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Nickel-oxide multiwall carbon-nanotube/reduced graphene oxide 

a ternary composite for enzyme-free glucose sensing  

R. Prasad,
a
  V. Ganesh

b
 and B.R Bhat

a* 

We report the solvent-free method of preparation for NiO-carbon nanotube/graphene ternary composite using nickel 

formate as a green precursor via thermal decomposition method. In this ternary composite, NiO with an average particle 

size of 7 nm is regularly decorated on the surface of conductive carbon matrices network such as MWCNTs and reduced 

graphene oxide (rGO).  Here rGO serves as an ideal support for uniform distribution of NiO nanoparticles and also 

functions as an efficient transducer material, whereas, MWCNTs acts as a spacer between rGO, which enhances the 

electrical conductivity and accessibility of active reaction sites for direct glucose oxidation. The electrochemical 

performances are evaluated by cyclic voltammetry and amperometric techniques. Under the optimal conditions, the 20 

wt. % NiO-MWCNT/rGO/GCE exhibits the sensitivity of 4223.3 µA cm
−2

 mM
−1

 and detection limit of 0.92 µM over a linear 

glucose concentration range upto 19 mM. Furthermore, the constructed sensor is effectively employed to detect glucose 

in real human blood serum sample with adequate results. The modified 20 wt.% NiO-MWCNT/rGO/GCE also shows a high 

sensitivity, greater selectivity, excellent reproducibility and long-term stability. 

1. Introduction 

Over the past two decades, development of glucose 

sensors with greater sensitivity, excellent selectivity, fast 

response time and low cost has drawn considerable attention 

in various areas, such as clinical diagnostics in diabetes control, 

environmental pollution control, food and textile industry, 

etc.
1-3

 Amperometric glucose biosensors are one such 

promising technology that can reach clinical glucose 

measurement accuracy.
4
 Several previous reports on this topic 

successfully employed the enzyme glucose oxidase (GODx), 

which catalyses the oxidation of glucose to gluconolactone.
5
  

However, enzyme based biosensors suffer from several 

drawbacks such as poor stability, tedious enzyme 

immobilization procedures and higher cost etc..
6,7

 Therefore, 

there is a greater demand to develop the  enzyme-free glucose 

sensors based on the direct electro oxidation without using an 

enzyme or mediators. However, selecting the accurate catalyst 

for direct glucose oxidation is an important step in the 

development of enzyme-free glucose sensors. These enzyme-

free glucose sensors are expected to have advantages such as 

easy availability, cheaper, greater stability and free from 

oxygen restriction. 

From last two decades, tremendous amount of work was 

reported to improve the analytical performance of the 

biosensor by incorporating conducting nanomaterials as a 

transducer material for fast and accurate electron transfer at 

electrocatalyst-electrode interface.
8
 The carbon nanomaterial 

like carbon nanotubes (CNTs) and reduced graphene oxide 

(rGO) got significant attention in electrocatalytic applications 

like biosensor, supercapacitor etc.
9-14

 These carbon 

nanomaterials possess special properties like conductivity, 

high surface to volume ratio, chemical stability, flexibility, 

excellent catalytic activity, fast electron transfer etc, which 

make them an ideal material for the biosensor applications.
15-

17
 Graphene, a sp

2
 bonded carbon with two-dimensional layer 

structure possessing above mentioned special properties, has 

gained special attention as an excellent transducer material in 

biosensor application.
18

 Furthermore, to tune and enhance 

these electrocatalytic properties, graphene has been modified 

by decorating with conducting carbon materials, metal/metal 

oxide nanoparticles, enzymes etc..
19

 However, during the 

electrode fabrication, because of strong π–π stacking and Van 

der Waals interactions graphene sheets tends to agglomerate 

and restacks irreversibly to form graphite.
20

 Thus the active 

surface area of graphene decreases, resulting in least or no 

diffusion of analyte to electrode interface and it may lead to a 

poor catalytic performance and limiting its application.
21

 To 

overcome these limitations, the, spacers play an important 

role and CNTs can be employed as space impediments in 

separating graphene layers from restacking.
22, 23 

On the other 

hand, CNTs are one-dimensional (1D) honeycomb 

arrangements of sp
2
 bonded carbon atoms, which are rolled 

version of graphene.
24

 Using these CNTs as spacers could 

result in enhanced electronic conductivity, surface area, 

mechanical stability and flexibility of graphene, thereby easy 
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analyte diffusion to electrode interface and enhanced fast 

electron movement and hence improvement in the 

performance.
25

  

Various metal and metal oxide nanoparticles (NPs) on 

graphene or multi-walled carbon nanotube (MWCNTs) 

surfaces have been explored for direct catalytic glucose 

oxidation.
26-29 

Among all, NiO materials, because of their 

excellent catalytic activity, biocompatibility, low toxicity and 

low cost, are highly suitable for the fabrication of 

nonenzymatic glucose sensors.
30-33 

Herein, we report facile, 

eco-friendly, rapid, scalable and economical route to 

synthesize NiO decorated graphene-MWCNTs ternary 

nanocomposites. These synthesized materials were used to 

construct the modified electrodes (NiO/rGO/MWCNT/GCE) 

and examined for enzyme-free glucose sensing application. 

