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The aqueous NiOOH with untrathin nanosheets structure were prepared using a hydrothermal strategy 

and characterized by atomic force microscopy (AFM), X-ray diffraction (XRD) and scanning electron 

microscopy (SEM). It was modified on electrochemically reduced graphene oxide electrode through a 

self-assembly method to form NiOOH/RGO nanocomposites electrode. SEM, energy-dispersive X-ray 

analysis and electrochemical impedance spectroscopy were employed to characterize the resultant 

NiOOH/RGO nanocomposites electrode. To study the electrocatalytic properties of the NiOOH/RGO 

nanocomposites, glucose and reduced glutathione (GSH) were selected as model small molecules. An 

favorable electrocatalytic activities of the NiOOH/RGO electrode was obtained toward oxidation of 

glucose and GSH. The present NiOOH/RGO nanocomposites based amperometric sensor showed a 

rapid and highly sensitive response to glucose and GSH, which might find promising applications in 

medical applications, biological fuel cells and diseases diagnosis. 
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1. INTRODUCTION 

Recently, electrocatalysis toward small molecules using different types of materials with 

designed morphology has aroused extensive and increased attention due to its potential applications in 

technological fields of sensors and biosensors [1,2], energy conversion devices [3], fuel cells [4,5] and 

electrocatalysis [6,7]. The materials used as electrochemical catalysts include various metals such as 

Pt, Au, Ag, Mn, Ni, Cu, Co etc. and their oxides or hydroxides [6-11]. Among those materials, nickel 

based electrocatalysts have arisen much research interest and become the subject of much investigation 

http://www.electrochemsci.org/
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because of their high electrocatalytic activity, good stability, low cost and the high natural abundance. 

A wide range of small molecules, such as glucose [12,13], ethanol [14], glycine [15], dopamine [16], 

H2O2 [17], and chlorophenol [18] et al. have been reported for enhanced oxidation performance at the 

Ni based electrocatalysts. Ni
2+

/Ni
3+

 redox couple mediated electrocatalysis is commonly employed to 

illustrate the mechanism of these Ni based materials like Ni, NiO and NiOOH toward electrooxidation 

of organic small molecules
.
 [9,19-21]. As shown in the below equations, Ni based electrocatalysts are 

firstly transformed to Ni(III) in alkaline solution at a given potential, and then Ni(III) strongly adsorbs 

small organic substances and subsequently induces their oxidation and it in turn gets reduced back to 

divalent nickel, achieving electrocatalytic cycles. 

Ni(II) +OH
−
−e→Ni(III) 

Ni(III)+ small molecules→Ni(II)+product 

Apart from the redox properties, the structure of the Ni based electrocatalyst is also important 

as it can affect the electrocatalytic activities of the materials. Recent investigations found that 

electrodes modified with well-defined nanostructures are likely to have improved electrochemical 

behavior and performance, due to the large surface area and improved mass and electron transport of 

electrolytes at the electrode–electrolyte interface. In particular, regularly ordered Ni based 

nanostructures, such as nanofoam [20], nanoribbons [22], nanoplates [23], nanoflake [24], 

nanoparticles [19], nanowires [25], nanospheres [12,26], and nanosheets [13] have been demonstrated 

to enhance electron transport, leading to excellent electrochemical performances. Moreover, to further 

enhance the catalytic performance of the Ni based materials, an effective method is loaded it on 

various carbon materials support. Graphene, a promising carbon material, is anticipated to have great 

potential as catalysts support and promoter thanks to its unique sheet morphology, ultrahigh electron 

conductivity, and high surface area [27,28]. Zhang et al. prepared a novel reduced graphene oxide 

(RGO)-NiOOH nanocomposite with monodispered NiOOH nanoplates assembled on RGO nanosheets 

and applied this two dimensional nanocomposite for enzyme-free glucose sensing [23]. Lu et al. 

fabricated a novel composite film of nickel oxide hollow spheres–RGO–nafion modified glassy carbon 

electrode and applied in the sensitive and selective determination of glucose [29]. Gao et al. developed 

NiOOH/electroreduced graphene oxide (ERGO)–MWNT nanocomposites via an convenient 

electrodeposition method and demonstrated its use in glucose and H2O2 sensing [30]. These findings 

inspired us to fabricate high performance of graphene loaded Ni based electrocatalyst and explore its 

potential application for enhanced electrocatalytic activity toward oxidation of small organic 

molecules.  

