV,
also two well-defined oxidation peaks were observed (Figure
6B). The DPV peak of ACOP remained constant, but the peaks
of DA increased with the increase of DA concentrations (CDA).
The peak currents (Ipa) showed a good linear relationship with
DA concentration (CDA) in the range of 1.0 to 50 μM, with the
linear equation of Ipa/μA = −0.7742 CDA (μM) + 0.892 (γ =
0.9932). Also when S/N = 3, the detection limit of DA was
estimated to be 0.21 μM. The above two assays also
demonstrated that the ACOP (or DA) could be selectively
determined by Cu(tpa)-EGR/GCE without affording the
interference from each other. Table 1 summarized the
comparison of analytical results of the other work with ours.
Through the comparison, it could be determined that the
sensor of Cu(tpa)-EGR/GCE presented in this work had
comparable or better performance than the others, which opens

Figure 5. (A) CVs of a 0.1 mM ACOP and 0.1 mM DA mixture at
Cu(tpa)-EGR/GCE with different scan rates (from inner to outer are
20, 40, 60, 80, 100, 150, 200, 250, 300, 350, and 400 mV s−1,
respectively.). (B) Plots of the peak currents (Ip) of ACOP (a and a′)
and DA (b and b′) versus scan rates (v).

Figure 6. (A) DPVs of ACOP over a concentration range of 1.0 to 100
μM at Cu(tpa)-EGR/GCE in the presence of 20 μM DA in 0.1 M PBS
(pH 5.0). (B) DPVs of DA over a concentration range of 1.0 to 50 μM
at Cu(tpa)-EGR/GCE in the presence of 50 μM ACOP in 0.1 M PBS
(pH 5.0). Insets in (A) and (B) are, respectively, the linear calibration
plots of peak currents (Ipa) versus the concentrations of ACOP
(CACOP) and DA (CDA).
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a new way for the simultaneous and high-performance
determination of ACOP and DA.
Furthermore, in order to evaluate the fabrication repeatability

of the sensor, the prepared Cu(tpa)-EGR/GCE was used to
repeatedly determine the response of a 25 μM ACOP and DA
solution. The relative standard deviation (RSD) for seven
measurements was 7.9%, suggesting the acceptable repeatability
and precision, and the response of the modified electrode to a
25 μM ACOP and DA solution only decreased 5.47% of its
initial response signal after being stored at 4 °C for 2 weeks,
indicating good stability of the sensor.
3.6. Interference Studies. The potential interference for

the determination of ACOP and DA was also studied. Under
the optimal conditions, the electrochemical response of a 25
μM ACOP and DA solution was individually measured in the
presence of different concentrations of the interferents. It was
found that the common inorganic ions such as K+, Na+, NH4

+,
Ca2+, Cl−, SO4

2−, and PO4
3− in 100-fold excess had no

influence on the peak currents of ACOP and DA since their
peak current changes were below 5%. The common biological
interferents such as hydroquinone, glucose, tyrosine, ascorbic
acid, and L-cysteine also had no great interference to the
response of ACOP and DA (signal change below 8%),
suggesting that the sensor had excellent selectivity for
determination of ACOP and DA.
3.7. Real Sample Determination. Real samples were

analyzed by the standard addition method. In order to avoid
the interferences of the complicated matrix in the real samples
and fit into the linear ranges of ACOP and DA, only diluted
urine and serum samples were added into the electrochemical
cell. To ascertain the correctness of the results, the diluted
samples mentioned above were spiked with certain amounts of
ACOP and DA and then measured under the optimal
conditions. The recovery of the spiked samples ranged between
98% and 101% (Table 2), indicating that the Cu(tpa)-EGR/
GCE was reliable and sensitive enough for the determination of
ACOP and DA in real samples.

4. CONCLUSION
In summary, we have demonstrated a facile method for
preparation of a novel Cu(tpa) MOF-based composite using
GO as the supporting carrier. Due to the high hydrophilicity of
GO and its interaction with Cu(tpa), the composite shows
excellent dispersibility and stability in water. After modification
on GCE, the GO in the hybrid material was transformed to the
reduced form (EGR) through a simple and effective electro-
chemical method, which made the modified film have a higher
electrocatalytic property. When the modified electrode was
utilized as a sensor model for the determination of DA and
ACOP, it was found that high sensitivity and low interference
of the two drugs were achieved. The fabricated sensor also
showed great potential applications in the detection of ACOP
and DA in serum and urine samples. Our present study opens a
new avenue for extending the electrochemical application of the
MOF-based composite materials.
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