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Abstract 

Based on the Au nanoparticles-ZnO nanocone arrays/graphene foam electrode, a 

novel dopamine biosensor was successfully developed. Graphene foam was 

synthesized by chemical vapor deposition, ZnO nanocone arrays were grown on its 

surface by a hydrothermal method and Au nanoparticles with carboxyl groups were 

self-assembled onto the ZnO nanocone arrays to obtain Au nanoparticles-ZnO 

nanocone arrays/graphene foam electrode. The result indicates that the prepared 

electrode has a high sensitivity (4.36 μA μM-1) and low limit of detection (0.04 μM, 

S/N=3) for the detection of dopamine. The prepared electrode also exhibits an 

excellent selectivity under the interference of uric acid, good repeatability and 

stability. The prepared sensor has been successfully applied in real samples and has a 

great potential to be used in the field of medical and health. 
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1. Introduction 

Dopamine (DA), a main member of catecholamine group, is widely found in the 

nervous system, kidneys and cardiovascular [1, 2]. In the human body, a variety of 

diseases will appear if the content of DA is not in the normal range [3-5]. For example, 

Parkinson's disease afflicts millions of elderly people due to insufficient dopamine 

levels [6]. Therefore, accurate detection of DA in human body has vital significance for 

the treatment and prevention of diseases.  

Recently, various techniques have been employed for the determination of DA, 

such as high performance liquid chromatography, fluorescence spectrometry and 

flow-injection chemiluminescence. However, longer pretreatment time and expensive 

equipment are not conducive to rapidly detect DA. Electrochemical method is a 

biomolecule detection method with fast, simple and high sensitivity. It is well known 

that it contains not only DA but also uric acid (UA) in human body [7-9]. Due to the 

close oxidation peak potential of DA and UA [10, 11], it is very important to avoid the 

effect of UA to the detection of DA. Some novel nanomaterial modified electrodes 

have been used to electrochemically detect DA. But low sensitivity and high limit of 

detection are associated with these modified electrodes, and the interference of other 

biomolecules should be researched more accurately. 3-dimensional graphene foam 

(GF) is the integration and assembly of 2D graphene [12-16], which not only inherits the 

excellent properties of graphene but also prevents the agglomeration of graphene. GF 

prepared by chemical vapor deposition (CVD) has attracted much attention due to its 

excellent properties (better stability and high conductivity) [17, 18], which make it a 
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good biosensor substrate material.  

However, the contact area of the GF with the solution is still small, which 

seriously affects the electrochemical properties the electrode material. It is also a 

major problem to limit the development of biosensors. Zinc oxide (ZnO) has received 

a wide attention due to its high catalytic performance, biocompatibility and good 

chemical stability under physiological conditions. Our previous research also proved 

that the combination of graphene and ZnO can achieve excellent electrochemical 

performance [17-20]. In different structure of ZnO, the ZnO nanocone arrays (NCAs) 

can provide more active sites for electrodes to adsorb biomolecules due to its 

well-defined and highly ordered structure, thereby exhibiting more excellent 

electrochemical performance [17]. However, the wide band gap (3.37 eV) limits its 

electrochemical performance [19-23]. Au nanoparticles with small-size effect, 

quantum-size effect, surface effect and enhanced electrochemical signal function 

become a hot topic in the fields of materials science and sensors [24-26]. Combining it 

with ZnO NCAs is expected to solve the problem of poor conductivity o f ZnO and 

obtain excellent electrode materials. 

In this paper,  a novel Au-ZnO NCAs/GF composite electrodes are designed for 

biosensor application. Firstly, nickel foam is used as a substrate to synthesize GF by 

CVD. Subsequently, ZnO NCAs were grown on its surface through hydrothermal 

synthesis. Finally, the Au nanoparticles are evenly self-assembled onto the ZnO NCAs 

surface to form Au-ZnO NCAs/GF electrode. The combination of Au nanoparticles, 

ZnO NCAs and GF has high conductivity and electrocatalysis properties, increases 
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contact area with the solution, and provides more active sites, thereby improving the 

electrochemical performance of the biosensor. Therefore, the Au-ZnO NCAs/GF 

electrode exhibits excellent sensitivity, reliable selectivity and stability for the 

determination of DA.  

