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In this work, reduced graphene oxide (rGO) supported biocatalyst of NiO/CuO nanocomposites were 

prepared on glassy carbon electrode (GCE) through a facile and direct electrochemical method. 

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

techniques were used to characterize the obtained modified electrode. In alkaline solution, the 

NiO/CuO/rGO nanocomposites exhibited superior electrocatalytic performance to glucose oxidation 

compared to monometallic oxide counterparts of NiO/rGO and CuO/rGO. The influences of NaOH 

concentration, duration time for electrodeposition, and applied potential on the amperometric 

responses of glucose were optimized. Under optimal conditions, the amperometric sensor 

demonstrated the wide linear range (5 M-4.85 mM), high sensitivity (1046A mM
-1 

cm
-2

), low 

detection limit (0.5M) and good selectivity to glucose determination.  
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1. INTRODUCTION 

Glucose biosensor has gained special focus for decades [1-4], not only due to the rising 

demands for blood glucose detection but also important for control of bioprocess and pharmaceutical 

analysis. The enzyme based electrochemical biosensors, which were pioneered by Clark and Lyons [5], 

are often used for glucose sensing. However, these enzyme based sensors involve several 

disadvantages, including the high price of enzymes, complex immobilization processes and poor 

stability [6-8]. To overcome such limitations, great efforts have been focused on developing enzyme-

free glucose biosensors. 

Recently, various materials, such as noble metals (Pd, Pt, Au) [9-11], metal alloys [12,13] and 

oxides (NiO, CuO, Co3O4, Cu2O) [14-18] have been widely used as electrode modifications for 

enzyme-free glucose sensing. Unfortunately, noble metals including Pt and Au often suffer from 
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sluggish kinetics for glucose oxidation, and their surfaces are easily poisoned by adsorbed Cl
- 

and 

intermediates. Therefore, metal oxides are attracting growing interest in practical enzyme-free glucose 

biosensors thanks to their low cost and resourceful features. Especially, when two different metals or 

their oxides were integrated together to form a novel binary electrocatalyst, such as MnOx/NiOx
 
[19], 

Cu2O/NiOx [20] and Ni-Co nanostructures [21], it is reported that their electrocatalytic activities and 

anti-interference abilities for glucose electrooxidation were significantly enhanced compared to their 

monometallic counterparts. In this work, biocatalyst of Cu and Ni oxides has deserved a special 

attention. Due to their facile synthesis, high electrocatalytic activity and prominent redox properties, 

they have potential for application in enzyme-free glucose sensing.  

For improving the catalytic activity of these metal oxides, various carbon materials were often 

used as support matrix to promote the charge transfer [14,16,20-22]. Graphene, a typical two 

dimensional carbon material, is commonly used for catalyst support due to its unique structure and 

outstanding electrical conductivity [23,24]. In recent years, growing interest of researchers have been 

committed to the design of novel functional materials incorporated with graphene to improve 

electrochemical performances. Several graphene supported catalyst nanocomposites, including 

graphene/metal or metal oxide [25], graphene/prussian blue [26], graphene/quantum dots [27], and 

graphene/conducting polymers [28] have been reported.  

We prepared reduced graphene oxide (rGO) supported binary catalyst of NiO/CuO 

nanocomposites by scanning the potential of the GO modified electrode in deposition solutions 

involved with NiSO4 and CuSO4 at a constant cathodic potential. In this process, nickel and copper 

ions were first reduced to metallic state, forming Ni/Cu along the surface of GO. Simultaneously, GO 

was reduced to rGO at this cathodic potential. Then, the resultant electrode was scanned in NaOH 

solution by cyclic voltammetry (CV) to oxide metallic Ni/Cu and thus NiO/CuO/rGO modified 

electrode was obtained. The electrocatalytic performances of the present NiO/CuO/rGO modified 

electrode for oxidation of glucose were investigated. It was found that the developed enzyme-free 

glucose sensor have wide linear range, low detection limit, high sensitivity and acceptable selectivity. 

