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Abstract 

In the present work, a novel electrochemical dopamine (DA) sensor depending on Nickel (Ni) 

nanoparticles decorated  (3-aminopropyl)triethoxysilane (APTES) modifed silica (SiO2) was 

fabricated. Hence, Ni@SiO2-APTES was synthesized by the conventional wet-impregnation 

method. The structure of the compozite was evaluated using Fourier transform infrared 

spectroscopy (FTIR), Scanning electron microscopy-energy dispersive X-ray (SEM-EDX), and 

X-ray diffraction (XRD). The synthesized Ni@SiO2-APTES was loaded on glassy carbon 

working electrode (GCE). Also, Nafion (Nf) was drop-casted on Ni@SiO2-APTES/GCE to 

stabilize the electrode. The fabricated Nf/Ni@SiO2-APTES/GCE working electrode was 

electrochemicaly evaluated using cyclic voltammetry (CV), electrochemical impedance 

spectroscopy (EIS) and amperometry. CV and EIS results indicated that Ni nanoparticles 

increased both the conductivity and sensitivity of the working electrode. The linear detection 

range for DA was found to be 0.2 – 252 µM with limit of detection (LOD) was 0.07 µM 

depending on S/N of 3. The sensitivity was found to be 578.26 µA mM-1 cm-2 depending on the 

active surface area of the modified working electrode. The sensor exhibited excellent selectivity 

in the electrolyte solution including ascorbic acid, glucose, fructose, sucrose, mannose, uric 

acid, and phenylalanine. The sensor had satisfactory repeatability and reproduciblity. It was 

observed that the sensor showed an electrocatalytic response of 95.33% after 28 days. 

According to this result, it was concluded that the sensor was extremely stable within the studied 

time period. The applicability of Nf/Ni@SiO2-APTES/GCE was tested using dopamine HCl 

injection (200 mg/5 mL). 

 

 
1. Introduction 

 

Enzyme-based electrochemical biosensors appear to 

be ideal materials for the determination of target 

analytes due to their high selectivity. However, in the 

in vitro environment, factors such as temperature, pH 

and binding of the biomolecule to the surface of the 

electrode can shorten the working life of the 

biosensor. Further studies are needed to increase the 

stability of such biosensors, and new fabrication 

techniques should be developed for easier preparation 

of biosensors. Contrary to enzyme-based 

electrochemical sensors, non-enzymatic sensors have 

high stability, satisfactory selectivity and are 

relatively easy to prepare. Non-enzymatic 

electrochemical sensors have been shown to remain 

electrochemically active in undiluted blood for more 
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than 30 days, which is not possible with enzyme-

based sensors. However, there are fundamental 

difficulties such as the use of alkaline working 

environments especially for the determination of 

analytes such as glucose and the expensiveness of the 

materials used [1]. 

Dopamine, known as [4-(2-aminoethyl) 

benzene-1,2-diol], is a significant catecholamine 

substance widely secreted in the cerebrospinal fluid 

of mammals and the main member of the 

neurotransmitter’s family. Dopamine has a significant 

impact in cardiovascular functions, hormonal, renal 

and central nervous systems. High or low dopamine 

levels can cause diseases such as tourette syndrome 

[2], schizophrenia [3], hyperactivity, attention deficit 

[4] and tumor formation [5]. It has been concluded 

that insufficient dopamine levels in the brain can lead 
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to involuntary muscle activity in Parkinson's disease 

[6], while excessive amounts can lead to Huntington's 

disease [7]. Given the critical function of this 

substance in the metabolism, a lot of efforts have been 

made to identify this biogenic amine. Dopamine has 

been determined in biological fluids and 

pharmaceutical drugs using a variety of methods, 

including electrochemical, UV-visible 

spectrophotometry, high-performance liquid 

chromatography (HPLC), liquid 

chromatography/mass spectrometry (LC/MS), 

fluorometry, and capillary zone electrophoresis [8], 

[9]. Electrochemical sensors/biosensors are one of 

these techniques with numerous benefits. For 

example, they are cheap, easy to prepare, not complex 

systems, and exhibit rapid responses [10]. 

