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Introduction  

Diabetes mellitus is known as a public health problem 

worldwide, characterized by elevated blood glucose levels 

above the normal range of 3-8 mM. Hyperglycemia occurs 

due to impaired glucose metabolism resulting from deficiencies 

in insulin secretion or action.1 Therefore, accurate detection 

of glucose concentration is crucial for managing diabetes 

mellitus.2 The development of highly sensitive, reliable, and 

stable glucose sensors is essential not only for medical 

diagnosis but also for applications in biotechnology, food, 

and pharmaceutical industries.3,4 

The glucose sensors are commonly categorized into 

enzymatic and non-enzymatic subgroups.5 Enzymatic 

biosensors, which use the enzyme glucose oxidase (GOx) as 

the recognition element, demonstrate high sensitivity and 

selectivity.6 However, the high cost and low stability of the 

enzyme, along with a complex immobilization process, limit 

the enzymatic biosensor applications.7,8 Additionally, the 

electrocatalytic properties of GOx could be easily influenced 

by environmental conditions such as humidity, pH, and 

temperature.9 Therefore, the construction of cost-effective 

and stable non-enzymatic glucose sensors with high 

sensitivity has attracted a lot of interest. 

Nanostructured materials such as metals (e.g., Pt,10 Au,11 

Ni12), transition metal oxides (e.g., CuO,13 NiO,14 Co3O4
15), 

and alloys (e.g., PdNi,16 PbPt,17 PtRu18) are commonly used 

in the fabrication of non-enzymatic glucose sensors. Among 

them, copper-based nanoparticles have attracted a lot of 

attention because of their high electrocatalytic activity and 

relatively low cost.19 Carbon-based nanomaterials have been 

widely used in electrochemical sensors due to their unique 
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properties such as large specific surface area, high electrical 

conductivity, excellent mechanical strength, and cost-

effectiveness.20,21 Carbon nanofibers (CNFs), as one-dimensional 

carbon-based nanomaterials, have many applications in the 

construction of electrochemical sensors. They can be 

effectively used as supports for catalyst nanoparticles.22 

Several methods have been developed to grow nanoparticles 

onto the CNFs surface, including co-precipitation.23,24 

hydrothermal,13,25 and thermal decomposition.26,27 Among 

these methods, the in-situ synthesis of nanoparticle/CNFs 

nanocomposites from thermal decomposition of precursors 

has received great attention due to the easy fabrication 

method and low manufacturing costs. One of the features 

distinguishing CNFs from other types of carbon-based 

nanomaterials is that they can be utilized directly as free-

standing electrodes without the need for any binder, which 

increases the conductivity of the electrodes.28 Furthermore, 

the sensor manufacturing costs will be lower due to the 

absence of the expensive glassy carbon electrode. 

Recently, the electrospinning technique has been known 

as a simple and cost-effective method for manufacturing 

CNFs with nanometer diameter and micron length scales.29,30 

The in-situ process of carbonization of polymer nanofibers 

and reduction of metallic precursors to metallic nanoparticles 

can be accomplished by a combination of electrospinning 

and thermal decomposition processes.16 So, Cu nanostructures 

could effectively be prepared and diffuse easily from bulk to 

the surface of CNFs at high temperatures.31 Besides, the size 

of nanoparticles could be controlled by the temperature and 

time of the carbonization step and the percentage of salt 

precursor in the electrospinning solution.31 

In this work, a novel strategy was used for in-situ growth 

of Cu (or CuO)/CNFs nanocomposite based on a combination 

of electrospinning and thermal decomposition methods. The 

applicability of the proposed nanocomposite as a free-

standing electrode for the fabrication of a non-enzymatic 

glucose sensor was then tested. The prepared nanocomposites 

were characterized by field emission scanning electron 

microscopy (FE-SEM), X-ray diffraction (XRD), energy-

dispersive X-ray (EDX), Raman spectroscopy, and thermo- 

gravimetric analysis (TGA). Electrocatalytic properties of 

CNFs-based free-standing electrodes (CuO/CNFs and Cu/ 

CNFs) toward the oxidation of glucose were evaluated in 

alkaline media. The results showed that the prepared 

electrodes are promising candidates for glucose detection. 

