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A sensitive enzyme-free glucose electrochemical sensor was developed by continuous cyclic 

voltammetry. In this system, the carbon quantum dots are a kind of green environmental protection 

materials and the nickel nanoparticle is excellent electrocatalysts. The proposed sensor based on the 

above two kinds of materials was successfully applied to determine glucose in serum. The developed 

sensor exhibition wider response range (0.005~8.0mM) and possessed lower detection limit (0.98μM). 

Moreover, as-prepared biosensor exhibited prominent selectivity, stability and reproducibility and it 

was used for the determination of glucose in serum with satisfactory results. 
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1. INTRODUCTION 

Diabetes is a metabolic disease, mainly caused by insulin secretion defects or abnormal insulin 

action. The kidneys, cardiovascular and nervous systems of diabetic patients are easily damaged, 

leading to dysfunction or failure. Therefore, the detection of blood sugar is very important. Glucose 

sensors have important application value in clinical diagnosis and most of them have been 

commercialized [1-3]. Nowadays, glucose sensors are mainly divided into two categories: enzyme 

sensors and enzyme-free sensors [4-10]. The enzyme-free glucose sensor has attracted much attention 

because of its high stability and avoiding enzyme denaturation [11, 12]. 

Nickel nanoparticles (Ni NPs) are considered to be the most ideal electrochemical catalyst 

materials for glucose, there are many reports on nickel based materials [13-17]. The electrocatalytic 
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oxidation mechanism of glucose is well known, and related literature has been reported [18-20]. Ni 

NPs was widely used in electrocatalysis due to due to its good stability and excellent conductivity [21-

23]. 

Carbon quantum dots (CQDs) is a new type of carbon-based material with excellent optical and 

chemical properties and have received widespread attention [24, 25].  So far, CQDs has been applied 

to bioimaging [26, 27], biosensing [28, 29], and other fields. Like other carbon materials (graphene 

oxide and carbon nanotubes), CQDs are also used in electrocatalysis [30-32]. 

In this study, an enzyme-free glucose electrochemical sensor was fabricated based on the Ni 

NPs and CQDs by simple continuous cyclic voltammetry. CQDs using pine leaf chlorophyll as carbon 

source were synthesized by the classical hydrothermal method. In the synergistic effect of nickel 

nanoparticles and carbon quantum dots, the sensor showed excellent catalytic activity for glucose. The 

corresponding electrocatalytic mechanism is described in the paper. 

 

 

 

 

2.1 Reagents  

Citric acid (CA), mercaptoethylamine and nickel chloride were purchased from Shanghai 

Maclean Biochemical Co., Ltd. (Shanghai, China). Glycine, lysine, glutamic acid, glucose and sucrose 

were purchased from Nine-Dinn Chemistry (Shanghai) Co., Ltd. (Shanghai, China). NaCl and KCl 

were purchased from Guangzhou Chemical Reagent Factory (Guangzhou, China). Ethanol and sodium 

hydroxide were purchased from Damao Chemical Reagent Factory (Tianjin, China). CaCO3 was 

purchased from Shanghai Lingfeng Chemical Reagent Co., Ltd. (Shanghai, China). Deionized water 

was used throughout the experiment. All reagents are analytically pure. 

 

2.2 Extraction of pine leaf chlorophyll 

Pick fresh campus pine leaves, shred them to a length of 1~2 cm, weigh 7 g of the shredded 

leaves into a beaker, add acetone and 95% ethanol in a ratio of 2:1 to the beaker, add 1 g of CaCO3, 

and filter for half an hour after ultrasound, spare. 

 

2.3 Preparation of CQDs 

Add 5 g of citric acid, 10 g of pine leaf chlorophyll, and 2.403 g of β-mercaptoethylamine to a 

beaker filled with 100 mL of pure water and 20 mL of 95% ethanol. After mixing, divide the solution 

into 3 linings. Each lining is 40 mL, and the lining is loaded into a stainless steel reactor and reacted at 

180 °C for 150 min. After the reaction, light yellow liquid carbon quantum dots are obtained. Put the 

above-mentioned carbon quantum dot liquid into a 1000 Da dialysis bag, place it in distilled water, and 

change the water every 5 h for 2 days. Obtain colorless transparent liquid carbon quantum dots. The 

dialysis carbon quantum dot solution was freeze-dried to obtain solid carbon quantum dots. 
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2.4 Preparation of Ni/CQDs/GCE 