Inspired by this, we synthesized aqueous NiOOH nanosheets with untrathin structure via a 

hydrothermal method. Self-assembly technique was used to assemble the obtained NiOOH nanosheets 

onto the surface of two-dimensional RGO which was pre-prepared on glassy carbon electrode by 

electrodeposition method. The physical adsorption and electrostatic interaction are believed to 

contribute to the direct assembly of NiOOH nanosheets on RGO surface, without the aid of any poorly 

conductive polymers as linkers. To evaluate the electrocatalytic properties of the resultant 

NiOOH/RGO nanocomposites electrode, glucose and reduced glutathione (GSH) were selected as 

model small organic molecules due to their biological importance especially in functions of blood 

glucose detection and antioxidant defense respectively. An excellent performance of the developed 
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NiOOH/RGO electrode in terms of wide linear range, high sensitivity and selectivity, good stability 

was obtained for sensing of glucose and GSH. 

 

2. EXPERIMENTAL SECTION 

2.1. Reagents and apparatus 

GO was obtained from Nanjing XFNANO Materials Tech Co., Ltd. Glucose, GSH, ascorbic 

acid, dopamine, uric acid, fructose, lactose and polyvinyl pyrrolidone (PVP) and nickel acetate were 

purchased from Sigma Aldrich. The supporting electrolyte was prepared from the salts Na2HPO4 and 

KH2PO4 to a 0.1 M phosphate buffer solution (PBS, pH 7.0). Ultrapure water (18.2 MΩ cm) produced 

by a Milli-Q system was used as the solvent throughout the whole work.  

SEM and energy dispersive X-ray spectroscopy (EDS) was characterized by a Hitachi SU-8010 

field-emission scanning electron microscope (Japan). AFM images of the obtained NiOOH was 

performed on a Dimension Edge microscope (Bruker Nano Inc., Santa Barbara, CA) equipped with a 

tapping mode. Microstructures of the product were characterized by X-ray diffraction (XRD, Rigaku 

Ultima III) with a Cu Kα (λ =1.5418 Å). Electrochemical related experiments were obtained by a CHI 

660D electrochemical station (Shanghai, China) with a conventional three-electrode system, where the 

NiOOH/RGO nanocomposites electrode served as the working electrode, a platinum wire as the 

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

 

2.2. Synthesis of NiOOH nanosheets aqueous solution 

Typically, 0.0003 mol of Ni(Ac)2 and 0.002 mol of urea were dissolved in 50 mL of distilled 

water, then 0.1 g PVP was added. The obtained solution was magnetically stirred for 30 min at room 

temperature and then transferred into a Teflon-lined stainless steel autoclave. Afterwards the autoclave 

was sealed and maintained at 100 
o
C for 24 h, and subsequently allowed to cool to room temperature 

naturally. The resulting products were collected and washed three times with water and ethanol. Then, 

it was dispersed in water for a concentration of 5 mg/mL. 

 

2.3. Assembly of NiOOH nanosheets on RGO modified glassy carbon electrode 

Prior to modification, the GC electrode was pretreated to a mirror-like surface using 0.3 and 

0.05 μm alumina slurries sequentially, and then ultrasonically cleaned in water. A 10 μL portion of 1 

mg mL
-1

 GO aqueous dispersion was dripped onto the polished glassy carbon electrode (GCE), after 

drying at room temperature, the GO modified GCE (GO/GCE) was obtained. Then, the GO/GCE was 

immersed into 0.1 M KH2PO4 solution, and a applied potential of -1.5 V was kept for 10 min by using 

potentiostat. The as-prepared RGO/GCE was immersed into the obtained NiOOH aqueous dispersion 

for 2 hour to achieve a saturated adsorption through self-assembly method driven by the physical and 

electrostatic interaction, thus, a resulting NiOOH/RGO/GCE was obtained. After that, the electrode 
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was rinsed with ultrapure water. For contrast, NiOOH/GCE was prepared by directly dipping bare 

GCE into the obtained NiOOH aqueous dispersion for 2 hour.  

