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A nonenzymatic electrochemical glucose sensor was fabricated using gold–copper oxide nanoparticles
decorated reduced graphene oxide (Au–CuO/rGO). A novel one step chemical process was employed
for the synthesis of nanocomposite. Morphology and crystal planes of the nanocomposite were
characterized using high resolution scanning electron microscopy (HRSEM) and X-ray diffraction (XRD)
respectively. The Au–CuO/rGO nanocomposite was dispersed in N,N-dimethyl formamide (DMF) and
drop-casted on the working area of the indigenously fabricated screen printed electrode (SPE). The sensor
showed good electrocatalytic activity in alkaline medium for the direct electrooxidation of glucose with
linear detection range of 1 lM to 12 mM and a lower detection limit of 0.1 lM. The sensor exhibited an
excellent sensitivity 2356 lA mM�1 cm�2. Sensor was used for the determination of serum glucose
concentration and the results obtained were compared with commercially available test strips.

� 2015 Elsevier B.V. All rights reserved.
1. Introduction

Diabetic mellitus is a chronic disorder characterized by
persistent hyperglycemia. The risk of renal failure, cardiac, ocular,
cerebral, and neural complications are directly associated with
elevated blood glucose levels [1]. Tight monitoring of blood glucose
levels is essential for diagnosis and management of diabetes.
Hence there is a huge demand for fast, reliable and affordable
glucose sensors to cater to the rapidly growing diabetes population
[2,3].

From inception, biosensors based on glucose oxidase enzyme
have made extensive progress due to their specificity, sensitivity
and manufacturing viability [4,5]. However the intrinsic nature of
the enzymes including instability, need for stringent storage condi-
tions (e.g. temperature, humidity, ionic strength, pH) and compli-
cated immobilization procedures [6,7]. A simple enzyme-less
(nonenzymatic) glucose sensor with excellent sensitivity, selec-
tivity and quick response seems to be an attractive alternate
technique.

Electrooxidation of glucose on noble metal substrates like Pt,
Au, Pd [8–10] and alloys of Pt, Pb, Pd, Bi and Rh [11–13] has been
studied. However, these sensor electrodes suffer from low
sensitivity, poor selectivity and surface poisoning from the
absorbed intermediates [11]. Metals like copper, nickel, zinc, man-
ganese and cobalt have attracted much attention because of their
low cost, good electrocatalytic activity and ability to carry out elec-
tron transfer reactions at lower over potential. Of these copper
oxide based glucose sensors have been widely reported because
of their high catalytic activity and easy to tune physical and
chemical properties. Copper oxide in different morphologies, such
as nanospheres [14], nanoflowers [15], nanorod bundles [16],
nanotubular forms [17], nanoporous structures [18,19], nanocubes
[20], nanowires [21], nanofibers [22], nanoflakes [23] and
nanosheets [24] have been investigated.

One of the major strategies to enhance the charge transport in
electrochemical biosensors is to design composites by combining
highly electrocatalytic materials with highly conductive sub-
stances [25,26]. Single and multi-walled carbon nanotubes (CNT),
graphene and noble metal nano architectures [27–29] have been
explored to serve as good platform with greater surface area and
also conducting pathways for metal oxide nanoparticles like ruthe-
nium oxide [30], silver oxide [31], copper oxide (CuO) [32,33],
nickel oxide (NiO) [34], manganese oxide (MnO2) [35], cobalt oxide
(Co3O4) [36] etc.

Recently, graphene has attracted tremendous attention because
of its unique electronic, chemical and optical properties [37,38].
The large surface area (2630 m2/g), low cost, high electrical
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Fig. 1. (A) UV–visible spectra of GO (a) and Au–CuO/rGO nanocomposite (b), (B) Raman spectrum of GO and Au–CuO/rGO nanocomposite.
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conductivity, good thermal stability and a wide electrochemical
window have made it a promising material for electrochemical
sensors [39]. Graphene decorated with metal nanoparticles such
as platinum [40], palladium [41] and metal oxides like copper
oxide [42], nickel oxide [43] and cobalt oxide [44] has been stud-
ied. To increase the sensitivity of the sensor, graphene has been
decorated with metal–metal oxide nanocomposites like plat-
inum–nickel oxide [45], platinum–copper oxide [46] and palladi-
um–copper [47].