2. Methods 

2.1 Reagents 

All argents were analytical grade and without further purification. Zinc acetate 

(Zn(CH3COO)2), methanol (CH3OH), hexamethylenetetramine (HMTA), zinc nitrate 

hexahydrate (Zn(NO3)2·6H2O) and ammonium hydroxide (NH3·H2O) were bought 

from Tianli Chemical Reagent (http://www.tianli-tj.com/). Au nanoparticles with 

carboxyl groups preserved in sodium citrate, potassium ferricyanide (K3Fe(CN)6), UA, 

DA and phosphate buffered saline (PBS) were bought from Sigma-Aldrich 

(https://www.sigmaaldrich.com/). Deionized (DI) water was obtained by a Water 

Purifier. ITO glass for preparation of electrodes was purchased from Zhuhai Kaivo 

Electronic Company. 

2.2 Fabrication of the Au-ZnO NCAs/GF electrode 

Nickel foam was used as a skeleton for the preparation of GF and the detailed 

process is shown in the previous report [27]. ZnO NCAs were grown on the GF by a 

hydrothermal method. Firstly, ITO glass is ultrasonically cleaned with ethanol, 

acetone and deionized water, respectively. GF with a size of ~ 1 cm  1 cm was 

transferred onto its surface. Zn(CH3COO)2 was completely dissolved in the methanol 

solution to prepare a seed layer solution (0.01M). Subsequently, the seed layer 
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solution was homogeneously dropped onto the surface of GF and calcined at 200°C 

for 1 h. Secondly, 0.05 M Zn(NO3)2·H2O, 0.05 M HMTA and 0.5 M NH3·H2O were 

dissolved in DI water (75 mL) to form a transparent hydrothermal solution. After that, 

the hydrothermal solution and GF covered by the seed layer were transferred to 100 

mL autoclave and heated at 100°C for 10 h. After natural cooling to room temperature, 

it was washed for several times with DI water and heat-treated at 450°C in Argon for 

1 h to obtain ZnO NCAs/GF. Finally, 50 μL Au nanoparticles with carboxyl groups 

were dissolved in 5 ml ethanol solution and uniformly dropped onto the surface of the 

ZnO NCAs/GF (50 μL per sample). And then, the prepared electrode was dried at 

160°C to obtain the Au-ZnO NCAs/GF electrode (Fig. S1a).  

2.3 Characterizations 

Scanning electron microscope (SEM, JSM 7000F, JEOL) was used to observe 

the morphologies of the Au-ZnO NCAs/GF. The energy dispersion X-ray spectrum 

(EDS) was used to investigate the element composition and elemental distribution of 

the Au-ZnO NCAs/GF. The crystal structure of the Au-ZnO NCAs/GF is analyzed by 

X-ray diffraction (XRD, Rigaku Rotaflex D/MAX diffractometer). At room 

temperature, the Raman spectrum (excited at 514 nm) was obtained from the 

micro-Raman system (Renishaw, RM-1000 In via).  

2.4 Electrochemical properties 

All electrochemical tests in this experiment were performed on an 

electrochemical workstation (VMP3, France) and the test was carried out in an 

electrochemical cell (Fig. S1b). Using a traditional three-electrode system, the 
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electrochemical performance of the prepared electrode was analyzed by cyclic 

voltammetry (CV) and differential pulse voltammetry (DPV). Electrochemical tests 

were performed in 0.01 M PBS solution at room temperature (pH=7.5). The measured 

plane area of the Au-ZnO NCAs/GF electrode was 0.7 cm2.  

3. Results and discussion 

3.1 Fabrication process and structural characterisitions of the Au-ZnO NCAs/GF 

Figure 1 shows the synthesis process schematic of the Au-ZnO NCAs/GF 

electrode and redox reactions of DA and UA on the electrode surface. GF was 

fabricated by CVD (Fig. 1a and d), and ZnO NCAs were grown on the GF by 

hydrothermal method (Fig. 1b and e). Afterwards, the Au nanoparticles with carboxyl 

groups dispersed in the ethanol were dropped onto the surface of the ZnO NCAs/GF  

to form the Au-ZnO NCAs/GF electrode (Fig. 1c and f). Based on previous reports[28, 

29], the reaction process of ZnO NCAs is as follows: 

  HCHONHOHNCH 646 32462             (1) 

  OHNHOHZnOOHNHZnNHOHZn 242

2

4332

2 42444 


   (2) 

The surface of ZnO NCAs prepared by hydrothermal synthesis carries a large 

amount of hydroxyl groups [30-32]. The combination of ZnO NCAs with hydroxyl 

groups and Au nanoparticles with carboxyl groups is shown in Fig. S2. The 

electrochemical reactions of DA and UA at the Au-ZnO NCAs/GF electrode are 

displayed in Fig. 1g. 