 

 

2. EXPERIMENTAL SECTIONE 

2.1. Reagents and apparatus 

GO was purchased from Nanjing XFNANO Materials Tech Co., Ltd (China). 10 mg of the 

obtained GO was dispersed in 10 mL water to give a 1 mg mL
-1 

brown dispersion for use. Glucose, 

fructose, lactose, dopamine (DA), ascorbic acid (AA), and uric acid (UA) were purchased from Sigma-

Aldrich. CuSO4.5H2O, NiSO4, NaOH and H2O2 were purchased from Sinopharm Chemical Reagent 

Co., Ltd (Shanghai, China). The supporting electrolyte used for electrodeposition was 0.1 M pH 4.0 

acetate buffer solutions (ABS), prepared using HAc and NaAc. Other reagents were of analytical grade 

and used as received. Ultrapure water (18.2 MΩ cm) produced from a Milli-Q system was used for 

preparing aqueous solutions.  

Scanning electron microscopy (SEM) equipped with an energy-dispersive X-ray spectroscopy 

(EDX) analyzer was conducted by Hitachi SU8010 (Japan) for characterization of surface morphology 
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of modified electrode. Electrochemical measurements were carried out on a CHI 660D electrochemical 

station (Shanghai Chenhua, China) with a conventional three-electrode system, involving the 

NiO/CuO/rGO modified glassy carbon electrode (NiO/CuO/rGO/GCE) as the working electrode, a Pt 

wire as counter electrode and a saturated calomel electrode (SCE) as reference electrode.  

 

2.2. Preparation of  NiO/CuO/rGO nanocomposites electrode 

The glassy carbon electrode (GCE) was pretreated by polishing with 0.3 and 0.05 μm alumina 

slurries, and successively ultrasonicated in ethanol and double distilled water. 10 μL of the obtained 

GO dispersion was modified on the polished GCE and allowed to dry in air to obtain GO/GCE. Then, 

the GO/GCE was immersed into a deposition solution involving 0.1 M ABS + 5 mM NiSO4 + 5 mM 

CuSO4 and then -1.0 V of the applied potential was exerted on the electrode for 240 s to 

electrodeposition of Ni-Cu nanoparticles. Under this applied potential, GO was also electrochemically 

reduced to rGO, forming the Ni/Cu/rGO nanocomposites. At last, for oxidizing Ni/Cu nanoparticles to 

be NiO/CuO, the Ni/Cu/rGO modified electrode was scanned in 0.1 M NaOH for 20 cycles by CV 

technique in the potential range of -0.50~0.30 V at 50 mV s
-1

. The resultant electrode was defined to 

be NiO/CuO/rGO/GCE. The electrodeposition process for preparation of NiO/CuO/rGO/GCE is 

illustrated in Scheme 1. For comparison, NiO/rGO/GCE and CuO/rGO/GCE were prepared with the 

above described procedures except the deposition solutions of 0.1 M ABS + 10 mM NiSO4 and 0.1 M 

ABS + 10 mM CuSO4, respectively. The rGO/GCE was prepared by electroreduction of the GO/GCE 

in 0.1 M ABS at a potential of -1.0 V for 240 s. 
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Scheme 1. Schematic illustration for the fabrication of NiO/CuO/rGO/GCE. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Formation mechanism and characterization of the NiO/CuO/rGO nanocomposites electrode 

It has been reported that GO can be electrochemically reduced to rGO by applying a constant 

cathodic potential [29,30]. The cation of Ni
2+

 and Cu
2+

 can also electrochemically converted to 
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metallic nickel and copper [17,31]. Based on these results, a direct electrodeposition method was 

utilized to prepare NiO/CuO/rGO nanocomposites electrode by using GO precursor. Typically, a 

GO/GCE was employed in pH 4.0 ABS containing NiSO4 and CuSO4 using a constant potential of -1.0 

V. Under this potential, Ni
2+

 and Cu
2+

 could be reduced at GO surface; simultaneously, GO has been 

reduced to rGO. Then, the obtained Ni/Cu/rGO electrode was subjected to electrochemical scanning in 

alkaline solution using CV, allowing the formation of NiO/CuO/rGO/GCE.  

