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Abstract

For clinical biology, the ability to detect neurotransmitters in human serum environment quickly, 

highly sensitively, and selectively is essential. Dopamine system dysfunction has been linked to a 

variety of nervous system diseases. As a result, its sensitive and selective detection is critical for 

the early diagnosis of diseases associated with excessive dopamine levels. So, platforms for 

sensitive and selective monitoring of dopamine concentrations are critically needed. 

In this study, we synthesized a facile flower-like nanocomposite material that is cost effective and 

involves a rapid single-step synthesis of Ag-Cu decorated ZnO nanoflower like composite (Ag-

Cu@ZnO-NFLC) with a high active surface area for comparison. Ag decorated ZnO (Ag@ZnO) 

and Cu decorated ZnO (Cu@ZnO) were synthesized and characterized by XRD, FTIR, Raman, 

Using methods such as cyclic voltammetry, differential pulse voltammetry (DPV), and 

amperometry, the electrochemical behavior of GCE modified with single step synthesized Ag-Cu 

decorated ZnO nano flower like composite electrode material showed promising results with an 

ultra-low detection limit of 0.21 µM, high sensitivity of 0.68 μAmM−1cm−2 and by employing 

Differential pulse voltammetry (DPV). The dopamine sensor was also tested for current density at 

different pH levels, and it demonstrated good stability and reproducibility. Finally, the prepared 

sensor was used to monitor real-time human urine samples, yielding excellent results. The findings 

revealed that in actual sample analyzing, the as-prepared sensor had substantial promising results 

in detecting the dopamine.

Keywords: Ag-Cu decorated ZnO nanoflower like composite, hydrothermal method, 

electrochemical sensor, Dopamine, Cyclic Voltammetry, Amperometry.
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1. Introduction

Dopamine (DA) is a neurotransmitter that belongs to the family catecholamine and 

phenethylamine, usually found in the nervous system Fig.S3. Kidneys and cardiovascular systems 

of mammals [1]. Lower or abnormal concentrations of dopamine in the blood leads to 

malfunctioning of kidneys, heart and serious diseases like Parkinson’s, schizophrenia etc. Hence, 

there is a severe necessity for detecting dopamine concentrations in diagnostic practices [2]. Till 

date, several research groups have reported many strategies and employed different techniques to 

detect dopamine such as chromatography, capillary electrophoresis [3] and surface-enhanced 

raman scattering method [4] and high-performance liquid chromatography (HPLC) [5]. All of 

these methods require a standard experimental setup and are not cost effective. However, in order 

to overcome these limitations, electrochemical detection [6] and synthesis of nanomaterials [45] 

has emerged and been reported by various research groups due to its low cost, simple experimental 

setup, sensitivity, and a wide range of materials available for modifying the electrode surface; 

typically, a glassy carbon electrode is used and the surface is modified by nanomaterial’s like metal 

oxide composites including Au [7], CuO [8], Ag [9], ZnO [10] Metal organic frame works (MOF) 

[11] etc. are widely employed because of their high electron mobility, morphological variety, and 

ease of synthesis.

ZnO has been in the spotlight for a decade due to its promising catalytic activity, cost effectiveness, 

high surface area, nontoxicity, and bio affinity. As a result, ZnO-based nanomaterials are being 

used extensively in recent developments to fabricate electrochemical sensors. Cu doped single 

phase ZnO plates synthesized via hydrothermal method and have been employed for 

electrochemical detection of dopamine showed promising performance [12] The ionic medium 
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supported reduced graphene oxide (im-rGO)  has been reported for electrochemical sensing of 

dopamine [13], DNA electrochemical sensing via Ag nanoparticles decorated on carbon 

nanocubes has been reported for electrochemical sensing of H2O2 [14], Ag@ZIF-67/GCE has been 

reported for electrochemical sensing of H2O2 [15], Nanoparticles (NP 'S) of metals have been 

identified as potential candidates in bio sensing. Ag nanoparticles are employed in electrochemical 

detection because of their low oxidation potential [16]. Cu, on the other hand, is studied extensively 

for various applications like selective oxidation [17], photo catalysis [18], electrochemical sensing 

[18], [19], coming to ZnO due to great electron mobility and wide band gap, it is employed in 

electrochemical sensing [18], [19], [20]. Xuan Zhang et al. used GCE modified with reduced 

graphene oxide/ZnO nano composite and reported that the presence of ZnO in rGO showed an 

enhanced active surface area due to the versatile nature of ZnO, which in turn enabled the high 

sensing activity towards dopamine, uric acid, and ascorbic acid [21].

