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A B S T R A C T   

Dopamine is a chemical that plays a key role in various neurological diseases such as Parkinson’s, depression, 
and some types of cancer. Hence, sensitive detection methods of dopamine are necessary for early discernment of 
diseases related to abnormal levels. In this study, Cu doped ZnO (Cu/ZnO) nanostructures, immobilized onto the 
surface of glassy carbon electrode (GCE), have been investigated as a highly efficient electrode material for the 
electrochemical detection of dopamine (DA). A simple hydrothermal process was used for the synthesis of the 
ZnO and Cu/ZnO nanostructures. Detailed characterization revealed that addition of Cu on the ZnO changed the 
morphology of ZnO creating a highly microporous nanostructure. The electrochemical response of DA on the Cu/ 
ZnO/GC electrodes, determined using cyclic voltammetry (CV) and differential pulsed voltammetry (DPV), 
indicated that on these materials it is possible to achieve lower over-potentials for the DA oxidation and higher 
catalytic activity. Furthermore, the GCE modified with 50 % Cu doped ZnO showed the most promising per-
formance with high stability in wide range of pH values (2–8 pH), and linear response for DA from 0.1–20 μM 
with high sensitivity of 2630 nA/μM and detection limit as low as 55 nM. The analytical performance of the 
developed sensor showed its potential capability for the DA quantification in complex biological systems.   

1. Introduction 

Dopamine (DA) is one of the brain’s neurotransmitters that ferries 
information between neurons [1–3]. Consequently, abnormal DA levels 
result in some neurological disorders such as schizophrenia and Par-
kinson’s disease [4,5]. Therefore, for the detection of DA, various 
techniques have been used such as photospectrometry, chromatography 
and mass spectrometry [6]. However, the electrochemical technique is 
preferred due to its easy and low cost utilization, high sensitivity, time 
effectiveness, and low detection limit [7,8]. 

One of the challenges in detecting DA by electrochemical method is 
the proximity of its oxidation potential to some other biological com-
pounds, such as ascorbic acid (AA) and uric acid (UA), and another one 
is contamination of the electrode surface due to the adsorption of 
oxidation products. As a result, the electrode’s efficiency is reduced in 
detection [9,10]. Therefore, in order to overcome this problem, it is 
better to use the modified electrodes. The advantages of modified 
electrode surfaces can be noted: transfer of the improving physical and 

chemical properties of the modifier to the electrode, more electrical 
activity due to the use of materials with a large surface area and proving 
higher selectivity in detection. Thus, greater sensitivity and selectivity 
can be achieved by the use of modified electrodes [11,12]. 

The factors influencing the modified electrode response can include 
the nature of the modifier material, the method of modifier synthesis, 
the electrode coating mechanism and the use of intermediates, and the 
nature of the sample matrix. Glassy carbon electrode (GCE) is one of the 
most commonly used electrodes to modify because it provides a wide 
potential window and is chemically stable. GCE was mostly used as 
modified electrode substrate for biosensing of DA as compared to Pt, 
graphite and gold electrode [13–15]. 

Today, application of metal oxide nanoparticles as the electrode 
modifier instead of their bulk materials are particularly noteworthy due 
to the major advantages, including cost effective, enhanced electron 
transfer kinetics, higher specific surface area, and higher electrocatalytic 
activity, and selectivity [15]. 

Among these metal oxides, nanostructured ZnO has been extensively 
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used as the electrode modifier due to specific properties including high 
surface area, thermal stability, the biocompatible nature, wide band 
gap, and fast electron transfer kinetics. Moreover, higher surface area of 
this material makes it very effective for the adsorption of analytes like 
DA [16–19]. 

Notably, there are some studies on hybrid nanostructures of ZnO that 
showed higher catalytic activity and fast electron transfer ability to the 
supporting electrodes [20–22], properties that are essential for high 
sensitivity and accuracy of the sensor. Besides ZnO, copper have been 
well-studied as an efficient catalytic material in applications as diverse 
as selective oxidation of hydrocarbons [23,24], methanol synthesis [25, 
26], electrochemical sensing [27–29], photocatalysis [30]. These base 
metal oxides are inexpensive and their synthesize protocols involve mild 
reaction conditions that facilitate scaling-up the fabrication, while pre-
serving the high tunability of their electrochemical and catalytic activ-
ity, selectivity and stability [31,32]. While the work conducted on 
ZnO-based electrodes for dopamine detection (DA) has led to signifi-
cant advancements, these materials have shown low sensitivity (see 
Table 1) 0.09–317.8 nA/μM. This is a relevant issue as the normal 
extracellular concentration of DA ranges from 10− 5 to 10-3 mM in 
healthy individuals [16,18,33–35]. Thus, new synthesis strategies and 
hybrid material compositions are needed to enable practical imple-
mentation of these electrodes in DA electrochemical sensing. 