In this paper, we report one pot synthesis of gold–copper oxide
decorated reduced graphene oxide (Au–CuO/rGO) nanocomposite
and its use as an electrocatalyst for the nonenzymatic electro-
chemical sensing of glucose. The outstanding catalytic ability of
as prepared Au–CuO/rGO nanocomposite enabled the quantitative
detection of glucose over a wide range of concentration with very
high sensitivity. Reduced graphene oxide provides large surface
area to accommodate more number of Au–CuO nanoparticles to
catalyze the glucose oxidation with enhanced sensitivity through
a well known mechanism [48]. Simple synthetic method and use
of low cost materials, the proposed sensor will find commercial
feasibility for the real time applications.

2. Experimental

2.1. Chemicals

Graphite powder (<20 lm), b-D-(+)-glucose, dopamine (DA), L-
ascorbic acid (AA), acetaminophen, uric acid (UA), D(-)-fructose,

D(+)-galactose, b-lactose, D(+)-maltose monohydrate, creatinine
hydrochloride and urea were purchased from Aldrich. Chloroauric
acid trihydrate (HAuCl4�3H2O), copper (II) nitrate trihydrate
(Cu(NO3)2�3H2O) and sodium chloride (NaCl) were obtained from
Finar chemicals (India). Biosensor grade conductor paste
(carbon ink-BQ242, Ag/AgCl-5874, silver ink-5064) and the thinner
for the respective inks were procured from DuPont Company
Pte Ltd., Singapore. All other reagents were of analytical
grade and used as received. Deionized water (15 MX cm) from
Elix-10 system (Millipore, Germany) was used for all the
experiments.

2.2. Characterization

A three electrode system consisting of an Ag/AgCl reference
electrode, carbon working and counter electrodes was screen
printed onto a polyethylene terephthalate (PET) substrate. All elec-
trochemical measurements were carried out using electrochemical
analyzer CHI608D (CH Instruments, TX, USA). A UV–visible
spectrum in the range of 200–800 nm was recorded with UV–Vis
spectrophotometer (Pharmaspec 1700, Shimadzu). Raman spectra
were recorded on a LabRAM HR UV–VIS–NIR Raman microscope
from HORIBA Jobin-Yvon (514 nm laser source). X-ray photoelec-
tron spectroscopic (XPS) analysis was carried out using KRATOS
Axis Ultra (Kratos Analytical, United Kingdom). A monochromated
Al Ka radiation (1486.6 eV) was focused on a sample surface area
of 0.7 mm � 0.3 mm. The survey scans were obtained by employ-
ing three passing sweeps of 15 eV and a step size of 0.1 eV.
Small-angle X-ray diffraction (SA-XRD) measurements were per-
formed at room temperature (25 �C) on a Rigaku Miniflex 600
model X-ray diffractometer, using Kb foil filtered Cu Ka radiation
(k = 1.541 Å) with a NaI scintillator detector. The step time was
1 s at 0.02�/step in a 2h range of 5–90�. High resolution scanning
electron micrograph (HRSEM) was recorded using FEI quanta FEG
200-HRSEM. High resolution transmission electron microscopic
(HR-TEM) analysis was carried out using the JEOL JEM 2100 TEM.
2.3. Preparation of Au–CuO/rGO nanocomposite

Exfoliated graphene oxide (GO) nanosheets were synthesized
from natural graphite powder via acid mediated oxidation process
based on modified Hummer’s method [49]. One step chemical syn-
thetic route was followed to prepare Au–CuO/rGO nanocomposite.
Briefly, 200 mL of GO suspension (0.5 mg mL�1) was ultrasonicated
for two hours and mixed with 1 M Cu(NO3)2�3H2O (5.81 mL) and
50 mM HAuCl4�3H2O (0.55 mL) metal salt solutions under vigorous
stirring. After 30 min of stirring, 0.79 M sodium borohydride
(50 mL) was added drop wise to the reaction mixture and stirred
at room temperature for several hours. The precipitate was cen-
trifuged and washed with distilled water several times to remove
the unreacted reactants. The product obtained was dried at 70 �C.
Finally the nanocomposite was annealed at 300 �C for four hours
to convert Cu in the nanocomposite to CuO. The nanocomposite
obtained was termed as Au–CuO/rGO. Similarly gold decorated
reduced graphene oxide (Au/rGO) and copper oxide decorated
reduced graphene oxide (CuO/rGO) nanocomposites were
synthesized.
2.4. Fabrication of modified screen printed electrodes