 By using a chiral ligand such as L-cysteine, chiral ZnO nanoparticles were prepared and the 

average particle size ranged from about 4.5 ± 1.1 nm. These chiral ZnO nanoparticles exhibited 

promising electrochemical behavior [22]. 

The interference of ascorbic acid and uric acid was suppressed during the detection of dopamine 

when the novel porous rGO encapsulated ZnO microspheres were employed as surface modifiers 

for glassy carbon, which is a working electrode. The P-rGO acted as a Schottky barrier by 

suppressing the interference of AA and UA [25]. Azam Anaraki Firooz et al. reported Cu doped 

ZnO nanostructures modified with GCE showed excellent electrochemical activity towards 

dopamine sensing [26]. Cu is reported to be an excellent catalytic material with high tunability and 

stability. In other experiments, Au nanoparticles-ZnO were used, which required precious high-

cost Au and a longer synthesis time [27], or ZnO sensor synthesis using microwave aided synthesis 
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[29]. The dropping technique was used by Xiaowei et al. to test the carbon/ZnO microfibers' 

Dopamine (DA) sensing ability. With a detection limit of 0.106 M, the suggested sensor 

demonstrated high selectivity, repeatability, and stability. Carbon/ZnO-GCE demonstrated 

reduced over-potential, reduced potential difference, and increased peak currents at 0.191/0.238 

V, demonstrating the improved catalytic actions of carbon/ZnO microfibers toward DA [28]. 

Because hollow carbon spheres have been shown to have high surface area and great mass mobility 

properties, and Ag particles have been shown to have great bio-affinity, high electron mobility, 

and prominent catalytic reaction. Recently, Xinjin Zhang et al. synthesized Ag nanoparticles 

decorated mesoporous hollow carbon spheres. As a result, the synthesized Ag-HCS/GCE showed 

a wide linear range and high sensitivity [30]. Recently, for the ultrasensitive detection of dopamine 

(DA), an electrochemical sensor based on Ag nanoparticles anchored onto CuO porous nanobelts 

(Ag/CuO PNBs) was developed by Gang Liu et al. DA was produced by a simple two-step cation-

exchange procedure followed by in-situ thermal conversion. The anchoring Ag NPs have a large 

catalytic role in the redox process, and the Ag/CuO PNBs are porous structures with more active 

sites [31].

Table-1 depicts the comparisons of different ZnO based nanomaterials in electrochemical sensing 

of dopamine. To take advantage of both Ag and Cu metals due to their proven properties such as 

bio-affinity and selectivity towards dopamine and high electron mobility and low band gap nature 

of ZnO, in this work, we synthesized a single step. This method suggested a cost effective facile 

Ag-Cu decorated ZnO nanoflower like composite (NFLC) material which involved a rapid 

hydrothermal synthesis.

The resultant sensor exhibited high sensitivity and selectivity towards the detection of dopamine 

at room temperature without any further interference.
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2. Experimental Section

2. 1. Materials and chemicals used

Copper nitrate (Cu(NO3)2), silver nitrate (AgNO3), zinc nitrate (Zn(NO₃)₂) and ammonium 

hydroxide (NH₄OH) were purchased from Sigma Aldrich, India. Ethanol, acetone, were procured 

from Himedia Laboratory Pvt. Ltd., Mumbai, India. Caffeic acid, uric acid, β-endorphin, ascorbic 

acid, histamine, trypramine, phenethylamine, serotonin and acetylcholine were purchased from 

Alfa-Aesar. All reagents and solvents were purchased from Sigma-Aldrich/Alfa Aesar and used 

without further purification.

