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This paper reports the electrochemical deposit and characterization of copper nanoparticles on the
multi-walled carbon nano-tubes (MWCNTS) and the application of nano-copper-MWCNT-modified
glassy carbon electrode (GCE) in the electrochemical determination of dopamine (DA). Cyclic
voltammetric experiments indicated that the nano-copper-MWCNT-modified GCE displayed very high
electrochemical catalytic activity compared to the MWCNT-modified GCE in 0.06 M H,SO,. The
nano-copper-MWCNT-modified GCE was found to be suitable for the selective determination of DA.
The presence of uric acid (UA) and high concentration ascorbic acid (AA) did not interfere in the
detection of DA on this electrode. The observed linear range of the glassy carbon electrode modified
by nano-copper-MWCNT composite membrane was from 0.1 to 156.0 uM for DA and its detection
limit was 0.05 uM. It was demonstrated that this electrode can be used for the determination of DA in
real samples such as DA injectable formulations and human urine.
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1. INTRODUCTION

Because of the good mass transport and large effective surface area which accelerate the
electron exchange rate between the electrode surface and solution, the metal nanoparticles exhibit
excellent electro-catalytic properties [1-5]. Copper is much cheaper compared to other noble metals.
Therefore, the application of copper nanoparticle-modified electrodes is very promising in the catalysis
of organic small molecules.

The attractive features of the multi-walled carbon nano-tubes (MWCNTS) including their
unigue mechanical and electrical properties are significant advantages in the design and development
of the electrochemical sensors [6-8]. Furthermore, MWCNTs modified by the adsorption of small


http://www.electrochemsci.org/
mailto:yguo@fzu.edu.cn

Int. J. Electrochem. Sci., Vol. 8, 2013 12297

organic molecules or metal nanoparticles via redox or electro-deposition can be used to determine
H.O,, iodate, dopamine (DA), organic small molecules, inorganic ion and even widely used as
catalytic electrodes of fuel cells [9-15].

Dopamine (DA), as an important neurotransmitter, plays a key role in mammalian central
nervous system [16]. The study on DA has attracted much attention in the past years [17-21]. Since
DA is electrochemically active, the electrochemical methods can be applied to the determination of
this compound. However, the electrochemical detection of DA in physiological samples is challenging
because of the effect of ascorbic acid (AA) with high concentration [22]. The main problem is that the
oxidation potentials of DA and AA are nearly the same on most of the material electrodes. So it is
important to develop new sensors to detect DA selectively in the presence of AA.

Copper nanocluster/multi-wall carbon nano-tubes (MWCNTs) modified glassy carbon
electrode was used to detect glucose in alkaline media [23]. However, its electrochemical preparation
and its application in detecting DA were rarely reported. In this work, the glassy carbon electrode
modified by the nano-copper-MWCNT composite membrane was prepared by the electrochemical
method and used for DA sensing in the presence of UA and AA with high concentration in acidic
media. It is found that the nanoparticle copper can obviously improve the properties of the modified
electrode. The voltammetric response of DA on the proposed sensor was greatly increased compared
with that on the MWCNT modified glassy carbon electrode. Therefore, the sensitive and selective
determination for DA can be achieved on this proposed sensor.

2. EXPERIMENTAL

2.1. Reagents and materials

Multi-walled carbon nano-tubes (MWCNTS) was purchased from Alpha Nano Technology Co.,
Ltd. (diameter 10-20 nm, length 5~15 um, purity > 95% ), uric acid (UA) and dopamine (DA) from
SIGMA-ALDRI, ascorbic acid (AA) from Tianjing Fuchen chemical reagent Co. (China),
CuSOQ4-5H,0 from Sinopharm chemical reagent Co. (China). Other chemicals were of analytical grade
purity and used as received. Double distilled water was used in all experiments.

2.2. Apparatus and measurements

Cyclic voltammetric (CV) experiments were performed on a CHI 1140A electrochemical
workstation (Shanghai, China). A conventional three electrode system was used in all electrochemical
experiments. The system consisted of a platinum wire as counter electrode, a saturated calomel
electrode (SCE) as reference electrode, and the MWCNT-modified GCE or nano-copper-MWCNT-
modified GCE as working electrode. Prior to electrochemical experiments, the solution was bubbled
with high purity nitrogen for 5 min to remove dissolved oxygen. All experiments were carried out at
room temperature.
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2.3. Preparation of MWCNT/GCE and nano-copper -MWCNT/GCE

To prepare electrode, the glassy carbon electrode with a diameter of 4 mm was polished with
0.05 pum aluminum oxide slurry to obtain a mirror surface, rinsed and sonicated in double distilled
water, and dried in the air. 5.0 mg of MWCNTSs were dispersed in 5 mL isopropyl and 50 uL 15 wt.%
nafion as binder with ultrasonic agitation to get a stable suspension, and then 12.0 uL of the MWCNT
suspension was dropped on the pretreated GCE and dried at room temperature, to obtain MWCNT-
modified GCE.