The SEM images and EDS results of the Au-ZnO NCAs/GF are exhibited in 

Figure 2. Fig. 2a-c show the SEM images of the prepared Au-ZnO NCAs/GF 
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electrode with different magnifications. It can be seen that the average pore size of the 

Au-ZnO NCAs/GF electrode is ~ 300 μm. The surface of GF is uniformly covered by 

ZnO NCAs with the length of ~ 500 nm. The prepared electrode contains C, O, Zn 

and Au elements (Fig. 2d). To further study the elemental distribution of electrode 

materials, elemental mapping is used (Fig. 2e- i). According to the elemental map, it is 

observed that the Au nanoparticles are homogeneously distributed on the ZnO 

NCAs/GF surface. 

Figure 3 exhibits the Raman spectrum of GF and XRD pattern of the Au-ZnO 

NCAs/GF electrode. Fig. 3a shows the Raman spectrum of GF prepared by CVD. It 

can be obviously observed that two main peaks are located at ~ 1582 and ~ 2725 cm-1, 

which are consistent with G and 2D bands of graphene. No obvious D band indicates 

that the prepared GF has few defects and high quality. The intensity ratio of the G 

band to the 2D band indicates that GF is composed of multilayered graphene. Fig. 3b 

shows XRD pattern of the Au-ZnO NCAs/GF electrode. There are obvious diffraction 

peaks at 2θ=26.4° and 54.6°, which can be indexed as crystal planes of (002) and (004) 

of graphite (JCPDS No. 75-1621). The crystal planes of (222), (400), (441) and (622)  

correspond to those of ITO (JCPDS  card No. 39-1058). The rest of the diffraction 

peaks are consisted with those of ZnO (JCPDS No. 36-1451). The Au nanoparticles 

content is small in the electrode, so they cannot be detected by XRD. Based on the 

above results, we can conclude that the Au-ZnO NCAs/GF electrode are successfully 

prepared. 

3.2 The Au-ZnO NCAs/GF electrode for electrochemical detection of DA and UA 
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DA and UA detections of the bare ITO electrode and the Au-ZnO NCAs/GF 

electrode by CV are shown in the Figure 4. The oxidation peak potentials of DA and 

UA are located at ~ 0.2 and 0.3 V, respectively. Compared with the bare electrode, the 

oxidation peak current of the Au-ZnO NCAs/GF electrode obviously improved. The 

possible reasons are as follows: (1) After uniformly droplet coating of Au 

nanoparticles with carboxyl groups, the Au-ZnO NCAs/GF electrode has a high 

electrical conductivity (Fig. S3) and electrocatalytic properties. (2) The Au-ZnO 

NCAs/GF electrode has a large electrochemical active area of 6.82 cm2 (Fig. S4). (3) 

The synergistic effect of Au nanoparticles, ZnO NCAs and GF further improves the 

electrochemical performance of the prepared electrode.  

The effect of different scan rates on the CV voltammograms of the Au-ZnO 

NCAs/GF electrode in 50 μM DA and UA was investigated, as shown in Figure 5. It 

can be seen that with the increase of scan rate (10-100 mV s-1), the redox peak 

currents of DA and UA increase (Fig. 5a and c). The equation of 

   05.065.147.329.2 DAI (R2=0.9953) and 

   03.064.068.116.6 UAI (R2=0.9928) indicates the linear relationship 

between the oxidation peak current of UA and DA and scan rate (ν), respectively (Fig. 

5b and d). So both the electrochemical oxidation reactions of DA and UA are 

adsorption-controlled processes. 

Compared with CV, the charging current of DPV has little influence on 

background current [33, 34], so DPV was chosen to investigate the effect of pH value on 

the electrochemical properties and obtain the sensitivity of the electrode more 
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accurately. 

Figure 6 shows the influence of pH value of PBS solution for the detection of 

DA biomolecules. In order to obtain the best pH value for detecting DA, the PBS 

solution containing 30 μM DA was investigated. NaOH and H3PO4 was used to adjust 

the pH value of the PBS solution. It shows that with the increase of pH value from 4.5 

to 8.5, and the oxidation peak current initially increases and later decreases (Fig. 6a-b). 