2. 2. Synthesis of Ag-Cu Decorated ZnO nanoflower like composites (NFLC)

The Cu/ZnO nanocomposite was prepared in a single step hydrothermal method, in which an 

aqueous solution of 0.5 M zinc nitrate (Zn (NO3) 2.6H2O) (Sigma Aldrich) and 0.05 M copper 

nitrate Cu (NO3)2 (Sigma Aldrich) were mixed under constant stirring for about 1 hour at the 

ambient temperature. A pH value of 9.5 was maintained by gradually adding a few drops of 

ammonium hydroxide. The resultant solution was then transferred into a Teflon-lined autoclave 

followed by vigorous stirring for 30 min. Henceforth, the autoclave was sealed and heated up to 

180 ºC for 6 h. And the final product was washed several times with ethanol and deionized water 

(DI) water and dried at 60 ºC in a hot air oven overnight, whereas Ag/ZnO nanocomposite was 

prepared through a single step hydrothermal method. The aqueous solution of 0.5 M zinc nitrate 

(Zn (NO3) 2 .6H2O) (Sigma Aldrich) and 0.05 M silver nitrate (AgNO3) (Sigma Aldrich) were 

mixed under constant stirring for 1 hour at the ambient temperature. The pH value of 9.5 was 

maintained by adding ammonium hydroxide into the solution drop by drop steadily. The resultant 
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solution was then transferred into a Teflon-lined autoclave and made to stir vigorously for 30 min. 

Henceforth, the autoclave was sealed and heated up to 180 ºC for 6 h. The final product was washed 

several times with ethanol and deionized water (DI) water and dried at 60 ºC in a hot air oven 

overnight.

The Ag-Cu decorated zinc oxide nanoflower like composite was made in a single step by mixing 

an aqueous solution of 0.5 M zinc nitrate (Zn (NO3) 2.6H2O), 0.05 M silver nitrate (AgNO3), and 

0.05 M copper nitrate Cu (NO3)2 for 1 hour at the room temperature. The pH value of 9.5 was 

maintained by adding a few drops of ammonium hydroxide into the solution drop by drop very 

slowly. The resultant solution was then transferred into a Teflon-lined autoclave followed by 

vigorous stirring for 30 min. After this, the autoclave was sealed and heated up to 180 ºC for 6 h. 

The final product was washed several times with ethanol and deionized water (DI) water and dried 

at 60 ºC in a hot air oven overnight. The XRD, XPS, FT-IR, Raman, EDAX and FE-SEM analysis 

were conducted to study the elemental composition and morphology of synthesized samples.

2. 3. Characterization and Electrochemical techniques

FT-IR analysis was carried out on a Bruker Tensor 27 (Optik GmbH) using the RT DLaTGS 

(Varian) detector. Powder X-ray diffraction (PXRD) patterns were recorded at room temperature 

(RT) using a RigaKu Smart lab guidance instrument using Copper (Rotating Anode) with an X-

Ray Power of 200 ma, 45KV (9kW). Detector’s scintillation counter (0D), D/tex(1D) HyPix-3000 

(Hybrid Pixel Array Detector (2D)). The powder diffraction covered the angle ranges from 10−90°, 

with a step angle of 6°/min respectively. Raman spectra were recorded using a high-resolution 

Renishaw Raman microscope employing a He−Ne laser of 18 mW at 633 nm. The morphological 
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structures of the prepared samples were captured using a scanning electron microscope (SEM) of 

TESCAN, VEGA 3 with Bruker detector respectively. The high-resolution XPS spectra of the as-

synthesized samples were recorded on a Theta Probe AR-XPS system. Cyclic voltammetry was 

carried out on a Biologic SP-150 workstation, at room temperature in a standard three-electrode 

cell and the working electrode was a Glassy carbon (GC) (area = 0.07 cm2), modified glassy carbon 

and the counter electrode was a Pt wire. The reference electrode used was Ag/AgCl/KCl (3 M) 

electrode respectively.

2. 4. Electrochemical measurement

Fine alumina powder having a diameter of 0.05 and 0.3 μM was used to polish the surface of the 

glassy carbon electrode (GCE). The GCE was pre-treated before the surface modification, as per 

the procedure mentioned in the above section. Preceding to the fabrication of Ag-Cu@ZnO-NFLC 

modified GCE, the GCE was dried at room temperature and nitrogen gas was purged continuously 

for half an hour. Later, 10 μL of Ag@ZnO, Cu@ZnO and Ag-Cu@ZnO-NFLC were suspended 

in 100 μL of ethanol and sonicated for 20 min. By using the drop casting method, the subsequent 

blend of (3 μL) was drop casted onto the surface of GCE. And then the modified electrode was 

cleaned four times with DD water and ethanol to eliminate the unbound nanocomposite materials.

