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The copper(II) oxide nanowires (CuO NWs) synthesized by a simple method were applied to construct glucose amperometric biosensor.
Graphene was also added to improve the performance of the sensor. The morphology and structure of CuO nanowires were investigated
by SEM, TEM and XRD. The electrocatalytic oxidation of the CuO nanowires/graphene modified electrode towards glucose was studied
by cyclic voltammetry and chronoamperometry. It is notable that the determination of the glucose has been achieved in enzyme-free

nonenzymatic biosensor exhibited excellent electroactivity towards glucose over a wide linear range of 1.6 uM-6.0 mM with a sensitivity

of 375 A cm?*mM’.

INTRODUCTION

Glucose plays an important role in biosphere. Detection
of glucose concentration is important for human health, food
safety and biotechnology. Electrochemical sensor of glucose
has attracted attentions in recent years because of the low cost,
high sensitivity and quick response'>. Glucose oxidase (GO,)
is widely used to built glucose amperometric sensor due to its
high selectivity to glucose**. Despite high selectivity of GO,
sensors, the enzymatic biosensors still suffer from the insuffi-
cient stability originated from the nature of the enzymes and
the complexity of enzyme immobilization process”'°. Consi-
dering the above shortages of enzymatic biosensors, the study
of enzyme-free glucose biosensors is aroused in this field. It
is known that noble-metals show excellent electroactivity
towards glucose. Therefore, various electrodes modified by
noble-metals and their alloys have been studied, such as Pd'"",
Pt'*'%, Pt-Pd'"'®, Au'*?', Au-Cu?, Pt-Au®, etc. Higher stability
of the glucose sensors was achieved by the application of noble-
metals modified electrode. However, the noble-metals glucose
amperometric sensors are high cost on account of the use of
noble metals. The development of nonenzymatic glucose sensor
with low cost, high sensitivity and selectivity is imperative.

Copper(Il) oxide, a p-type semiconductor with a narrow
band gap of 1.2 eV, has been widely used in semiconductors,
gas sensors, catalysis and biosensors®*. Some efforts have

conditions. The modified electrode presented excellent stability, reproducibility, high selectivity and quick response. The developed |
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been made on amperometric determination of glucose using
nanostructured CuO. For instance, CuO nanocubes-graphene™,
CuO/carbon nanotube”’, CuO/GCE?, etc. Copper(Il) oxide
nanowires have 1D electronic pathway, leading to efficient
charge transport”. The space between neighboring nanowires
is also favourable for the diffusion of electrolyte. Copper(II)
oxide nanowires on a Curod were also synthesized for detection
of glucose with high sensitivity’. However, the performance
of the sensor may be affected because of the exposed active
copper substrate. Graphene is an inexpensive material with
excellent mechanical property, high electrical conductive prop-
erty, large surface area and good biocompatibility™. There-
fore, graphene is a potential matrix for electrochemical biosensors.

In this article, CuO nanowires were synthesized by a
simple method®' with some modifications and then graphene
was added to improve the performance of the biosensor. Elec-
trochemical performance of the CuO nanowires/graphene
modified electrode was measured by cyclic voltammetry and
chronoamperometry. It is revealed that the CuO nanowires/
graphene modified electrode showed high sensitivity, stability
and quick response, indicating the potential application in the
field of glucose sensor.

EXPERIMENTAL

D(+)-Glucose, L-ascorbic acid (AA), uric acid (UA),
dopamine (DA) and nafion solution (5 wt % in lower aliphatic
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alcohol and water mixture) were purchased from Sigma (USA).
All other reagents were of analytical grade and used as received
without further purification (Chengdu Kelong). High quality
deionized water (resistivity > 18.0 MQ cm™) used for all
experiments was prepared by a Water Purification System
(UPT-II-10T) provided by Chengdu YouPu.