To tackle this challenge, we have synthesized ZnO and Cu doped ZnO 
nanostructures on Glassy Carbon Electrode (GCE) by a simple hydro-
thermal crystallization method at low temperature. Our results indicate 
that these nanostructures have extremely high sensitivity and stability 
with low detection limit towards DA. The sensor is fabricated easily, cost 
effective, and could be used for usual determining of DA in biological 
systems. 

2. Experimental 

2.1. Materials and reagents 

All materials utilized in present work were of analytical reagent 
grade from Merck. A prepared stock solution of Britton–Robinson (BR) 
buffer comprising 0.04 M of glacial acetic acid, orthophosphoric acid 
and boric acid was employed as the supporting electrolyte in voltam-
metric experiments. 0.1 M NaOH solution was used for adjusting the pH 
of burred solutions. 

2.2. Apparatus 

Voltammetric tests were performed by a SAMA 500 electroanalyzer 
system, I. R. Iran. An electrochemical cell was used with a glassy carbon 
working electrode (d =2.0 mm, received from Azar Electrode Co., 
Urmia, I.R. Iran), saturated calomel reference electrode (SCE) and a Pt 
rod auxiliary electrode. Other employed instruments for pH measure-
ment, modifier suspension preparation and characterization of the 
synthesized materials were as reported in our previous work [36]. 

2.3. Synthesis and characterization of nanomaterials 

According to our previous research, ZnO and Cu doped ZnO struc-
tures were prepared by hydrothermal method and the concentration of 
Cu dopants was 15 % and 50 % of Zn (mole ratio of dopant to Zn is 15 
and 50 %, respectively). 5 mmol Zn(Ac)2.2H2O and 10 mmol ribose were 
dissolved in 50 ml distilled water, were mixed and the stirring was 
continued for 30 min at room temperature. After stirring, adequate 
mmol of cupric acetate added to solution and again stirred for 30 min. 
After that time, 10 mmol NaOH added to solution. The achieved solution 
was then transferred to Teflon lined autoclave, and sealed and heated up 
to 90 ◦C for 2 h. After completion of the reaction, the autoclave was 
allowed to cool at room temperature followed by washing with water 
serially and dried at room temperature. The samples before and after 

doping with mole ratio of dopant to Zn, 15 and 50 %, were donated as 
ZnO, 15-Cu/ZnO and 50-Cu/ZnO, respectively. The morphology and 
size of the products were characterized by scanning electron microscopy 
(SEM Holland Philips XL30). The crystalline phase was determined by 
powder X-ray diffraction (XRD using the Cu Kα wavelength of 1.5405Å). 
The ultraviolet–visible (UV–vis) absorption spectra were measured on a 
spectrophotometer (Rayleig). 

2.4. Preparation of modified electrode 

Initially, the GCE electrode was sonicated for 8 min in distilled water 
and then polished with slurry of the 0.05 μm alumina powder to make 
the surface of the electrode completely polished and mirrored. To be 
ensured that the GCE surface is cleaned, it is consecutive cycled in the 
electrolyte solution until obtained low and stable background current. 
Suspension of each nanoparticle was prepared by dissolving 3 mg of the 
synthesized nanoparticles in mixture solution of 1 ml water and 2 ml 
DMF and stirred for 60 min. Then, required microliter of the prepared 
suspensions was drop casted onto the GCE surface and let dry in an oven 
at 65 ◦C for 10 min. 

3. Result and discussion 

3.1. Characterization of the synthesized nanostructures 

In this study, we develop a simple and green route to synthesize the 
ZnO, 15-Cu/ZnO and 50-Cu/ZnO nanostructures via hydrothermal, 

Fig. 1. XRD of the samples.  
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using zinc acetate, NaOH as precursors, cupper acetate as dopants, H2O 
as solvent and ribose as template at low temperature. We employed an 
environmentally friendly synthesis technique. 