 

Materials and Methods 

Synthesis of Cu/CNFs and CuO/CNFs Nanocomposites 

In the first step, 1.2 g of polyacrylonitrile (PAN, MW = 

80,000 g mol-1, Polyacryle Co.) was dissolved in 10 ml of N, 

N-dimethylformamide (DMF, Aldrich). After two hours of 

continuous stirring, different concentrations of copper acetate 

salt (Cu(Ac)2.H2O, Aldrich), i.e. 1, 3, and 5 wt. %, were added 

to the above solution and stirred for 24 hours to obtain a 

homogeneous solution. Next, the electrospinning process 

was carried out at 11.5 kV to synthesize Cu(Ac)2/PAN. The 

feeding rate of the solution was 0.5 ml/h and the needle tip 

distance from the collector was 10 cm. In the next step, 

Cu(Ac)2/PAN nanofibers were stabilized in the air for 1 hour 

at 230 °C. Cu/CNFs nanocomposites were then prepared by 

carbonizing the stabilized nanofibers at 900 °C for 2 hours in 

N2. The Cu/CNFs nanocomposites containing 1, 3, and 5 wt. 

% of Cu(Ac)2.H2O were designated as 0.1 Cu/CNFs, 0.3 Cu/ 

CNFs, and 0.5 Cu/CNFs, respectively. For higher percentages 

of copper salt, the viscosity of the electrospinning solution 

was greatly reduced, and virtually no fibers were obtained 

on the collector. Therefore, no further efforts were made to 

obtain nanocomposites with a concentration higher than 5 

wt. % of copper salt. Additionally, the carbonized Cu/CNFs 

were post-heated at 300 °C for 15 minutes in the air to 

produce CuO/CNFs. The proposed nanocomposite was then 

used as a free-standing electrode (Supplementary data). The 

pure CNFs were prepared under the same conditions except 

that the copper acetate salt was not added. 

 

Characterization of the Nanocomposites 

The morphologies of the pure CNFs and Cu/CNFs nano- 

composites were characterized by FE-SEM (MIRA3 model, 

TESCAN Co., Czech Republic). The composition of the 

Cu/CNFs nanocomposite was investigated by EDX (JEOL, 

JEM-2010, Japan). The XRD (Microanalyser Unisantis 

XMF-104, Germany) technique was used to determine the 

crystal structure of the Cu/CNFs nanocomposite and identify 

the phase of the samples. Thermo gravimetric analysis (TGA) 

was conducted in air from 50 to 800 °C. The heating rate 

was set to be 10 °C min-1. The electrical conductivity of 

electrodes was determined based on the two-point probe 

method. The degree of graphitization of the nanocomposites 

was defined by Raman spectroscopy (Teksan, Takram 

P50C0R10, Iran), in which the laser wavelength was 532 nm. 

 

Electrochemical Measurements 

All electrochemical measurements were conducted using a 

three-electrode system, with the CNFs, Cu/CNFs, or CuO/ 

CNFs as the working electrode, a platinum plate as the 

counter electrode, and a saturated Ag/AgCl reference 

electrode. The measurements were carried out in 0.1 M 

NaOH at room temperature. Various electrochemical tests, 

including cyclic voltammetry (CV), chronoamperometry, 

and electrochemical impedance spectroscopy (EIS), were 

performed using a Potentiostat/Galvanostat (Autolab PGSTAT 

204N, Netherlands). The CV measurements were conducted 

in the potential range of 0.2-0.8 V at a scan rate of 50 mV s-

1. EIS (10-2 to 105 Hz with an AC amplitude of 5 mV) was 

performed in a 0.1 M KCl electrolyte solution containing 5 

mM [Fe(CN)6]3-/4-. 
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Results and Discussion 

Morphological Structure and Composition 

Figures 1A and B show the FE-SEM images of the pure 

CNFs and Cu/CNFs nanocomposite. As seen, the pure CNFs 

showed a fibrillar morphology with fiber-fiber interconnections. 