To prepare the copper nanoparticle-modified MWCNT membrane by the electrochemical
deposition method, the MWCNT-modified GCE was performed by the cyclic voltammetry in the
potential range of -0.6 ~ 0.8 VV in 0.06 M H,SO, + 10.7 uM CuSO; at a scan rate of 100 mV s™ for 50
cycles. The obtained electrode was ready for use after a final wash with double distilled water and
denoted as the nano-copper-MWCNT/GCE.

2.4. Cyclic voltammetry

To increase the peak current response in DA oxidation and prevent nanoparticle copper from
dissolving, the nano-copper-MWCNT/GCE was immersed in 0.06 M H;SO, + 10.7 uM CuSO4
solution containing DA. The accumulation time on open circuit was 60 s. Then the cyclic
voltammograms were obtained between -0.6 and +0.8 V (vs. SCE), and the initial sweep potential was
-0.6 V.

3. RESULTS AND DISCUSSION

3.1. Electrochemical deposition of Cu nanoparticles on MWCNT/GCE

In order to deposit Cu nanoparticles on MWCNT/GCE, the MWCNT/GCE electrode was
cycled in 0.06 M H,SO, containing 10.7 uM CuSOQO, for 50 cycles in the potential range from -0.6 to
0.8 V at 100 mV s and their voltammograms (CVs) were displayed in Fig. 1. It is clear that there are
cathodic and anodic peaks at about -0.15 and -0.05 V corresponding to the reduction of Cu®* ions and
the oxidation of Cu nanoparticles, respectively. And a couple of small redox peaks appear in the range
of 0.35 - 0.4 V and they are attributed to the oxidation and reduction of the oxygen-containing species
adsorbed on the electrode surface, which can promote the catalytic oxidation of organic molecules
[24]. In the continuous cycles, the redox peaks of the cupper nanoparticles become higher and higher
and tend to be stable after 50 cycles. It is interesting to find that both oxidation and reduction peak
potentials of the Cu nanoparticles shift in the positive direction with cycling, suggesting that the
reduction of Cu* ions into the Cu nanoparticles becomes easier and easier while its oxidation becomes
increasingly more difficult in the cycles [25]. That is the irreversible oxidation of the Cu occurs on the
electrode. Therefore, the Cu nanoparticles deposits and accumulates on the MWCNT/GCE surface in
the continuous cycles.



Int. J. Electrochem. Sci., Vol. 8, 2013 12299

100 - —=—10th

1 —e—20th

75 4 —— 30th

1 —— 40th

50 4 —<— 50th
254
< |
= 0

~~
— |
395
_I
-50
75
-100 u T Y T v v v T ¥ T v 1

-06 -04 -0.2 OfO Of2 0.4 0.6 0.8
E/V (vs. SCE)

Figure 1. CVs of MWCNT/GCE in 0.06 M H,SO, containing 10.7 uM CuSOQ,. Scan rate: 100 mV s~

Figure 2. TEM images of nano-copper-MWCNT

The typical TEM images of MWCNT decorated by the Cu nanoparticles is shown in Fig. 2. It
shows that Cu nanoparticles were dispersed on the external and inner walls of MWCNTs. The Cu
nanoparticles inside MWCNTSs also have a response in DA oxidation because the solution can
penetrate into the interior of MWCNTSs. And the oxidation dissolution of the Cu nanoparticles inside
MWCNTs is difficult during cycling because the diffusion of internal Cu®* ions to the outside needs a
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long distance compared to external Cu?* ions and they will be reduced again in the subsequent

negative-going sweep. This phenomenon is beneficial for the steady response to DA oxidation. The
average diameter of Cu nanoparticles is about 8-10 nm in MWCNTS.

3.2. Electrocatalytic oxidation of DA

The cyclic voltammograms of nano-copper-MWCNT-modified glassy carbon electrodes in the
CuSO4 + H,S0O4 solution with and without 39 uM DA are shown in Fig. 3. In the presence of DA, a
well defined reversible redox peaks are obtained and its anodic and cathodic peak potentials appear at
485 and 453 mV, respectively. There is a cathodic peak at about -0.14 V corresponding to the
reduction of Cu?* ions and the re-oxidation peak of Cu nanoparticles appears at 0.02 V. It is interesting
to find that the anodic and cathodic peaks of Cu are greatly enhanced when DA exists compared to
those in Fig. 1. Obviously, there is an obvious interaction between Cu nanoparticles and DA.
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Figure 3. CVs of nano-copper-MWCNT/GCE in 0.06 M H,SO, containing 10.7 uM CuSQO, (black)
and 10.7 pM CuSO, +39 uM DA (red). Scan rate: 100 mV s