And the current response of the electrode is best at the pH value of 7.5, which is 

related to the biological activity. So all tests were performed at this pH value.  

Moreover, the oxidation peak potential of DA is negatively shifted with the increase 

of pH value. This indicates that protons have been involved in the electrode reaction. 

The linear fitting equation for pH value and oxidation peak potential of DA is as 

follows: pHEP 024.0329.0   (R2=0.9925) (Fig. 7c). This result indicates that the 

number of protons and electrons transferred are same during the oxidation process[12, 

35]. 

Figure 7 exhibits the DPV curves of the Au-ZnO NCAs/GF electrode in DA with 

a series of concentrations. With the improvement of DA concentration (0-80 μM), the 

oxidation peak current of DA increases (Fig. 7a). And the linear equation is 

    DADA CI 14.036.405.621.23  (R2=0.9934) (Fig. 7b). According to linear 

regression equation, we can conclude that the sensitivity of the Au-ZnO NCAs/GF 

electrode is 4.36 μA μM-1. The limit of detection (LOD) of the electrode is calculated 

according to formula of mSLOD b3 , where bS  (Fig. S5) stands for the standard 

deviation of blank signals and m stands for the analytical sensitivity, the calculated 
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LOD of the Au-ZnO NCAs/GF electrode is 0.04 μM (S/N=3). As shown in Table 1 

[36-41], the performance of the Au-ZnO NCAs/GF electrode are more excellent than 

that of the previous report. This can be explained that the large surface area with 

mesoporous ZnO NCAs and high conductivity 3D graphene foam to facilitate ion 

diffusion and transfer easily, and high active catalysic sites of Au nanoparticles on 

ZnO surface for high selectivity. 

Because human body fluid contains both DA and UA, so it is important to verify 

the selectivity of the prepared electrode in our experiment. Figure 8 reveals the DPV 

curves of the Au-ZnO NCAs/GF electrode in DA with a series of concentrations in the 

presence of 40 µM UA. It can be seen the oxidation peak current of DA increases 

linearly with increasing its concentration (Fig. 8a).  The linear regression equation is 

    DADA CI 14.029.409.654.10  (R2=0.9931) (Fig. 8b). It means that the 

presence of UA has no obvious effect on the detection of DA. 

3.3 Reproducibility and stability analysis 

Excellent reproducibility and stability are important performance indicators for 

biosensors. In this experiment, 40 μM DA was selected for research. Reproducibility 

of the Au-ZnO NCAs/GF electrodes was analyzed by relative standard deviation 

(RSD). According to the results of seven duplicative measurements, the RSD was 

only 0.73%, which indicated that the prepared electrode had a good reproducibility 

(Fig. 9a). The stability of the Au-ZnO NCAs/GF electrode was measured by the DPV 

experiment every two days in 40 μM DA. (Fig. 9b). Two weeks later, 98% of its 

original oxidation peak current of DA was retained, which indicated that the electrode 
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had a long-term stability.  

3.4 Analysis of real sample  

To investigate the application of the prepared electrode in real samples, human 

urine samples were used.  Before measurement,  urine was diluted 100-fold with 0.01 

M PBS. Table 2 shows the results of the experiment. The recovery of the prepared 

electrode ranges from 100.2% to 110.4%. The RSD ranges from 0.97% to 1.03%. The 

experimental results confirm that the Au-ZnO NCAs/GF electrode can be used for the 

detection of DA in actual human urine. 

4. Conclusions 

To sum up, we have successfully prepared the Au-ZnO NCAs/GF electrodes. 

ZnO NCAs with the length of ~ 500 nm were uniformly grown on the surface of 

porous GF with the pore size of ~ 300 μm. Au nanoparticles are homogeneously 

distributed on the ZnO NCAs. The sensitivity and LOD of the electrode for the 

detection of DA are 4.36 μA μM-1 and 0.04 μM, respectively. Besides, the selectivity, 

repeatability and stability of the electrode are excellent. All of these advantages make 

the electrode possible to be used in the field of medical and health. 

Acknowledgements  

We acknowledge the financial support from the fundamental research foundation 

for University of Heilongjiang province (LGYC2018JQ012) and the foundation for 

selected overseas Chinese Scholar, Ministry of porsonal of Heilongjiang province 

(2018383). 

References  

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

12 
 

1. Q. Baloach, A. Nafady, A. Tahira, Sirajuddin, S.T.H. Sherazi, T. Shaikh, et al. An 

amperometric sensitive dopamine biosensor based on novel copper oxide 

nanostructures, Microsyst. Technol. 23 (2016) 1229-1235. 

