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We have successfully developed for the first time an electrochemical sensor for glucose by 
using a simple and effective design of growing CuO nanobelts graphene composites (CuO@G). 
The as prepared composites were characterized by X-ray diffraction studies (XRD), field emission 
scanning electron microscopy (FESEM) and transmission electron microscopy (TEM). The 
prepared composite material exhibits higher electrocatalytic activity for the oxidation of glucose 
compared to chemically reduced graphene (C rGO) and bare CuO nanobelts. The optimized protocol 
has linearity with current response for glucose concentration in the range 0.5-6.5 µmol L−1 and 
detection limits were found to be 0.05 µmol L−1 (3σ). The method exhibits good reproducibility 
and selectivity towards glucose in the presence of other electro active compounds that are normally 
present in blood serum like dopamine, ascorbic acid, uric acid and sodium chloride. The protocol 
has been successfully applied for glucose determination in clinic human blood serum samples.
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Introduction

The development of reliable, fast and cheap sensing 
devices for monitoring of glucose is of considerable 
importance. This is because the blood glucose level is the 
basis of diagnosis and treatment of diabetes mellitus, a 
global health care problem that seriously affects normal 
life of hundreds of millions of people.1 Besides the clinical 
diagnosis, the glucose detection finds applications in the 
food industries, fermentation analysis, textile industries 
and bionanotechnology.1 Commercial pocket sized 
glucose sensors based on glucose oxidase electrodes have 
been used by diabetic patients for monitoring their blood 
glucose levels at any time conveniently.1 But enzyme 
based electrodes have several drawbacks like chemical 
(sensitive to oxygen concentration in the environment) and 
thermal instability, high cost, complicated immobilization 
procedures and critical operating situations.2 In recent 

years, the development of enzyme less electrochemical 
sensors for glucose monitoring utilizing various nano 
particles of metals (Au, Pt, Pd, Cu and Ni), metal oxides 
(CuO and NiO) and metal alloys (Pt-Pb, Pt-Ir, Pt-Au) as 
electrode materials are becoming popular due to their 
practical applicability compared to the enzyme based 
electrodes.3 Among these, copper oxide (CuO) a p-type 
semiconductor with a narrow band gap of 1.2 eV has been 
extensively studied due to its applications in various fields 
like catalysis, field-effect transistors and biosensors.4 Many 
reports are based on various nano structures (nanowires, 
nanoribbons, nanocubes, nanofibers, nanospindles, 
nanospheres, nanoflowers and nanourchins) of CuO for 
amperometric glucose determination.5-10 In recent years, 
metal oxide‑carbon nanotube (single walled/multi walled 
carbon nanotubes) composites are becoming promising 
materials in various fields like electrocatalysis, electronics 
and fuel cells. This may be due to enhanced properties 
of the composite material due to the high surface area 
and excellent electron transfer properties of the base 
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material.11 Some of the composite materials prepared 
using noble metal (Pd, Pt and Au) and carbon nanotube 
are reported for glucose sensing.12,13 These noble metals 
are highly expensive, hence non-noble metalic and more 
earth abundant metals like Cu in the form of copper oxide 
and carbon nanotube composites has been reported for 
glucose sensing.14-21