Electrochemical biosensors are not complicated to 

install and costly to fabricate compared to other 

measurement techniques such as HPLC and LC/MS. 

The reason for this can be considered as the 

production of relatively low-cost microelectronic 

circuits and the fabrication of interfaces that can 

easily respond to the target analyte. In addition, other 

advantages of electrochemical sensors include their 

robustness, easy miniaturization, excellent response 

to even small analyte concentrations, and the ability 

to provide this response within seconds [11], [12]. 

For the design of electrochemical sensors, 

nanocomposites have been prepared by deposition of 

nanoparticles such as metal and metal oxide on 

supports including carbon nanotube [13], graphene 

oxide, reduced graphene oxide [14], and SiO2 [15]. 

By modifying the working electrodes with 

these nanocomposites, the determination of 

electrochemically active substances like hydrogen 

peroxide, dopamine, ascorbic acid, folic acid and 

paracetamol was achieved [16], [17]. However, the 

performance factors such as LOD, linear 

determination range, especially repeatability, 

reproducibility, and storage stability of these sensors 

need to be improved. 

Silica (SiO2), which has a large surface area, 

was used as a support material, allowing metal and 

metal oxide nanoparticles to be dispersed uniformly 

on the surface [15], [18]. Surface-modified silica can 

enhance the electrocatalytic performance of metal or 

metal oxide nanoparticles. For example, in a study 

performed by Bayram and Guler, an electrochemical 

hydrogen peroxide sensor depending on Au 

nanoparticles deposited on SiO2-APTES was 

designed. The SiO2-APTES support provided an 

excellent surface for the deposition of Au 

nanoparticles on the surface. Because both low 

diameter of Au nanoparticles (mean particle size of 

3.05 ± 0.14 nm) were deposited on the surface and it 

was determined that the nanoparticles were 

homogeneously distributed on the support. A very 

high sensitivity for hydrogen peroxide (2514.6 µA 

mM-1 cm-2 between 0.014 and 0.18 mM and 894.2 µA 

mM-1 cm-2 between 0.18 and 7.15 mM) was achieved 

depending on the conductivity and size of the Au 

nanoparticles deposited on the support [17]. 

The purpose of the present work is to prepare 

an electrochemical DA sensor using Ni@SiO2-

APTES modified glassy carbon electrode (GCE). The 

specific aims are (i) to synthesize Ni@SiO2-APTES, 

(ii) to modify GCE using Ni@SiO2-APTES and, (iii) 

to detect performance factors such as linear range, 

LOD, and selectivity for DA using amperometry and 

cyclic voltammetry. 

 

2. Material and Method 

 

Silica (SiO2, 240-400 mesh), ethanol, anhydrous 

ethanol, and sodium borohydride (NaBH4) were 

purchased from Merck Company. (3-

Aminopropyl)triethoxysilane (APTES), dopamine 

hydrochloride (DA), nickel (II) nitrate hexahydrate 

Ni(NO3)2.6H2O, nafion (Nf) solution (5% in a mixture 

of aliphatic alcohol and water), potassium chloride 

(KCl) , glucose (Glu), sucrose (Suc), fructose (Fruc), 

Monnose (Man), ascorbic acid (AA), uric acid (UA), 

toluene, boric acid (H3BO3), acetic acid (CH3COOH), 

phosphoric acid ( H3PO4), acetone, sodium hydroxide 

(NaOH), hydrochloric acid (HCl) were acquired from 

Sigma-Aldiric Company and All other chemicals 

used were purchared from Merck Company. In the 

electrochemical studies, glassy carbon electrode 

(GCE of 3 mm diameter) was used as the working 

electrode, Ag/AgCl (3 M KCl) as the reference 

electrode, and platinum wire as the counter electrode 

was purchased from BASİ company. For the 

electrochemical studies, Autolab brand 

PGSTAT128N model potentiostat/galvanostat device 

containing the FRA 32M module was used. 

The characterization of the samples was 

monitored by Field emission scanning electron 

microscope (FE-SEM; Zeiss sigma 300) and Fourier 

transform infrared spectroscopy (FTIR) at Van 

Yüzüncü Yıl University Science Application and 

Research Center. X-ray diffraction (XRD) was 

performed at Selçuk University Advanced 

Technology Research and Application Center. 