2. Z. Wang, H. Guo, R. Gui, H. Jin, J. Xia, F. Zhang, Simultaneous and selective 

measurement of dopamine and uric acid using glassy carbon electrodes modified with 

a complex of gold nanoparticles and multiwall carbon nanotubes. Sens. Actuators, B 

255 (2017) 2069-2077. 

3. S. Baluta, K. Malecha, D. Zając, J. Sołoducho, J. Cabaj, Dopamine sensing with 

fluorescence strategy based on low temperature co-fired ceramic technology modified 

with conducting polymers. Sens. Actuators, B 252 (2017) 803-812. 

4. W. Gao, L. Qi, Z. Liu, S. Majeed, S.A. Kitte, G. Xu, Efficient lucigenin/thiourea 

dioxide chemiluminescence system and its application for selective and sensitive 

dopamine detection. Sens. Actuators, B 238 (2017) 468-472. 

5. Y.R. Kim, S. Bong, Y.J. Kang, Y. Yang, R.K. Mahajan, J.S. Kim, et al, 

Electrochemical detection of dopamine in the presence of ascorbic acid using 

graphene modified electrodes. Biosens Bioelectron. 25 (2010) 2366-2369. 

6. F.A. Zucca, J. Segura-Aguilar, E. Ferrari, P. Muñoz, I. Paris, D. Sulzer, et al, 

Interactions of iron, dopamine and neuromelanin pathways in brain aging and 

Parkinson's disease. Prog. Neurobiol. 155 (2017) 96. 

7. J. Wang, B. Yang, J. Zhong, B. Yan, K. Zhang, C. Zhai, et al, Dopamine and uric 

acid electrochemical sensor based on a glassy carbon electrode modified with cubic 

Pd and reduced graphene oxide nanocomposite. J. Colloid. Interf. Sci. 497 (2017) 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

13 
 

172. 

8. Q. Li, C. Huo, K. Yi, L. Zhou, L. Su, X. Hou, Preparation of flake hexagonal BN 

and its application in electrochemical detection of ascorbic acid, dopamine and ur ic 

acid. Sens. Actuators, B 260 (2018) 346-356. 

9. Y. Li, Y. Jiang, Y. Song, Y. Li, S. Li, Simultaneous determination of dopamine 

and uric acid in the presence of ascorbic acid using a gold electrode modified with 

carboxylated graphene and silver nanocube functionalized polydopamine 

nanospheres. Microchim. Acta. 185 (2018) 382. 

10. K. Ghanbari, M. Moloudi, Flower- like ZnO decorated polyaniline/reduced 

graphene oxide nanocomposites for simultaneous determination of dopamine and uric 

acid. Anal Biochem. 512 (2016) 91-102. 

11. Z. Wang, H. Guo, R. Gui, H. Jin, J. Xia, F. Zhang, Simultaneous and selective 

measurement of dopamine and uric acid using glassy carbon electrodes modified with 

a complex of gold nanoparticles and multiwall carbon nanotubes. Sens. Actuators, B 

255 (2018) 2069-2077. 

12. A. Babaei, M. Sohrabi, A.R. Taheri, Highly sensitive simultaneous determination 

of l-dopa and paracetamol using a glassy carbon electrode modified with a composite 

of nickel hydroxide nanoparticles/multi-walled carbon nanotubes. J. Electroanal. 

Chem. 698 (2013) 45-51. 

13. H.S. Song, O.S. Kwon, J.H. Kim, J. Conde, N. Artzi, 3D hydrogel scaffold doped 

with 2D graphene materials for biosensors and bioelectronics. Biosens. Bioelectron. 

89 (2017) 187-200. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

14 
 

14. S.S. Patil, D.P. Dubal, V.G. Deonikar, M.S. Tamboli, J.D. Ambekar, 

Gomez-Romero P, et al, Fern- like rGO/BiVO4 hybrid nanostructures for high-energy 

symmetric supercapacitor. Acs. Appl. Mater. Inter. 8 2016 31602-31610. 

15. L. Maria, G. Maria Michela, C. Pio, B. Giovanni, Graphene CVD growth on 

copper and nickel: role of hydrogen in kinetics and structure. Phy. Chem. Chem. 

Phys. 13 (2011) 20836-20843. 