Graphene, a 2D unique planar structure and extensively 
used in the field of electrochemistry due to its exceptional 
electronic, thermal and mechanical properties. Further, the 
electron transfer rate can be accelerated with the addition 
of different metal nanoparticles (MNPs). In recent years, 
designing of novel composites materials for bio sensing 
application, using metal nanoparticles modified graphene 
has become a hot topic. Some of the attempts have been 
made to grow CuO nanoparticle graphene composites for 
glucose sensing.22-29 Zheng et al.22 proposed sonication 
assisted electro deposition of copper nano flower graphene 
composite in the presence of ethaline on to glassy 
carbon (GC) and used for glucose sensing. Qian et al.23 
reported synthesis of copper oxide nanoparticle graphene 
composite by in situ reduction and its application to 
glucose sensing using sodium citrate as reducing agent. 
Luo et al.24 reported in situ electro chemical reduction 
and synthesis of copper nanoparticle graphene modified 
electrode using graphene oxide (GO) and copper ions. 
Ritz et al.25 reported CuO nano cubes graphene nano 
composite modified electrode in which graphene was 
casted on GC and then electrochemical oxidation was 
performed for deposition of CuO nano cubes. Luo et al.26 
reported Cu nanoparticle graphene sheet modified glassy 
carbon in which chemically reduced graphene (C rGO) 
was prepared and drop casted on the GC and then Cu 
nanoparticles were electrochemically coated on to the 
GC. Hsua et al.27 reported CuO/graphene nanocomposites 
as glucose sensor. This protocol involves the chemical 
reduction of GO to graphene followed by the preparation 
of CuO/graphene nanocomposites. Chen et al.28 reported 
graphene-copper nanoparticle composite by in situ 
chemical reduction. In this protocol, GO and CuII ions 
were treated with potassium borohydride in order to get 
graphene copper nanoparticle composites. Wang et al.29  
reported copper oxide-reduced graphene oxide 
nanocomposites synthesized from water-isopropanaol 
medium in which GO and CuII were heated in the water-
isopropanaol mixture. Some of the methods mentioned 
above involve two steps for preparation of CuO or Cu 
nanoparticle graphene composites.22-27 Even though 
in situ reduction and formation of CuO or Cu nanoparticle 
graphene sheets are also reported, but these procedures 
involve use of organic solvents like isopropanaol or 

harsh reducing agents like potassium borohydride.28,29 
Qian et al.23 protocol is interesting, it involves single step 
and simple salt like sodium citrate is used as reducing 
agent in aqueous media but protocol requires 24 h for 
complete conversion of GO to reduced GO (rGO) and to 
get CuO graphene composites.

In order to overcome the above said problems, 
simple sonochemical protocol involving in situ reduction 
and growth of CuO nanobelts reduced graphene oxide 
in aqueous media has been reported. Recently, the 
chemically reduction of GO to rGO using NaOH has 
been proposed.30 This method is found to be easier and 
greener compared to earlier chemical methods. Based on 
this, we are proposing a new method where NaOH and 
surfactant (cetyltrimethyammonium bromide) medium 
has been used for growing CuO nanobelts as well as for 
conversion of GO to graphene. NaOH and surfactant 
(cetyltrimethyammonium bromide, CTAB) medium assists 
in growing CuO nanobelts sonochemically.31 The same 
medium is used for conversion of GO to graphene by 
conventional heating in which NaOH assist in reduction 
of oxygen moieties of GO.30

Herein, a facile and straight forward strategy is designed 
based on sonochemical method in which in situ reduction 
of GO and growing of CuO nanobelts on reduced graphene 
sheets in the presence of CTAB and sodium hydroxide. 
As prepared CuO nanobelts@G showed higher sensitivity 
and excellent selectivity than C rGO or CuO nanobelts in 
alkaline media for electrochemical glucose sensing. To 
the best of our knowledge, only a little research on the 
fabrication of CuO graphene nano hybrids in a sodium 
hydroxide system has been reported so far. 

Experimental

Chemicals and reagents

Graphite flakes were purchased from Sigma Aldrich. 
D-(+)-glucose, dopamine (DA), ascorbic acid (AA), 
uric acid (UA), NaCl, NaOH and Cu(NO3)2, potassium 
permanganate (99%) were purchased from SD Fine 
chemicals. Cetyltrimethylammonium bromide (CTAB), 
K2HPO4, KH2PO4, sodium nitrate (≥ 98%), hydrogen 
peroxide (≥ 30%), sulphuric acid (95-98%) and ethanol 
(synthesis grade) were purchased from Merck. All the 
other reagents were of analytical grade and used without 
further purification. Double distilled ultrapure water 
with an electrical resistance > 18.3 MΩ was used for all 
reagent preparations. Phosphate buffer solutions were 
prepared from the 0.1  mol  L−1 K2HPO4 and KH2PO4  
solutions.
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Instrumentation

Electrochemical measurements were performed at a 
standard three-electrode electrochemical cell with a CHI 
800 electrochemical work station (CH Instrument, USA) 
with a CuO nanobelts graphene composite modified 
glassy carbon electrode as the working electrode, a 
platinum wire as the counter electrode and Ag/AgCl as 
the reference electrode. A field emission scanning electron 
microscopy (FESEM) image was prepared using a JEOL 
MICROSCOPE (JSM-7000F). A transmission electron 
microscopy (TEM) was done with a JEOL JEM-2010 F. 
X-ray diffraction analysis (XRD) was recorded on a Smart 
APEXCCD, Bruker, Germany. All pH measurements were 
recorded using digital pH meter MK VI of Systronics make.