 

2.1. Synthesis of SiO2-APTES and Ni@SiO2-

APTES composites 

 

Before attached APTES to SiO2, SiO2 was dried in an 

oven (JP Selecta S. A., Spain) at 100 °C. 2 g of dried 

SiO2 was included in 30 mL of pure toluene and 
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stirred for a while. Then, 5.4 mL APTES was included 

in the mixture and it was stirred for 24 hours. After 

the reaction was completed, the mixture was filtered 

and cleaned down using toluene (5x20 mL). The 

washed SiO2-APTES was dried in the oven at 100 °C 

for 1 hour [19].  

Ni@SiO2-APTES was synthesized by the 

conventional wet-impregnation method. For this, 0.1 

g support was put in 5 mL ultra-pure water and mixed 

in an ultrasonic cleaner for 10 min. Then, 26.06 mg 

Ni(NO3)2x6H2O (5% Ni) was put into the above 

mixture and stirred for 3 hours using a magnetic 

stirrer. 50.84 mg NaBH4 (1.344mmol) was included 

in the mixture and it was stirred until the reduction 

was completed. The resulting Ni@SiO2-APTES nano 

composite was filtrated and then washed with ethanol 

(3x20 mL) and water (3x20 mL), respectively, and 

dried in the oven at 100 °C. To achieve the best sensor 

response, Ni@SiO2-APTES was obtained by using 

different ratio of Ni salt (2, 5, 10, 15 and 20%) [20]. 

The fabrication of Nf/Ni@SiO2-APTES/GCE 

working electrode and its electrochemical response to 

DA is given step by step in Scheme 1.  

 

 

 

Scheme 1. Step by step fabrication of Nf/Ni@SiO2-APTES/GCE working electrode and its electrochemical response to 

DA. 
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2.2. Fabrication of working electrodes 

 

In the study, the working electrode, the GCE, was 

polished using Al2O3 slurry before being modified. 
Afterwards, it was cleaned using nitric acid/pure 

water prepared in the ratio of (1:1) and acetone in an 

ultrasonic bath. 5 µL of 2 mg/mL Ni@SiO2-APTES 

mixture was dropped onto the GCE. The fabricated 

electrode was dried in the laboratory temperature. 

Then, 3 µL of 0.3% Nf solution was loaded on the 

electrode and the electrode was left to dry [17]. The 

obtained Nf/Ni@SiO2-APTES/GCE was used for 

further electrochemical studies. 

 

3. Results and Discussion 

 

The structural properties of the obtained SiO2-APTES 

were evaluated using FTIR. Figure 1 shows the FTIR 

spectrum of SiO2 and SiO2-APTES. Figure 1a shows 

the general FTIR peaks of the SiO2 compound. The 

peaks at 794, 972 and 1056 cm-1 show the Si-O 

symmetric bending vibration peak, Si-O-(H-H2O) 

bending vibration peak and Si-O-Si asymmetric 

vibration peak, respectively. Figure 1b shows the 

FTIR spectrum of SiO2-APTES composite. As seen in 

the figure, the peaks occurring at 696, 790, 1062, 

1392, 1537, 2902 and 2978 cm-1 show the 

characteristic vibration peak of the Si-CH2 group, 

symmetric bending vibration peak of Si-O, 

asymmetric vibration peak of Si-O-Si, the stretching 

vibration peak of C-N, the bending vibration peak of 

the N-H group, and the stretching vibration peak of 

the C-H groups, respectively. Additionally, it can be 

seen that the peak at 972 cm-1 disappears after APTES 

is attached to the SiO2. This is due to the reaction that 

occurs between the ethoxy groups in the APTES and 

Si-OH groups [21], [22].  

 

 

Figure 1. FTIR spectrum of (a) SiO2 and (b)SiO2-APTES. 