The 5th of cyclic voltammograms of nano-copper-MWCNT-modified glassy carbon electrodes

in DA solutions with and without containing Cu®* ions are shown in Fig. 4. A well-defined reversible
redox pair for DA appears in both solutions. The anodic and cathodic peak currents of DA in the
solutions with and without Cu?* are almost the same. It indicates that the Cu?* ions in the solution does
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not affect the determination of DA. The redox peak currents of Cu nanoparticles in the solution
without Cu?* are obviously lower compared to those in the solution with Cu®* ions. It can be concluded
from the results above that the Cu nanoparticles deposited on the electrode play a major catalytic role
in the electro-catalytic oxidation of DA. The redox peak currents of Cu nanoparticles in the solution
without Cu®* ions in Fig. 4 are only a little lower compare to those in the solution with Cu?* ions in
Fig. 3. This result indicates that part of copper nanoparticles suffer dissolving in the solution without
Cu®" ions. However, it is greatly mitigated because of some Cu nanoparticles located inside MWCNTS.
Therefore, in order to prevent the Cu nanoparticles from dissolving, the nano-copper-MWCNT/GCE
was immersed in 0.06 M H,SO,4 + 10.7 uM CuSO4 solution containing DA for determination next.
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Figure 4. CVs of nano-copper-MWCNT/GCE in 0.06 M H,SO4 containing 39 uM DA (red) and 10.7
uM CuSOq4 +39 uM DA (black). Scan rate: 100 mV s,

Cyclic voltammograms of MWCNT/GCE with and without Cu nanoparticle decoration are
used to determine DA, as shown in Fig. 5. A well-defined reversible redox pair for DA is obtained on
both MWCNT/GCE and nano-copper-modified MWCNT/GCE, while the redox pair of Cu disappears
on the MWCNT/GCE because no Cu exists in the solution and on the electrode. In contrast to the
MWCNT/GCE in Fig. 5, the anodic and cathodic peak currents of DA on nano-copper-modified
MWCNT/GCE are nearly doubled. This result indicates that the detection sensitivity towards DA on
nano-copper-modified MWCNT/GCE is greatly improved. The enhanced sensitivity in the presence of
Cu on MWCNT/GCE is due to the fact that the copper nanoparticles can provide the oxygen-
containing species to promote the catalytic oxidation of DA and the presence of DA is in turn
beneficial to the deposition of Cu nanoparticles shown in Fig. 3. Both are enhanced by their
interaction.
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Figure 5. CVs of MWCNT/GCE (black) and nano-copper-MWCNT/GCE (red) in 39 yM DA + 0.1 M
0.06 M H,S0,. Scan rate: 100 mV s™.

3.3. Effects of scan rate on electrochemical response of DA
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Figure 6. (A) CVs of nano-copper-MWCNT/GCE in 0.06 M H,SO, containing 39 uM DA + 10.7 uM
Cu?*. (B) Plots of anodic peak current of DA vs. scan rate. Scan rate range: 10~320 mV s .
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The influence of the scan rate on the oxidation peak current of DA on the nano-copper-
MWCNT-modified GCE is shown in Fig. 6A. The potential scan rates are between 10 and 320 mV s,
It is noticed that there is a good linear relationship between the peak current and the scan rate in the
range of 10 — 220 mV s, with a linear regression equation of | (uA) = 11.2744 + 2.36046 v (mV s™)
(R = 0.99911) (Fig. 6B). This result indicates that the system presents the feature of an adsorption
controlled process for DA oxidation [26].

3.4. The influence of AA and UA as interfering compounds

Cyclic voltammograms of the nano-copper-MWCNT/GCE in 0.06 M H,SO, solution
respectively containing AA, DA, UA or the mixture of AA, DA and UA are shown in Fig. 7. No new
peak related to AA is found in the red line in Fig. 7, indicating that AA can not be oxidized or reduced
on the electrode. A small oxidation peak appears at about 654 mV in the presence of UA (blue line)
and it is isolated from the oxidation peak of DA (green line). For the cyclic voltammograms of the
nano-copper-MWCNT/GCE in 0.06 M H,SO, solution containing a mixture of 390 uM AA, 39 uM
DA and 39 uM UA (black line), a small UA oxidition peak is also found at about 654 mV and at the
same time no new peak related to AA is observed. The anodic and cathodic peak potentials of DA and
their peak currents in the mixture (black line) are the same as those of DA in H,SO, solution (green
line). It shows once again that detection of DA was realized, eliminating AA interference completely
[27], different from the previous reports based on the potential separations [28]. Therefore, the
presence of AA and UA can not cause an interference to the determination of DA even if the
concentration of AA is 10 times higher than that of DA. These results indicate that the selective and
sensitive determination of DA can be achieved on the nano-copper-MWCNT/GCE.
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Figure 7. CVs of the nano-copper-MWCNT/GCE in 0.06 M H,SO, including 390 uM AA+39 uM
UA+39 uM DA (black), 39 uM DA (green), 390 uM AA (red) and 39 uM UA (blue),
respectively. Scan rate: 100 mV s™
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3.5. Determination of DA in nano-copper-MWCNT/GCE