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Morphological characterizations 

 
 

Figure 1. Three-dimensional AFM image of the obtained NiOOH dispersing on a mica slice with the 

measurement curve for typical three nanosheets, and the optical photograph of NiOOH aqueous 

solution displayed in bottom left.  

 

Fig. 1 shows the three-dimensional AFM image of NiOOH dispersed on a mica slice. A large 

number of flake-like NiOOH nanosheets are observed. From the corresponding measurement curve for 

three typical nanosheets, horizontal axis is related to the thickness of NiOOH nanosheets and the 

vertical axis is corresponds to the height of nanosheets. Obviously, the thickness of NiOOH nanosheets 

is homogenous with size of about 0.1 nm, which is much smaller that (10 nm thickness) of reported 3D 

porous NiO nanosheets synthesized by chemical bath deposition via a surfactant template [13].  This 
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ultrathin flake-like shape makes the obtained NiOOH well-dispersed in aqueous solution to form a 

transparent green solution, as displayed in the optical photograph (bottom left in Fig. 1). This 

morphology of NiOOH
 
nanosheets are characterized with a large surface area and rapid electron 

transport rate, which is special desirable for electrocatalytic applications. The crystal structure of the 

as-synthesized NiOOH nanosheets was confirmed by XRD technique and the diffraction patterns are 

shown in Fig. 2. Obviously, the diffraction patterns show a good agreement with the main peaks of the 

standard diagram (JCPDS card NO: 06-0075). The well-defined two strong diffraction peaks are 

located approximately 2θ values of 12.7°, 25.9° and 59.5 which corresponds to the (003) and (006) 

planes of the crystal structure of NiOOH nanosheets, respectively. Other insignificant diffraction peaks 

belongs to the (101), (102), (104), (108), (110) planes of NiOOH nanosheets.  
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Figure 2. XRD patterns of the as- synthesized NiOOH nanosheets. 

 

Fig. 3a shows the high-resolution SEM image of the obtained NiOOH dispersed on Si slice. 

NiOOH nanosheets with plenty of stacking and scrolling are observed, the shape of which can provide 

large surface area. The electrochemically prepared RGO/GCE (Fig. 3b) displays the typical 

characteristics of graphene with wrinkled structures [31,32]. After the RGO/GCE was modified with 

NiOOH nanosheets through a self-assembled method to form NiOOH/RGO electrode, the structure of 

NiOOH nanosheets with plenty of stacking and scrolling is also observed, as shown in Fig. 3c, which 

demonstrates that the NiOOH nanosheets have been successfully assembled on RGO surface. The 

EDX mapping image of NiOOH/RGO/GCE, as demonstrated in Fig. 3d, shows that the element of C, 

O and Ni could be observed, which further indicates the formation of NiOOH/RGO nanocomposites. 
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Figure 3. The SEM images of the obtained NiOOH dispersed on Si slice (a), RGO/GCE (b) and the 

NiOOH/RGO/GCE (c). (d) The EDX mapping image of NiOOH/RGO/GCE.  

 

3.2. Electrochemical characterizations 

Electrochemical impedance spectroscopic (EIS) measurements in 10 mM Fe(CN)6
3−

/Fe(CN)6
4−

 

and 0.1 M KCl were carried out to study the electron transfer behavior of the RGO supported NiOOH 

nanocomposites modified electrode. As shown in Fig. 4, after being modified with RGO nanosheets, 

the diameter of the semicircle, which relates to the charge transfer resistance (Rct) of the RGO/GCE 

was significantly decreased or nearly disappeared compared with the bare GCE, suggesting the 

excellent conductivity of RGO and its fast electron transfer rate. That's one of reasons that RGO was 

selected to support NiOOH nanosheets. The following adsorption of NiOOH nanosheets on RGO 

surface makes diameter of the semicircle larger that RGO/GCE, but still smaller that the bare GCE, 

due to RGO support promotes the charge transfer of NiOOH with comparatively low conductivity.  

a b 

c d 
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Figure 4. EIS plots measured in 10 mM [Fe(CN)6]
3-

/
4-

+0.1 M KCl for the bare GCE, RGO/GCE and 

NiOOH/RGO/GCE. The frequency range of EIS was from 0.1 to 10
5
 Hz at +0.2 V. 
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Figure 5. (a) CV responses of RGO/GCE and NiOOH/RGO/GCE in 0.1 M NaOH at scan rate of 50 

mV s
-1

; (b) CV responses of NiOOH/RGO/GCE in 0.1 M NaOH at different scan rates (from 

inner to outer) of 10, 20, 40, 60, 80,100, 150, 200, 300 mV s
-1

. 