3. Results and Discussion

3. 1. Physical characterization of Ag-Cu decorated ZnO NFLC

The FTIR spectrum of Ag-Cu decorated ZnO composite was recorded in the range of 400-4000 

cm-1, and is shown in Fig. 1A. FTIR spectroscopy provides useful information about various 

functional groups and metal-oxide bonds present in the composite. A significant vibration band 

obtained at 509 cm-1 corresponds to the characteristic stretching mode of the Zn-O bond. Two 
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broad peaks at 3542 cm-1 (stretching) and 1280 cm-1 to 1470 cm-1 (bending) indicate the presence 

of an O-H functional group which is due to the absorption of atmospheric moisture on the surface 

of the composite [41-43].  To further confirm the components of the composite, Raman analysis 

was conducted and shown in Fig. 1B. Two peaks are detected at 60 cm-1, and 254 cm-1 for Cu and 

Ag with enhancement in the intensity, which is considered as evidence for the formation of Ag-

Cu alloy nanoparticles. The main E2 mode of ZnO is clearly visible along with the Raman peaks 

of Ag and Cu, confirming the presence of Ag-Cu and ZnO in the NFL composite. A weak intensity 

peak is detected at 430 cm-1 in ZnO particles. The low peak of ZnO may be because its surface 

area is decorated with Ag-Cu alloy, so the Raman peak intensity is relatively low. In XRD Fig. 1C 

shows the XRD spectrum of Ag-Cu@ZnO NFLC. The diffraction peaks observed at 2θ= 38.34, 

44.31 and 64.65 are assigned as (111), (200) and (220) crystal planes, respectively, of the face-

centred cubic phase of Ag. The peak positions match the PDF file for Ag (PDF: 01-089-3722). 

The diffraction peaks observed at 2θ= 43.51 and 51.57 are assigned as (111) and (200) crystal 

planes, respectively, of the face-centred cubic phase of Cu. The peak position matches the PDF 

file for Cu (PDF: 01-085-1326) [30]. However, the diffraction peaks observed at 2θ = 32.27, 34.10, 

36.50, 46.40, 55.25, 62.12 and 77.72 correspond to the (100), (002), (101), (102), (110), (103) and 

(202) crystal planes respectively and hexagonal crystal geometry of ZnO (JCPSD card no. 01-007-

2551) [44]. Fig. 2 A. represents the SEM images of the Ag-Cu decorated ZnO composite having 

a nanoflower-like morphological structure with different magnifications [32]. The Energy-

dispersive X-ray spectrum (EDX) reveals the presence of Cu, Ag, Zn, and O elements in the 

stoichiometric ratio as tabulated in Fig. 2B.

The XPS analysis of the nanoparticles reveals the oxidation states of the metallic species. The 

structural composition of Ag-Cu decorated ZnO nanoflowers was further characterized by the XPS 
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technique. Fig. S1 shows the XPS survey spectra of the Ag-Cu decorated ZnO nanoflowers, 

indicating the presence of constituted elements (Ag, O, Cu, and Zn). Fig. 3A shows that Ag3d5/2 

(368.2 eV) and Ag3d3/2 (374.5 eV) peaks are associated with 0-valent Ag at 368 and 374 eV, 

respectively. Besides, the good symmetry of the peaks proves that the valance of Ag does not 

change after the formation of the alloy with Cu. The composite shows the core-level and shakeup 

satellite lines of Cu 2p, as shown in Fig. 3B. In the XPS spectra (Fig. 3B), two Cu peaks at binding 

energies of 934.1 and 951.3 eV were observed, which corresponded to Cu2p3/2 and Cu2p1/2, 

respectively, demonstrating the successful production of Cu nanoparticles The existence of CuO 

(934.8 and 951.8 eV) along with the satellite peaks at 941.5 eV and 944.3 eV indicated that copper 

on the surface region could be easily oxidized at room temperature [33-36].

Fig. 3C shows the high-resolution XPS spectra of Zn 2p. The two symmetric signal peaks are 

formed at 1029.3 eV and 1052.6 eV correspond to Zn 2p3/2 and Zn 2p1/2, respectively, and the 

energy interval between the peaks is ~23 eV. The above information confirms that Zn is completely 

oxidized and is in +2 valance state. Fig. 3D. Illustrates the high-resolution spectra of O 1s. The 

peak appeared at 532.7 eV corresponding to the presence of a Zn-O bond in the ZnO structure 

[46].       