Detection method: All electrochemical measurements
were performed on a Potentiostat/Galvanostat Model 263 elec-
trochemical workstation (Ametek, USA). A conventional three
electrode system was used with a saturated Ag/AgCl as the
reference electrode, a platinum electrode (¥ = 3 mm) as the
counter electrode and a modified GCE (Q = 3 mm, CHI 105)
as the working electrode. X-Ray diffraction (XRD) measure-
ments were performed on a Rigaku D/Max-2400 X-ray
diffractometer using CuK, radiation (40 kV, 60 mA). The
morphology was analyzed on a Hitachi S-4800 field emission
scanning electron microscope (FESEM).

General procedure: Graphene was synthesized according
to the previous report™*. First, graphite powders were preoxidized
in a mixture of H,SO,, K,S,0s and P,Os. The preoxidized
graphite was then reoxidized by the Hummers and Offeman
method. Exfoliation was carried out by sonicating 2.5 mg/mL
graphite oxide dispersion under ambient conditions for 1 h.
5g NaBH. was dissolved into 200 mL graphite oxide solution
at 80 °C under stirring. After 2 h, the black products were
filtered and dried.

CuO nanowires were synthesized by a reported simple
method with some modifications®'. In a typical procedure, 0.7 g
Cu(OAc),-H,O was directly transferred into 50 mL 0.1 M
NaOH under magnetic stirring at 25 °C. After 8 h, the obtained
black products were separated and washed by water for several
times.

CuO nanowires/graphene modified GCE (® =3 mm) was
used as working electrode. First, the GCE was carefully polished
with 0.05 um alumina powder. Then, the polished GCE was
cleaned by HNOs (1:1), alcohol and water under ultrasound.
The synthesized CuO nanowires were transferred into alcohol
to form a 8 mg/mL dispersion. Graphene was added to 0.2
wt % chitosan solution under sonication to make a 1 mg/mL
dispersion. 1 mL of the graphene dispersion was mixed with
1 mL of the CuO nanowires dispersion under sonication to
form a homogeneous dispersion. Alcohol was used to adjust
the surface tension. Then 4 puL (containing 2 ug graphene and
16 ug CuO nanowires) of the mixture was casted onto the
pretreated GCE and the modified GCE was dried for 12 h in
air. Finally, 4 uL of 0.5 wt % nafion solution was added to
protect the modified electrode.

RESULTS AND DISCUSSION

Characterization: Morphology and structure of the CuO
nanowires and graphene were investigated by SEM, TEM and
XRD and the results were showed in Fig. 1. Obviously, CuO
nanowires were successfully synthesized by the simple method.
It is characterized that the CuO nanowires were 30-50 nm wide
in diameter and 1-3 pum long in length (Fig. 1a). The CuO
nanowires had large surface area, which benefitted the
electrocatalytic oxidation of glucose. As can be seen from
Fig. 1b, all the diffraction peaks can be indexed to monoclinic
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Fig. 1. (a) SEM image of the obtained CuO nanowires on Cu substrate;
Inset is the TEM image of a single CuO nanowire; (b) XRD pattern
of the CuO nanowires. (c) SEM image of the synthesized graphene

phase CuO (JCPDS card No. 41-0254), which was consistent
with the reported articles***. Fig. 1¢c was the SEM image of
the as-prepared graphene sheets. The graphene sheets were
5-10 um in diameter.

Optimal experiment condition: In order to obtain the
optimal response to glucose, the effects of applied potential
and NaOH concentration on the response current towards 0.1
mM glucose were investigated (Fig. 2). As can be seen from
Fig. 2a, the response current achieved maximum value at
NaOH concentration 0.1 M. The results agreed with the
previous report®®. From Fig. 2b, the response current increased
with the increase of the applied potential from 0.4-0.7 V.
Optimal amperometric current response with better linear
relation was obtained at potential 0.6 V. Therefore, 0.1 M NaOH
was chosen as the support electrolyte and 0.6 V was chosen as
the applied potential.
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Fig. 2. Effects of applied potential (a) and NaOH concentration (b) on the
response current of the CuO nanowires/graphene modified electrode
towards 0.1 mM glucose