 

The crystal structure of SiO2-APTES and 

Ni@SiO2-APTES composites was investigated using 

XRD (Figure 2). Figure 2a and Figure 2b show the 

XRD spectra of SiO2-APTES and Ni@SiO2-APTES 

structures, respectively. As seen in Figure 2b, even 

though 5% nickel salt was used, a weak peak was 

formed at about 2θ = 45°. In this study, NaBH4, a good 

reducing agent, was used to reduce Ni nanoparticles on 

SiO2-APTES support. This shows that the Ni-B 

amorphous structure forms by sodium borohydride 

with Ni at room temperature [23], [24]. 

SEM-EDX was used to investigate the surface 

properties of SiO2-APTES and Ni@SiO2-APTES 

composites. Figures 3A and 3B show SEM pictures of 

the synthesized SiO2-APTES support obtained at 30 

µm and 200 nm. Figures 3C and 3D display SEM 

images of the Ni@SiO2-APTES obtained at 400 and 

200 nm. Figure 4A exhibits the SEM image of the 

Ni@SiO2-APTES composite, and the energy dispersion 

X-ray (EDX) spectra of the selected region is seen in 

Figure 4B. The weight of the Ni obtained in the 

spectrum is 6.78%, and this value is close to the 5% 

value, which is the weight percentage of Ni in the Ni 

salt used to synthesize the Ni@SiO2-APTES composite 

in the experimental section. The presence of carbon and 

nitrogen in the EDX graph shows that the APTES 

compound was bound on SiO2 support. Figures 

4C/D/E/F show the elemental mapping images of the 

composite. 

 

 

Figure 2. XRD graph of (a) SiO2-APTES and (b) 

Ni@SiO2-APTES. 

 

CV and EIS methods were performed to 

evaluate the electrocatalytic properties of the working 

electrodes and evaluate their electrocatalytic 

responses to DA. For this purpose, firstly, CVs at 

GCE, Nf/SiO2-APTES/GCE and Nf/Ni@SiO2-

APTES/GCE working electrodes were obtained in 

BR buffer (pH 3.5) in the absence and presence 
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of DA at the scan rate of 50 mV/s and the 

potential range of -0.2 to 0.8 V (Figure 5A and 

5B). As can be seen in Table 1, it was displayed 

that the anodic peak current of the Nf/Ni@SiO2-

APTES/GCE was approximately 1.5 times the 

anodic peak current of the Nf/SiO2-APTES/GCE. 

The rate of oxidation and reduction peak currents 

of the Nf/Ni@SiO2-APTES/GCE was calculated  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

as Ipa/Ipc = 1.076. This shows that a quasi-

reversible electrode process occurs on the 

Nf/Ni@SiO2-APTES/GCE electrode. In additon, 

as illustrated in Figure 6C, an increase in scan 

rate results in an increase in the redox peak 

potential difference (ΔEp). The increment in the 

peak potential difference depending on the scan 

rate indicates a quasi-reversible reaction process 

[9]. 
 

 

 

 

 

 

 

 

 

 

 

 

Electrode 𝑖𝑝𝑎/µA 𝑖𝑝𝑐/µA 𝐸𝑝𝑎/𝑉 𝐸𝑝𝑐/𝑉 𝑖𝑝𝑎/𝑖𝑝𝑐    ΔEp 

GCE 2.53 -2.26 0.564 0.235 1.119 0.329 

SiO2-APTES 6.74 -6.59 0.474 0.247 1.023 0.227 

Ni@SiO2APTES 9.69 -9.01 0.466 0.252 1.076 0.214 

Figure 3. SEM images of (A, B) SiO2-APTES and (C, D) Ni@SiO2-APTES. 

 
Table 1. Some electrochemical response data of working electrodes to DA. 
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Figure 5C shows the typical EIS Nyquist plot 

for GCE, Nf/SiO2-APTES/GCE, and Nf/Ni@SiO2-

APTES/GCE electrodes. Nyquist curves were 

obtained in a solution containing 5 mM 

[Fe(CN)6]3−/[Fe(CN)6]4− and 0.1M KCl. The used 

frequency interval and potential value were 0.1 Hz-

100 kHz and 0.2 V, respectively. As shown in the 

figure, the Nyquist plot contains a semicircular region 

at high frequency and a linear domain at low 

frequency. In the resulting graph, the charge transfer 

resistance is equal to the semicircle's diameter (Rct) 

[25]. By using these plots, Rct data were calculated as  

178 Ω for GCE, 25.5 kΩ for Nf/SiO2-APTES/GCE 

 

and 7.55 kΩ for Nf/Ni@SiO2-APTES/GCE.  