The sensor properties like sensitivity, selectivity, linear regions, 

response time, reproducibility and interference effect were 

investigated and results obtained were compared with the 

literature articles of enzyme-free glucose sensors. Finally, the 

sensor was also tested for its real usage by detecting glucose 

concentration in real human blood serum (HBS) samples. 

2. Experimental Methods 

2.1 Materials 

Graphite flake (average particle size 20 μm), ferrocene, D - 

(+)-glucose, sucrose, fructose, dopamine (DA), L-ascorbic acid 

(AA), uric acid (UA), maltose, hydrogen peroxide (H2O2, 30 % 

W/V) were purchased from Sigma–Aldrich India. All the 

chemicals are used with high purity and as received without 

any further purification. Material synthesis and 

electrochemical studies were carried out using double distilled 

water. The human blood was collected from the volunteers 

and informed written consent was obtained prior to their 

participation. The experimental study and study protocol was 

examined and permitted by the ethical committee panel at 

National Institute of Technology Karnataka, India. 

2.2 Materials synthesis 

Hummers method was employed to prepare graphene 

oxide using graphite flakes as the carbon precursor.
34 

Briefly, 

the flake graphite (2 g) was added portion wise slowly to salt-

ice cooled concentrated H2SO4 (~0 ˚C, 50 mL) and stirred for 15 

minutes. This was followed by slow addition of NaNO3 (1.5 g) 

and continued to stir for another 15 minutes. To this mixture 

10 g of KMnO4 was added in five portions followed by 400 mL 

of water was added and continued to stir till temperature 

attains room temperature. Then 20 mL of H2O2 was added 

drop wise to the above suspension until the grey solution 

immediately turns to bright yellow colour. This suspension was 

then filtered and washed with sufficient amount of water to 

remove acid impurities and the residue obtained was dried at 

60 °C in a vacuum oven. 

Chemical vapour deposition (CVD) method was used to 

prepare MWCNTs where in acetylene and ferrocene was used 

as a carbon source and metal catalyst respectively.
35

 The 

amorphous carbon impurity in the prepared MWCNTs was 

removed by subjecting to air oxidization at 350 °C for 2 h and 

then treated with concentrated HNO3 and H2SO4 (3:1) in order 

to remove any catalyst metal impurities present.
36

 Further the 

ternary composite (NiO-MWCNTs-rGO) was prepared using a 

facile, simple and low temperature thermal treatment 

technique as reported in our previous reports.
30, 37

 The 

important feature of this synthetic method is, simultaneous 

exfoliation of GO and reduction of metal precursor.  

The as-prepared MWCNTs (20 mg), GO (80 mg) and nickel 

formate (18.5 mg) were homogenously mixed using mortar 

and pestle and then ultra-sonicated for 30 minutes. The 

uniformly mixed powder were taken in a quartz boat and then 

subjected to thermal treatment at 300 °C for 2 h in a lab 

atmosphere condition using CVD setup. While the CVD 

temperature was raised from 250 °C to 300 °C, significant 

volume expansion was observed with the release of gaseous 

by-products which suggests the insitu reduction of nickel 

formate to nickel oxide and GO to rGO. The final products, 

NiO-nanoparticles (NPs) decorated MWCNTs-rGO powder 

sample was collected and used without purification. Similarly, 

different amount of nickel formate (37 mg, 55.5 mg and 74 

mg) were loaded and 20, 30 and 40 wt.% NiO-MWCNTs-rGO 

composites were synthesized. For comparison studies, the 

MWCNTs-rGO composite, NiO-MWCNT, NiO-rGO and pure NiO 

were synthesized similarly. 

2.3 Material Characterization techniques  

Surface morphology of the synthesized products was 

examined by SIGMA field emission scanning electron 

microscope (FESEM, CARL ZEISS) and transmission electron 

microscope (TEM, Philips CM200). The X-ray diffraction studies 

were studied to know the crystallinity of the as prepared 

material using JEOL JDX 8P diffractometer. The morphological 

defects were examined by Raman analysis using LabRAM HR 

Raman system provided with an excitation wavelength of 514 

nm. The electrocatalytic studies were carried out by using an 

electrochemical workstation (Autolab PGSTAT30), where in 

which electrochemical cell consists of three electrode setup, 

such as a Pt wire counter electrode, saturated calomel as 

reference electrode and modified glassy carbon electrode as 

working electrode (GCE, 3 mm diameter). All the 

electrochemical experiment was carried out using an alkaline 

0.1 M NaOH solution as supporting electrolyte. 

2.4 Electrode fabrication  

The working electrode was fabricated over glassy carbon 

electrode (GCE, ∅ =3.0 mm). Prior to the experimental study, 

the GCE was polished using different sized alumina slurry (1, 

0.3 and 0.05 micron) and then rinsed with distilled water to 

get clean GCE. The pre-cleaned GCE electrode was modified by 

easy drop casting method. Firstly, 10 mg of NiO-MWCNTs-rGO 
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composite sample in 1 mL of ethanol solution, followed by 0.2 