Preparation of GO 

Graphite oxide was synthesized from oxidation of 
graphite powder by using modified Hummers and Offmann 
method.32 In a typical procedure, 3 g of graphite powder, 
1.5 g of NaNO3 and 69 mL of concentrated H2SO4 were 
mixed by constant stirring and the mixture was cooled 
to below 0 °C in an ice bath. Then, 9 g of KMnO4 was 
gradually added under vigorous stirring and the temperature 
was maintained below 10 °C. The reaction mixture was 
stirred for 60 min at room temperature followed by a 
slow addition of 138 mL of deionised water with stirring. 
The temperature of the mixture was increased to 98 °C 
and maintained at this temperature for 15 min. Finally, 
the reaction was terminated by adding 3 mL of H2O2 
followed by continuous stirring for another 30 min at room 
temperature. The resultant precipitate was washed with 
5% HCl followed by distilled water until the supernatant of 
the solution become neutral. The obtained graphite oxide 
was sonicated in deionised water (1 mg mL−1) for 30 min 
to get GO, then centrifuged and dried at room temperature.

Preparation of (CuO nanobelts@G) composite

In a typical procedure, 50 mg GO, 25 mg Cu (NO3)2, 
100 mL distilled water and 100 mL EtOH were mixed in 
a 1000 mL beaker. Then, 8 mL NaOH aqueous solution 
(0.5 mol L−1) and 0.1 g of CTAB were added slowly with 
vigorous stirring. Then the mixture was irradiated with an 
ultrasonication for 1 h at room temperature. It was then 
removed from the ultrasonic bath and refluxed for 4 h at 
80 °C. Finally, the obtained precipitates were collected 
by centrifugation and washed several times with absolute 
ethanol and distilled water. The precipitates were then dried 
at 60 °C for 12 h before morphology characterization and 

fabrication of sensor. For comparison, C rGO was also 
synthesized by chemical reduction. Similarly, the CuO 
nanobelts were synthesized by reported procedure.30

Fabrication of (CuO nanobelts @G) composite modified 
glassy carbon electrode

Glassy carbon electrode (3 mm diameter) was polished 
on a micro cloth with 1.0, 0.3 and 0.05 micron alumina 
slurry for 5 min, followed by sonication in double distilled 
water and ethanol for 5 min respectively. 1 mg of CuO 
nanobelts@G was uniformly dispersed in the solution 
(0.5 mL water + 0.5 mL EtOH + 10 µL of 5% nafion) 
by sonicating for 30 min. 20 µL of above solution was 
casted on to the pre-treated glassy carbon and dried at 
room temperature. Similar procedure was applied to get 
chemically reduced graphene glassy carbon electrode as 
well as CuO nanobelt modified glassy carbon electrode. 
Before the experiment, the electrolytic solution was purged 
with nitrogen gas in order to remove dissolved oxygen. 
Working electrode was cycled 20 times in 0.1  mol  L−1 
NaOH solution between 0 and 0.9 V through cyclic 
voltammograms (CV) until a reproducible background 
voltammograms were obtained. Amperometric experiments 
for glucose measurement were carried out in 0.1 mol L−1 
NaOH at a desired potential (+0.55 V vs. Ag/AgCl).

Results and Discussion

The formation of CuO nanobelts by epitaxial growth 
process from Cu(OH)2 nanowires to Cu(OH)2/CuO 1D 
core-shell nanostructure followed by CuO nanobelts has 
been reported.31 Similarly, the reduction of GO to rGO in 
the presence of NaOH is reported.30 Based on these two 
reports, we have developed new protocol for preparation 
of rGO-CuO nano belt composites by in situ reduction of 
GO and CuO nano belt formation using sonication method. 
In the presence of ethanol, water system and CTAB help 
the growth of Cu(OH)2 nano wires morphology on the GO 
surface. Then, epitaxial growth process of these materials 
resulted in the formation of Cu(OH)2/CuO 1D core-shell 
nanostructure. The Oswald ripening of these structures 
results in the formation of CuO nanobelts. Finally, refluxing 
the above reaction mixture at 80 °C for 4 h leads to the 
formation of CuO nanobelts graphene composite. 