According to these values, it is seen that the charge 

transfer resistance of the Nf/Ni@SiO2-APTES/GCE 

decreased after Ni nanoparticles was deposited on the 

support. 

Ni@SiO2-APTES nanocomposites 

containing different amounts of Ni (2, 5, 10, 15, and 

20%) were synthesized to determine the Ni 

percentage which exhibits the best electrochemical 

response to DA. Nf/Ni@SiO2-APTES/GCE were 

prepared using these nanocomposites. Then, CVs 

were obtained in BR (pH 3.5) buffer containing 0.2 

mM DA (Figure 5D). The anodic peak current values 

Figure 4. SEM image of (A) Ni@SiO2-APTES, EDX of Ni@SiO2-APTES, elemental mapping pictures of 

carbon (C), oxygen (D), silisium (E), and nickel (F). 
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of DA of these voltammograms were compared. The 

oxidation peak currents of the sensors were 8.89 µA 

for 2% Ni, 9.77 µA for 5% Ni, 8.98 µA for 10% Ni, 

7.29 µA for 15% Ni and 7.56 µA for 20% Ni. 

According to these results, Nf/Ni@SiO2-APTES (5% 

Ni) exhibited the highest oxidation peak current and 

electrochemical measurements were performed using 

this ratio. 

In our study, BR buffer, which has a wide 

buffering range (2-12), was used to investigate the 

influence of the pH of the electrolyte on the redox 

behavior of DA. Figure 6A shows CVs obtained in 

BR buffer with different pH values (3-8). Current-pH 

and potential-pH graphs were drawn by means of 

these voltammograms (Figure 6B). The linear 

equation obtained for the potential-pH graph was Epa 

= - 0.0462pH + 0.605 (R2 = 0.9875). The equation's 

slope was computed to be 46.2 mV/pH, which is 

comparable to the Nernts equation's slope of 59 

mV/pH. In some previous studies, it is thought that 

two proton (2H+) and two electron (2e-) transfers  

 

 

 

 

 

 

occur in the anodic reaction of DA to form dopamine-

o-quinone [26], [27], [28]. As can be seen from the 

graph, the anodic peak current of DA increases as the 

pH of the electrolyte decreases. BR buffer with pH 3.5 

was used in electrochemical studies by taking into 

account the electrochemical performance of the 

working electrode. In addition, the oxidation peak 

potential shifted to the negative direction as the pH 

value incremented. This means that protons 

participate in the electrochemical reaction [29]. 

The following Laviron equations were used 

to determine the number of electrons getting in on the 

electrochemical reaction and the charge transfer 

coefficient (1 eq. and 2 eq.) [30]. 

 

𝐸𝑝𝑐 = 𝐸° −
𝑅𝑇

𝛼𝑛𝐹
𝑙𝑛𝜐                                                 (1) 

 

𝐸𝑝𝑎 = 𝐸° +
𝑅𝑇

(1 − 𝛼)𝑛𝐹
𝑙𝑛𝜐                                      (2) 

 

Figure 5. (A) CVs of GCE, Nf/SiO2-APTES/GCE, and Nf/Ni@SiO2-APTES in BR buffer (pH 3.5) in the absence of 

DA. (B) CVs of GCE, Nf/SiO2-APTES/GCE, and Nf/Ni@SiO2-APTES in BR buffer (pH 3.5) in the presence of DA 

at the scan rate of 50 mV/s. (C) Nyquist graph of GCE, Nf/SiO2-APTES/GCE, and Nf/Ni@SiO2-APTES obtained in 5 

mM [Fe(CN)6]3−/[Fe(CN)6]4− and 0.1M KCl. (D) Effect of Ni ratio on the redox reaction of DA. 
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In the above equations, n is the number of electrons 