mL of 0.5 wt. % Nafion solution was added and ultra-sonicated 

to get homogenous suspension. This suspension (5.0 µL) was 

drop casted over the surface of GCE followed by air dry before 

use. These modified electrodes were named as 10 % NiO-

MWCNTs-rGO/GCE, 20 % NiO-MWCNTs-rGO/GCE, 30 % NiO-

MWCNTs-rGO/GCE and 40 % NiO-MWCNTs-rGO/GCE for 10 %, 

20 %, 30 % and 40 wt. % NiO-MWCNTs-rGO composites, 

respectively. For comparison studies, the other modified 

electrodes like MWCNT/GCE and NiO/GCE were also prepared 

under identical conditions. Before every electrochemical 

experiment, the loosely bound materials on the surface of 

modified electrodes were thoroughly rinsed in water. 

3. Results and discussion 

3.1 Characterization of materials 

 In general, electro catalytic activity of any material to be 

employed as sensing a matrix is depending on its surface 

morphology. In this work, MWCNTs, rGO and their composites 

with NiO are being used as electro catalyst for glucose 

detection. The surface morphology of the as-synthesized 

materials and their hybrid composites were studied using 

electron microscopy. An overview of FESEM images of 

MWCNTs, rGO, MWCNTs-rGO, NiO-MWCNTs-rGO, NiO-

MWCNTs, NiO-rGO and pure NiO are shown in Fig.1 (a-g). The 

FESEM images shows that the CNTs are tubular in nature with 

intertwined, twisted tubes with average diameter of 5.4 nm 

uniformly distributed (Fig.1a) and the rGO synthesized appears 

to be, few layers, stacked and thin craggy carbon sheets (Fig. 

1b). When these materials are mechanically mixed using 

mortar and pestle, uniform and homogenous hybrid of 

MWCNT-rGO was obtained which are depicted in Fig.1c. 

Further the Fig.1       (d-f) shows the FESEM micrographs of the 

NiO-MWCNTs-rGO, NiO-MWCNT and NiO-rGO composites, 

respectively. From these figures it can be observed that the 

NiO particles are similar in morphology and in shape 

possessing an average particle size of 7.5 nm are decorated on 

the carbon surface, which can attribute to the thermal 

decomposition of nickel formate precursor. Finally, for 

comparison, pure NiO-NPs were prepared similarly without 

using rGO and MWCNTs which matches well with size and 

shape of the NiO-NPs decorated in the composite samples 

(Fig.1g). The size of these NiO NPs distributed over carbon 

surface were represented in histogram and are shown in the 

supplementary information (Fig. S1). These results suggest 

that, nickel formate can serve as an excellent precursor to 

prepare pure NiO-NPs, nickel oxide decorated carbon material 

composites with uniform size and shape. The above results 

also reveal that thermal decomposition of nickel formate 

precursor constitutes the reproducible and stable synthetic 

method to prepare the NiO-NPs. Similarly, different weight 

percentage of composite materials were examined by FESEM 

and corresponding images are shown in the Supplementary 

information (Fig. S2). 

 TEM analysis was used further to understand the structural 

morphology of different composites. Fig. 2 depicts the TEM 

micrographs of the prepared samples. From these figures it 

can be seen that the pure CNT with few walled tubes (Fig. 2a) 

and few layered rGO sheets (Fig. 2b) which on mechanical 

mixing gives homogenous hybrid of MWCNT-rGO and is shown 

in Fig. 2c. Moreover, MWCNT, rGO and MWCNT-rGO samples 

on thermal treatment with nickel formate results in respective  

  
 

  
 

  
 

 
Fig. 1 FESEM images of synthesized materials. (a) purified 

MWCNTs, (b) rGO, (c) rGO-MWCNTs hybrid (d) NiO-MWCNT-

rGO composite, (e) NiO-MWCNT composite, (f) NiO- rGO 

composite and (g) pure NiO-NPs. 

 

NiO-carbon composites namely, NiO-MWCNTs (Fig. 2d), NiO-

rGO (Fig. 2e) and NiO-MWCNTs-rGO respectively (Fig. 2f). 

Similarly, for comparison studies pure NiO synthesized by a 

similar method shows that the particles are granular in nature 

with an average particle size of ~7 nm (Fig. 2g). Hence, from 

these results it is observed that the size and shape of NiO-NPs 

are uniformly distributed in the composite samples and this 

can be attributed to the stable synthetic method with the use 

of nickel formate as a precursor. 
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Fig. 2 TEM images of synthesized materials, (a) purified 

MWCNT, (b) rGO, (c) rGO-MWCNT hybrid, (d) NiO-MWCNT 

composite, (e) NiO- rGO composite, (f) NiO-MWCNT-rGO 

composite and (g) pure NiO-NPs. 