In order to determine the crystalline structures of the nanostructures, 
X-ray diffraction (XRD) is performed. Fig. 1 shows the XRD patterns of 
the ZnO, 15-Cu/ZnO and 50-Cu/ZnO nanostructures. As shown in 
Fig. 1a, XRD patterns of the ZnO are correspond to wurtzite hexagonal 
phase of ZnO in accordance with the JCDPS card 36-1451. Fig. 1b shows 
XRD patterns of 15-Cu/ZnO sample. No reflections characteristic related 
to Cu and other impurities is observed in its patterns. It is may be due to 
replacement of Cu ions in the lattice of ZnO or formed Cu crystallites are 
too small to be detected via XRD [37]. Moreover, with addition of Cu, 
intensity of the diffraction peaks decreases, indicating formation of 
smaller crystallites size. 

While, when the molar ratio of Cu/Zn is 50 % in the reaction system, 
the XRD patterns contain diffraction peaks from both wortzite ZnO and 
monoclinic CuO. As shown in Fig. 1c, planes at 2-thetha degree at 35.5◦

and 38.7◦ are belonged to (11̄ı) and (111), respectively. These peaks 

confirm that the 50-Cu/ZnO nanostructure contains CuO with mono-
clinic structure beside wortzite ZnO. 

Fig. 2 shows the typical SEM images of the synthesized structures 
with using different ratio of Cu. As shown in this Fig. without using any 
dopands, ZnO structures with single phase hexagonally plate ZnO 
microstructure morphology obtained (Fig. 2a) [38]. Diameter and 
widths of these hexagonal plates are in range of 400− 1200 nm and 
~250 nm, respectively. 

Incorporating copper acetate in a molar ratio of 15 % in the reaction 
system results in the products relatively uniform roundlet sheets 
(Fig. 2b), which comprise of numerous nanoparticles (Fig. 2c). The di-
ameters and widths of these roundlet sheets are in range of 300− 500 nm 
and ~30− 50 nm, respectively. Notably, by increasing further the copper 
acetate in the reaction system to 50 %, highly porous nanostructures 
were obtained (Fig. 2d and 2f). 

The characterization of the chemical composition of the different 
catalysts was studied by Energy Dispersive X-rays spectroscopy (EDX) 
(see Fig. 3). While this technique allows detailed characterization of 

Fig. 2. SEM images of a) ZnO, b) 15- Cu/ZnO, c) 50- Cu/ZnO at low magnification, and d) 15- Cu/ZnO and e) 50- Cu/ZnO samples at higher magnification.  
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nanostructure materials when combined with Scanning Electron Mi-
croscopy (SEM), the atomic composition results obtained are strongly 
influenced by the penetration depth of the incoming X-rays in the 
inspected region of the sample [39]. Thus, this is often regarded as a 

semi-quantitative method for chemical composition analysis at 
nano-scales. As it can be noted in Fig. 3a, in the ZnO sample the peaks 
corresponding to the Zn and O K-electronic transition are observed 
together with the gold overcoating employed to increase the sample 
electrical conductivity and avoid surface charging. Upon addition of Cu 
in system, the K-transition of the Cu atoms are observed. The atomic 
composition analysis reveals an increase of the Cu content from 2.9 to 35 
% for the 15-Cu/ZnO and 50-Cu/ZnO samples, respectively (Figs. 3b and 
3c). The deviations in the Cu atomic content could be attributed to the 
heterogeneity of the samples, in which spatial overlap between CuO 
phases embedded on ZnO matrix result in large deviations from the real 
compositions. 

Fig.4 shows the schematic diagram of the growth mechanism of our 
synthesized materials based on the SEM and XRD results. According to 
our previous research [36], when zinc acetate is mixed with NaOH, Zn 
(OH)2 precipitates are formed. In higher concentration of NaOH, some of 
the insoluble Zn(OH)2 will transform to soluble [Zn(OH)4]2− ions. Zn 
(OH)2 and [Zn(OH)4]2− are responsible for the homogeneous nucleation 
and crystal growth of ZnO, respectively. Moreover, the presence of 
ribose as the template in the reaction system modifies the behavior of the 
− OH- by increasing the adsorption of these ions instead of the [Zn(OH) 
4]2− ions. Since OH- ions prefer to adhere to the polar faces of the (001) 
crystal with respect to the nonpolar faces (100), shielding of the polar 
faces occurs [37,38]. As a result, preferential crystal growth in the [100] 
direction occurs leading to ZnO with hexagonally plate morphology. 