Before each experiment, the GCE was polished with 0.05 μm alumina powder and 

ultrasonically cleaned in ethanol and deionized water for 5 min. Apply 5 μL of CQDs onto GCE and 

dry them with an infrared lamp to prepare CQDs/GCE. CQDs/GCE was placed in NiCl2 solution to 

make prepare Ni/CQDs/GCE by continuous cyclic voltammetry. Among them, the scanning range is 

from -0.05 V to -1.05 V, the scanning rate is 50mV s-1 and finally Ni/CQDs/GCE was obtained. Using 

similar experimental steps, CQDs/GCE and Ni/GCE were prepared respectively. 

 

2.5 Characterization 

The morphology of modified electrodes was studied by scanning electron microscopy (SEM) 

with a LEO1430 vs. (Carl Zeiss, Germany) instrument. The CHI660E electrochemical workstation was 

used to obtain Cyclic Voltammetry (CV) and Chronoamperometry data. The CHI660E electrochemical 

workstation used a three-electrode battery setup, with 0.1 M NaOH solution as the supporting 

electrolyte. A modified glassy carbon electrode (GCE) as the working electrode, a platinum sheet was 

used as the counter electrode, a silver-silver chloride electrode (Ag/AgCl) as the reference electrode. 

Chronoamperometry was performed under uniform instantaneous conditions. The sensor test was 

performed by adding glucose within a time interval of 30 s.  

 

 

 

 

3.1 Characterization of the CQDs and Ni/CQDs nanocomposites 

The prepared CQDs and Ni/CQDs nanocomposites were characterized by SEM to study their 

surface morphology (Fig.1).  

 

 

 
 

Figure 1. SEM images of CQDs (A) and Ni/CQDs nanocomposites (B). 
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The SEM image of CQDs synthesized by hydrothermal method using pine leaf chlorophyll as 

the raw material is shown in Fig.1A. It can be seen that the size of CQDs is about 2 μm, has a spherical 

shape and a large specific surface area. Ni/CQDs/GCE was obtained by electrodeposition method, and 

its SEM image is shown in Fig.1B. Nano-nickel is uniformly and densely distributed on the surface of 

CQDs, and a relatively rough film is formed. Therefore, it can be concluded that the Ni/CQDs 

nanocomposite material was successfully obtained by a simple electrodeposition method and can be 

modified on the surface of the glassy carbon electrode. 

 

3.2 Electrocatalytic oxidation of glucose at the Ni/CQDs/GCE  

The electrocatalytic behavior of glucose on different modified electrodes was studied by cyclic 

voltammetry, and the results are shown in Fig.2. It can be seen from Fig.2B that during the glucose 

oxidation process of Ni/CQDs/GCE, a significant increase in anode current can be observed, and the 

oxidation potential shifted positively.  

 

 
 

Figure 2. CV curves of bare/GCE, Ni/GCE, CQDs/GCE, Ni/CQDs/GCE without (A) or with 1 mM 

glucose (B) in 0.1 M NaOH solution. (C) CV curve of Ni/CQDs/GCE in 0.1 M NaOH solution 

containing different concentration of glucose with the scan rate is 100mV s-1. 

 

These results may be due to the electrocatalytic oxidation of glucose adsorbed on Ni(OH)2 

surface. Oxidation of glucose occurs at a higher potential, which is mainly related to the chemical 
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reaction between nickel (II) and nickel (III) substances, and this process will lead to an increase in the 

anode peak current [33-35]. The chemical reaction process is as follows: 

Ni + 2OH−→ Ni(OH)2 + 2e− 

Ni(OH)2 + OH−→ NiOOH + H2O + e− 

NiOOH + glucose→ Ni(OH)2 + glucolactone 

The cyclic voltammogram of the electrochemical catalysis behavior of glucose on 

Ni/CQDs/GCE was obtained from 0 to 5 mM glucose (Fig.2C). Obviously, the oxidation peak current 

value increases with the increase of glucose concentration. The results show that Ni/CQDs/GCE has 

good electrocatalytic oxidation behavior. 