The disposable electrodes were indigenously fabricated by
screen printing. The SPEs were activated by cycling the potential
in the range of�0.2 to +1.8 V at a scan rate of 0.1 V s�1 for 20 cycles
in 1 M sulfuric. 10 mg of nanocomposite was dispersed in 2 mL
DMF by sonication. 10 lL of the dispersion was drop-casted on
the working electrode of the activated screen printed electrode



Fig. 2. Wide scan XPS spectra of GO and Au–CuO/rGO nanocomposite (A), Deconvoluted spectrum of C1 (B and C) and O1 (D and E) in GO and Au–CuO/rGO nanocomposite,
Cu2p peak (F), deconvoluted peak (G) and Au deconvoluted peak (H).
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and dried at 40 �C. Three modified SPEs were fabricated using dif-
ferent composites and represented as Au–CuO/rGO/SPE, Au/rGO/
SPE and CuO/rGO/SPE respectively.
2.5. Electrochemical studies

The electrocatalytic behavior of the sensor electrode was stud-
ied using linear sweep voltammetry (LSV) at a potential window of
�0.2 to +0.8 V at various scan rates in 0.1 M NaOH with and
without glucose. The steady state current response was obtained
at a constant potential of +0.6 V with reference to Ag/AgCl (pseudo
reference).
2.6. Real samples analysis

Blood sample was collected from volunteers and centrifuged at
15294 g for 20 min to separate the serum from blood. 100 lL of
serum samples were injected into 4 mL of 0.1 M NaOH solution
at +0.6 V. 10 lL of 50 mM glucose also injected into the same solu-
tion to compare and calculated the concentration of serum glucose.
3. Results and discussion

3.1. Spectroscopic characterization

Fig. 1A depicts the UV–visible absorption spectra of GO and Au–
CuO/rGO nanocomposite. The peaks at 230 and 295 nm (curve a)
are the characteristic peaks of pi–pi excitation and n-pi excitation
of carboxylic moieties (C@O) in GO. The peak observed at 230 nm
red shifted to 266 nm in the composite due to the extension of
conjugation (curve b). The peak at 295 nm in GO disappeared in
Au–CuO/rGO due to the reduction of C@O functional groups and
a new peak appeared at 524 nm corresponds to the characteristic
peak of gold nanoparticles. From this study it is clear that the GO
undergoes reduction to rGO and the gold nanoparticles are
decorated on the reduced graphene oxide in Au–CuO/rGO
nanocomposite.

Raman spectra of GO and Au–CuO/rGO nanocomposite are
shown in Fig. 1B. The Raman spectrum of graphene is usually char-
acterized by two main modes of vibrations G and D. G band arises
due to first-order scattering of the E2g phonon of hexagonal sp2 car-
bon atoms and the D band is due to the breathing mode of k-point



Fig. 3. X-ray diffractograms of (A) graphite, (B) GO, (C) Au/rGO nanocomposite, (D) CuO/rGO nanocomposite, (E) Au–CuO/rGO nanocomposite and (F) stacked image of Au/
rGO, Au–CuO/rGO and CuO/rGO nanocomposites.
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phonons of A1g symmetry [50]. From Fig. 1B, it is obvious that the
GO has a D band at 1350 cm�1 and a G band at 1604 cm�1, while
the corresponding bands of Au–CuO/rGO nanocomposite are seen
at 1348 cm�1 and 1590 cm�1 respectively. The blue shift of G band
is due to the reduction of oxygen functionalities during reduction.
Raman spectrum of Au–CuO/rGO nanocomposite shows an
increased ID/IG ratio related to that of GO, which suggests a
decrease in the size of the in-plane sp2 domains and spatially
ordered crystal structure of the reduced graphene oxide (rGO) [45].