Upon addition of copper acetate in reaction system, dissolved Cu+2 

ions form intermediate [Cu(OH)2] aggregates. These aggregates change 
the availability of the hydroxyl groups on the surface of the growing ZnO 
core. In this case, the nucleation rate is fast, while the crystal growth rate 
is slow. So, particles with relatively small size are obtained. With 
increasing concentrations of copper acetate in reaction system (molar 
ratio of Cu/Zn is 50 %), the nucleation rate is faster and CuO nano-
structures protruded on the ZnO nanostructures (Fig. 4). 

3.2. Electrochemical characterization of prepared electrodes 

At first, the effective surface area of the bare GCE and the GCE 
modified with ZnO, 15-Cu/ZnO and 50-Cu/ZnO nano-compounds was 
evaluated. The CV response of mentioned electrodes was compared in a 
0.1 M KCl solution containing 1 mM K3Fe(CN)6. Obtained results 
showed that the effective surface area of the GCE was increased after 
covering its surface with synthesized ZnO nanostructures. Then, we 
evaluated the impedance changes of the bare electrode after 

Fig. 4. Proposed mechanism for the formation of the nanostructures.  

Fig. 3. EDX of the samples.  

A. Anaraki Firooz et al.                                                                                                                                                                                                                       



Materials Today Communications 26 (2021) 101716

5

modification with synthesized ZnO based nanostructures using electro-
chemical impedance spectroscopy (EIS). Fig. 5A shows the Nyquist plots 
of 1.0 mM K3[Fe(CN)6]/ K4[Fe(CN)6] as redox probe at the as prepared 
GCE modified with nano ZnO, 15-Cu/ZnO and 50-Cu/ZnO. A very large 
semicircle with a diameter of about 20 KΩ was obtained at ZnO/GCE, 
15-Cu/ZnO/GCE revealing high resistances of the semi conductive nano 
ZnO materials, which restrict the charge transfer process at the interface 
of electrode surface-solution. Meanwhile, after electrochemically acti-
vating the prepared modified electrodes by applying successive CVs in 
alkaline solution the semicircle vanishes significantly, Fig. 5B and C. 
This observation reveals the enhancement of electrical conductivity of 
the ZnO based modified GCEs, which are more suitable for electro- 
analytical purposes. 

3.3. The influence of pH 

The CV response of 100 μM DA buffered solutions with various pH in 

the range of 2–8 was recorded, Fig. 6A. As shown in Figs. 6B and 6C, by 
increasing the pH of buffer solution the oxidation and reduction peaks 
potential of DA were negatively shifted, revealing the involvement of 
proton ions in the redox reaction of DA at ZnO/GCE.  

Ep,a = – 0.047 pH + 0.554(R2 = 0.998, Ep,a: V)                                    (1)  

Ep,c = – 0.050 pH + 0.504(R2 = 0.998, Ep,c: V)                                   (2) 

The Ep,a and Ep,c were displaced linearly according to the Eq. (1) and (2). 
The slopes of -0.047 and -0.050 V/pH demonstrate involvement of two- 
protons and two-electrons in redox reaction of DA at ZnO/GCE. Fig. 7, 
shows the graphical representation of the mechanism for electro-
chemical oxidation of DA at modified Cu/ZnO/GCE, which is consistent 
with previous literatures [40,41]. 

The redox peak currents of DA were varied in evaluated pH range 
with maximum values obtained at pH 3. It is worthy to mention that DA 
undergoes self-polymerization in alkaline environment in the presence 

Fig. 6. (A) CVs of 100 μM DA on ZnO/GCE in solutions with different pHs (2–8). Plots of (B) Ep,a and Ip,a and (C) Ep,c and Ip,c vs. pH; scan rate was 100 mV/s.  