 

 The samples were further investigated for crystalline 

nature, elemental composition and purity by using XRD 

analysis (Fig. 3A). In the XRD spectra, peak pattern of the 

prepared composites sample (NiO-MWCNTs-rGO) has been 

compared with peak pattern of starting materials. XRD spectra 

display the corresponding planes for graphite flake (curve a), 

GO (curve b), MWCNTs (curve c), MWCNTs-GO hybrid (curve 

d), MWCNTs-rGO (curve e), NiO (curve f) and NiO-MWCNTs-

rGO hybrid composite (curve g) respectively.  The diffraction 

peak observed at 26.3° in curve (a) and (c) can be indexed to 

graphitic carbon C(002) plane of flake graphite sheets and 

MWCNTs (JCPDS 008-0415).
38

 This graphite on conversion to 

GO by Hummer’s method shows C (002) graphite peak has 

broadened and shifted to 11° (curve b). This broadening and 

shift in the peak pattern can be attributed to the intercalation 

of oxygen containing functional groups. Besides, two C (002) 

diffraction peaks appear at 11° and 26.3° in the XRD spectrum 

(curve d) corresponds to the hybrid MWCNTs-GO sample, 

which indicates the presence of both carbon nanostructures. 

These hybrid composite on thermal treatment, a distinct broad 

and sharp peak appears at 23° to 30°, indicates the complete 

transformation of GO to rGO (curve e). This sharp and 

broadening of peak at 26.3° depicts the presence of MWCNT 

as well as disorder in rGO. In addition, NiO-MWCNTs-rGO 

hybrid sample (curve g) shows crystalline peaks at 37.25, 

43.28, 62.91, 75.40 and 79.37° (rhombohedral, JCPDS No 00-

044-1159), corresponding to (101), (012), (104), (113) and 

(202) rhombohedral crystal planes of NiO-NPs along with C 

(002) peak of MWCNT-rGO hybrid at 26.3° (curve g). Similarly, 

pure NiO synthesized from similar method shows the XRD 

pattern (curve f) that matches well with the rhombohedral 

crystal lattice of JCPDS No. 00-044-1159, which is same as NiO 

crystal planes of NiO-MWCNTs-rGO hybrid. Hence, these 

results indicate complete reduction of nickel formate 

precursor to NiO-NPs and their successful decoration over 

graphene and MWCNTs.   

 

 
Fig. 3 (A) XRD spectra and (B) Raman spectra of; (a) graphite 

flake, (b) GO, (c) MWCNTs, (d) MWCNT-GO, (e) MWCNT-rGO, 

(f) NiO and (g) 20 % NiO-MWCNTs-rGO respectively. 

 

Further, Raman analysis was employed to study the structural 

aspects of NiO-MWCNTs-rGO and the results are compared 

with that of the starting materials. Fig. 3B shows the typical 

Raman spectra of raw graphite flake (curve a), GO (curve b), 

MWCNTs (curve c), MWCNT-GO (curve d), MWCNT-rGO (curve 

e), NiO (curve f) and NiO-MWCNTs-rGO (curve g) respectively. 

The characteristic D and G bands that appear at around 1350 

cm
−1

 and 1590 cm
−1

 are observed in all these materials except 

for pure NiO-NPs. The G band represents the vibration at sp2-

bonded carbon atoms, whereas,  D band is obtained due to the 

disorders or defects introduced in the smooth surfaced  sp2-

bonded carbon and then double resonance of these D bands 

leads to the formation of 2D band at ~2700 cm
−1

.
39, 40 

Further, 

the degree of disorder was obtained by considering the ID/IG 
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value and the corresponding ID/IG values are tabulated in Table 

1.
41

 Obviously, the immaculate graphite exhibits a distinct G-

band at 1581 cm
−1

 (curve a), corresponding to the in-plane 

vibrations of sp
2
 bonded carbon atoms. After extensive 

oxidation, significant changes in Raman peak were observed, 

such as broadening and blue-shift in G band of GO appears at 

1595 cm
−1

 and a D band appears at 1348 cm
−1

, which is 

attributed to the disordered structures of GO (curve b) with an 

ID/IG value of about 0.76.
42, 43

 In case of MWCNTs (curve c) the 

value ID/IG is observed to be 0.65 which corresponds to the 

smooth surface with least structural defects. When these 

MWCNTs and GO are mixed together, the value of ID/IG for 

MWCNTs-GO hybrid has been raised to 0.75 (curve d) than the 

individual MWCNTs and GO, which can be attributed to the 

more defects introduced during mechanical mixing process. 

The curve e, represents the MWCNT-rGO hybrid composite 

with an ID/IG value 0.87. Though the conjugated sp
2
 carbon of 

rGO and MWCNTs is restored, the size of the reinstate rGO 

and MWCNTs is smaller than the original, resulting in the 

increase of ID/IG ratio.
44-46

 Therefore, the increase of ID/IG ratio 

from 0.81 to 0.87 is reasonable. The Raman spectrum of NiO-

MWCNT-rGO (curve g), shows greater raise in ID/IG value to 

1.5, which is due to the destructive interaction of Ni on the 

surface of MWCNT and GO. The curve e also consists of peaks 

at 747 cm
−1

 and 1078 cm
−1

 which correspond to characteristic 

bands of NiO (curve g). 