Electrochemical properties of the resultant NiO/CuO/rGO/GCE has been investigated in 0.1 M 

NaOH using CV. As shown in Fig.1, the anodic and cathodic scans display three obvious oxidation 

and reduction peaks. The oxidation peaks at potentials of -0.355 (a) and -0.158 V (b) are attributed to 

the oxidation of Cu to Cu
+
 and of Cu

+
 to Cu

2+
, respectively. The reduction peaks at potentials of -0.602 

(b’) and -0.869 V (a’) represent the transition of Cu
2+

 to Cu
+
 and of Cu

+
 to Cu, respectively. These 

results are consistent with those previously reported for Cu based materials [32]. Besides the typical 

redox peaks of CuO, the redox peak located at 0.545 (c) and 0.342 V (c’) can be assigned to the 

NiO+OH
−
−e→NiOOH reaction [33]. Therefore, the CV results revealed the successful formation of 

NiO/CuO on rGO surface and also validated that the deposited NiO/CuO exhibited their characteristic 

electrochemical behaviors. 
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Figure 1. CV of NiO/CuO/rGO/GCE in 0.1 M NaOH at 50 mV s
-1

.  

 

The morphology of the synthesized materials on electrode surface was characterized by SEM. 

Fig. 2 shows SEM images of rGO/GCE (a), CuO/rGO/GCE (b), NiO/rGO/GCE (c) and 

NiO/CuO/rGO/GCE (d). As observed, the rGO/GCE shows a typical wrinkled structure with plenty of 

corrugations and scrolling [34]. For CuO/rGO/GCE, huge amounts of thick and compact CuO 

nanoparticles with diameters of several hundred nanometers agglomerate tightly on electrode surface, 

which is unbeneficial for mass and electron transport.  
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Figure 2. SEM images of rGO/GCE (a), CuO/rGO/GCE (b), NiO/rGO/GCE (c) and 

NiO/CuO/rGO/GCE (d). Fig.2e is the EDX spectra of NiO/CuO/rGO/GCE. 

 

The NiO/rGO/GCE shows small NiO nanoparticles with diameters of 10-20 nm uniformly 

distributed on wrinkled rGO surface. The image of NiO/CuO/rGO/GCE indicates that a large amount 

of NiO/CuO nanoparticles with diameters of 50～200 nm are homogeneously distributed on surface of 

rGO. The NiO/CuO/rGO/GCE with high loading amount of efficient biocatalyst combines the 

electrocatalytic activities of two promising components. The EDX spectra of NiO/CuO/rGO/GCE, as 

demonstrated in Fig. 1e, shows that elements of C, O, Cu and Ni obtained, suggesting the successful 

formation of NiO/CuO nanocomposites on rGO surface. 
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3.2. Enhanced electrochemical oxidation of glucose on NiO/CuO/rGO/GCE 

We investigated the electrocatalytic property of NiO/CuO/rGO/GCE toward glucose oxidation. 

Fig. 3 presents the CVs of electrodes modified with rGO, CuO/rGO, NiO/rGO, and NiO/CuO/rGO in 

0.1 M NaOH without and with 2 mM glucose involved. As can be seen, the electrocatalytic oxidation 

current of glucose on rGO/GCE (Fig. 3a) is observed from a potential of 0.5 V. The high required 

potential will result in sluggish electrode kinetic for glucose oxidation. The CuO/rGO/GCE (Fig. 3b) 

shows a reduction peak at 0.57 V in NaOH solution, assigning to CuOOH+e→CuO+OH
− 

reaction. The 

oxidation peak corresponding to conversion of CuO to CuOOH was not clearly observed, probably 

covered with the anodic peak of water-splitting [35]. Upon addition of 2 mM glucose, an obvious 

anodic current increase at starting potential of 0.20 V was observed at CuO/rGO/GCE due to 

electrocatalytic oxidation of glucose by CuO nanoparticles (CuOOH+glucose→CuO+gluconolactone). 

For NiO/rGO/GCE (Fig. 3c), a pair of redox peaks located at 0.47/0.34 V in NaOH electrolyte can be 

assigned to the NiO+OH
−
−e→NiOOH reaction, the obtained NiOOH electrocatalyzed the oxidation of 

glucose (NiOOH+glucose→NiO+gluconolactone), giving rise to an increased anodic peak current at 

starting potential of 0.30 V. In contrast, the NiO/CuO/rGO/GCE (Fig. 3d) with binary catalyst displays 

both the characteristic peaks of NiO and CuO in NaOH solution.  