3. 2. Electrochemical performance of Ag@ZnO, Cu@ZnO and Ag-Cu@ZnO NFLC/GCE 

towards dopamine detection

The nanocomposite materials were drop casted onto GCE and electrochemical performance was 

investigated using the cyclic voltammetry (CV) technique. For comparison, bare GCE was also 

included in Fig. 4a shows the CV current responses of GCE, Ag@ZnO, Cu@ZnO and Ag-
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Cu@ZnO-NFLC in 0.1M PBS (pH 7.0) containing 100 μM of DA at a scan rate of 50 mVs−1. 

Whereas bare GCE, the GCE surface modified with Ag@ZnO and Cu@ZnO nanocomposite 

shows no crystal-clear electrochemical response to the oxidation of DA. However, the GCE 

modified with Ag-Cu@ZnO nanoflower like composite exhibited a strong apparently reversible 

peak that is one anodic peak at 0.24 V and one cathodic peak at 0.005 V with high peak currents. 

However, the exceptional increase in the redox peak currents on Ag-Cu@ZnO-NFLC/GCE with 

competently characterized redox couple of dopamine can be allocated, to its higher electrocatalytic 

activity when compared with GCE, Ag@ZnO, Cu@ZnO nanocomposite samples. Perhaps the 

enhanced electrocatalytic activity is due to its association with synergic action between Ag support 

and Cu NPs on the increased surface area of the ZnO electrode surface. 

The anodic current at the Ag-Cu@ZnO-NFLC/GCE increased significantly and well-defined 

oxidation and reduction waves were recorded. In addition, the stronger oxidation response 

measured at the composite Ag-Cu@ZnO-NFLC/GCE electrode seems to imply that this material 

creates a favorable microenvironment for dopamine oxidation, which might be connected to the 

composite electrode's higher surface area and better electron transfer rate.

Apart from this, the Ag-Cu nanocomposite material provides enhanced support for the adsorption 

of DA and also helps in the mobility of the electrons between GCE and the analyte henceforth, 

enabling it to a remarkable increase in the electron transfer rate.  The mechanism of 

electrochemical oxidation of dopamine on the Ag-Cu@ZnO-NFLC/GCE surface is depicted in 

Scheme-1 by the exchange of two protons and two electrons between the DA and 

electrochemically oxidized molecules.
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Scheme-1 Depicts Oxidation of Dopamine to Dopamine-quinone and its reduction to DA

When the dopamine hydrochloride is subjected to a ramping potential of -0.3 V to +0.5 V vs. 

Ag/AgCl, the transfer of electrons from the NFLC material to the GCE results in an increased 

faradaic current. Henceforth, optimization of pH value of 7.0 was identified from the CV current 

responses for 100 μM of DA on Ag-Cu@ZnO-NFLC/GCE in 0.1M PBS.

3.2.1. Studies on the effect of scan rate (sweep rate)

Fig. 4b. depicts the CV on the effect of various sweep rates ranging from 10 to 100 mV s-1 on the 

redox behavior of 100 μM DA at Ag-Cu@ZnO-NFLC/GCE in 0.1 M PBS (pH 7.0). The Ag-

Cu@ZnO-NFLC/GCE has three well-resolved peaks (Fig. 4b). As shown in Fig. 4b, increasing 

the scan rate causes an increase in both the oxidation and reduction peaks currents, as well as a 

slight shift in the redox potential. The remarkable peak separation on Ag-Cu@ZnO-NFLC/GCE 

could be explained by its larger surface area, which facilitates electron transfer and increases 

adsorption strength toward biomolecules.

The plot of scan rate vs the peak current density exhibits that the linear regression equation for 

oxidation and reduction of peak currents is Ipa (mA) = 0.03987 ν (mV/s) + 0.00024, R2=0.99 Ipc 

(μA) = - 0.00391ν (mV/s) – 0.00031, R2=0.98 respectively the Fig. 4c. depicts it and this linearity 

implies the role of surface-controlled process in its electrochemical kinetics. However, the 
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Randles-Sevick equation was used to calculate the diffusion coefficient of DA for bare GCE and 

Ag-Cu@ZnO/GCE using equation (1).