taking part in the reaction, α is the charge transfer 

coefficient, υ is the scan rate, R is the gas constant 

(8.314 j/mol K), T is the temperature in kelvin, and F 

is the Faraday constant (96485 C/mol). For this 

purpose, CVs were achieved at various scan rates 

(0.02-0.4 V/s) in BR (pH 3.5) buffer containing 0.2 

mM DA (Figure 6C). The relationship between the 

reduction and oxidation peak potentials and lnυ is 

seen in Figure 6D. The linear equations were found to 

be Epa = 0.0298lnυ + 0.5335 (R2 = 0.9978) and Epa = 

-0.0333lnυ + 0.1356 (R2 = 0.9983). The slopes of 

these equations are equal to the slopes in the Laviron  

equations (1 eq. and 2 eq.), and n and α were 

computed to be 1.63 ~ 2 and 0.47, respectively. These  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

values were found to be consistent with previous 

studies. For example, in a study by Gong and his 

colleagues, an electrochemical sensor was prepared 

using poly-tryptophan-functionalized graphene. In 

the study, α and n values were calculated as 0.67 and 

1.65, respectively [31]. The electrochemical 

oxidation and reduction reaction of DA can be written 

as given in Scheme 2.  

 

 

Scheme 2. The electrochemical oxidation and reduction 

reaction of DA 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. (A) CVs obtained by Nf/Ni@SiO2-APTES in BR buffer with various pH (3, 4, 5, 6, 7, and 8) PBS 

solution. (B) I (µA) vs. pH graph. (C) CVs obtained at various scan rates (from 0.02 to 0.4 V/s). (D) E (V) vs. 

lnν graph. (E) I (µA) vs. scan rate (V/s) graph. 
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In order to detect the type of the reaction 

process of DA on the working electrode, the oxidation 

and reduction peak currents versus scan rate graph 

was obtained using CVs obtained at different scan 

rates (Figure 6E). According to the graph, it was 

concluded that both oxidation and reduction peak 

currents were linear against the scan rate. These 

results show that the electrode reaction of DA is an 

adsorption-controlled process [32]. 

In our study, DA was determined using both 

cyclic voltammetry and amperometric methods. For 

this purpose, the voltammograms were obtained by 

adding different concentrations of DA to BR (pH 3.5) 

buffer solution (Figure 7A). Using the oxidation peak 

current values of these voltammograms, the graph of 

concentration of DA versus peak current value was 

obtained. As seen in Figure 7B, two linear 

determination ranges were obtained. The first linear 

equation is I (µA) = 48.991[DA] (mM) + 2.2531 (R2 

= 0.9916) and the second linear equation is I (µA) = 

27.681[DA] (mM) + 10.684 (R2 = 0.9952). The 

sensitivities were computed to be 2130.04 µA mM-1 

cm-2 and 1203.52 µA mM-1 cm-2, respectively. The 

LOD was detected to be 0.36 µM depending on 

3xSD/Slope. The linear detection range, sensitivity 

and limit of detection (LOD) values of the sensor for 

DA were determined using amperometry. Figure 7C 

shows the current-time graph obtained at 0.44 V 

potential using the amperometric method. Figure 7D 

exhibits the current-DA concentration graph. The 

linear equation of the graph was determined as I (µA) 

= 0.0133[DA] (µM) + 0.0596 (R2 = 0.9974). The 

linear detection range for DA was 2x10-7 – 2.52x10-4 

M. The sensitivity of the sensor was calculated to be 

578.26 µA mM-1 cm-2 depending on the active surface 

area of the working electrode.  The active surface area 

of each working electrode was achieved using The 

Randles-Sevcik equation [33]. The active surface area 

was detected to be 0.092 cm2 for GCE, 0.004 cm2 for 

Nf/SiO2-APTES/GCE, and 0.023 cm2 for 

Nf/Ni@SiO2-APTES. Due to the low conductivity of 

the SiO2-APTES, it showed a lower active surface 

area than the bare electrode. However, after Ni was 

deposited on the surface of the support, the active 

surface area of the working electrode increased by 

5.75 times. The LOD value of the sensor was 0.07 µM 

depending on the signal-to-noise ratio of 3. Due to 

both the working environment and the high sensitivity 

of the device used, high noise was obtained at the high 

analyte concentrations of DA when using 

amperometric measurement. For this purpose, one 

linear determination range was determined by the 

amperometric method when compared with the CV 

method. In addition, CV is mostly used to evaluate the 

reduction/oxidation process of the target analyte. 