Fig. 5. Nyquist plots (Z′′ vs. Z′) for the EIS measurements in 1.0 mM K3[Fe(CN)6]/ K4[Fe(CN)6] for (A) as prepared and (B) activated ZnO/GCE (▴)15-Cu/ZnO/GCE 
(◼) and 50-Cu/ZnO/GCE (•) in 0.1 M NaOH solution by 20 successive CV scan. (C) Magnification of the high frequency part of the impedance spectra in (B). 
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of oxygen, so the neutral and acidic solution of DA are more stable. In 
addition, in case of DA oxidation, the Michael addition process is taking 
place at DA solution with pH value higher than its pKa and the mecha-
nism of the redox reaction changes from simple electrochemical 
reversible process to the Electrochemical-Chemical-Electrochemical 
(ECE) mechanism. 

3.4. Study of the electrochemical behavior of DA 

The CV and DPV responses of prepared electrodes, after activation in 
alkaline solution, towards 100 μM DA in BR buffered solution of pH 7 
were shown in Fig. 8A and C. A broad difference was observed for the 
anodic and cathodic peaks potential of DA with small peak currents at 
GCE. Meanwhile, a substantial negative and positive shift was observed 
for the oxidation and reduction peaks of DA, respectively, at the modi-
fied electrodes confirming the reduction of over-potential of redox re-
action of DA due to electrocatalytic effect of the synthesized ZnO based 

Fig. 7. Proposed mechanism for DA electro-oxidation at 50-Cu/ZnO/GCE in 
pH 2.0. 

Fig. 8. CVs (A) and DPVs (C) of 100 μM DA at (a) bare GCE, (b) ZnO/GCE, (c) 15-Cu/ZnO/GCE and (d) 50-Cu/ZnO/GCE; all electrodes were electro-activated in 
alkaline solution before testing in DA solution. (B) CVs of 100 μM DA at 50-Cu/ZnO/GCE before (a) and after electro-activation (b); in 0.04 M BR buffer solution (pH 
2.0) scan rate 100 mV s− 1. (D) Two successive DPVs for 50-Cu/ZnO/GCE after electro-activation in 100 μM DA in 0.04 M BR buffer solution of (a and b) pH 2.0 and (c, 
d) pH 7.0. 
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nano-materials [42]. The increment observation of the redox peaks 
current of DA at ZnO/GCE, 15-Cu/ZnO/GCE and 50-Cu/ZnO/GCE 
compared to the bare GCE, reveals the enhancement of the effective 
surface area. 

The obtained results demonstrate that by doping the Cu in the 
structure of the nano-ZnO, the over-potentials of the DA oxidation 
decreased confirming the effective electro-catalytic effect of Cu dopant. 
In comparison to ZnO/GCE, the Cu doped ZnO modified GCEs showed 
higher peak currents. The increasing the Cu doping percentage from 15 
to 50 % led to enhancement of DA oxidation peak current from 25.42 to 
29.55 μA in CV test and 93.84–1123.3 in DPV test. Therefore, it can be 
concluded that doping of Cu in ZnO nano-structure enhances its electro- 
catalytic role. Notably, the SEM images of the synthesized nano- 
structures showed a porous morphology for 50-Cu/ZnO that reveals its 
high effective surface area. Therefore, the 50-Cu/ZnO/GCE was chosen 
for further investigations. 

Fig. 8B shows the recorded CVs of as prepared 50-Cu/ZnO/GCE and 

after its activation in alkaline solution in 100 μM DA solution of pH 2. An 
irreversible redox peaks were observed for DA electrochemical oxida-
tion at inactivated 50-Cu/ZnO/GCE for which ΔEp of 520 mV and Ip,c/Ip,a 
of 0.3 were obtained, which are lower than those observed in case of 
bare GCE. However, the cycling the as prepared 50-Cu/ZnO/GCE in 
0.1 M alkaline solution effectively activated the electrode surface after 
which the ΔEp of DA redox peaks was significantly reduced to 50 mV and 
Ip,c/Ip,a increased to 0.83. These observations revealed that we must 
activate the GCE modified with ZnO based nanostructures in alkaline 
solution before performing main voltammetric experiments to enhance 
its electrocalytic activity. 