16. N.A. Kohori, M.K.L. Silva, I. Cesarino, Evaluation of graphene oxide and 

reduced graphene oxide in the immobilization of laccase enzyme and its application in 

the determination of dopamine. J. Solid. State. Electr. 22 (2017) 141-148. 

17. H.Y. Yue, H. Zhang, S. Huang, X.Y. Lin, X. Gao, J. Chang, et al, Synthesis of 

ZnO nanowire arrays/3D graphene foam and application for determination of 

levodopa in the presence of uric acid. Biosens. Bioelectron. 89 (2017) 592-597. 

18. H.Y. Yue, H. Zhang, J. Chang, X. Gao, S. Huang, L.H. Yao, et al, Highly 

sensitive and selective uric acid biosensor based on a three-dimensional graphene 

foam/indium tin oxide glass electrode. Anal. Biochem. 488 (2015) 22-27. 

19. S. Huang, S.S. Song, H.Y. Yue, X. Gao, B. Wang, E.J. Guo, ZnO nanosheet balls 

anchored onto graphene foam for electrochemical determination of dopamine in the 

presence of uric acid. Sens. Actuators, B 277 (2018) 381-387. 

20. H.Y. Yue, B. Wang, S. Huang, X. Gao, X.Y. Lin, L.H. Yao, et al, Determination 

of levodopa in the presence of uric acid using a ZnO nanoflower-modified indium tin 

oxide glass electrode. Ionics. 23 (2017) 1-8. 

21. N.P. Shetti, S.D. Bukkitgar, K.R. Reddy, C.V. Reddy, T.M. Aminabhavi, 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

15 
 

ZnO-based nanostructured electrodes for electrochemical sensors and biosensors in 

biomedical applications. Biosens. Bioelectron. 141 (2019) 111417. 

22. C.L. Hsu, J.H. Lin, D.X. Hsu, S.H. Wang, S.Y. Lin, T.J. Hsueh, Enhanced 

non-enzymatic glucose biosensor of ZnO nanowires via decorated Pt nanoparticles 

and illuminated with UV/green light emitting diodes. Sens. Actuators, B (2017) 

150-159. 

23. N. Akhtar, S.K. Metkar, A. Girigoswami, K. Girigoswami, ZnO nanoflower 

based sensitive nano-biosensor for amyloid detection. Mat. Sci. Eng. C 78 (2017) 

960-968. 

24. G. Presnova, D. Presnov, V. Krupenin, V. Grigorenko, A. Trifonov, I. Andreeva, 

et al, Biosensor based on a silicon nanowire field-effect transistor functionalized by 

gold nanoparticles for the highly sensitive determination of prostate specific antigen. 

Biosens. Bioelectron. 88 (2017) 283-289. 

25. H.L. Shuai, K.J. Huang, Y.X. Chen, L.X. Fang, M.P. Jia, Au 

nanoparticles/hollow molybdenum disulfide microcubes based biosensor for 

microRNA-21 detection coupled with duplex-specific nuclease and enzyme signal 

amplification. Biosens. Bioelectron. 89 (2017) 989-997. 

26. M. Asnaashari, R.E. Kenari, R. Farahmandfar, S.M. Taghdisi, K. Abnous, 

Fluorescence quenching biosensor for acrylamide detection in food products based on 

double-stranded DNA and gold nanoparticles. Sens. Actuators, B 265 (2018) 339-345. 

27. H.Y. Yue, H. Shuo, C. Jian, H. Chaejeong, F. Yao, A. Subash, et al, ZnO 

nanowire arrays on 3D hierachical graphene foam: biomarker detection of Parkinson's 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

16 
 

disease. Acs Nano. 8 (2014) 1639-1646. 

28. J. Geng, G.H. Song, X.D. Jia, F.F. Cheng, J.J. Zhu, Fast One-Step Synthesis of 

Biocompatible ZnO/Au Nanocomposites with Hollow Doughnut-Like and Other 

Controlled Morphologies. J. Phys. Chem. C 116 (2012) 4517–4525. 

29. M. Baek, D. Kim, K. Yong, Simple but effective way to enhance 

photoelectrochemical solar-water-splitting performance of ZnO nanorod arrays: 

charge-trapping Zn(OH)2 annihilation and oxygen vacancy generation by vacuum 

annealing. Acs Appl. Mater. Inter. 9 (2017) 2317-2325. 