Characterization of CuO nanobelts graphene composite 

XRD patterns of synthesized GO and CuO nanobelt 
graphene composite are shown in Figure 1a and in 
Figure  1b. The reflection peak (002) at 2θ = 11.88° 



Muralikrishna et al. 1635Vol. 26, No. 8, 2015

corresponding to the interlayer basal spacing of 7.3 Å 
due to presence of oxygen functionalities present on the 
surface of GO and the reflection peak (100) at 2θ = 42.57° 
suggesting that GO exhibits turbostratic disorder.33,34 In the 
case of CuO nanobelt graphene composite the reflection 
peak (002) shifted to 2θ = 20.18° corresponding to basal 
spacing of 4.32 Å. The decrease in basal spacing suggests 
that GO is converted into reduced graphene oxide. The 
peaks at 2θ values of 31.91°, 35.69°, 38.7°, 47.87°, 53.9°, 
58.8°, 65.5° and 67.33° corresponding to (110), (002), 
(111), (202), (020), (202), (113) and (220) crystal planes 
of pure CuO, which is in good agreement with the reported 
values for the bulk CuO (JCPDS, 41-0254) indicating high 
degree purity and crystallinity quality.30 The small intense 
peak at 2θ = 13° corresponds to incomplete conversion 
of GO to graphene and 42.6° indicates retainment of 
turbostratic disorder. 

The morphologies and microstructures of the 
products were characterized by FESEM and TEM. 

Figures  2a  and  2b represents FESEM images of CuO 
nanobelt graphene composites. The one-dimensional (1D) 
nano structures, with several μm in length spread over the 
surface of graphene layer (Figure 2b). The EDX spectrum 
(Figure 2c) confirmed that the product was composed 
of 85.5% C, 13.13% O and 1.31% Cu (atomic %). The 
TEM images in Figure 3 illustrate CuO nanobelts with 
the length and width in the range of 38‑120 nm and 7-15 
nm, respectively. The image in Figure 3b indicates the 
nanobelt to be of single crystal, which can be indexed to 
monoclinic CuO phase, which is in accordance with the 
XRD result. 
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Figure 1. (a) XRD pattern of synthesized GO and (b) XRD pattern of 
synthesized CuO nanobelt graphene composite.

Figure 2. (a) and (b) FESEM images and (c) EDX spectrum of CuO nano 
belt graphene composite. 

Figure 3. (a) and (b) are the TEM images of CuO nano belts graphene 
composite.
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Electrochemical characterization of CuO nanobelts 
graphene composites 

Before applying the CuO nanobelts graphene composite 
modified glassy carbon electrode to electrocatalytic 
oxidation of glucose, we carried out cyclic voltammetric 
studies. From Figure 4, it is clear that the electrode kinetics 
is faster for CuO nanobelts graphene composite modified 
glassy carbon electrode than CuO nanobelts modified 
glassy carbon electrode. This indicates that graphene assists 
in faster electron transport in addition to providing large 
surface area compared to CuO nanobelts alone. These results 
were similar to that of several reported results regarding 
metal oxide graphene composites.22-29 The electro catalytic 
oxidation of glucose with different electrodes like glassy 
carbon electrode, CuO nanobelt modified glassy carbon 
electrode, C rGO modified glassy carbon electrode and 
CuO nanobelt graphene composite modified glassy carbon 
electrode were investigated by CV studies (Figure  5). 
The glassy carbon exhibits very low oxidation current 
for glucose at 0.4 V and completed at 0.8 V for 0.4 mmol 
glucose at scan rate of 0.01 V s−1 (Figure 5a). Whereas with 
the CuO nanobelt modified glassy carbon electrode under 
same conditions, the oxidation current increases compared 
to that of the former system (Figure 5b). However, in case 
of graphene modified glassy carbon electrode the oxidation 
of glucose onsets at 0.38 V and the oxidation current was 
found to be greater compared to that of the two former 
electrode systems (Figure 5c). This may be due to the faster 
electron transfer as well as high surface area available 
on the graphene for electro oxidation of glucose. The 