Fig. 8D shows the two successive DPVs recorded in 100 μM DA so-
lution of pH 2 and 7 using 50-Cu/ZnO/GCE without cleaning the elec-
trode surface between runs. While the variation of the DA oxidation 
peak current was less than 1.8 % in buffered solution of pH 2.0, more 
than 8.4 % reduction of DA peak current was observed in in buffered 
solution of pH 7.0. Moreover, for the DPVs of 100 μM DA recorded in 

Fig. 9. (A) CVs of 100 μM DA at 50-Cu/ZnO/GCE at different scan rates in 0.04 M BR solution (pH 2.0). The plot of (B) Ip,a (•) and Ip,c (◼) versus ʋ0.5 and (C) Log Ip,a 
versus Log (ʋ). 
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buffered solution of pH 2.0 and 7.0, the width at half-height of oxidation 
peak was about 80 and 140 mV, respectively. Notably, the narrower 
peaks provide measurements that are more sensitive and interference 
free in real samples containing various compounds. In conclusion, for 
DA analysis using the 50-Cu/ZnO/GCE, the buffered solutions with 
lower pH are more favorable due to higher repeatability and stability of 
the voltammograms. 

3.5. Effect of the potential scan rate 

The CVs of 100 μM DA were recorded at various sweep rates in the 
range of 0.025 to 0.4 mV to find the nature of its redox process on the 
surface of 50-Cu/ZnO/GCE, Fig. 9A. Fig. 9B shows that the anodic and 
cathodic peak currents varied linearly with the square root of scan rate. 
Also, good linear relationship was observed between logarithm of peak 
current and logarithm of scan rate with the slop of 0.59, Fig. 9C, 
revealing that the redox reaction of DA is mainly controlled by diffusion 
of target analyte towards the 50-Cu/ZnO/GCE surface with a small 
contribution of adsorption process. Also, the both oxidation and 
reduction peaks of DA were observed in the all range of evaluated scan 
rates for which the Ip,c/Ip,a was about 0.8 to 0.89 with the average value 
of 0.84. The peaks potential was almost constant and did not shifted by 
changing scan rate that confirms the completely reversible process for 
the DA oxidation in the buffered solution of pH 2 on the surface of 50- 
Cu/ZnO/GCE. 

3.6. Voltammetric determinations 

As a powerful technique, DPV was employed for the analysis of 
different concentrations of DA using 50-Cu/ZnO/GCE, Fig. 10A. The 
resulted calibration plot showed a linear relationship between the 
oxidation peak current (Ip,a) and DA concentration (C) over linear dy-
namic range of 0.1–20 μM, Eq. 3, Fig. 10B. The DA concentration of 
55 nM was obtained as the detection limit (S/N = 3). Also, the response 
stability and repeatability of the 50-Cu/ZnO/GCE were examined using 
DPV technique. The repeatability of the fabricated modified electrode 
was tested through recording five sequential DPVs using a same 50-Cu/ 
ZnO/GCE in a 5.0 μM DA solution. The amount of 3.8 % was obtained for 
relative standard deviation of the peak currents of obtained DPVs. Also, 
the 50-Cu/nO/GCE retained more than 94 % of its voltammetric 
response after two weeks storing in room temperature at the laboratory. 
The stability of the 50-Cu/ZnO nanomaterial helped to reach a stable 
sensor that can be stored in the room condition for a long time, without 
the need for any special consideration. In addition, the developed sensor 

was examined for the analysis real samples such as human serum and the 
obtained results did not show sensible deviation from the standard so-
lutions of DA. Regarding the simplicity of the electrode modification 
process, (drop casting of the modifier suspension), the reproducibility of 
the electrode construction was desirable for which a maximum of 5 % 
relative standard deviation in peak current was obtained for DA solu-
tions of 5.0 μM. These results confirm the acceptable repeatability and 
stability of the fabricated modified electrode that can be used for ac-
curate analysis of DA in the real samples.  

Ip,a (μA) = 2.63 CDA (μM) + 0.063(R2 = 0.997)                                   (3) 

The obtained analytical parameters such as sensitivity, detection 
limit and linear range of the presented sensor towards the determination 
of DA are compared with earlier reported literature as given in Table 1. 
From the literature results, it can be observed that the proposed Cu/ZnO 
sensor showed good comparable analytical parameters than the re-
ported dopamine sensors. It may be attributed to the excellent electro-
catalytic activity of the present sensor for high sensitivity and stability in 
a wide range pH. 