Fig. 2 shows the XPS spectra of GO and Au–CuO/rGO nanocom-
posite respectively. The peaks centered at Au, CuO, C and O are core
level regions assigned to Au 4f, CuO 2p, C1s and O1s respectively.
This confirms the presence of Au–CuO nanoparticles on the gra-
phene sheet (Fig. 2A). The deconvolution of the C1s signal at
280–291 eV of GO reveals that peaks corresponding to C@C
(284.6 eV), ACAOH (286.2 eV), CAOAC (287.1 eV) and AC@O
(288.2 eV) (Fig. 2B). At 525–535 eV, the deconvolution of O1s of
GO exhibited peak at AC@O (531.5 eV), CAOAC (532.1 eV), and
ACAOH (533.5 eV) (Fig. 2C). In the spectrum, C1s of Au–CuO/rGO
nanocomposite (Fig. 2D), the peak associated with C@C
(284.8 eV) is more predominant and other peaks related to oxi-
dized carbon species are greatly weakened [51]. The O1s region
of Au–CuO/rGO nanocomposite (Fig. 2E) has three peaks at 529.9,
531.5 and 533.8 eV corresponding to CuAO, AC@O and ACAOH
respectively. This establishes the fact that the GO is well deoxy-
genated during the nanocomposite formation. The peak at 930 eV
is the characteristic peak of Cu and which shifts to 945 eV, indi-
cates the formation of CuO during annealing [42] (Fig. 2F and G).
The intense peaks seen at 83.6 eV and 85.7 eV are corresponding
to the Au 4f7/2 and Au 4f5/2 respectively (Fig. 2H).

3.2. X-ray diffraction analysis

Fig. 3 shows the X-ray diffraction patterns of the graphite pow-
der, GO, Au/rGO, CuO/rGO and Au–CuO/rGO. The peak observed at
2h = 26.5� with a d-spacing value of 0.33 nm corresponding to the



Fig. 4. HRSEM image of GO (A), Au–CuO/rGO nanocomposite (B) and EDS images of GO and Au–CuO/rGO nanocomposite.

Fig. 5. HRTEM images of (A) GO, Au–CuO/rGO nanocomposite (B, C, D) at different magnifications. SAED patterns of GO (E) and Au–CuO/rGO nanocomposite (F).
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characteristic peak of hexagonal graphite (Fig. 3A). After oxidation
the graphite powder is converted to graphite oxide and the peak
shifted from 26.5� to 9.65� with a d-spacing value of 0.92 nm.
The three fold increase in d-spacing infers that the intercalation
of carboxyl, hydroxyl and epoxy functional groups in between
the graphene layers (Fig. 3B). The diffraction patterns of Au/rGO
(Fig. 3C) and CuO/rGO (Fig. 3D) nanocomposites were also record-
ed in order to interpret Au–CuO/rGO diffraction patterns in a better
manner. The major diffraction peaks in Au–CuO/rGO are 32.49,
35.49, 38.68, 46.17, 48.69, 72.38 and 82.90 are corresponding to



Fig. 6. LSV at a scan rate of 0.1 V s�1 on the (a) bare SPE, (b) activated SPE, (c) Au/
rGO/SPE, (d) CuO/rGO/SPE, and (e) Au–CuO/rGO/SPE in 0.1 M NaOH containing
6 mM glucose.
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the (110), (�111), (111), (�112), (�202), (311) and (222) crys-
tal planes of end-centered monoclinic form of copper oxide (JCPDS
80-1916) respectively. The peaks at 44.18, 64.56, 77.42 and 81.54
are corresponding to the (200), (220), (311) and (222) crystal
planes of face-centered cubic form of gold (JCPDS 65-2870)
(Fig. 3E) respectively. In all the above mentioned nanocomposites
the peaks at 24.6� and 54.64� are corresponding to the (002) and
(100) planes assigned to graphene (Fig. 3F). From these results it
is clear the GO nanosheets were reduced to graphene and gold
and CuO nanoparticles were formed during the one pot chemical
reduction process.
3.3. Morphological characterization

Morphology of the synthesized GO and Au–CuO/rGO nanocom-
posite was analyzed using HRSEM. Fig. 4A shows sheet like struc-
ture with wrinkles confirming the formation of GO. HRSEM
image of the nanocomposite shows the presence of Au and CuO
nanoparticles on graphene sheet (Fig. 4B). The elemental analysis
of GO and Au–CuO/rGO nanocomposite was carried out by energy
dispersive X-ray spectroscopy (EDS) (Fig. 4). From this analysis it is
evident that the presence of C and O elements in GO and Au, CuO, C
and O in Au–CuO/rGO nanocomposite respectively.