 

3.3 Optimization of conditions 

3.3.1 Scanning rate exploration 

 
 

Figure 3. (A) CV curves of Ni/CQDs/GCE with 1 mM glucose in different scan rates. (B) Plot of 

square root of scan rate vs peak currents. (C) Plot of logarithm of scan rate vs peak potential. 

 

 

In a 0.1 M NaOH solution containing 1 mM glucose, the kinetic process of glucose oxidation 

on Ni/CQDs/GCE was investigated by cyclic voltammetry at different scan rates (50~550 mV s-1) 

(Fig.3A). As can be seen that the peak current of both anode and cathode increased with the increased 
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of scanning rate. Furthermore, the peak potentials of the anode and cathode had also changed. The 

peak potential of the anode moved to a high potential, and the peak potential of the cathode moved to a 

low potential. During the electrochemical reaction, the diffusion layer is dynamically restricted under 

high current density, which promotes the peak potential of the anode to move to a high potential [36]. 

As can be seen from Fig. 3B, there was a good linear relationship between the square root of the scan 

rate (v1/2) and the peak current. Fig. 3C showed the linear relationship between the logarithm of 

scanning rate (log v) and peak potential. These results indicate that the electrocatalytic oxidation 

process of glucose on Ni/CQDs/GCE is controlled by diffusion [37, 38]. 

 

3.3.2 Explore the impact of nickel chloride concentration 

 
 

Figure 4. CV curve of Ni/CQDs/GCE in different concentrations nickel chlride without (A) or with 1 

mM glucose (B) in 0.1 M NaOH solution with the scan rate is 100mV s-1. 

 

 

Table 1. Differences in peak oxidation current values of Ni/CQDs/GCE obtained by electrochemical 

polymerization under different concentrations of nickels chloride before and after glucose 

addition. 

 

Electrode NiCl2 

(mM) 

Glucose 

(mM) 

Ipa 

 (μA) 

∆Ipa 

(μA) 

Ni/CQDs/GCE 1 0 666 101 

1 767 

3 0 944.3 139.7 

1 1084 

5 0 950.7 47.7 

1 998.4 

7 0 1121 41 

1 1162 

9 0 990.8 112.2 

1 1103 
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The preparation conditions were studied carefully to obtain the best sensing performance. Fig.4 

confirmed the electrocatalytic function of Ni on glucose. It is of great significance to study the 

concentration of nickel chloride used to prepare Ni/CQDs/GCE. Ni/CQDs/GCE was obtained by 

continuous CV scanning in different concentrations of nickel chloride solution. In the absence of 

glucose (Fig.4A) and 1 mM glucose (Fig.4B), the electrocatalytic oxidation function of Ni on glucose 

was explored. It can be known from the difference in oxidation peak current value before and after 

glucose addition that when nickel chloride concentration was 3 mM, the oxidation current of glucose 

was the strongest (Table 1). Therefore, 3 mM nickel chloride was selected as the optimal concentration 

for the following test.  

 

3.3.3 Explore the impact of scan cycles 

At the same time, the effect of continuous CV scanning cycles of Ni/CQDs/GCE in 3 mM 

nickel chloride solution was also explored. The purpose is to find a suitable thickness to effectively 

catalyze the oxidation of glucose by controlling the number of cycles of electrochemical 

polymerization nickel. The results are shown in Fig.5 (A-B). As the number of cycles increases, the 

peak oxidation current increases and the potential shift positively. The thickness of the film formed by 

electrochemical polymerization gradually increases, which can promote the electrocatalytic oxidation 

of glucose. However, the comparison in Table 2 shows that when the number of cycles was 10, the 

difference in the oxidation peak current was the largest, indicating that the film on the surface of 

Ni/CQDs/GCE had reached the optimal thickness for the catalytic oxidation of glucose. Therefore, the 

sensitivity of Ni/CQDs/GCE in detecting glucose had been improved. When the thickness of the film 

is large, the obstacles to the electron transfer between the electrode and the solution increase. Hence, 

the film thickness obtained at the 10th cycle was selected as the optimal thickness. 

 

 

 
 

Figure 5. CV curve of Ni/CQDs/GCE in different number of scans without (A) or with 1 mM glucose 

(B) in 0.1 M NaOH solution with the scan rate is 100mV s-1. 
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Table 2. Differences in peak oxidation current values of Ni/CQDs/GCE with different cycles before 

and after glucose addition. 