 

 
 

Figure 3. CVs of rGO/GCE (a), CuO/rGO/GCE (b), NiO/rGO/GCE (c) and NiO/CuO/rGO/GCE (d) in 

0.1 mol L
-1

 NaOH without (black curve) and with (red curve) 2 mM glucose involved at a scan 

rate of 50 mV s
-1

. 
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A distinct enhancement of the anodic current at onset potential of 0.24 V upon the addition of 

glucose is distinctly observed. The oxidation peak currents were found to be proportional to the square 

root of scan rate, demonstrating a diffusion-dominated electron transfer process for electrocatalytic 

oxidation of glucose. Compared the CV response of the above four electrodes to glucose, it can be 

observed that the NiO/CuO/rGO/GCE showed the largest electrocatalytic oxidation current. 

Meanwhile, the onset oxidation potential of 0.24 V for glucose at NiO/CuO/rGO/GCE is more 

negative than 0.30 V of NiO/rGO/GCE. All these phenomenons suggest that the biocatalyst of 

NiO/CuO loaded on rGO surface facilitate the glucose oxidation probably because of the synergistic 

effect of NiO and CuO. 

To further validate the superior ectrocatalytic activity of NiO/CuO/rGO nanocomposites 

toward glucose oxidation, the amperometric responses of the above four electrodes to successive 

injections of 50 μM glucose in trirred NaOH solution were performed at 0.5 V. The results are  shown  

in Fig 4. Obviously, NiO/CuO/rGO/GCE responds to glucose with the largest amperometric current, 

compare to the other three electrodes. The enhanced performance of the NiO/CuO/rGO 

nanocomposites benefits from a coordination effect between electrocatalysts of NiO and CuO, which 

contains more electroactive sites for oxidation of glucose. Furthermore, the homogeneous distribution 

of NiO/CuO nanoparticles and high conductivity of rGO contributes to the enhanced electrooxidation 

of glucose. 
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Figure 4. Amperometric responses of rGO/GCE, CuO/rGO/GCE, NiO/rGO/GCE and 

NiO/CuO/rGO/GCE to successive injections of 50 μM glucose. Applied potential: 0.5 V. 

 

3.3. Optimization of experimental conditions 

The performance of NiO/CuO/rGO/GCE obtained at different electrodeposition time (60, 120, 

180, 240, 300 s) was studied by CV in 0.1 M NaOH with 2 mM glucose involved (Fig. 5), because the 
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number and morphology of NiO/CuO/rGO nanocomposites on electrode depend on the 

electrodeposition time. When the electrodeposition time was 60 s, the oxidation current of glucose was 

low, probably because of relatively small amount of NiO/CuO nanoparticles electrodeposited on rGO 

surface. After 60 s, the anodic peak current became larger with electrodeposition time extended since 

the number of electrodeposited NiO/CuO nanoparticles increased. A largest current was observed at 

the electrodeposition time of 240 s. With the further increase of electrodeposition time to 300 s, a 

relatively reduced anodic peak current and positively shifted anodic peak potential were obtained. This 

phenomenon can be ascribed to the compact and thick NiO/CuO nanoparticles formed, which were 

unbeneficial for mass and electron transport during the glucose oxidation process. Therefore, 240 s of 

the electrodeposition time was chosen in this work due to the best catalytic performance for glucose 

oxidation. 
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Figure 5. CVs of 2 mM glucose at the NiO/CuO/rGO/GCE obtained at different electrodeposition 

time. 
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Figure 6. The current response of NiO/CuO/rGO/GCE toward 50M glucose at 0.50 V under 

different NaOH concentrations.  
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The influence of NaOH concentration was studied on amperometric measurements for 

detecting 50 M glucose. As shown in Fig. 6, the amperometric currents increased correspondingly 

with the increase of NaOH concentration from 0.005 to 0.1 M. Afterwards, the amperometric currents 

lowered with the further increase of concentration in the range of 0.1～0.2 M. To ensure the largest 

detection sensitivity, here, the concentration of NaOH with 0.1 M was chosen as the optimal 

electrolyte solution. 