Ip = (2.69×105) n3/2 AD1/2 Cν1/2 ------------------------------------------------------- (1)

Here, A is the electrode surface area, n is the number of electrons transferred, ν is the scan rate, D 

is the diffusion co-efficient, Ip is the peak current and C is the concentration of DA from the above 

equation, calculated. The D values for Ag-Cu@ZnO/GCE and GCE were determined to be 7.496 

   cm2 s-1 and 14.136    cm2 s-1, respectively, and these improved D values may be × 10
―6

× 10
―6

correlated to the higher electrochemical active surface area for Ag-Cu@ZnO-NFLC modified 

GCE compared to bare GCE. Chronocoulometry (CC) is used to readily determine the real 

electrochemical active electrode area, as well as their respective diffusion coefficients, the time-

window of an electrochemical cell and adsorption of electroactive species [37]. The result 

demonstrated a reversible reaction with the active area of 0.072 cm2. As shown in Fig. S2, the 

optimized amount of the material drop coating on the electrode surface was determined as 1 mg/ml.

3.2.2. Studies with Amperometric i–t curve and Differential Pulse Voltammetry (DPV) 

The DPV was performed in 0.1 M PBS for different concentrations of DA varying from 10 to 200 

μM to study the oxidation and reduction behavior of DA at modified GCE depicted in Fig. 5a. 

It could be emphasized that the changes in current are insignificant for different concentrations of 

DA varying from 10 to 200 μM, which indicates the stability of Ag-Cu@ZnO NFLC modified 

GCE composite modified electrode. Based on the result, it is obvious that the formed Ag-Cu on 

ZnO is highly stable and active and it is a suitable catalytic electrode for electrochemical redox 

reactions [40].
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However, in order to formulate the mathematical relation between voltametric current response of 

Ag-Cu@ZnO-NFLC/GCE and DA concentration, a calibration curve has been established for the 

understanding curve depicted in Fig. 5b. The DPV studies clearly exhibited the Ip is linear with 

DA concentration with an enhanced high sensitivity of I (mA) =0.0291c (mA mM−1) + 0.00033, 

(R2=0.99) over a low limit of detection of 0.21 μM and a sensitivity of 0.68 μA μM−1cm-2.

3.2.3. Studies on Effect of pH in electrochemical response of DA on Ag-Cu@ZnO-

NFLC/GCE Sensor

The studies of pH result in the electrochemical response of DA on Ag-Cu@ZnO nanoflower like 

composite modified GCE electrode over the pH starting from 4.0 to 9.0 in 0.1M PBS solution 

consisting of 100 µM of DA shown in Fig. 5c. 

Fig. 5c. encapsulates that the oxidation peak current will increase with an increase in the solution 

pH from 4.0 to 9.0 and, henceforth, diminishes with a further increase in pH, illustrating the 

inclusion of protons within the electrode reaction processes, leading at maximum pH, a large 

amount of hydroxyl ions perhaps uproot DA on the surface assimilation sites of Au-Cu@ZnO 

nanoflower like composite surface. The DA exists in a non-dissociated kind once the pH of the 

solution is a smaller amount than pKa value (9.8), then it exists within the sort of associate ion at 

higher pH resulting in a lower current. Non-dissociated DA may be more adsorbate on the 

electrode surface than dissociated DA, resulting in the most extreme current response at a lower 

pKa value.

Since, electrochemical oxidation of DA includes deprotonation, electrode reaction diminishes at 

acidic conditions leading to a reduction of peak current. The pH of 7.0 is consistently chosen for 

the initial analytical experiments.
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Fig. 6a. depicts the amperometric i-t responses recorded for different DA concentrations in the 

range of (0.1 μM – 10 μM) at Ag-Cu@ZnO-NFLC/GCE. An applied potential of 0.24 V was 

maintained between the Ag-Cu@ZnO-NFLC/GCE and the Ag/AgCl reference electrode in the 

amperometric i-t experiment, to 0.1 M PBS solution, and a continuous addition of 1 M of DA. 

It was spiked in order to record the current responses of the fabricated nanocomposite electrode. 

Simultaneously, the DA concentration was enhanced from 0.1 μM to 10 μM. The amperometric 

current response of fabricated nanocomposites electrode showed a rapid response to DA from the 

amperometric i-t curve. The response time for the rapid detection of DA is calculated as 3 seconds, 

which is one of the attributes of a DA sensor for the quick detection of DA in real time samples. 