Further the morphology of the GO and Au–CuO/rGO nanocom-
posite was confirmed by HRTEM analysis. Fig. 5A shows the mor-
phology of GO, which reveals the neat layer with some wrinkles.
Fig. 5B, C and D shows Au–CuO/rGO nanocomposite morphology
Fig. 7. LSVs on Au–CuO/rGO/SPE in 0.1 M NaOH, (A) with increase in concentrations from
concentration) and (B) with 4 mM glucose at different scan rate from 0.01 V s�1 to 0.13
with different magnifications. From this analysis it is clear that
the Au nanoparticles and CuO nanorod bundles were well dis-
tributed on the reduced graphene oxide sheet. Fig. 5E and F shows
the selected area diffraction (SAED) patterns of GO and Au–CuO/
rGO respectively. The crystal planes in Au–CuO/rGO nanocompos-
ite were analyzed from the SAED patterns. The d-spacing values of
0.251 nm and 0.194 nm are consistent with the (�111) and
(�112) lattice spacing’s of end-centered monoclinic form of cop-
per oxide and 0.148 nm is the (220) lattice spacing of the face-cen-
tered cubic form of gold. The morphology of CuO/rGO and Au/rGO
nanocomposites was also analyzed. Fig. S1 A&B shows the HRTEM
image of CuO/rGO nanocomposite and Fig. S1 C&D represent Au/
rGO nanocomposite at different magnifications. It is obvious from
figures that the CuO and Au nanoparticles are uniformly decorated
on the graphene sheet.
3.4. Electrochemical characterization

3.4.1. Voltammetric analysis
Fig. 6 represents linear sweep voltammograms in 0.1 M NaOH

solution containing 6 mM glucose to study the electrocatalytic
activity of the composite modified electrodes. No faradaic peak
was observed on the bare SPE (curve a), activated SPE (curve b)
and Au/rGO/SPE (curve c) in the presence of glucose. A well defined
glucose oxidation peak was observed on CuO/rGO/SPE (curve d)
at +0.4 V. The current response on Au–CuO/rGO/SPE (curve e) is
much greater (by about 312 lA) than that on CuO/rGO/SPE (curve
d) at +0.4 V. This indicates that both Au and CuO are necessary to
obtain high sensitivity.

Linear sweep voltammograms of Au–CuO/rGO/SPE in 0.1 M
NaOH solution with different concentrations of glucose at a scan
rate of 0.1 V s�1 is shown in Fig. 7A. The anodic peak current
increases linearly with increase in glucose concentration from
1 mM to 12 mM with a regression equation, Ip (lA) = 47.97 +
(73.99)C (mM), standard deviation of 8.4, n = 12 and correlation
coefficient of 0.9985 throughout the concentration range (inset
shows the calibration plot). The sensitivity was calculated from
the slop of the calibration graph and was found to be
2356 lA mM�1 cm�2. Similarly the Au/rGO/SPE and CuO/rGO/SPE
electrodes were also tested for the glucose detection. The Au/rGO/
SPE showed no characteristic peak with respect to glucose concen-
trations. But CuO/rGO/SPE had shown an increase in anodic peak
current with increase in glucose concentration only up to 6 mM.

The possible mechanism of oxidation of glucose is as follows:
During anodic scan in alkaline medium, the Cu(II) will be convert-
ed to Cu(III) oxidation states. The Cu(III) transition state is believed
to catalyze the oxidation of glucose, since the redox peak of
1 mM to 12 mM of glucose at a scan rate of 0.1 V s�1 (Inset: plot of peak current vs
V s�1 (a–m) (Inset: plot of peak current vs scan rate).



Fig. 8. Steady state current response on Au–CuO/rGO/SPE in 0.1 M NaOH under
various concentrations of glucose at +0.6 V.
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Cu(II)/Cu(III) and the oxidation of glucose occur at same potential.
Here the Cu(III) species is acting as an electron transfer mediator
[52,53].