30. S. Kim, S. Lee, S.Y. Ham, D.H. Ko, S. Shin, Z. Jin, et al, A kinetic study of ZnO 

atomic layer deposition: effects of surface hydroxyl concentration and steric 

hindrance. Appl. Surf. Sci. 469 (2019) 804-810. 

31. Z. Shi, A.V. Walker, Room temperature atomic layer- like deposition of ZnO on 

functionalized self-assembled monolayers. J. Phys. Chem. C. 119 (2015) 1091-1100. 

32. K.W.J. Wong, M.R. Field, O.J. Zhen, L. Kay, M.J.S. Spencer, Y. Irene, et al, 

Interaction of hydrogen with ZnO nanopowders--evidence of hydroxyl group 

formation. Nanotechnology. 23 (2012) 015705. 

33. H.Y. Yue, H. Zhang, S. Huang, X. Gao, J. Chang, X.Y. Lin, et al, Selective 

determination of L-dopa in the presence of ascorbic acid and uric acid using a 3D 

graphene foam. J. Solid. State. Electr. 22 (2018) 3527-3533. 

34. X. Gao, H.Y. Yue, S.S. Song, S. Huang, B. Li, X.Y. Lin, et al, 3-Dimensional 

hollow graphene balls for voltammetric sensing of levodopa in the presence of uric 

acid. Microchim. Acta. 185 (2018) 91. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

17 
 

35. M. Arvand, N. Ghodsi, Electrospun TiO2 nanofiber/graphite oxide modified 

electrode for electrochemical detection of L-DOPA in human cerebrospinal fluid. 

Sens. Actuators, B 204 (2014) 393-401. 

36. Q.U.A. Baloach, A. Nafady, A. Tahira, Sirajuddin, S.T.H. Sherazi, T. Shaikh, et 

al, An amperometric sensitive dopamine biosensor based on novel copper oxide 

nanostructures. Microsyst. Technol. 23 (2017) 1-7. 

37. Y. Zhu, Z. Yang, M. Chi, M. Li, C. Wang, X. Lu, Synthesis of hierarchical Co3O4 

@NiO core-shell nanotubes with a synergistic catalytic activity for peroxidase 

mimicking and colorimetric detection of dopamine. Talanta. 181 (2018) 431. 

38. R. Chen, Y. Wang, Y. Liu, J. Li, Selective electrochemical detection of dopamine 

using nitrogen-doped graphene/manganese monoxide composites. RSC Adv. 5 (2015) 

85065-85072. 

39. J. Chen, P. He, H. Bai, S. He, T. Zhang, X. Zhang, et al, 

Poly(β-cyclodextrin)/carbon quantum dots modified glassy carbon electrode: 

Preparation, characterization and simultaneous electrochemical determination of 

dopamine, uric acid and tryptophan. Sens. Actuators, B 252 (2017) 9-16. 

40. T. Yang, H. Chen, C. Jing, S. Luo, W. Li, K. Jiao, Using 

poly(m-aminobenzenesulfonic acid)-reduced MoS2 nanocomposite synergistic 

electrocatalysis for determination of dopamine. Sens. Actuators, B 249 (2017) 

451-457. 

41. A. Roychoudhury, S. Basu, S.K. Jha, Dopamine biosensor based on surface 

functionalized nanostructured nickel oxide platform. Biosens. Bioelectron. 84 (2016) 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

18 
 

72-81. 

List of Figures and Tables captions 

Figure 1 Schematic of the preparation of the Au-ZnO NCAs/GF electrode and redox 

reactions of DA and UA at the electrode. a, GF. b, ZnO NCAs grown on GF by 

hydrothermal synthesis. c, Au nanopaticles decorated ZnO NCAs/GF. d, magnified 

Fig. 1a. e, magnified Fig. 1b. f magnified Fig. 1c. g, Redox reactions of DA and UA at 

the Au-ZnO NCAs/GF electrode.  

Figure 2 SEM images and EDS results of the Au-ZnO NCAs/GF. a-c, SEM images of 

the Au-ZnO NCAs/GF with different magnifications. d, EDS spectrum of Au-ZnO 

NCAs/GF. e, overall elemental map. f-i, EDS element maps of Au, C, O and Zn, 

respectively. 

Figure 3 Structural analysis of Au-ZnO NCAs/GF. a, Raman spectrum of the GF. b, 

XRD pattern of the Au-ZnO NCAs/GF electrode. 