Fig. 8A shows that the oxidation peak current of DA increases linearly with the increase of DA
concentration. Good linear relationship was observed from 0.1 to 156.0 uM (R? = 0.9982) in Fig. 8B.
The linear equation was Ipa (LA) = 2.1827 + 3.7866Cpa (uM). The detection limit of DA was 0.05 uM.
To characterize the reproducibility of the nano-copper-MWCNT/GCE, several measurements were
carried out in the solution containing 39 uM DA. It was found that the relative standard deviation
(RSD) of voltammetric responses was only 1.5% when repeating this determination of DA for 5 times
on the nano-copper-MWCNT/GCE. The result shows that the modified electrode has the excellent
reproducibility of the sensor for determination of DA.
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Figure 8. (A) CVs of nano-copper-MWCNT/GCE in 0.06 M H,SO, with different DA concentrations:
(a) 0; (b) 0.05; (c) 0.10; (d) 1.17;(e) 3.9; (f) 7.8; (g) 19.5, (h) 39; (i) 58.5; (j) 78; (k) 97.5; (I)
117; (m) 136.5; (n) 156 uM. (B) The plots of the oxidation peak currents of DA vs DA
concentrations. Scan rate: 100 mV s™
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3.6. Sample Analysis

3.6.1. Determination of DA in medical samples

The accuracy of the proposed cyclic voltammetry was evaluated by the analysis of two samples
of dopamine injectable formulations on the nano-copper-MWCNT/GCE. 5 puL of dopamine
hydrochloride injection was added into 30 mL H,SO, (0.06 M) solution, and a standard addition
method was applied to measure the accuracy. The test values of the DA concentration and the reported
DA amounts in the injections are shown in Table 1. Therefore, DA of the real samples can be
accurately detected by the proposed method.

Table 1. Results of the determination of DA in the injection using nano-copper-MWCNT/GCE.

1 20.3 22.00 22.2 100.9
2 20.7 22.00 221 100.5
20.0 mg DA

3.6.2. Determination of DA in biological samples

The practical analytical utility of the nano-copper-MWCNT/GCE is illustrated by the
quantitative determination of DA in biological fluids without any pretreatment. The sample to be
detected was prepared as follows, a little different from the literature [26]: the supporting electrolyte of
fresh urine sample from the healthy volunteer was diluted for 50 fold by 0.06 M H,SO,4. When DA was
detected in the real biological sample, AA and UA with the same concentration of 100 uM were
dissolved in the supporting electrolyte to gain the synthesized biology sample. The nano-copper-
MWCNT composite electrode was successfully applied for the determination of DA in human urine.
The acceptable recovery date is shown in Table 2. The good recoveries of the synthesized biology
samples indicate the successful applicability of the proposed method to determination of DA and the
presence of AA and UA does not interfere in its detection.

Table 2. Results of the determination of DA in synthesized biological samples using nano-copper -

MWCNT/GCE.
- Samples Added DA (uM) Obtained DA (uM) Recovery (%) |
1 22.0 21.80 99.1
2 22.0 22.12 100.5

4. CONCLUSIONS

In this study, the Cu nanoparticle-modified MWCNT glassy carbon electrode was prepared by
the electro-deposition method. The TEM shows that Cu nanoparticles were dispersed inside and
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outsidle MWCNTSs. The deposition of Cu nanoparticles inside MWCNTs obviously inhibits the
oxidation dissolution of Cu nanoparticles so that its accumulation occurs in the cycles. The copper
nanoparticles on MWCNTSs can greatly promote the catalytic oxidation of dopamine through providing
the oxygen-containing species and the presence of dopamine is in turn beneficial to the deposition of
Cu nanoparticles, indicating that there is an obvious mutual catalytic action between Cu nanoparticles
and DA. Therefore, the nano-copper-MWCNT-modified glassy carbon electrode has high
electrochemical activity and selectivity towards dopamine oxidation compared to MWCNT-modified
glassy carbon electrode in 0.06 M H,SO,4. The linear range of DA determination is from 0.1 to 156.0
uM and the sensitivity is 3.786 pA uM™. It was demonstrated that the accurate determination of
dopamine can be achieved in the presence of ascorbic acid and uric acid even if the concentration of
ascorbic acid exceeded that of dopamine by 10 times.
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