 

To validate the successful immobilization of NiOOH nanosheets on RGO surface, the CV 

responses of NiOOH/RGO/GCE obtained in 0.1 mol L
-1

 NaOH are given in Fig. 5a. It can be seen that 

no redox peak was observed for RGO/GCE, indicating RGO was silent in the present potential range. 

However, an obvious redox peaks corresponding to Ni
2+

/Ni
3+

 redox couple was obtained at 

NiOOH/RGO/GCE, indicating that the electrocatalyst of NiOOH nanosheets have been successfully 

assembled on RGO surface. The reaction kinetics of modified NiOOH on electrode surface was 

illustrated by investigation of CV responses of NiOOH/RGO/GCE at different scan rates. The results 

are shown in Fig. 5b. Obviously, the peak-to-peak separation (ΔEp) became widened with increase of 
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scan rates. In the range of 10–300 mV s
-1

, both the oxidation and reduction peak currents are 

proportional to the scan rates (the linear relationship with correlation coefficients of 0.9967 and 0.9984 

for oxidation and reduction peaks shown in the inset of Fig. 5b) respectively, suggesting that the 

electron transfer process in the NiOOH redox reaction takes place through a surface-controlled 

mechanism. 

 

3.3. Electrocatalytic oxidation of glucose at the NiOOH/RGO nanocomposites electrode 

Electrocatalysis toward the oxidation of glucose, a small molecule of scientific interest, is 

important not only to the development of novel blood glucose monitor devices but also application in 

other fields, such as the food monitoring, pharmaceutical analysis and the development of fuel cells 

and batteries [33-36]. Due to the limitations of enzymatic glucose systems, research interest in recent 

years has been focused on fabrication of novel materials as electrocatalyst for direct electrooxidation 

of glucose. The development of efficient non-enzymatic glucose sensors with rapid response, high 

detection sensitivity and stability,  and excellent selectivity is the ultimate focus in analytical field.  

Here, the direct electrocatalytic performance of the fabricated NiOOH/RGO nanocomposites 

electrode toward glucose oxidation was evaluated from its CV response in 0.1 M NaOH. In this 

respect, the RGO/GCE and NiOOH/GCE were used for comparison. Fig. 6 shows the CVs of different 

electrodes in 0.1 M NaOH solution without and with 5 mM of glucose involved at a scan rate of 50 

mV s
-1

. As observed, the RGO/GCE (Fig. 6a) did not show distinct electrocatalysis toward oxidation 

of glucose in the scanned range of 0-0.8 V. After further modification of NiOOH nanosheets, a pair of 

redox peaks was obtained for NiOOH/RGO/GCE (Fig. 6b) in NaOH solution with an oxidation peak at 

0.463 V and a reduction peak at 0.378 V (vs SCE), respectively, which was assigned to the 

Ni(OH)2+OH
−
−e→NiOOH+H2O redox reaction [21,22]. Upon addition of glucose, due to fact that the 

added glucose was oxidized by NiOOH to gluconolactone (NiOOH+glucose→NiO+gluconolactone), 

an increase in oxidation current and a decrease in reduction current was observed, revealing direct 

electrocatalysis of Ni
2+

/Ni
3+

 redox couple toward glucose oxidation following the above equations. 