To date many studies have been carried out to 

determine electrochemically DA. For example, in one 

study performed by Gong et al., the glassy carbon 

electrode was modified using polytryptophan-

functionalized graphene. DA was determined in the 

range of 0.2-100 µM using the differential pulse 

voltammetric method and the LOD value of the sensor 

was found to be 0.06 µM. DA was successfully 

determined in dopamine injections using the sensor 

[34]. In another study, flower-like gold nanoparticles 

were deposited on the gold electrode using the 

potentiostatic electrochemical deposition method. 

The resulting nanostructures had large surface areas, 

and ascorbic acid (AA) and DA were determined 

selectively and sensitively. DA was determined in the 

linear range of 1-150 µM and the LOD value of the 

sensor was found to be 0.2 µM [35]. In one study, the 

working electrode was modified using platinum–

silver graphene (Pt–Ag/Gr) nanocomposite for the 

determination of DA. CV and differential pulse 

voltammetry (DPV) were used in electrochemical 

studies for DA determination. CV results indicated 

that Pt–Ag/Gr/GCE increased the electrocatalytic 

response to DA electro-oxidation because of the 

synergistic influence between platinum-silver 

nanoparticles and graphene. The sensor displayed a 

linear detection range of 0.1-60 µM with a detection 

limit of 0.012 µM for DA using DPV method [36]. In 

a study reported by Li et al., Ag nanoparticles 

deposited on CuO porous nanobelts (Ag/CuO PNPs) 

were prepared for DA detection. DA electrochemical 

sensor was developed using Ag/CuO. The linear 

detection range was 0.04-10 µM with LOD of 7 nM 

[37]. In a study by Xue and colleagues, DA was 

determined amperometrically using gold 

nanoparticles (AuNPs) doped molecularly imprinted 

polymers (MIPs). The electrode exhibited a linear 

range from 0.02 to 0.54 µM and a LOD of 7.8 nM 

[38]. In our study the constructed Nf/Ni@SiO2-

APTES/GCE electrochemical sensor displayed a 

linear range between 0.2 and 252 µM with LOD of 

0.07 µM and sensitivity of 578.26 µA mM-1 cm-2. 

Considering these values obtained, the sensor showed 

a satisfactory linear determination range and 

detection limit. 

So as to evaluate the selectivity of the 

Nf/Ni@SiO2-APTES/GCE electrode, ascorbic acid 

(AA), uric acid (UA), phenylalanine (Phe), glucose 

(Glu), fructose (Fruc), mannose (Man) and sucrose 

(Suc) were used. Figure 8A shows the current-time 

graph obtained using various concentrations of DA 

(0.4, 1.0, 4.0 and 10.0 µM) and 25 µM AA, UA, Phe, 

Glu, Fruc, Man and Suc. As seen from the figure, the 

sensor did not show a remarkable electrocatalytic 

response to these compounds. This shows that the  

https://www.sciencedirect.com/topics/materials-science/gold-nanoparticle
https://www.sciencedirect.com/topics/materials-science/gold-nanoparticle
https://www.sciencedirect.com/topics/chemistry/molecularly-imprinted-polymer
https://www.sciencedirect.com/topics/chemistry/molecularly-imprinted-polymer
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sensor has excellent selectivity toward DA against 

these substances used. 

To investigate the repeatability, 0.4, 1.0, 4.0 

and 10.0 µM DA were measured using the same 

Nf/Ni@SiO2-APTES/GCE working electrode. Figure 

8B shows the current-DA concentration graph. The 

relative standard deviation (RSD) values were 5.46% 

for 0.4 µM DA, 3.22% for 1.0 µM DA, 2.7% for 4.0 

µM DA, and for 2.6% for 10.0 µM DA. These 

findings indicated that the sensor has satisfactory 

repeatability.  