The influence of applied potential was systemically investigated on the amperometric current 

of the NiO/CuO/rGO/GCE to glucose. Fig. 7 exhibits amperometric current of NiO/CuO/rGO/GCE to 

successive additions of 50M glucose at the potential range from +0.3 to +0.6 V with a settle interval 

of 0.1 V. Obviously, the amperometric current increased with the increase of applied potential from 

+0.3 to +0.5 V. When the applied potential further increased to +0.6 V, the amperometric current of 

glucose was nearly equal to that at +0.5 V, but the blank current enhanced distinctly compared to +0.5 

V. It is well known that high applied potentials will result in poor selectivity for glucose sensing 

because the interference substance can be oxidized simultaneously with glucose. Therefore, an applied 

potential of +0.5 V was used for glucose detection to ensure enough detection sensitivity and 

selectivity.  
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Figure 7. Amperometric currents of NiO/CuO/rGO/GCE to the successive injections of 50 μM glucose 

at different applied potentials. 

 

3.4. Amperometric determination of glucose and interference test 

The response of NiO/CuO/rGO/GCE toward various concentrations of glucose was first 

investigated using CV technique. Fig. 8a shows the CVs of NiO/CuO/rGO/GCE in 0.1 M NaOH with 

various concentrations of glucose (0 to 10 mM) involved. As observed, the anodic peak current 

corresponding to oxidation of glucose is found to increase linearly with the glucose concentration 

(inset of Fig. 8a), indicating the potential prospect for glucose sensing analysis. Under optimal 

conditions, amperometric currents to successive injections of glucose into stirring NaOH solution were 

performed. Fig. 8b displays the amperometric current of the NiO/CuO/rGO/GCE for injections of 
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glucose to increasing concentrations in 0.1 M NaOH at 0.5 V. It can be seen that steady amperometric 

currents increase correspondingly with the concentration of glucose. The required time for achieving a 

90% of the steady current upon addition of glucose is less than 3 s, demonstrating fast and sensitive 

glucose oxidation at NiO/CuO/rGO/GCE. As shown in Fig 8c, the current response is proportional to 

the concentration of glucose over the range from 5 μM to 4.85 mM with a correlation coefficient of 

0.9942 and a slope of 73.92 μA mM
-1

. A sensitivity of 1046 μA mM
-1 

cm
-2

 is obtained for the 

NiO/CuO/rGO/GCE based glucose sensor. This value is higher than 79.3, 285, 622.2, 45.7, 223.39 μA 

mM
-1 

cm
-2

 for the transition-metal based non-enzymatic glucose sensor using materials of 

CoOxNPs/ERGO [16], Cu2O/NiOx/GO [20], CuO microspheres [36], Graphene/pectin-CuNPs [37] and 

Ni(OH)2 hollow spheres [33]. The limit of detection (LOD) is 0.5 μM at the signal/noise value of 3 

(S/N=3).  
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Figure 8. (a) The CVs of NiO/CuO/rGO/GCE in 0.1 M NaOH with various concentrations of glucose 

(0 to 10 mM) involved. (b) Amperometric current of the NiO/CuO/rGO/GCE for injections of 

glucose to increasing concentrations in 0.1 M NaOH at 0.5 V, (b) The corresponding 

calibration curve obtained from Fig. 9b. (d) Amperometric response of NiO/CuO/rGO/GCE to 

addition of 1 mM glucose in 0.1 M NaOH against additions of 0.1 mM interference: fructose, 

lactose, DA, UA, AA and NaCl at applied potential of 0.5 V.  

 

The comparison of non-enzymatic glucose sensing performances using different nanomaterials 

from literature and our present work is shown in Table 1. Obviously, the performance of this 
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NiO/CuO/rGO sensor is nearly comparable to other nickel and copper based non-enzymatic glucose 

biosensors in view of low detection potential, high sensitivities, wide linear range and the low LOD. 

We attribute the favorable electrochemical sensing performance to the coordination effect of NiO/CuO 

binary catalyst, the high conductivity of graphene support, and the intimate contact between the 

nanocomposites and the current collector by direct electrodeposition method, which facilitates highly 

efficient biocatalyst of NiO/CuO easily accessing to glucose, thereby enhancing amperometric 

response of glucose.  

Anti-interference ability is a key parameter for evaluating the selectivity of glucose biosensor. 

Some substance coexisting with glucose in biological samples, such as dopamine (DA), ascorbic acid 

(AA), uric acid (UA), fructose, lactose and NaCl, usually interfere with the detection signal of glucose. 