 

Electrode 
Cycle 

number  

Glucose 

(mM) 

Ipa 

 (μA) 

∆Ipa 

(μA) 

Ni/CQDs/GCE 5 0 646.7 175.8 

1 822.5 

10 0 938.5 255.5 

1 1194 

20 0 1174 193 

1 1367 

30 0 1235 212 

1 1447 

40 0 1273 207 

1 1480 

 

3.4 Amperometric detection of glucose 

Studies have shown that the sensing performance using current methods largely depends on the 

applied potential [42]. The amperometric response of Ni/CQDs/GCE under different applied potentials 

(+0.60~+0.75 V) was evaluated by adding 1 mM glucose to 0.1 M NaOH solution under stirring 

conditions. The current response curve obtained is shown in Fig.6.  

 

 
Figure 6. Amperometric responses of Ni/CQDs/GCE to successive additions of 1mM glucose at the 

applied potentials of +0.60, +0.65, +0.70 and +0.75 V, respectively. 



Int. J. Electrochem. Sci., 16 (2021) Article ID: 210528 

  

9 

Obviously, it can be seen that under all the applied potentials studied, each time glucose was 

added, the current response increased gradually. It was worth noting that the highest sensitivity could 

be obtained at a potential of +0.65 V. Therefore, +0.65 V was chosen as the best potential for 

electrochemical detection of glucose.  

Chronoamperometry was used to study the current response of Ni/CQDs/GCE to different 

concentrations of glucose at +0.65 V (Fig.7A). Different concentrations of glucose were added to 0.1 

M NaOH solution every 30 s, and the solution was stirred to make the glucose dispersed evenly. When 

glucose was added to the solution, the current value increased rapidly and stabilized within 5 s, which 

indicated that Ni/CQDs/GCE had a rapid current response during the electrocatalytic oxidation of 

glucose. Uniform Ni NPs are loaded on the surface of the CQDs with a spherical structure, which 

provides many reaction sites for the electrocatalytic oxidation of glucose and promotes the rapid 

conversion of glucose to gluconolactone. 

The linear relationship between current response and glucose concentration is shown in Fig. 

7B. It can be seen that the current response increases in proportion to the increase in glucose 

concentration. The linear regression equation is Ipa = 5.8691c + 11.023, and the correlation coefficient 

is 0.9941. The results show that the linear range of Ni/CQDs/GCE for glucose detection is 0.005~8.0 

mM, and the detection limit is 0.98 μM (S/N=3). 

 

 

 
 

Figure 7. (A) Amperometric response of Ni/CQDs/GCE with adding glucose at time breaks of 30 s in 

0.1M NaOH solution at +0.65 V. The inset is an enlarged view of the corresponding 

amperometric responses signal for glucose concentrations from 0.005 to 0.2mM. (B) Linear 

relationship between glucose concentration and response current. 

 

3.5 Study of anti-interference, reproducibility and stability  

The anti-interference ability of the glucose sensor is also a key factor, which is due to the 

presence of many interfering substances in the human blood environment, such as uric acid (UA), 

ascorbic acid (AA), glutamic acid (Glu), lysine (Lys) and NaCl, etc. Therefore, anti-interference 

experiments were carried out. Considering that the blood glucose concentration is 30 times that of 
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these interfering substances [39], after adding 1 mM glucose, 0.1 mM UA, AA, NaCl, KCl, Lys, Glu, 

Gly, and sucrose are added at +0.65 V (Fig.8). From the experimental results, it can be seen that a 

significant current change occurs after the addition of glucose. When the interfering substance is 

added, the current change is almost negligible, which shows that Ni/CQDs/GCE has excellent anti-

interference ability when detecting glucose. 

 

 
 

Figure 8. Anti-interference tests of the Ni/CQDs/GCE in 0.1 M NaOH solution at the applied potential 

of +0.65 V. 

 

 

Table 3. Comparative performance data of nickel based enzyme-free sensors for glucose 

determination. 