 

Table 1 

Raman peak positions of D, G, 2D bands and ID/IG values 

determined for the synthesized materials. 

 

Material 
D 

(cm
−1

) 

G 

(cm
−1

) 
ID/IG 

Graphite 1353.9 1581 0.21 

GO 1348 1595 0.76 

MWCNT 1345.2 1590 0.65 

MWCNT-GO 1356.5 1602.4 0.75 

MWCNT-rGO 1351 1607.7 0.87 

NiO-MWCNT-rGO 1342 1582 1.5 

NiO - - - 

3.2 Electro-catalytic oxidation of glucose 

 Electrochemical activity of various electrodes fabricated in 

this work towards direct glucose oxidation was investigated 

and efforts have been made to determine the possible 

application in enzyme-free glucose sensing. Fig. 4 exhibits the 

cyclic voltammograms (CVs) of MWCNT-rGO/GCE, NiO/GCE 

and 20% NiO-MWCNT-rGO/GCE in the presence and absence 

of 2 mM glucose in phosphate buffer solution (PBS) (Fig. 4A) 

and 0.1 M NaOH solution (Fig. 4B) respectively. Fig. 4A shows 

the CVs recorded in PBS solution (pH = 7), where no redox 

peaks appear for the above mentioned electrodes in both the 

presence and absence of glucose (curves a-f). However, the 

current recorded for 20% NiO-MWCNT-rGO/GCE is much 

higher than the NiO/GCE and MWCNT-rGO/GCE which may be 

due to the synergistic effect of NiO, MWCNT and rGO. In 

contrast CVs recorded for these electrodes in 0.1 M NaOH 

solution display a distinct behaviour, in case of MWCNT-

rGO/GCE (Fig. 4B, curve g and h) shows no redox peak in 

presence and absence of 2 mM glucose. However, well-

defined redox peaks appeared for NiO/GCE and NiO-MWCNT-

rGO/GCE (Fig. 4B curve i and k), which may be due to glucose is 

directly oxidized to gluconic acid by using the redox couple of 

Ni that is Ni
3+

/Ni
2+

 on the modified electrode surface in basic 

medium. Upon addition of 2 mM glucose, the MWCNT-

rGO/GCE (curve h) electrode shows no much change in current 

density. However, NiO-MWCNT-rGO/GCE (curve l) and 

NiO/GCE (curve j) record significant enhancement in current 

density which signify that NiO can potentially electro-catalyse 

the glucose oxidation. Interestingly, redox peaks associated 

with NiO-MWCNT-rGO/GCE (curve l) has negatively shifted to 

0.55 V and 0.25 V for anodic and cathodic peak respectively 

and the electrode current recorded is 2.5 times greater than 

the NiO/GCE. This shift in redox peak potential and increased 

current may be due to the use of MWCNTs in the NiO-rGO 

composite, where MWCNTs acts like spacers between rGO 

layers can effectively enhance the surface area of the 

composite and results in more rapid glucose transmission at an 

electrode surface improving the electrochemical responses. 

 

 
Fig. 4 (A) CVs obtained in the presence and absence of 2 mM 

glucose at MWCNT-rGO/GCE (curve a and b), NiO/GCE (curve c 

and d) and NiO-MWCNT-rGO/GCE (curve e and f) electrodes in 

PBS solution and (B) CVs recorded in the presence and absence 

of 2 mM glucose at MWCNT-rGO/GCE (curve g and h), 

NiO/GCE (curve i and j) and 20 % NiO-MWCNT-rGO/GCE (curve 

k and l) electrodes in 0.1 M NaOH aqueous solution. 

 

 The plausible mechanism for direct glucose oxidation on 

modified NiO based enzyme-free electrode is as follows.
30, 47 

���/����	 
���	  	��� 	→ 	���/����	 
 �������        (1) 

Page 5 of 12 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE RSC Advances 

6 |RSC Adv.,2016, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

	���/����	 
 �������	  	��
� ⇌ 		���/����	 
������� 

	���	  	�
�              (2)  

���/����	 
�������  	�������	 → 	���/����	 
 ������� 

��������	����	             (3) 

 According to the depicted mechanism, first Ni
2+

 is electro-

oxidized to Ni
3+

 in an alkaline 0.1 M NaOH solution and an 

electron will be released which results in oxidation peak 

current. Followed by two simultaneous reactions that takes 

place at a time; that is reduction of Ni
3+

 to Ni
2+

 and oxidation 

of glucose to gluconic acid which results in anodic peak 

current. Thus, glucose gets oxidized and also reforms the Ni
2+

 

leads to rise in current at the electrode surface. 