In human blood, the concentration of glucose is 30 to 50 times higher that that of common interferents. 

Here, the interference test regarding 0.1 mM interfering species with 1 mM glucose were evaluated to 

investigate the selectivity. Fig. 8d exhibits amperometric response of NiO/CuO/rGO/GCE to addition 

of 1 mM glucose in 0.1 M NaOH against additions of 0.1 mM interference: fructose, lactose, DA, UA, 

AA and NaCl. A significant glucose current response was observed compared to the other six 

interferents. All the interfering species generated current responses with less than 8% of glucose 

signal. Therefore, the present NiO/CuO/rGO nanocomposites electrode exhibited acceptable 

selectivity.  

 

Table 1. The comparison of non-enzymatic glucose sensing performances using different 

nanomaterials. 

 

Electrode materials Potential  

(V) 

Sensitivity 

(μA mM
-1 

cm
-2

) 

Linear range LOD 

(μM) 

Reference 

CoOxNPs/ERGO +0.60 79.3 0.01-0.55 mM 2 16 

Graphene/NiO +0.40 1571 0.005-2.8 mM 1 17 

Cu2O/NiOx/GO +0.6 285 0.002-0.87 mM 0.4 20 

Ni-Co NSs/RGO +0.50  1773.61 0.01-2.65 3.79 21 

Ni(OH)2 hollow 

spheres 

+0.45 223.39 0.8749 M-

7.781 mM 

0.1 33 

CuO microspheres +0.50 622.2 0.005-7.95 mM 1 36 

Graphene/pectin-

CuNPs 

+0.4 45.7 0.01-5.5 mM 2.1 37 

CuONPs-graphene +0.6 1065 0.001-8 mM - 38 

NiO/CuO/rGO +0.50 1046 0.005-4.85 mM 0.5 This work 
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3.5. Repeatability, reproducibility and stability of the NiO/CuO/rGO modified electrode 

To investigate the reproducibility of modified electrode toward electrooxidation of glucose, the 

current responses of six NiO/CuO/rGO electrodes prepared independently under the same conditions 

were compared. The results for amperometric determination of 50 M glucose at +0.50 V showed a 

relative standard deviation (RSD) of only 4.6%. In addition, six measurements of 50 M glucose using 

the same electrode yielded a RSD of 3.2%, indicating excellent electrode reproducibility. The long-

term stability of developed electrode was studied by measuring its current response after one-month 

storage. The results showed only 6.8% decrease in the current response to 50 M glucose.  

 

3.6. Application in real sample analysis 

To verify the practical application of the developed sensor, the NiO/CuO/rGO nanocomposites 

electrode was used for the determination of glucose spiked in the human urine sample. The human 

urines spiked with 10 mM and 20 mM standard solution of glucose were labeled with sample 1 and 2, 

respectively. The amperometric current was measured by injection of 10 μL urine samples into 10 mL 

0.1 mol L
-1

 stirring NaOH solution at applied potential of +0.5 V. The standard addition method was 

used to obtain the recovery test. The results are shown in Table 2. The recovery for sample 1 and 

sample 2 is 104% and 98.0%, respectively, indicating high accuracy for determination of glucose in 

urine samples. 

 

Table 2. Amperometric determination of glucose spiked in human urine samples (n=4).  

 
Urine samples Spiked ( Found ( R.S.D (%) Recovery (%) 

Sample 1 

Sample 2 

10.0 

20.0 

10.4 

19.6 

2.64 

2.08 

104 

98.0 

 

 

4. CONCLUSIONS 

We have fabricated rGO supported binary catalyst of NiO/CuO on electrode by a direct 

electrochemical method and studied its application in enzyme-free glucose sensing. The 

NiO/CuO/rGO nanocomposites exhibited superior electrocatalytic activities towards oxidation of 

glucose compared to that of their monometallic oxide counterparts loaded on rGO surface. The 

improved electrochemical performance was attributed to the coordination effect of NiO/CuO binary 

catalyst, the excellent conductivity of rGO sheets, and the intimate contact between the 

nanocomposites and the current collector by direct electrodeposition method. The NiO/CuO/rGO 

based glucose sensor possessed good analytical performance, excellent reproducibility and stability, as 

well as good selectivity.  
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