The obtained analytical parameters such as sensitivity, detection 
limit and linear range of the herein described sensor for determination of 
DA are compared with earlier reported literature as given in Table 1. 
Here, it can be observed that our Cu/ZnO sensor showed similar linear 
response ranges, and detection limits as other non-enzymatic sensors for 
electrochemical detection of DA. Notably, the Cu/ZnO/GCE presented 
here showed excellent electrocatalytic activity, leading to high sensi-
tivity and stability in a wide range of pH values (e.g. 2–8). The high 

Fig. 10. (A) DPVs for various concentrations of DA in the range of (down to up) 0.1–20 μM in 0.04 M BR solution (pH 2.0), (B) The linear calibration plot of Ip,a 
versus DA concentration, for 50-Cu/ZnO/GCE. 

Table 1 
Linear sensing range, sensitivity, and detection limit of recent dopamine sensors.  

Sensor Linear range 
(μM) 

Sensitivity 
(nA/μM) 

Detection 
limit (μM) 

Ref. 

ZnO/CuO 
composition 

1.0–8000 0.09 1.0 [32] 

GCE/PANI-ZnO 0.2–2.4 78 0.016 [16] 
ZnO–RGO/GCE 0.1–100 317.8 0.063 [33]  

200–1800 28.6   
CsZnO–PANI/ 

GCE 
20–180 13 0.21 [34] 

PWA–ZnO NFs/ 
Pt 

0.19–450 62.36 0.089 [35] 

ZnO/carbon 
nanofiber 

4–20 – 0.402 [18] 

Cu/ZnO/GCE 0.1–20 2630 0.055 In this 
work  
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sensitivity observed (2630 nA/mM) greatly outperformed previously 
reported electrodes (0.09–317.8 nA/mM). Here, we believe that the 
modification of the GCE surface using ZnO is helpful in eliminating the 
interfering species as well as improving the Faradaic response of desired 
analyte, while increasing the active surface area. In this case, the simple 
drop casting of the 50-Cu/ZnO suspension on the GCE surface creates 
additional electrochemical active surface area (EASA) that enhances the 
intrinsic activity of the sensor. This phenomenon originates from the 
nano nature, where smaller amount of finer particle size can increase the 
number of surface particles exposed to the reaction. Notably, intro-
ducing the Cu doped-ZnO nanomaterial to the GCE surface not only 
increased the EASA, but also facilitated the diffusion process of the 
analytes toward electrode surface where the redox reaction occurs. 
Similar observations have been reported when micro-structured carbon- 
nanotubes electrodes have been employed for electrochemical detection 
of hydrogen peroxide in aqueous environments [43]. In addition, the 
shift of redox peak potentials of DA to less positive values when using the 
50-Cu/ZnO/GCE electrode indicate a decrease in difference between the 
oxidation and reduction peak potentials (ΔEp) compared to the bare 
GCE, which is highly beneficial. That is the larger the shift in peak po-
tential indicates the faster charge transfer from DA to the electrode. 
Notably, the electrochemical activation of the 50-Cu/ZnO/GCE in 
alkaline solution by sweeping potential, significantly improved the DA 
oxidation (Fig. 5). The higher catalytic activity observed after activation 
may be due to the formation of droxyl functional groups on the 
50-Cu/ZnO surface that facilitate the DA interaction with electrode 
surface. The oxidation of DA at lower potential on 50-Cu/ZnO/GCE 
improved the sensing selectivity and helped to overcome the potential 
interference of other electroactive biomolecules present in real samples. 
Moreover, the choice of electrochemical technique for the analysis can 
influence the sensor selectivity. Here, DPV was selected to aid in 
discriminating the DA oxidation peak from possible interferences. 

4. Conclusion 

In this study, we developed a highly sensitive DA sensor based on Cu/ 
ZnO composites. These composites were synthesized by a green and 
simple hydrothermal method and characterized by XRD and SEM. 
Addition of Cu on ZnO structures changes the morphology and elec-
trochemical response to DA. The fabricated sensor by incorporating the 
Cu/ZnO powders on GCE showed high sensitivity, broad linear region, 
good stability, reproducibility and repeatability. The sensor is easily 
fabricated by cost effective procedure and could be used for usual 
determining of DA in biological systems. The desirable sensing perfor-
mance of the Cu/ZnO nanostructures toward DA electro-oxidation 
revealed the potential of the nonprecious metal oxides specially their 
hybrids for utilization as a suitable candidate for development of elec-
trochemical biosensors for medical diagnostic purposes. 
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