Now Fig. 6b. represents the calibration curve established between amperometric current responses 

and various concentrations of DA in Fig. 6b. A linear plot with a high sensitivity of (I (mA) = 

0.0475c mA μM-1) + 0.00241, R2=0.99) from 0.1 μM to 10 μM at low detection limit and higher 

sensitivity of 0.228 µM and 0.72 μAμM−1cm-2 respectively.

3.2.4. Studies on Stability, Interference and reproducibility studies of Ag-Cu@ZnO-

NFLC/GCE Sensor

Amperometric current response for human urine sample was recorded to study the analytical 

capability of the proposed flower like nanocomposite modified GCE electrode. The collected 

human urine sample was added directly to the 0.1 M PBS pH 7.0 and an applied potential of 0.24 

V was used between the fabricated working electrode and the Ag/AgCl reference electrode. Fig. 

6c. showed an increased current response and it was observed when the urine sample was spiked 

with known concentrations of DA continuously at a regular interval of time that is 250 seconds. 
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Then the corresponding detected DA concentrations from amperometric current responses were 

0.030 μM, 0.052 μM and 0.070 μM respectively from 1 μM of urine sample. All these results 

indicate that the fabricated nanocomposites electrode has the analytical capability to detect DA in 

human urine samples rapidly with high sensitivity and selectivity. However, for studying the intra 

and inter-assay of the fabricated nanoflower like composite electrode, twelve fabricated working 

electrodes were taken and were immersed in 0.1 M PBS (pH 7.0) containing 0.1 μM concentration 

of DA. Eventually, their amperometric current response was recorded. The relative standard 

deviation observed for intra-and inter-assay was estimated at 2.3 and 2.6%, indicating that the 

fabrication protocol adapted for the construction of Ag-Cu@ZnO NFLC/GCE is stable and 

reliable. Adding to this, the stability of Ag-Cu@ZnO NFLC/GCE was also investigated by 

subjecting it to 1 μM concentration of DA for a period of 15 days. And the recorded amperometric 

current response was stable for this 15-day period of time. Furthermore, there was no substantial 

change in amperometric current response during the stability study of 15 days. These recorded 

observations indicate that the proposed sensor was stable. In this selectivity study, organic 

compounds and inorganic ions (0.02 mM of uric acid, ascorbic acid, caffeic acid, endorphin, 

phenethylamine, histamine, acetylcholine, serotonin, etc). They were used as potential interfering 

species capable of interrupting the amperometric signal response for DA. Hence, these results 

indicate that the proposed Ag-Cu@ZnO nanoflower like composite electrode can be used to 

monitor real-time sample analysis and another predominant factor is that the results do not exhibit 

any significant interference signals, compared to i-t current response of 0.1 μM DA 

It indicates the excellent selectivity of the modified electrode towards DA.

However, the developed DA sensor in present work performance can be compared with other 

existing ZnO based DA sensors in Table-1 whereas Table-S1 shows the comparison of our present 
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Ag-Cu@ZnO nanoflower like composite DA sensor with other nanomaterial/composites sensors. 

The data for the tabular representation of recorded sensitivities was obtained from previously 

reported literature and the Table-1 and Table-S1 are evident that the fabricated electrode material 

may be used for magnificent sensing abilities with respect to better linear range and lowest limit 

of detection and high sensitivity in contrast to alternate modified electrodes. Perhaps this is 

associated with the excellent conductivity and enhanced surface area of fabricated electrode 

material. Apart from this, the material synthesis strategy involves a low cost and rapid single step 

synthesis strategy through which Ag-Cu@ZnO nanoflower like composites are obtained.