electrocatalytic oxidation of glucose with CuO nanobelts 
graphene composite modified glassy carbon electrode was 
completely different from the studied above electrodes. 
The oxidation of glucose onsets at 0.2 V itself and goes to 
completion at 0.6 V and the well defined oxidation peak 
centered at 0.39 V was observed (Figure 5d). The oxidation 
potential for glucose by earlier reported sensors were found 
to be more than 0.4 V.22-25 With our present sensor, the over 
potential for oxidation of glucose shows to be decreased by 
about 0.2 V. This decrease in over potential may be due to 
the synergetic effect of both CuO nanobelts and graphene 
present on the glassy carbon electrode. The CuO nanobelts 
assisted in electrocatalytic oxidation whereas the graphene 
provides larger surface area for nanobelts as well as for 
glucose adsorption and then assists in faster electrode 
kinetics. Figure 6 presents the CV responses obtained at 
the CuO nanobelts graphene composite modified glassy 
carbon electrode in 0.1 mol L−1 NaOH solution containing 
different concentrations of glucose. In the absence of 
glucose, a single small broad reduction peak at 0.6 V was 
observed (curve a). This peak might be due to the CuII/CuIII 
redox couple similar to the reported literature.35-37 Upon the 
addition of 0.2 mmol L−1 glucose, notable enhancement of 
oxidative peak current corresponding to the irreversible 
oxidation of glucose is observed and the voltammetric 
response increased with a rising concentration of glucose 
(0.4  mmol  L−1) at about 0.4 V (curves b and c). The 
oxidation peak for glucose was observed at about 0.37 V. 
The effect of potential scan rate on oxidation peak current 
at the CuO nanobelts graphene composite modified glassy 
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Figure 4. Cyclic voltammograms obtained in 0.1 mol L−1 NaOH solution 
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Figure 5. Cyclic voltammograms obtained in 0.1 mol L−1 NaOH solution 
containing 0.4 mmol L−1 glucose at a scan rate of 0.01 V s−1 of (a) glassy 
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carbon electrode has been investigated in the range 0.1 to 
0.5 V s−1 in 0.1 mol L−1 NaOH containing 0.4 mmol L−1 
glucose (Figure 7). From Figure 7 it is clear that anodic peak 
current linearly increased with scan rates, implying that the 
electrochemical oxidation of glucose on CuO nanobelts 
graphene composite modified glassy carbon electrode is a 
surface controlled electrochemical process. The mechanism 
of electrocatalytic oxidation of glucose by CuO in alkaline 
medium is as given below (Scheme 1).38 In the first step, the 
CuO is electrochemically oxidized to strong oxidizing agent 
CuIII species such as CuOOH or [Cu(OH)4]

−.39 This species 
oxidizes the glucose to give hydrolyzed gluconic acid.

Optimization of reaction parameters 

Various reaction parameters that affect the current 
response during glucose determination have been 
optimized. In non-enzymatic sensors, pH of the sensing 
medium plays a vital role in the electrocatalytic activity 
of the catalysts towards glucose. Hence, we systematically 
investigated various mediums like 0.1 mol L−1 solutions 
of NaOH, phosphate and carbonate buffers. Under fixed 
reaction, conditions (applied oxidation potential 0.5 V, 
1.0 µmol glucose) the amperometric responses were good 
in the 0.1 mol L−1 NaOH compared to other physiological 
mediums mentioned above (Figure S1 in the Supplementary 
Information (SI) section). This may be due to the less 
glucose anion obtained or may be the less electrocatalytic 
oxidation of glucose by CuO nanobelts graphene composite 
modified glassy carbon electrode in those media.40 Then, 
the other important parameter studied is applied oxidation 
potential which was investigated in the range 0.4 to 0.75 V. 
The amperometric response increases in potential up to 
0.55 V and then decreases. So, 0.55 V has been set as 
optimum oxidation potential in all further investigations 
(Figure S2). The electrocatalytic activity of the material 
also depends on the amount of composite material deposited 
on to the electrode. To investigate this parameter under 
fixed conditions (applied oxidation potential 0.55 V, 
1.0 µmol L−1 glucose and 0.1 mol NaOH), different aliquots 
of the composite dispersed in ethanol (0.01 mg L−1) were 
deposited and their current response was plotted against 
the amount of composite deposited. From Figure S3 it is 
clear that 20 µL of composite dispersed in ethanol-water 
(1 mg mL−1) was sufficient to generate enough current.