 

Electrode 
Detection Limit 

(μM) 

Linear range 

(mM) 

Sensitivity 

(μA 

mM−1 cm−2) 

Reference 

NiO/C microsperes 2 0.002~1.279 30.19 [40] 

Ni(OH)2@PEDOT-

rGO 
0.6 0.002~7.1 346 [41] 

Ni-MWNTs 0.89 0.0032~17.5 67.19 [42] 

GQDs/CoNiAl-

LDHs/CPE 
6 0.01~1.4 48.717 [43] 

NiAl-LDH/CC 0.22 0.001~0.329  14130 [44] 

NiCo2O4@Ppy  0.22 0.01~20 3059 [45] 

GCE-Graphene-Ni 0.1 0.01~1.15 2213 [46] 

Chitosan-rGO-Ni NPs 4.1 up to 9 318.4 [47] 

NiO-NPs@FTO - 0.1~1.2 3.9 [48] 

Ni/CQDs/GCE 0.98 0.005~8.0 11.74 This work 

 

The reproducibility of Ni/CQDs/GCE was evaluated by measuring five independent sensors 

under the same conditions. It can be seen from the results that the relative standard deviation (RSD) of 

the current response value of five independent sensors measuring glucose is 2.37%, which means that 

Ni/CQDs/GCE has good reproducibility.  
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By exploring the long-term stability of Ni/CQDs/GCE, it can be used to evaluate its practical 

application. Store the prepared Ni/CQDs/GCE at room temperature to test its stability and regularly 

measure its current response to glucose. When the storage time is 7 days, Ni/CQDs/GCE maintains 

93.8% of the initial current value, which has certain stability. 

Table 3 compares the analytical performance of the prepared sensor and other nickel-based 

enzyme-free sensors. The comparison shows that Ni/CQDs/GCE has a wider linear range and lower 

detection limit when measuring glucose. 

 

3.6 Measurement of chicken blood serum sample and human serum sample 

The applicability of this glucose sensor was performed after determining the glucose 

concentration in real samples (chicken serum and human serum samples). Human serum samples came 

from the First Affiliated Hospital of Guangdong Pharmaceutical University.  

 

 

Table 4. Determination of glucose in chicken blood serum sample by Ni/CQDs/GCE (n=3). 

 

Analytes 
Determined 

(mM) 
Added 

(mM) 
Found 

(mM) 

Recovery 

(%) 

RSD 

(%) 

Glucose 2.18 

2 4.08 97.60 3.61 

4 5.40  87.40 5.30 

8 9.38 92.10 4.80 

RSD: Relative standard deviation of three measurements. 

 

 

Table 5. Determination of glucose in human blood serum sample by Ni/CQDs/GCE (n=3). 

 

Sample number 
Measured by 

Ni/CQDs/GCE (mM) 
Commercialized 

sensors (mM) 
RSD (%) 

1 3.71 3.83 2.20 

2 4.78 4.97 2.80 

3 4.49 4.20 4.70 

 

Fresh chicken blood was collected from the local market. Using EDTA as an anticoagulant, the 

fresh chicken blood was centrifuged to obtain a chicken serum sample. The chicken serum sample was 
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diluted 100 times with 0.1 M NaOH solution, and then, at +0.65 V, the glucose recovery experiment in 

the chicken serum sample was carried out by the standard loading method using the current-time curve 

method. The results are shown in Table 4. At the same time, the electrochemical biosensor we 

prepared was also tested for human serum samples. The human serum sample was diluted 40 times 

with 0.1 M NaOH solution. The measurement results of the three human serum samples are listed in 

Table 5. These results show that the obtained sensor has good accuracy and precision, and proves that 

the prepared sensor has practical application value. 

 

 

 

In summary, Ni NPs/CQDs nanocomposites were prepared by pine leaf chlorophyll, and a 

novel and sensitive enzyme-free glucose electrochemical sensor was prepared. Ni NPs were 

electrodeposited by simple continuous cyclic voltammetry based on the CQDs/GCE in 3 mM nickel 

chloride solution. The developed sensor showed good sensing performance for glucose monitoring. 

The linear range was 0.005~8 mM, the sensitivity was 11.74 μA mM-1 cm-2, and the detection limit 

was 0.98 μM (S/N=3). The sensitivity, selectivity, repeatability, real sample analysis (real human 

serum sample and chicken serum sample), storage stability and repeatability of the prepared glucose 

sensor are all satisfactory. The preparation method of the enzyme-free glucose sensor is simple and 

environmentally friendly and effective. It provides a new idea for the preparation of enzyme-free 

glucose sensor. 
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