However, the NiOOH/GCE showed indistinct redox peaks of Ni
2+

/Ni
3+

 couple, probably arising from 

the small amount of NiOOH electrocatalyst loaded on bare GCE. The subsequent addition of glucose 

caused an identifiable increase in oxidation current from a potential of 0.5 V due to glucose oxidation 

catalyzed by the immobilized small amount of NiOOH nanosheets. These results indicate that the 

introduction of RGO remarkably facilitate the immobilization of NiOOH nanosheets on electrode 

surface and thus improve its electrocatalytic performance toward oxidation of glucose. The facile 

integration of NiOOH with RGO nanosheets by a self-assembly method resulted from four aspects: 1) 

the increased surface area and the oxygen-containing functional groups on RGO surface; 2) the driven 

force of electrostatic interactions and physical adsorption; 3) the favorable surface morphology due to 

easy combination between NiOOH nanosheet and RGO nanosheet.  
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Figure 6. CV responses of RGO/GCE (a), NiOOH/RGO/GCE (b) and NiOOH/GCE (c) in 0.1 M 

NaOH solution without (black curve) and with 5 mM of glucose (red curve) involved at a scan 

rate of 50 mV s
-1

.  

 

Current-time curves were obtained to determine the amperometric sensing property of 

NiOOH/RGO nanocomposites electrode. Prior to amperometric detection of glucose, the influence of 

applied potentials was investigated. Fig. 7a exhibits amperometric response of NiOOH/RGO/GCE to 

successive additions of 50 M glucose at different applied potentials. Obviously, the steady-state 

current response of 50 M glucose increased notably from +0.3 V to +0.5 V. When the applied 

potential was further increased to +0.6 V, the current response of glucose is nearly comparable to that 

of +0.5 V, but the blank current was significantly enhanced compared to +0.5 V. Considering that the 

high applied potential will lead to poor selectivity because interference coexisting with glucose may be 

also oxidized at this potential. Hence, applied potential of +0.5 V was chosen. 



Int. J. Electrochem. Sci., Vol. 11, 2016 

  

7699 

0 100 200 300 400 500

2

4

6

8

10

12

a

50 M

+0.6 V

+0.5 V

+0.4 V

C
u

rr
e

n
t/

A

Time/s

+0.3 V

 

0 200 400 600 800

5

10

15

20

0 50 100 150 200 250 300
1.2

1.4

1.6

1.8

2.0

2.2

2.4

10 M

C
u

rr
e
n

t/

A

Time/s

5 M

b

400 M

200 M

100 M
50 M

20 M
10 M

C
u

rr
e

n
t/

A

Time/s

5 M

 

0 500 1000 1500 2000
0

5

10

15

20 c

C
u

rr
e

n
t/

A

Concentration/M
 

0 100 200 300 400

5

10

15

20

25

30

35

40

45
d 0.1 mM NaCl

0.1 mM AA

0.1 mM UA

0.1 mM DA

0.1 mM lactose

0.1 mM fractose

C
u

rr
e

n
t/

A

Time/s

1 mM glucose

 
 

Figure 7. Detection of glucose in 0.1 M NaOH solution using the NiOOH/RGO/GCE: (a) 

the applied potentials of +0.3, +0.4, +0.5 and +0.6 V, respectively; (b) Amperometric responses 

of the NiOOH/RGO/GCE (holding at +0.50 V) upon addition of glucose to increasing 

concentrations; (c) The relationship between current and glucose concentration with the data 

from Fig. 6b; (d) Amperometric responses of the NiOOH/RGO/GCE to successive additions of 

1 mM glucose, 0.1 mM fructose, 0.1 mM lactose, 0.1 mM DA, 0.1 mM UA, 0.1 mM AA and 

0.1 mM NaCl in 0.1 M NaOH at +0.5 V. 

 

Fig. 7b displays the current-time curves of the NiOOH/RGO/GCE with successive additions of 

different concentrations of glucose in 0.1 M NaOH solution at an applied potential of +0.5 V. 

Obviously, the electrode shows rapid response to additions of glucose with a response time of <2 s, 

revealing outstanding electrocatalytic performance of the NiOOH/RGO nanocomposites for oxidation 

of glucose. The amperometric responses to glucose present a good linear range from 5 M to 1.97 mM 

(as shown in Fig. 7c). The corresponding linear regression equation is written as I 

(A)=1.98168+0.0951C (M) with a correlation coefficient of 0.9960. From the equation, the 

detection limit and the sensitivity are estimated to be 1 M (signal-to-noise ratio of 3) and 1346 A 

mM
-1

 cm
-2

, respectively. Comparison of the performance of the present NiOOH/RGO nanocomposites 

for non-enzymatic glucose sensing with those previously reported Ni-based materials was listed in 