Amperometric response of the (CuO nanobelts@G) 
composite modified glassy carbon electrode

The amperometric response of the CuO nanobelts@G 
composite modified glassy carbon electrode for glucose was 
investigated under optimized conditions. Figure 8 illustrates 
that after each addition of 0.5 µmol L−1 glucose, the 
enhancement in the current at 0.55 V in 0.1 mol L−1 NaOH 
solutions was enormous. The response time was also found 
to be very quick and the steady state current was obtained 
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Scheme 1. Mechanism for electro catalytic oxidation of glucose by CuO. 
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within 5 s. These results confirm that the CuO@G nano 
belt hybrid exhibits excellent sensitivity and rapid response 
time. This may be due to the high electro conductivity and 
good electrocatalytic activity of the CuO nanobelts@G 
composite materials. These electrodes displayed a good 
linear range from 0.5 to 6.5 µmol L−1 with a correlation 
coefficient of 0.9735. The limit of detection (LOD) was 
found to be 0.05 µmol L−1 at a signal to noise ratio of 3. The 
analytical parameters of the CuO nanobelts@G composite 
materials were compared with some of the reported CuO 
nano material carbon composites (Table 1).7,11,16-19,22,27,40-42 
The present composite material exhibits better sensitivity, 
selectivity, response time and linear calibration range than 
some of the reported methods. This better performance, 

which includes high electrocatalytic activity of CuO 
nanobelts and large active surface area originating from the 
electrical network formed by CuO nanobelts and graphene 
is attributed to the synergetic effect of CuO nanobelts and 
graphene.

Interference study

In real physiological samples, for example, human 
blood, interfering species such as chloride ion, AA, UA 
and DA normally co-exist with glucose. The concentration 
of chloride ions is about ten times as that of glucose 
concentration. It is known that, many non-enzyme glucose 
sensors based on metal oxides, usually prevent them from 
being poisoned by chloride ions.43 The concentration 
of ascorbic acid and uric acid are about one-tenth of 
the glucose concentration. In order to investigate the 
antifouling ability of the CuO nanobelts@G composite 
modified glassy carbon electrode, 50 and 100 µmol L−1 
of glucose were added to 0.1 mol L−1 NaOH containing 
0.2  mol  L−1 NaCl. The electrochemical response was 
investigated by recording change in current. Figure 9 
illustrates that the current response of the glucose was 
not altered even in the presence of excess of chloride 
ions, indicating that the proposed electrode exhibits 
good resistance to surface fouling. Then in the presence 
of 0.2 mol L−1 NaCl, the recovery of spiked samples was 
about 99%, which indicates that, the effect of the NaCl 
on the sensor material towards glucose analysis were 
negligible. The current response of glucose (100 µmol L−1) 
in 0.1 mol NaOH at 0.55 V was not disturbed even in the 
presence of other oxidisable species like ascorbic acid 
(100 µmol L−1), uric acid (100 µmol L−1) and dopamine 