Compared with the pure CNFs, the Cu/CNFs nanocomposite 

showed a more uniform morphology with no interconnections. 

Also, the diameter of the Cu/CNFs nanocomposite was 

calculated by Image J software, varying from 220-400 nm. 

Thus, the fiber diameter increased in the Cu/CNFs compared 

with that of the pure CNFs (Figure 1B). Additionally, 

according to Figure 1B, the Cu nanoparticles were almost 

uniformly dispersed on the CNFs surface. The size of the Cu 

nanoparticles on the CNFs surface, measured by Image J 

software (Figure 1C), ranged from 250 to 550 nm, with an 

average size of 387.5 nm. To achieve the uniform dispersion 

of Cu nanoparticles, the temperature and time of the 

carbonization step were tested in the range of 700-1000 °C 

and 1-5 hours, respectively. The optimum temperature and 

time of the carbonization process were determined to be 

900 °C and 2 hours, respectively. 

The composition and crystal structure of the Cu/CNFs 

nanocomposite were studied using EDX and XRD techniques. 

According to Figure 1D, the EDX spectrum of the Cu/CNFs 

nanocomposite showed peaks assigning to the C, N, O, and 

Cu elements, confirming the successful formation of the 

Cu/CNFs nanocomposite. The quantitative composition 

analysis revealed that the Cu/CNFs consisted of 53.28 wt. % 

C, 21.24 wt. % Cu, 7.93 wt. % O, and 17.55 wt. % N. The 

peak of N may be attributed to the remaining nitrogen atoms 

on the CNFs surface as a result of using PAN as a precursor. 

The crystal structure of the Cu/CNFs nanocomposite was 

studied by XRD (Figure 1E). The XRD of the Cu/CNFs 

showed a diffraction peak at 2θ = 24°-26°, attributed to the 

graphitized basal planes (002).32,33 Additionally, three 

diffraction peaks at 2θ = 43.5°, 50.5°, and 74.5° were observed, 

corresponding to the diffraction peaks of (111), (200), and 

(220) planes in the face-centered cubic Cu crystal structure, 

respectively.34 The XRD results further confirmed the 

presence of copper and carbon in the Cu/CNFs nanocomposite. 

 

 
 
Figure 1. Characterization of Nanocomposite. (A) and (B) FE-SEM images of pure CNFs and Cu/CNFs nanocomposite, respectively; (C) histogram of 

Cu/CNF; (D) EDX of the Cu/CNFs nanocomposite, and (E) XRD pattern of the Cu/CNFs nanocomposite. 
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Optimization of the Metal Precursor 

Raman Spectroscopy 

Raman spectroscopy was used to investigate the effect of the 

metal precursor content on the structure of the Cu/CNFs 

nanocomposite. Figure 2A shows the Raman spectra of the 

Cu/CNFs nanocomposites with different metal precursor 

contents. As seen, all of the nanocomposites showed two 

characteristic peaks at ~1350 and 1580 cm-1 that could be 

attributed to the D-band and G-band, respectively. The D-

band corresponds to the structural disorder, arising from 

defects, and the G-band is assigned to the stretching vibrations 

of sp2 carbon atoms in graphite layers.36,37 The R-values (D-

band/G-band intensity ratio) for the three nanocomposites 

are shown in Table 1. By increasing the metal precursor 

contents in the Cu/CNF nanocomposites from 1 to 5 wt. %, 

the R-value decreased from 1.063 to 0.942. A lower R-value 

depicted a higher degree of graphitization and higher sp2 

content for carbon materials. Also, for higher percentages of 

copper salt, the viscosity of the electrospinning solution was 

greatly reduced, and virtually no fibers were obtained on the 

collector. Therefore, the 0.5 Cu/CNFs nanocomposite exhibited 

the highest degree of graphitization (Table 1). 