Table 1. It is worth mentioning that the untrathin NiOOH nanosheets on RGO surface exhibits 

comparable performance toward glucose in terms of the detection sensitivity, the linear range and 

detection limit. The prominent electrocatalytic behavior of the present NiOOH/RGO nanocomposites 
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should be ascribed to the following advantages: on the one hand, the large surface area of NiOOH 

nanosheets provide more active sites for electrocatalysis, and enhance the electroadsorption amount of 

glucose on electrode surface; on the other hand, the ultrathin structure facilitate transport of electron 

through the electrode-electrolyte interface; besides, the possible synergism occurred between NiOOH 

nanosheets and the highly conductive RGO material, enhanced the electrocatalytic activities of NiOOH 

nanosheets.  

 

Table 1. Comparison of the performance of the present NiOOH/RGO nanocomposites for non-

enzymatic glucose sensing with those previously reported Ni-based materials. 

 

Electrode materials Response time 

(s) 

Sensitivity 

(μA mM
-1 

cm
-2

) 

Linear range LOD 

(μM) 

Ref 

Ni(OH)2-HS 3 223.39 0.8749 μM-7.781 mM 0.1 12 

CS/ Ni(OH)2-NPs - 72 0.5 mM-10 mM - 19 

RGO-Ni(OH)2 7 11.43 2 μM-3.1 mM 0.6 23 

Ni(OH)2@oPPyNW 10 1049 0.001 mM-3.86 mM 0.3 24 

NiOHSs-RGO-NF 3 2721 0.6246 μM-10.50 mM 0.03 29 

Ni(OH)2/ERGO-MWNT 2 2042 10 μM-1500 μM 2.7 30 

NiO-SWCNTs 2 2980 0.5 μM-1300 μM 0.056 34 

Ni(OH)2-graphene 2 494 1 μM-1000 μM 0.6 37 

NiOOH/RGO 2 1346 5 μM-1.97 mM 1 This 

work 

 

Anti-interference property is a significant parameter for a desirable glucose biosensor. Some 

common substance coexisting with glucose in a biological sample, including fructose, lactose, 

dopamine (DA), uric acid (UA), ascorbic acid (AA) and NaCl often interfere with glucose signals. The 

concentration of interfering species is reported much lower than that of glucose in the human blood (4–

7 mM) [38,39]. Thus, the effect of 0.1 mM interfering species on the amperometric response of 1 mM 

glucose was investigated to ensure the selectivity. From the current-time curve in Fig. 7d, a significant 

current was observed for glucose in comparison with the other six interfering species. All the 

interference yielded current response less than 7.2% compared to glucose. Therefore, the present 

NiOOH/RGO electrode was found to exhibit acceptable selectivity in the interference experiments 

conducted.  

 

3.4. Electrocatalytic oxidation of GSH at the NiOOH/RGO nanocomposites electrode 

GSH, an important thiol compound consisting in mammalian tissues, plays significant roles in 

most biological functions such as antioxidant defense, cell signaling and proliferation [40]. GSH is 

often electrochemically oxidized into glutathione disulfide (GSSG). The levels of GSH and the 

concentration ratio of GSH and GSSG indicate some oxidative stresses and cell functionalities. A large 

number of electrode materials, such as carbon [41-43] and metal based materials [2,44] have been 

employed for electrochemical quantification of GSH, but the cost-effective and easily available Ni 
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based materials is more prospective. Fig. 8a presents the CV responses recorded at 50 mV s
-1

 in the 

absence and presence of 5 mM GSH in 0.1 M NaOH. Upon addition of GSH, an increased anodic 

current with onset potential of +0.3 V corresponds to oxidation of GSH. This anodic peak current 

increased correspondingly with the increase of GSH concentration from 0 to 1 mM, as shown in Fig. 