Figure 4 CV curves of the Au-ZnO NCAs/GF electrode in 0.5 μM DA and UA at a 

scan rate of 50 mV s-1. a, DA. b, UA.  

Figure 5 CV curves of the Au-ZnO NCAs/GF electrode in 50 μM DA and UA with 

different scanning rates. a, DA. Scanning rates from bottom to top: 10, 25, 50, 75 and 

100 mV·s-1. b, Relationship of the DA oxidation peak current vs. scan rate. c, UA. 

Scanning rates from bottom to top: 10, 25, 50, 75 and 100 mV·s-1. d, Relationship of 

the UA oxidation peak current vs. scan rate.   

Figure 6 DPV curves of the Au-ZnO NCAs/GF electrode in 30 μM DA at different 

pH values. a, The pH value is 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, and 8.5, respectively. b, 
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Effect of pH value on the oxidation peak current. c, Relationship of the oxidation peak 

current vs. pH value.  

Figure 7 DPV curves of the Au-ZnO NCAs/GF electrode in DA with different 

concentrations. a, DA concentrations from bottom to top: 0, 1, 5, 10, 20, 40, 60 and 80 

µM. b, Relationship of the DA oxidation peak current vs. its concentration.  

Figure 8 DPV curves of the Au-ZnO NCAs/GF electrode in DA with different 

concentrations in the presence of 40 µM UA. a, DA concentrations from bottom to 

top: 0, 1, 5, 10, 20, 40, 60 and 80 µM. b, Relationship of the DA oxidation peak 

current vs. its concentration.  

Figure 9 Reproducibility and stability of the Au-ZnO NCAs/GF electrode. a，DPV 

curves for 7 repeated cycles. The reproducibility was investigated through continuous 

DPV scanning in 40 μM DA at an interval of 10 mins. b, The long-term storage 

stability was evaluated by measuring the DPV response of 40 μM DA every 2 days. 

The electrode was tested for 2 weeks and was maintained in a 0.01 M PBS solution 

after use.  

 

Table 1. Summary of the previously published results for individual detection of DA 

using different electrodes 

Table 2. Determination of DA level in real urine samples using the Au-ZnO 

NCAs/GF electrode by DPV. (n = 5) 
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Table 1. Summary of the previously published results for individual detection of DA 

using different electrodes 

Electrodes 
LDR 

(μM) 
LOD (μM) 

Sensitivity 

(μA/μM ) 
Ref. 

CuO 5-40 0.11 1.28 35 

Co3O4@NiO 1-20 1.21 0.04 36  

N-rGO/MnO/GCE 10-180 3 0.09 37  

β-CD/CQDs/GCE 4-220 4 0.31 38 

PABSA-rMoS2 1-50 1 0.22 39 

Nickel oxide NPs 2-100 1.04 0.06 40 

Au-ZnO NCAs/GF 0-80 0.04 4.36 ours 

LDR: linear dynamic range; LOD: limit of detection 

Co3O4@NiO: Co3O4 @NiO core-shell nanotubes 

N-rGO/MnO/GCE: nitrogen-doped graphene/manganese monoxide composites/glassy carbon electrode 

β-CD/CQDs/GCE: poly (β-cyclodextrin) (β-CD)/carbon quantum dots (CQDs) composite modified glass carbon 

electrode 

PABSA-rMoS2: poly(m-aminobenzenesulfonic acid)-reduced MoS2 nanocomposites modified carbon paste 

electrode 

Nickel oxide NPs: functionalized nickel oxide nanoparticles 

 

Table 2. Determination of DA level in real urine samples using the Au-ZnO 

NCAs/GF electrode by DPV (n = 5) 

Samples Spiked (μM) Found (μM) Recovery (%) RSD (%) 

urine 

10 10.43 104.3 1.03 

20 22.08 110.4 0.89 

40 40.06 100.2 0.97 
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Highlights 

1. A highly sensitive and selective dopamine biosensor based on the Au-ZnO 

NCAs/GF electrode. 

2. The optimal pH value of PBS solution for detection of DA is 7.5. 

3. The Au-ZnO NCAs/GF electrode shows a high sensitivity of 4.36 μA·μM-1 and 

lower limit of detection of 0.04 μM for detection of dopamine. 

4. The Au-ZnO NCAs/GF electrode also shows an excellent selectivity, 

reproducibility and stability. 

Journal Pre-proof



Figure 1



Figure 2



Figure 3



Figure 4



Figure 5



Figure 6



Figure 7