 

 
 

Figure 2. Characterization of Nanocomposites by (A) Raman spectra, (B) Electrical conductivity, and (C) TGA curves of Cu/CNFs nanocomposites 

for 1) 0.5 Cu/CNFs, 2) 0.3 Cu/CNFs, and 3) 0.1 Cu/CNFs. The electrical conductivity measurement was done for 5 times under the same conditions 

and the average I -V curve is shown. 

 
Table 1. R value, Degree of Graphitization, Conductance, Thickness, and Electrical Conductivities of Cu/CNFs Nanocomposites Containing 

Different Amounts of Cu(OAc)2 Precursor 

Samples 

𝐑 𝐯𝐚𝐥𝐮𝐞 

=
𝐈𝐃

𝐈𝐆

 

𝐃𝐞𝐠𝐫𝐞𝐞 𝐨𝐟 𝐠𝐫𝐚𝐩𝐡𝐢𝐭𝐢𝐳𝐚𝐭𝐢𝐨𝐧 

=
𝐈𝐆

𝐈𝐃 + 𝐈𝐆

× 𝟏𝟎𝟎 

Conductance  

= 1/R (S) 

 

Thickness of 

samples 

(µm) 

Electrical conductivity 

(S/cm) 

𝛔 =
𝟏

𝐑
×

𝐋

𝐀
 

0.1 Cu/CNFs 1.063 48.46 0.0025 30 0.83 

0.3 Cu/CNFs 0.970 50.73 0.0032 25 1.28 

0.5 Cu/CNFs 0.942 51.49 0.0066 45 1.46 

 

Electrical Conductivity 

The two-probe Keithley instrument was used to measure the 

I-V curve of the Cu/CNFs nanocomposite. Figure 2B shows 

the electrical conductivity of the 0.1, 0.3, and 0.5 Cu/CNFs 

nanocomposites in the voltage range of 0-1 V.  

The electrical conductivity of the Cu/CNFs nanocomposites 

is compared in Table 1. As seen, the highest electrical 

conductivity was obtained for the 0.5 Cu/CNFs nanocomposite, 

which contained the largest amount of Cu. The electrical 

conductivity data confirmed the Raman spectroscopy results, 
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in which the highest degree of graphitization was observed 

in the 0.5 Cu/CNF nanocomposite. Thus, the 0.5 Cu/CNFs 

was selected as the optimal sample and was calcinated in an 

air furnace at 300 °C for 15 minutes in order to achieve the 

precipitation of the CuO/CNFs. 

 

TGA Analysis 

To investigate the thermal stability of the nanocomposites, 

TGA analysis was performed at 25-600 °C under an air 

atmosphere. According to Figure 2C, the 0.1, 0.3, and 0.5 

Cu/CNF nanocomposites demonstrated significant weight 

loss at ~350, 375, and 400 °C, respectively. The weight loss 

occurred as a result of the oxidation of the CNFs. It is 

noteworthy that the weight loss in the 0.5 Cu/CNF sample 

initiated earlier due to the higher percentage of copper in the 

nanocomposite and its higher thermal conductivity. The 

remaining weight percentage at 600 °C belongs to the copper 

metal, which is obtained as 23.32, 34.28, and 37.11 for 0.1, 

0.3, and 0.5 Cu/CNF nanocomposites, respectively.   

 

Electrochemical and Electrocatalytic Properties of the 

Electrodes 

The electrochemical properties of the pure CNFs and 

Cu/CNFs nanocomposite were studied by CV experiments in 

a 0.1 M NaOH alkaline solution at a scan rate of 50 mV s-1. 

In all electrochemical experiments, the CNFs or Cu/CNFs 

nanocomposite was used as a free-standing electrode. 