CuOðIIÞ þ OH� ! CuOOHðIIIÞ þ e�

CuðIIIÞ þ Glucose! Gluconolactoneþ CuðIIÞ

GluconolactoneþH2O! Gluconic acid

Fig. 7B depicts the LSV on the Au–CuO/rGO/SPE in 0.1 M NaOH
solution containing 4 mM glucose at different scan rates. The anod-
ic peak current increases with increasing scan rates ranging from
0.01 to 0.13 V s�1. The plot of oxidation peak current against scan
rate (inset of Fig. 7B) shows an excellent linear relationship with
a regression equation Ip (lA) = 113.55 + (3.93)ˆ (V s�1), standard
deviation of 8.03, n = 13 and correlation coefficient of 0.9987. From
this it is inferred that the electrocatalytic process is controlled by
glucose adsorption on the Au–CuO/rGO nanocomposite modified
sensor electrode.

3.4.2. Amperometric analysis
Amperometric experiments were carried out on the Au–CuO/

rGO/SPE electrode at +0.5 V, +0.6 V and +0.65 V in 0.1 M NaOH
solution. The optimum response was obtained at +0.6 V. Hence
all further amperometric experiments were carried out at +0.6 V.
Fig. 9. (A) Chronoamperometric response of Au–CuO/rGO/SPE in 0.1 M NaOH solution
Fig. 8 shows the amperometric response of Au–CuO/rGO/SPE in
0.1 M NaOH solution with four different glucose concentrations
at +0.6 V. Time taken to get a stable response was less than 3 s.
The first 10 additions correspond to 0.001 mM increments, the
next 3 additions represent 0.01 mM increments, third set of 3 addi-
tions has 0.1 mM increments and the last 3 denotes an increase of
1 mM. The sensor showed excellent linear response in the range of
1 lM to 12 mM with a regression equation, Ip (lA) = 13.42 +
(164.02)C (mM), standard deviation of 5.54 and correlation coeffi-
cient of 0.9992 (inset of Fig. 8). The limit of detection was found to
be 0.1 lM.

Fig. 9A shows the chronoamperograms of Au–CuO/rGO/SPE in
0.1 M NaOH solution with different concentrations of glucose.
Curve ‘a’ without glucose solution while b to g with 2 mM glucose
additions each. The sensor displayed good linearity upto12 mM of
glucose with regression equation, Ip (lA) = 27.76 + (44.11)C (mM)
(Fig. 9B). In order to test the reproducibility of the sensor, 50 sensor
strips were fabricated and tested under identical conditions. A var-
iation of less than 4.8% in current response was seen among the 50
sensors. This validates the fact that the sensor fabrication process
is highly reproducible. The repeatability of Au–CuO/rGO/SPE was
evaluated using LSV in 0.1 M NaOH solution containing to 5 mM
glucose. The relative standard deviation was found to be 2.7% for
10 successive measurements. Au–CuO/rGO/SPE electrodes were
prepared in the same method as mentioned earlier and were stored
in air tight glass vials. The amperometric response of the sensor to
5 mM glucose was tested once in every five days for a period of one
month. The response obtained even after one month was equal
to that obtained initially, establishing long term stability of the
sensor.

Performance of the sensor developed in this study (Au–CuO/
rGO/SPE) is compared with other enzymatic and nonenzymatic
glucose sensors reported recently and presented in Table 1. CuO/
graphene [42], Cu/graphene [54], Cu2O/SMWCNT nanohybrid [55],
NiNP/graphene [56], NiCPNP/rGO/GCE [57], CuO nanorods [58],
CuO nanowires [59], CuO/GO [60], 3D porous Ni electrode [61],
Cu–Ag2O nanowalls/GCE [62], CuO nanospheres [63], ITO/ZnO/
AuNPs/GOx [64], Naf/GOx/ZnO/FcC11SH/Au [65] and GOx/NiO
doped ZnO NRs/Pt [66] were compared. Performance of the Au–
CuO/rGO/SPE is superior in one or more parameters compared to
other enzymatic and nonenzymatic sensors presented in Table 1.
3.4.3. Interference studies
To determine the selectivity of the Au–CuO/rGO/SPE toward

glucose detection, interfering molecules AA, UA, DA, acetamino-
phen, fructose, lactose, galactose, maltose, urea and NaCl were
tested at their physiological concentration. Though present in
low concentrations, these molecules often interfere with glucose
(a) and with increment of 2 mM glucose each (b to g) and (B) the calibration plot.