The weight ratio of Ni formate precursor loaded during the 

preparation of composites was optimized towards glucose 

oxidation. The modified electrodes were fabricated using 

samples with different wt. % of Ni formate loaded namely, 10 

% NiO-MWCNTs-rGO/GCE, 20 % NiO-MWCNTs-rGOE/GCE, 30 

% NiO-MWCNTs-rGO/GCE and 40 % NiO-MWCNTs-rGO/GCE 

for 10, 20, 30, 40 wt. % NiO-MWCNTs-rGO samples, 

respectively (Fig. 5A, column a-d). Among these 20% NiO-

MWCNTs-rGO/GCE (column a) negative shifted with highest 

current recorded compared with the 30 and 40 % NiO-

MWCNTs-rGO/GCE (column c and d) which may due to the 

higher surface area offered by the MWCNT spacers between 

rGO sheets. Even though the 10 % NiO-MWCNTs-rGO/GCE 

(column b) display the glucose oxidation peak at much lower 

potential than the 20% NiO-MWCNTs-rGO/GCE, but the 

electrode current recorded for 10% electrode is less than half 

in comparison to 20% electrode. The raise in electrode current 

may be due to the higher NiO-NPs on the surface of the 

MWCNT-rGO samples. Hence the 20% NiO-MWCNTs-rGO 

samples was considered as the best optimised ratio for the 

maximum electrocatalytic oxidation of glucose. These results 

correlate very well with our earlier observations. 

Further, the 20% NiO-MWCNTs-rGO/GCE was investigated 

for the optimised NaOH concentration ranging from 0.05 M 

NaOH to 0.2 M NaOH solution and the results are shown in Fig. 

5B. CV results displayed in Fig. 5B depict that, at 0.1 M NaOH 

solution (curve ii), well-defined redox peaks with significant 

raise in anodic peak current (EPa) and slight shift in the peak 

potential were recorded in comparison with 0.05 M (curve i), 

0.15 M (curve iii) and 0.2 M NaOH solutions (curve iv). These 

results indicate that the hydroxyl ions (OH
−
) are directly 

involved in electro-chemical oxidation process and may also 

block the electro-adsorption of glucose with raise in OH
−
 

concentration which may retard the glucose oxidation process 

leading to the fouling of electrodes. From these results, 0.1 M 

NaOH aqueous solution was considered as the best optimised 

concentration for further electrochemical studies. 

The scan rate effect was studied on 20% NiO-MWCNTs-

rGO/GCE to investigate the reaction kinetics of glucose in 0.1 

M NaOH solution with 2.0 mM glucose concentration. As the 

scan rate was increased from 50 mV s
−1

 to 600 mV s
−1

 (Fig. 6A), 

the redox peak current increases with slight shift in anodic and 

cathodic peak potentials toward the positive and negative 

sides respectively and thus leading to the substantial peak-to-

peak separation. Further, Fig. 6B depicts the determined redox 

peak currents (IP) were linearly correlated to the square root of 

scan rate (ν
1/2

), with linear regression value (R2) of 0.9717 and 

0.9819 for anodic and cathodic peak potentials respectively. 

This result indicates that the electro-chemical process is a 

typical diffusion-controlled process on the surface of 20% NiO-

MWCNTs-rGO/GCE which is an ideal platform for enzyme-free 

glucose detection.
48 

 

 

Fig. 5 (A) Current vs. potential plots recorded for 10 % NiO-

MWCNT/GCE (column a), 20 % NiO-MWCNT/GCE (column b), 

30 % NiO-MWCNT/GCE (column c) and 40 % NiO-MWCNT/GCE 

(column d) using 2 mM glucose and (B) CVs of 20 % NiO-

MWCNT/GCE at different concentrations of NaOH solution. 
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Fig. 6 (A) CVs recorded at different scan rate values (50 mV s
−1

 

to 600 mV s
−1

) for 20 % NiO-MWCNTs/GCE with 2.0 mM 

glucose in 0.1 M NaOH solution and (B) Variation of anodic and 

cathodic peak current values with square root of scan rate. 

3.3 Amperometric detection of glucose 

In general, for any electrochemical sensor, the amperometric 

response is generally evaluated by measuring current at fixed 

working potentials in the presence of a specific analyte of 

interest. Hence, it is obvious to choose the optimised working 

potential for the enzyme-free electrochemical sensing of 

glucose. Fig. 7A shows the typical current–time (i-t) plots 

obtained from the amperometric response at 20% NiO–

MWCNT-rGO/GCE with consecutive glucose addition (0.2 mM) 

under different working potentials such as 0.4 V, 0.45 V, 0.5 V, 

0.55 V and 0.6 V (curve a-e). From the figure it is observed 

that, appreciable increase in electrode current density was 

observed with the raise in applied potential until the potential 

reached +0.55 V. However, electrode current at 0.6 V start 

declining, which may be due to the potentially interfering 

species which are stable only under low potential can generate 

many intermediate species that would probably obstruct the 

glucose oxidation. In addition, highest electrode current 

recorded at 0.55 V matches well with the anodic oxidation 

peak potential (Fig. 4B, curve l) obtained from CV 

measurement. Thus, 0.55 V was chosen as the optimum 

working potential in the following experiments. 