According to Figure 3A (black line), it is obvious that the 

pure CNFs showed no redox peak, while for Cu/CNFs 

(Figure 3B, black line), a cathodic peak at ~0.3 and an 

anodic peak at ~0.5 were observed, which could be attributed 

to the electrocatalytic activity of the Cu2+/Cu3+ redox pairs in 

the alkaline medium.3 

To study the electrocatalytic properties of the pure CNFs 

and Cu/CNFs nanocomposites towards glucose oxidation, CV 

analysis was also performed in the presence of 4 mM glucose. 

As seen, the addition of glucose made no considerable 

change to the CV curve of the pure CNFs (Figure 3A, red 

line). Therefore, the pure CNFs were not capable of 

catalyzing glucose. However, for the Cu/CNFs nanocomposite, 

the anodic peak current increased in the presence of glucose 

(Figure 3B, red line), indicating the high ability of the copper 

nanoparticles to catalyze glucose oxidation. The oxidation of 

glucose at 0.55 V is accompanied by the conversion of 

Cu2+/Cu3+.38 It has been suggested that Cu3+ species act as an 

electron transfer mediator for glucose oxidation.39 

 

 
 

Figure 3. Electrochemical and Electrocatalytic Properties of the Electrodes. CVs of (A) CNFs and (B) Cu/CNFs nanocomposite in 0.1 M NaOH 

solution in the absence (black line) and presence (red line) of 4 mM glucose; (C) The effect of glucose concentration on the anodic peak current of 

Cu/CNFs electrode in 0.1 M NaOH solution at a scan rate of 50 mV s
-1
; (D) EIS of CuO/CNFs (blue) and Cu/CNFs (red) electrodes in 0.1 M KCl 

electrolyte solution containing 5 mM [Fe (CN) 6]
3-/4-

. 

 

Figure 3C illustrates the effect of glucose concentration 

on the Cu/CNFs electrode’s current response. It was observed 

that the anodic peak current increased by increasing the 

concentration of glucose, which indicates the ability of the 

electrode to measure the glucose concentration. 

After verifying the catalyzing role of copper in glucose 
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oxidation, a one-stage post-heating was carried out on 

the Cu/CNFs nanocomposites in order to compare the 

electrocatalytic properties of Cu/CNFs and CuO/CNFs using 

EIS experiments. Figure 3D shows the Nyquist plot of 

Cu/CNFs and CuO/CNFs nanocomposites in the frequency 

range of 0.1 Hz to 100 kHz. The straight line at lower 

frequencies denotes the Warburg impedance, indicating a 

diffusion-controlled process. In the high-frequency region, 

the data were fitted to a Randles equivalent circuit, and 

the values of charge transfer resistance (Rct) for Cu/CNFs 

and CuO/CNFs electrodes were obtained as 39 and 31 Ω, 

respectively. The lower charge transfer resistance in CuO/ 

CNFs could make the electron transfer kinetics process 

easier.40 This demonstrates that the CuO/CNFs electrode 

had higher electrical conductivity compared to the Cu/CNFs 

electrode. 

 

Analytical Characteristics of the Sensor 

The calibration curve for glucose determination was obtained 

based on the chronoamperometric response to the successive 

injection of 0.5 M glucose in 0.1 M NaOH solution. Initially, 

to determine the appropriate applied potential, chronoam- 

perometric measurements were conducted at various potentials 

ranging from 0.3 to 0.6 V. As depicted in Figure 4, the 

current response increased with an increase in potential up to 

0.55 V. Further elevation of the potential led to a decrease in 

the amperometric response. Therefore, 0.55 V was selected 

as the optimal potential. 

 

 
 

Figure 4. The Calibration Curve for Glucose Determination. The effect of applied potential on the amperometric response of the sensor to 2.0 mM 

glucose in 0.10 M NaOH. 