Table 1. Analytical parameters of some of the CuO nanoparticle composites

Type of electrode
Response 
time / s

Potential / V
Linear range / 

(µmol L−1)
LOD / 

(µmol L−1)
Reference

CuO nanobelts @G 5.00 +0.50 0.5-6.5 0.05 This work

Cu2O NPs/SWNTs 1.00 +0.40 0.4-2000 0.20 7

Cu-GENTFs/GCE 3.00 +0.30 5.0-900 1.00 11

Cu2O NPs/CNTs 10.0 −0.20 0.05-10 0.05 16

Cu2O NPs/MWNTs 5.00 +0.35 10-300 0.50 17

CuO nano cubes/MWCNTs − +0.55 up to 7500 1.00 18

Cu nano clusters/CNTs 5.00 +0.65 0.7-3500 0.21 19

Cu NPs/G GCE − +0.45 0.1-1100 1.20 22

Cu NB − +0.60 − 10.0 27

Cu2O/SMWCNTs 3 .00 +0.40 0.5-2500 0.20 40

CuO G GCE 5.00 +0.59 2-4000 0.70 41

Cu NPs/SWNTs − +0.65 0.25-500 0.25 42

G: graphene; NPs: nano particles; SWCNTs: single walled carbon nano tubes; GENTFs: graphene ethaline nano flowers; GCE: glassy carbon electrode; 
CNTs: carbon nano tubes; MWNTs: multi walled carbon nano tubes; NB: nano belts and SMWCNTs: straight multi walled carbon nano tubes.
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Figure 8. Amperometric responses obtained at CuO nanobelts@G 
composite modified glassy carbon electrode in 0.1 mol L−1 NaOH solution 
by successive addition of 0.5 µmol L−1 glucose at 0.55 V vs. Ag/AgCl 
electrode. Inset showing corresponding calibration plot.
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(10 µmol L−1) was obtained for each measurement with a 
relative standard deviation of 5.0%. This confirms that the 
present electrode material exhibits excellent reproducibility. 
The stability of the fabricated electrodes stored in vacuum 
desiccator was determined. The electrode retained about 
95% responses even after 2 months (Figure 10) suggesting 
that the present electrode is very stable.

Application study

The applicability of the proposed sensor in real 
samples have been evaluated. The sensor was utilized for 
glucose monitoring in human blood serum samples. The 
human blood serum samples were diluted to 100 folds 
by 0.1 mol L−1 NaOH and glucose was monitored under 
optimized conditions in five different serum samples. 
The results obtained by the proposed method are in good 
agreement with certified values (measured by hospital 
staff using CA-958 H Rapid Semi-Automatic Biochemical 
Analyzer) which are depicted in Table 2. 

Table 2. Amperometric determination of glucose in blood serum samples 

Sample Proposed method / mmol Certified method / mmol Glucose added / mmol Total glucose / mmol Recovery / %

1a 4.52 4.5 0.5 4.99 99.8

2b 3.94 4.1 0.5 4.63 100.6

3c 5.13 5.2 0.5 5.61 98.42

4d 4.64 4.5 0.5 5.12 102.4

5e 5.42 5.5 0.5 5.90 98.33

6f 4.68 4.6 0.5 5.181 101.58

aSpiked with mannose along with glucose; bspiked with galactose along with glucose; cspiked with dopamine along with glucose; dspiked with ascorbic 
acid along with glucose; espiked with uric acid along with glucose; fspiked with lactose along with glucose.
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Figure 9. Amperometric responses obtained at CuO nanobelts@G 
composite modified glassy carbon electrode in 0.1  mol  L−1 NaOH 
solution containing 50 and 100 µmol L−1 glucose and in the presence 
of other oxidants like AA, UA, DA, mannose (Man), galactose (Gal), 
lactose (Lac) (100 µmol L−1) and NaCl (0.2 mol L−1) (applied potential  
0.55 V vs. Ag/AgCl electrode).
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Figure 10. Stability of the CuO nanobelts@G composites stored in 
vacuum desiccator over 60 days (amperometric currents obtained in 
0.1 mol L−1 NaOH solution containing 1.0 µmol glucose, applied potential 
0.55 V vs. Ag/AgCl electrode).

(100 µmol L−1) and other carbohydrates (galactose, 
lactose and mannose (100 µmol L−1 each). Then the 
recovery studies of the spiked samples in the presence of 
these species were found to be nearly 100%. The above 
results indicate that the proposed electrode exhibits good 
selectivity towards glucose in the presence of common 
interferents present in blood and is promising for 
development of non-enzymatic glucose sensor.

Reproducibility and stability 

Next, the reproducibility of the electrode was 
investigated. A set of ten different amperometric 
measurements were performed for 10 µmol L−1 glucose in 
0.1 mol L−1 NaOH at 0.55 V with an Ag/AgCl electrode. 
Similar current responses were obtained in all the cases 
with relative standard deviation (RSD) of 2.8%. Further, 
5 different electrodes were fabricated under similar 
conditions and RSD for the current responses for glucose 
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Conclusions

We have successfully demonstrated for the first time 
a simple and efficient sonochemical route for in situ 
reduction of GO to graphene and growing CuO nanobelts 
in the presence of CTAB and NaOH. As prepared 
CuO@G composite were deposited on glassy carbon 
electrode and used as non-enzymatic sensor for glucose. 
Our sensor exhibits better electrocatalytic oxidation 
properties compared to traditional graphene and CuO 
nanobelt alone. The CuO-graphene sensor also exhibits 
low detection limits (0.05  µmol  L−1), good sensitivity, 
selectivity, fast response time, good reproducibility 
and stability. This study would open a new avenue to 
design metal oxide graphene composites by simple 
sonochemical route for variety of electrochemical devices.
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http://jbcs.sbq.org.br as PDF file.
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