The Fig. 7B shows an amperometric response recorded for 

20% NiO–MWCNT-rGO/GCE in comparison with other 

modified electrodes like NiO /GCE, 10%, 30% and 40% NiO–

MWCNT-rGO/GCE with consecutive glucose addition (0.5 mM) 

under optimal conditions such as 0.55 V as working potential 

in 0.1 M NaOH solution. Upon each addition of glucose, a step-

like increase in response correct appears while the solution 

was being constantly stirred. The steady-state current signal 

was achieved for 20% NiO–MWCNT-rGO/GCE within 3 s (Fig. 

7C), suggesting a faster response time of the electrode. The 

result shows that the current recorded at 20% NiO–MWCNT-

rGO/GCE is 5.2, 1.5, 4.6 and 6 times greater than the NiO/GCE, 

10%, 30% and 40% NiO–MWCNT-rGO/GCE, respectively. The 

highest current recorded for the 20% NiO–MWCNT-rGO/GCE 

which can be attributed to the uniformly  
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Fig. 7 (A) Amperometric current responses of 20 % NiO-

MWCNT/GCE at various working potentials with every succsive 

addition of 0.2 mM glucose, (B) Plot of current–time recoded 

for different modified electrodes fabricated at 0.55 V, (C) plot 

of response time and (D) Electrode current density measured 

at 0.55 vs. glucose concentration using different modified 

electrodes. 

decorated NiO-NPs on the surface of MWCNT and rGO with 

least agglomerated particles. It is observed that with the raise 

in Ni formate precursor loaded during synthesis, results in 

more agglomerated and dense NiO particles decorated 

composites. Thus 30 and 40 % composites records lesser 

electrode current due to the suppressed electrochemical 

activity and slower electron movement of dense agglomerated 

NiO particle in the 30 and 40 % NiO–MWCNT-rGO composite 

modified electrodes. However, when precursor load is 10 %, 

the electrode current recorded is lesser than 20 %, which may 

be due to lesser active NiO available on the surface of the 

electrode. 

Table 2 

Performance comparison of different enzyme-freeglucose 

sensors reported in literature with our proposed sensor. 

Electrode 

Linear 

range 

(upto 

Detection 

Limit 

(µ(µ(µ(µM) 

Sensitivity 

(μA mM
−1

 cm
−2

) 

mM) 

Nickel electrode
49

 02.5  40 - 

Ni powder modified 

electrode
50

 
05.0 0.2  40 

NiO/MWCNTs 

electrode
51

 

07.0  

 

2  1768.8 

Ni–MWNTs
2
 17.5  0.89  67.19 

Ni–Cu/TiO2/Ti
52

 3.20 5 1591 

NA/NiONF-

rGO/GCE 
53

 
0.60 0.8 1100 

NiO/Pt/ERGO  

/GCE
54

 
05.6 0.2 668.2 

10% NiO–MWCNT-

rGO/GCE 
16.0 2.37 3126.5 

20% NiO–MWCNT-

rGO/GCE 
19.0 0.92 4223.3 

30% NiO–MWCNT-

rGO/GCE 
07.5 1.41 1341.5 

Fig. 7D, displays the linear calibration curve over a glucose 

concentration ranging upto 16 mM, 19 mM and 7.5 mM for 10, 

20 and 30% NiO–MWCNT-rGO/GCE, respectively (curve a, b, 

c). The sensitivity for these modified electrodes were 

calculated to be 3126.5 µA cm
−2

 mM
−1

, 4223.3 µA cm
−2

 mM
−1

 

and 1341.5 µA cm
−2

 mM
−1

 with a limit of detection (LOD) of 

2.37 µM, 0.92 µM and 1.41 µM for 10, 20 and 30% NiO–

MWCNT-rGO/GCE, respectively. The corresponding regression 

value (R2) for these linear curves are measured to be 0.9956, 

0.9788 and 0.9854, respectively. Thus, the obtained results like 

sensitivity, detection limit and linear range of the proposed 

sensor were compared with the nickel based enzyme-free 

glucose sensors that had been reported recently are 

summarized in Table 2. From the Table 2, the proposed 20% 

NiO–MWCNT-rGO/GCE shows relatively fast response time 

with less than 3 s, low detection limit and wide linear 

concentration range. These results indicated that the 20% 

NiO–MWCNT-rGO/GCE exhibited excellent electro-catalytic 

activity toward glucose oxidation which can be attributed to 

the synergistic effect of MWCNT, NiO- NPs and rGO. The 

electrical network formed through NiO-NPs on the surface of 

rGO sheets separated by the MWCNT spacers, will offer the 

intrinsic conductivity as well as promotes easy access to direct 

glucose oxidation. 
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3.4 Selectivity of 20% NiO–MWCNT-rGO/GCE electrode 

Selectivity is one of the significant parameter, which plays 

an important role in biological sensing applications. The 

potentially interfering species such as fructose, maltose, 

sucrose, ascorbic acid (AA), dopamine (DA) and uric acid (UA) 

usually co-exist with glucose in real sample.
55

 Therefore, the 

electrochemical responses of the interfering species were 

examined for 20 % NiO-MWCNT-rGO/GCE at a working 

potential of 0.55 V in 0.1 M NaOH solution as shown in Fig. 8. 

From Fig. 8 it is observed that the significant raise in electrode 

current density was recorded by the addition of 2 mM glucose. 