 

Figure 5A shows the amperometric responses of the 

Cu/CNFs and CuO/CNFs electrodes to successive additions 

of 0.5 mM glucose into 0.1 M NaOH solution at an applied 

potential of +0.55 V. The resulting calibration curves of the 

Cu/CNFs and CuO/CNFs electrodes are shown in Figure 5B, 

and the electroanalytical parameters of both electrodes are 

summarized in Table 2. Both electrodes exhibited the same 

linear range (2-10 mM), which could successfully measure 

normal physiological blood glucose levels (3-8 mM).41 The 

sensitivity, calculated from the slope of the linear part of the 

calibration curve, was found to be 301.15 and 426.60 µA 

mM-1 cm-2 for Cu/CNFs and CuO/CNFs electrodes, respectively. 

The higher sensitivity of the CuO/CNFs electrode could be 

attributed to the better electrocatalytic properties of copper 

oxide, which has a higher ability to oxidize glucose.41 

Additionally, CuO promotes the Cu2+/Cu3+ transformation. 

The resulting Cu3+ ions are considered to be the main species 

necessary for the oxidation of glucose on the copper-based 

electrodes in alkaline media (reaction 1)42: 

 

CuOOH + glucose ↔ Cu(OH)2 + oxidation products     (1) 

 

The high performance of the CuO/CNFs electrode may 

be attributed to higher electrical conductivity compared to 

the Cu/CNFs electrode, as demonstrated by impedance 

analysis (Figure 3D). The limit of detection (LOD) was 

determined using the equation LOD = 3.3 σ /S, where σ is 

the standard deviation of the blank (0.1 M NaOH solution) 

and S is the slope of the calibration curve. The LOD for 

glucose detection was calculated to be 0.90 mM and 0.35 

mM for the Cu/CNFs and CuO/CNFs electrodes, respectively. 

Since the CuO/CNFs electrode exhibited superior analytical 

parameters compared to the Cu/CNFs electrode, it was 

selected for further experiments. 

Table 3 shows a comparison between the analytical 

characteristics of the proposed sensor and some other non-
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enzymatic glucose sensors. It can be observed that, 

compared with other glucose sensors, the detection limit and 

linear range of the proposed sensor were reasonable. 

Although some other non-enzymatic glucose sensors could 

detect lower amounts of glucose, the proposed sensor 

exhibited higher sensitivity. 

 

 

Figure 5. Amperometric Responses of the Cu/CNFs and CuO/CNFs Electrodes to Glucose. (A) Amperometric response of Cu/CNFs (red line) and 

CuO/CNFs (blue line) electrodes at +0.55V upon successive addition of 0.5 M glucose to 0.1 M NaOH solution; (B) The calibration curves of the 

Cu/CNFs and CuO/CNFs electrodes for glucose detection. 

 
Table 2. Comparison of the Electroanalytical Parameters of Cu/CNFs and CuO/CNFs Electrodes for Glucose Detection 

Sample name 𝐒𝐞𝐧𝐬𝐢𝐭𝐢𝐯𝐢𝐭𝐲 (µ𝐀 𝐦𝐌−𝟏 𝐜𝐦−𝟐) 𝐋𝐢𝐧𝐞𝐚𝐫 𝐫𝐚𝐧𝐠𝐞 (𝐦𝐌) 𝐋𝐎𝐃 (𝐦𝐌) 

Cu/CNFs 301.15 2-10 0.90 

CuO/CNFs 424.60 2-10 0.35 

 
Table 3. Comparison of Analytical Performance of the Present Sensors with other Nonenzymatic Glucose Sensors 

Electrode 𝐒𝐞𝐧𝐬𝐢𝐭𝐢𝐯𝐢𝐭𝐲 (µ𝐀. 𝐦𝐌−𝟏. 𝐜𝐦−𝟐) 𝐋𝐢𝐧𝐞𝐚𝐫 𝐫𝐚𝐧𝐠𝐞 (𝐦𝐌) 𝐋𝐎𝐃 (𝐦𝐌) References 

Cu NPs/SWCNT
a
/Nafion 256 - 25×10

-5
 (43) 