4. Conclusion

An Ag-Cu@ZnO nanoflower-like composite was produced using a simple low-cost fast single step 

synthesis process and drop cast on to GCE for DA electrochemical detection in this study. The 

Ag-Cu@ZnO-NFLC/GCE findings revealed a promising and improved electrochemical detection 

of DA, with excellent sensitivity and low detection limit. The Ag-Cu@ZnO-NFLC/GCE sensor 

showed a significant increase in oxidation peak currents, indicating that the as-prepared Ag-

Cu@ZnO-NFLC/GCE sensor may be utilized as an electrochemical sensor for fast detection of 

DA. Furthermore, the Ag-Cu@ZnO-NFLC/GCE showed excellent stability, repeatability, and 

anti-interference properties. The Ag-Cu nanocomposite material provides enhanced support for 

the adsorption of DA and also helps in the mobility of the electrons between GCE and the analyte 

henceforth, enabling it to a remarkable increase in the electron transfer rate. When compared to 

GCE, Ag@ZnO, Cu@ZnO nanocomposite samples, the remarkable rise in redox peak currents on 

Ag-Cu@ZnO-NFLC/GCE with properly defined redox pair of dopamine enables it showing 

greater electrocatalytic activity. Overall, the synthesis technique used is simple and cost-effective, 
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making this sensor material ideal for the production of low-cost sensors with excellent stability 

and efficiency.
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Figures

Fig. 1. (A) FTIR spectrum, (B) Raman spectrum, (C) XRD pattern
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Fig. 2. A) SEM images of Ag-Cu@ZnO NFLC. B) EDX Spectra of Ag-Cu decorated ZnO-NFLC 

material; the inset is EDX Wt% of Ag-Cu decorated ZnO-NFLC material
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Fig. 3. XPS spectra of (A) Ag3d, (B) Cu2p, (C) Zn2p, and (D) O1s. 
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Fig. 4. (a) Cyclic voltagrams of bare GCE, Cu@ZnO, Ag@ZnO and Ag-Cu@ZnO NFLC 

modified GCE in 0.1M PBS (pH= 7.0) with 100 µM DA. Scan rate: 50 mV/s. (b) Cyclic 

voltamograms of 100µM DA on the Ag-Cu@ZnO modified GCE at different scan rates in 0.1 M 

PBS (pH=7.0). (c) Plot of the redox peak current versus the scan rate.
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Fig. 5. (a) Differential pulse voltammetry curves of an Ag-Cu@ZnO NFLC modified GCE in 0.1 

M PBS (pH=7.0) containing 10-200 µM DA. (b) The corresponding plot of the oxidation peak 

current of DA vs. DA concentration for the differential pulse voltammetry measurements. (c) 

Cyclic Voltagrams of Ag-Cu@ZnO NFLC modified GCE in 0.1 M PBS with different pH values 

containing 100 µM DA at scan rate of 50 mV/s. 
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Fig. 6.  (a) Typical amperometric curve obtained for Ag-Cu@ZnO modified GCE in 0.1M PBS 

(pH=7.0) at 0.24 V. (b) The corresponding calibration plot with the concentration of DA varying 

between 0.1-10 µM. (c) Amperometric response of an Ag-Cu@ZnO NFLC modified GCE after 

the subsequent addition of (1) 0.030, (2) 0.052, (3) 0.070 µM of DA in the presence of 1 µM of 

Urine sample.
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Table-1 Comparison of ZnO based electrode materials for electrochemical sensing of 

dopamine

S. 

No

.

Electrode/Nanomaterials Analyte LOD 

(µM) 

(S/N=3)

Sensitivity 

(μAmM−1cm−2

)

Linear 

Range (μM)
Detection

Method

Ref.

1 ZnO/CuO Nanohybrid structures Dopamine 1.0 × 10-3 
and 8.0

90.9 1.0×10-3–8.0 
μM

 CV 19

2 rGO–ZnO/GCE Dopamine 0.33 - 1–70 μM DPV 20

3 Chiral ZnO nanoparticles-L 
cysteine.

Dopamine 0.791 - - - 21

4 DA-imprinted CS film/ZnO NPs 
@C/3D-KSC

Dopamine 0.39 757 0.12 nM-
152 μM

CV 22

5 ZnO nanofibers/carbon fibers Dopamine 0.402 - 6–20 μM DPV 23

6 P-rGO/ZnO microspheres Dopamine - 1240.74 1-600 μM SWV 24

7 Cu doped ZnO (Cu/ZnO) Dopamine 0.055 0.1–20 μM DPV, CV 38

8 Au-ZnO NCAs/GF Dopamine 0.04 6.23 0-80 μM CV 39

9 Ag-Cu Decorated/ZnO 

Nanoflower like composite

Dopamin

e

0.21 0.68 0.1-10 μM Amperom

etry

This 

work
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