However, on contrary, very negligible or no obvious current 

response was recorded with the addition of 2 mM of each 

interfering species. These factors suggest that 20 % NiO-

MWCNT-rGO/GCE possess excellent anti-interference 

properties towards many biological interference samples. 

 

Fig. 8 Interference test of 20 % NiO-MWCNT-rGO/GCE in 0.1 M 

NaOH at +0.55 V with the addition of 2 mM glucose and other 

potential interferents as indicated. 

 

3.5 Reproducibility and stability of 20 % NiO-MWCNT/GCE 

Long term stability is one of the significant factors to 

examine the performance of sensor. The proposed enzyme-

free glucose sensor was investigated for the current response 

at a fixed concentration of 2.0 mM glucose and the current 

was measured at every 5 day intervals for 40-days period at 

0.55 V applied potential in 0.1 M NaOH solution (Fig. 9A). After 

40 days, the sensor displayed minimal current change and it 

showed 85% of its initial current response suggesting the 

excellent stability for 20 % NiO-MWCNT-rGO/GCE. Further, the 

reproducibility of electrode response was also investigated by 

recording the glucose oxidation current response at ten 

identically constructed electrodes under similar conditions 

(Fig. 9B).  The current response shows relative standard 

deviation (RSD) values less than 5 %, suggesting a greater 

reproducibility of the electrode. This excellent long-term 

storage stability and reproducibility can be attributed to the 

physical as well as chemical stability of NiO-nanoparticles over 

the rGO and MWCNTs composite surface. 

 

Fig. 9 (A) Stability of 20 % NiO-MWCNT-rGO/GCE stored at 

ambient conditions over 40 days at +0.55 V using 2.0 mM 

glucose in 0.1 M NaOH and (B) stability study using current -

time response for ten identical 20 % NiO-MWCNT/GCE. 

 

 

3.6 Real samples analysis using 20 % NiO-MWCNT/GCE 

Finally, for practical application, glucose concentration was 

examined in the real human blood serum samples (HBS), using 

20 % NiO-MWCNT-rGO/GCE. To an alkaline NaOH solution (0.1 

M, 10 mL), HBS was injected and allowed for dispersing 

uniformly and the current was measured at a working 

potential of +0.55 V. The electrode current response was 

correlated with the calibration curve of standard glucose 

concentration (Fig. 7D, curve a) and amount of glucose was 

measured. Further, the values obtained for fabricated 

electrode were compared with that of commercial glucose 

meter results (Accu-Chek® Active Blood Glucose Meter) and 

the measured values are tabulated in Table 3. The comparison 

result demonstrates that > 94 % samples recovery with less 

than 6 % of relative standard deviation (RSD). Thus, above 

results show that, the 20 % NiO-MWCNT-rGO/GCE could be a 
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promising material to fabricate the enzyme-free glucose 

sensor. 

Table 3 

The comparison results of glucose detection by 20 % NiO-

MWCNT-rGO/GCE and the commercial glucose meter using 

human blood serum samples. 

Case  Glucose (mM) 

(20 % NiO-MWCNT-

rGO/GCE) 

RSD* 

(N = 4) 

Glucose (mM) 

(commercial 

glucose sensor) 

1 4.3 5.8 % 4.5 

2 6.5 4.5 % 6.9 

3 5.75 2.8 % 5.7 

4 4.59 3.5 % 4.8 

5 5.1 4.0 % 5.2 

* Average of four trails 

In general, NiO-MWCNT-rGO/GCE ternary composite 

modified electrode for glucose sensing functions as follows. 

NiO-NPs serves as active reaction sites for direct glucose 

oxidation, whereas, the rGO provides the ideal support for 

uniform distribution of NiO-NPs, which also functions as an 

efficient transducer material.  Similarly, MWCNTs in the 

composites helps to form an intertwined rGO-MWCNT 

network, where MWCNTs serve as spacers between rGO 

sheets and enhancing the accessibility of active reaction sites. 

Hence, the synergistic effect between different functional 

components which offers the excellent platform for direct 

glucose oxidation and also amplify the electrocatalytic 

performance of the proposed sensor. 

4. Conclusions 

NiO-MWCNT-rGO ternary composites are synthesized using 

nickel formate precursor by solvent free method and used in 

fabrication of modified GC electrode for enzyme-free glucose 

sensing. Among all the fabricated electrodes, the 20% NiO-

MWCNT-rGO/GCE on electrochemical investigation exhibited 

excellent catalytic activity towards direct glucose oxidation 

with an extremely high sensitivity, a low detection limit and a 

wide detection range of glucose detection. These results may, 

mainly due to exceptional fast electron movement, abundant 

catalyst particles on the surface of rGO, MWCNT. The 

fabricated sensor also shows the greater reproducibility, long-

term stability and can be used to detect glucose in real 

samples with agreeable results. Therefore, 20% NiO-MWCNT-

rGO/GCE enzyme-free glucose sensor prepared in this work 

serves as a promising and potential enzyme-free sensor for 

glucose detection in clinical diagnosis. 
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