8b. For the application of amperometric determination at +0.6 V, a stable and fast response in current 

can be found (Fig. 8c) with the successive additions of different concentrations of GSH. The 

NiOOH/RGO electrode shows sensitive and fast amperometric response to GSH addition, obtaining 

steady-state current within 3 s. The plots of amperometric current vs GSH concentrations and 

corresponding calibration curve is showed in Fig. 8d. The response to GSH shows a good linear range 

from 5 M to 770 M (as shown in top left of inset of Fig. 8d).   
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Figure 8. (a) CVs of NiOOH/RGO/GCE in 0.1 M NaOH with 5mM GSH involved (a) and with 

different concentrations of GSH (b) at a scan rate of 50 mV s
-1

; (c) Current-time responses of 

NiOOH/RGO/GCE upon addition of GSH to increasing concentrations at an applied potential 

of +0.6 V; (d) The plots of amperometric current vs GSH concentrations with the 

corresponding calibration curves in the inset. 

 

The corresponding linear regression equation is written as I (A)=1.98809+0.02167C () 

with a correlation coefficient of 0.9954. The detection limit is estimated to be 2 M. The present linear 

range (5–770 M) is wider than that of 3–130 M obtained at ordered mesoporous carbon electrode 
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[45], 0.1–5.0 M at poly-m-aminophenol electrode [46], 4–28 M at ordered mesoporous 

carbon/cobalt oxide nanocomposite electrode [47], and is also comparable to some of previously 

reported electrochemical sensors [48,49]. When the concentration of GSH is above 770 M, the 

increase rate of amperometric responses with GSH concentration is found to lower, possibly due to the 

passivation of electrode surface caused by the adsorbed reaction intermediates. Meanwhile, the linear 

relationship (as shown in bottom right of inset of Fig. 8d) spans the concentration of glucose from 2.07 

mM to 8.07 mM following a equation of I (A)=23.1759+0.0065C () (R=0.9974). For the 

interference test, the results showed that 10 M glucose, 5M UA, 5 M AA, 5 M DA, and 5M 

glutathione disulfide did not interfere distinctly with the detection signal of 0.1 mM GSH. Therefore, 

the NiOOH/RGO electrode is a favorable electrocatalyst for GSH oxidation and shows potentials for 

monitoring GSH levels in biosensing applications. 

 

3.5. Reproducibility and stability 

To evaluate the reproducibility of the present electrodes, six NiOOH/RGO nanocomposites 

electrodes were prepared separately using the same procedures. The relative standard deviation (RSD) 

for current responses of 50 M glucose at +0.5 V and 50 M GSH at +0.60 V was 4.7% and 5.3% 

respectively, indicating a good inter-electrode reproducibility. In addition, seven measurements of 50 

M glucose using the same electrode yielded a RSD of 3.4%, while for 50 M GSH, the RSD was 

only 2.9%. The long-term stability of developed electrode was evaluated by recording its current 

response every 3 days after placing it in air at room temperature for a period of time. It was found that 

the NiOOH/RGO nanocomposites electrode retained 90.8% of its original current response to 50 M 

glucose even after storage for 3 weeks, indicating good stability.  

To verify the capability of the developed sensor in real sample analysis, the present method 

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

method was employed for obtaining the recovery test. The results are shown in Table 2. Obviously, 

acceptable recovery was found for sample 1 and sample 2, indicating that urine sample has no 

interference on direct analysis of glucose. 

 

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 

10.2 

19.5 

3.04 

2.65 

102 

97.5 

 

 

4. CONCLUSIONS 

In summary, aqueous NiOOH with untrathin nanosheets structure were synthesized using a 

hydrothermal method and then it was modified on the RGO electrode surface through a self-assembly 
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method to form NiOOH/RGO nanocomposites. The electrocatalytic properties of the resultant 

NiOOH/RGO nanocomposites electrode toward small molecules of glucose and GSH were 

investigated. Thanks to the large surface area of NiOOH, its ultrathin nanosheets morphology and the 

possible synergism occurred between NiOOH nanosheets and the highly conductive RGO nanosheets, 

the as-prepared NiOOH/RGO nanocomposites electrode exhibited a high catalytic activity toward 

electrooxidation of glucose and GSH in alkaline conditions. As a potential electrochemical glucose and 

GSH sensor, the NiOOH/RGO electrode showed excellent performance including fast response, wide 

linear response range, high sensitivity and selectivity, and good reproducibility and stability. The 

present work sheds light on developing highly efficient and long-term stability electrocatalysts for 

glucose and GSH oxidation. 
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