Table 1
Comparison of Au–CuO/rGO/SPE sensor performance with other published enzymatic and nonenzymatic glucose sensors.

Electrode material Potential (V) Linear range (up to, mM) Lower detection limit (lM) Sensitivity (lA mM�1 cm�2) Refs.

CuO/graphene +0.6 8 1.0 1065 [42]
Cu/graphene +0.5 4.5 0.5 – [54]
Cu2O/SMWCNT nanohybrid +0.40 2.5 0.2 2143 [55]
NiNP/graphene +0.5 0.55 1.85 865 [56]
NiCPNP/rGO/GCE +0.45 8.75 0.14 – [57]
CuO nanorods +0.6 8 4.0 371.43 [58]
CuO nanowires +0.33 2 0.49 490 [59]
CuO/GO +0.7 2.03 0.69 262.52 [60]
3D porous Ni +0.5 4 0.07 2900 [61]
Cu–Ag2O nanowalls/GCE +0.4 3.2 0.01 298.2 [62]
CuO nanospheres/GCE +0.6 2.55 1 405 [63]
ITO/ZnO/AuNPs/GOx – 22.2 – 3.12 [64]
Naf/GOx/ZnO/FcC11SH/Au +0.6 1 20 27.8 [65]
GOx/NiO doped ZnO NRs/Pt +0.39 8 2.5 61.78 [66]
Au–CuO/rGO/SPE +0.6 12 0.1 2356 Current work

Table 2
Influence of common interfering species on the determination of glucose with Au–
CuO/rGO/SPE in 0.1 M NaOH.

S. no. Analyte Tested concentration Current response (%)

1 Glucose 5 mM 100
2 Acetaminophen 125 lM 0.482
3 Ascorbic acid (AA) 125 lM �2.14
4 Uric acid (UA) 1.25 lM 0.62
5 Dopamine (DA) 125 lM 1.65
6 Maltose 0.467 mM 1.04
7 Galactose 0.2 mM 1.84
8 Lactose 0.029 mM 2.62
9 Fructose 0.4 mM 3.15
10 Urea 6 mM 1.76
11 Creatinine 258 lM 1.01
12 Sodium chloride 0.1326 mM 0.78
13 Alcohol 0.04 M 0.95

Fig. 10. Steady state current response of Au–CuO/rGO/SPE to successive additions
of 5 mM glucose (a, b, c, f, g and h) and blood serum samples (d and e) at +0.6 V in
0.1 M NaOH.
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detection. Current response obtained for the interfering species
with reference to glucose is shown in Table 2. From this study it
is evident that the sensor is highly selective to glucose in presence
of other interfering molecules.

3.4.4. Real sample analysis
The feasibility of the Au–CuO/rGO/SPE electrode for measuring

the blood samples was also tested. Fig. 10 illustrates the
amperometric response for 10 lL of 50 mM glucose solution (a,
b, c, f, g and f) and 100 lL of serum samples (d and e). The glucose
concentration in blood serum samples was quantified as 7.333 mM
by comparing the current response obtained for standard glucose
and serum sample. The obtained results were compared with com-
mercially available test strips (Bhat Gluco-Scan) and found that
they are in good agreement with less than 1.31% variation.

4. Conclusion

Au–CuO/rGO nanocomposite was synthesized using one pot
wet chemical method. Disposable screen printed electrodes were
fabricated by dropcasting the nanocomposites on the indigenously
fabricated screen printed electrodes. The sensor exhibited excel-
lent electrocatalytic activity toward glucose with wide linearity
ranging from 1 lM to 12 mM, a lower detection limit of 0.1 lM,
good sensitivity of 2356 lA mM�1 cm�2 and excellent selectivity.
The fabricated sensor electrode was used for the detection of glu-
cose in real samples with good accuracy.
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