CuO nanowires 0.49 4×10
-4
-2 49×10

-6
 (44) 

Cu/graphene - Up to 4.5 5×10
-4
 (8) 

Cu2O/MWCNTs
b
 GCE 92.4 Up to 0.01 5×10

-5
 (45) 

Cu NBs
c
 79.8 - 0.01 (38) 

CuNPs 246 0.001–0.17 - (46) 

GCE/MWCNT/Cu oxy-hydroxide nanoparticle 51.1 0.2-5 0.33 (47) 

Pt-replaced porous Cu frameworks 9.62 1-11 0.385 (48) 

AuCu@ Cu-10 8.52 1-5 0.43 (49) 

Cu/CNFs 301.15 2-10 0.9 This work 

CuO/CNFs 424.6 2-10 0.35 This work 

a
 single-walled carbon nanotube; 

b
 multi-walled carbon nanotubes; 

c
 nanobelts. 

 

Selectivity, Reproducibility and Stability of the Sensor 

There are other species in the real blood sample that may 

interfere with glucose detection. So, the selectivity of the 

proposed sensor was tested in the presence of ascorbic acid 

(AA), uric acid (UA), and dopamine (DA). The normal 

concentration of glucose in the blood is in the range of 3-8 

mM, while the level of interfering species is nearly 0.1 

mM.50 Therefore, the electrode’s chronoamperometric test 

was evaluated at +0.55 V by alternate addition of 4 mM 

glucose, 0.1 mM of AA, UA and DA and 2 mM glucose to 

0.1 M NaOH solution. As seen in Figure 6, no significant 

response currents were observed for these interfering 

species, indicating that the proposed sensor had a good 

selectivity for detecting glucose. 

To investigate the storage stability of the sensor, after 

three weeks of soaking in 0.1 M NaOH solution, three 

electrodes were taken again for a CV test. There was no 

difference between the results from the previous electrodes 

and these electrodes. Consequently, the electrodes had good 

stability. To assess the operational stability of the sensor, 

the prepared electrodes were stored in the air (at room 

temperature), and the amperometric response of the sensor to 

4 mM glucose was measured during one month. The results 

showed that the current response preserved about 95% of its 

initial value after one month, showing the reasonable 

stability of the sensor. 

The reproducibility of the proposed sensor was tested 

by comparing the amperometric current response of three 
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different CuO/CNFs electrodes, made with the same method, 

to 2 mM glucose in 0.1 M NaOH. The relative standard 

deviation (RSD) was obtained as ~3.5%, showing an acceptable 

reproducibility of the sensor. 

 

 
 

Figure 6. Selectivity of the Sensor. The amperometric response of the biosensor to injections of 4.0- and 2.0-mM glucose and 0.10 mM interferents 

of AA, UA, and DA in a 0.10 M NaOH solution. 

 

Conclusion 

In brief, a uniform dispersion of copper-based nanoparticles 

(Cu and CuO) on the surface of CNFs was obtained by a 

combination of the electrospinning method and heat 

treatment. The morphology and microstructure of the 

nanocomposites were characterized by FE-SEM, EDX, 

and XRD. The Cu precursor content was optimized by 

comparing the Raman spectra, conductivity test, and TGA 

analysis. Then, the resulting nanocomposites were directly 

employed in the form of free-standing electrodes for 

constructing non-enzymatic glucose sensors without the 

need for a binder. The CV experiments showed that Cu was 

able to oxidize glucose. In the next step, the Cu/CNFs and 

CuO/CNFs electrodes were compared in terms of charge 

transfer resistance and electroanalytical parameters for 

glucose detection. The results showed that the CuO/CNF 

electrode demonstrated lower charge transfer resistance and 

better analytical parameters. The proposed non-enzymatic 

sensor showed good selectivity, acceptable repeatability, and 

high stability, making it a promising candidate for practical 

applications. 
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