To evaluate the reproducibility of the sensor, 

five Nf/Ni@SiO2-APTES/GCE sensors were 

prepared under the same conditions. Then, 

electrochemical response of these electrodes to 0.4, 

1.0, 4.0 and 10.0 µM DA were obtained. Figure 8C 

exhibits current-DA concentration graph. The RSD 

values were calculated as 3.9% for 0.4 µM DA, 1.87% 

for 1.0 µM DA, 0.6% for 4.0 µM DA, and 3.08% for 

10.0 µM DA. According to these results, the sensor 

exhibited satisfactory reproducibility. 

In our study, dopamine hydrochloride 

injection was used for real sample analysis. For this  

 

 

 

 

 

 

purpose, injection containing 200 mg/5mL dopamine 

hydrochloride were purchased from a local pharmacy 

and 0.1 and 1.0 mM DA solutions were prepared. 

Different concentrations of DA were put into the cell 

containing BR (pH 3.5). After that, the current-time 

graph was obtained. The mean value, standard 

deviation (SD) and RSD values was calculated for 

DA concentrations. Table 2 shows the RSD and 

recovery values with the DA concentrations added 

and found in the electrochemical cell, demonstrating 

that DA can be determined in dopamine injection 

using Nf/Ni@SiO2-APTES/GCE sensor. 

The storage stability of Nf/Ni@SiO2-

APTES/GCE was tested for 28 days. The sensor 

showed an electrocatalytic response of 95.33% after 

28 days. It was concluded that the sensor was 

extremely stable within the studied time period. 

 

 

 

 

 

Figure 7. (A) CVs obtained by Nf/Ni@SiO2-APTES/GCE in BR buffer (pH 3.5) containing various amount of DA 

at the scan speed of 50 mV/s. (B) I (µA) vs. DA concentration graph. (C) Amperometric response obtained using 

Nf/Ni@SiO2-APTES/GCE on successive addition of DA to BR buffer (pH 3.5) at the performed potential of 0.44 V. 

(D) I (µA) vs. DA concentration graph. 

 



M. Güler, Y. E. Yıldırım / BEU Fen Bilimleri Dergisi 13 (4), 999-1012, 2024 

1009 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion and Suggestions 

 
In general, a novel DA electrochemical sensor was 

developed in this study. For this purpose, SiO2 used 

as the support material was modified using APTES. 

Ni nanoparticles were deposited on the support. EIS, 

CV and amperometry were used for electrochemical 

studies. Ni (%5) peaks were not clearly formed in the 

XRD graph because Ni nanoparticles formed an  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

amorphous structure (Ni-B) with B. The FTIR graph 

shows that the APTES compound was bound on the 

SiO2 support. The Nf/Ni@SiO2-APTES/GCE sensor 

displayed a linear detection range for DA in the range 

of 2x10-7 – 2.52x10-4 M. The sensitivity of the sensor 

was calculated to be 578.26 μA mM-1 cm-2 depending 

on the active surface area of the electrode using 

amperometric method. The LOD was computed to be 

0.07 µM. The sensor exhibited extremely good 

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

1 0.4 0.4±0.015 3.75 100 

2 1.0 1.04±0.05 4.81 104 

3 4.0 4.0±0.23 5.75 100 

4 10.0 10.4±0.78 7.50 104 

Figure 8. (A) Amperometric signals achieved at the Nf/Ni@SiO2/GCE after adding 0.4, 1.0, 4.0 and 10.0 µM DA and 

25 μM AA, UA, Phe, Glu, Fruc, Man, and Suc to BR buffer (pH 3.5). (B) The repeatability response of the sensor to 

DA with various amount. (C) The reproducibility of response of the sensor to DA with different concentrations. 

 

Table 2. Electrochemical determination of dopamine in dopamine injection 

using Nf/Ni@SiO2- APTES/GCE sensor 
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selectivity, repeatability, reproducibility and storage 

stability. This study showed that employing transition 

metal nanoparticles deposited on APTES 

functionalized SiO2 is a potential method for 

fabricating an electrochemical sensor. Future studies 

may focus on new electrochemical sensors by 

depositing other transition metal or metal oxide 

nanoparticles on SiO2-APTES. 
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