Electrooxidation of glucose at CuO nanowires/
graphene modified electrode: Fig. 3 showed cyclovoltammo-
grams of the bare GCE (a) and chitosan (b), graphene (c),
CuO nanowires (d), graphene/CuO nanowires (e) modified
GCE in 0.1 M NaOH. After the electrode was modified with
chitosan (curve b), lower current was observed compared with
the bare GCE (curve a) due to the chitosan membrane hindering
the diffusion of electrons towards the GCE surface. An increase
in peak current and well-defined cyclovoltammogram curve
was observed when graphene was covered onto the electrode
(curve c) because of the excellent conductivity of graphene.
After CuO nanowires were anchored onto the GCE, the current
significantly increased (curve d). This could be attributed to
the great enhancement of the active area of the surface. The
current further increased again (curve e) when both the CuO
nanowires and graphene were added. This can be ascribed to
the excellent conductivity of graphene and larger active surface
of CuO nanowires.

Fig. 4a displayed the cyclovoltammograms of CuO nano-
wires/graphene modified electrode in 0.1 M NaOH with 0-3.0
mM of glucose. It is found that the response current at 0.6 V
apparently increased when the glucose was added, indicating
that the modified electrode showed excellent electrocatalytic
activity to glucose. It is reported that glucose was oxidized by
Cu(I), Cu(Il) and Cu(III) surface states followed by adsorption
onto the electrode surface. The oxidation potential of Cu(II)
to Cu(III) was between 0.4 and 0.8 V. When glucose oxidation
occurred in the potential range of 0.40-0.8 V, Cu(IIl) species
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Fig. 3. Cyclic voltammograms of bare GCE (a), GCE-chitosan (b), GCE-graphene

(¢), GCE-CuO nanowires (d), GCE-graphene-CuO nanowires (e)
in 0.1 M NaOH without stirring. Scan rate: 50 mv s’

were proposed to act as an electron transfer mediator’’. More-
over, with the further increase of glucose concentration, the
response current linearly increased. As can be seen from Fig.
4b, the catalytic current of CuO nanowires/graphene modified
electrode exhibited a linear dependence on glucose concen-
tration from 0-3 mM with an equation I,. = 0.0267x + 119.71
[Ie (MA); X (UMD); R = 0.9997].
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Fig. 4. (a) Cyclic voltammograms of CuO nanowires/graphene modified
electrode in 0.1 M NaOH containing different concentration of
glucose. Scan rate: 50 mv s'. (b) The relationship between response
current and the concentration of glucose
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Amperometric performance of the CuO nanowires/
graphene/GCE to glucose

Amperometric analysis: The amperometric response of
the CuO nanowires/graphene modified electrode at a constant
potential of 0.6 V to successive addition of 0.5 mM glucose in
0.1 M NaOH was displayed in Fig 5. After 0.5 mM glucose
was successively added into the stirred 0.1 M NaOH, the oxida-
tion current of CuO nanowires/graphene modified electrode
was enhanced at a fixed step. From the top left inset, the same
performance was also investigated at low glucose concentration
after 0.1 mM glucose was successively added. As can be seen
from the bottom right inset, the linear relationship between
the oxidation current and the glucose concentration was obtained
for concentration ranging from 1.6 uM to 6 mM. The linear
regression equation was given by I, = 0.0265x + 42.583 [,
(UA); x (uUM);], with a correlation coefficient of R = 0.9972.
The detection limit of glucose using a CuO nanowires/
graphene modified electrode was found to be 1.6 uM with the
sensitivity of 375 A cm® mM™. The sensitivity was higher
than that of CuO nanorod/graphite (371 uA cm?mM™)*, CuO
nanofibers/TiO, nanotube (80 yA cm™® mM™")*, Cu /MCNT/
GCE (251.38 pA cm™” mM™)*, Pt-Pb/MWCNT (17.8 pA cm™
mM™")*, Co;0, NFs/nafion (36.25 pA cm? mM™)*, etc.
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Fig. 5. Typical current-time response curve of CuO nanowires/graphene

modified electrode towards 0.5 mM glucose at 0.6 V. (Inset at the
top left corner is the current-time response towards 0.1 mM glucose
at 0.6 V between 0 and 1.2 mM; Inset at bottom right corner is the
relationship of catalytic current and the concentration of glucose)

Stability, selectivity and reproducibility: The stability
of the CuO nanowires/graphene/GCE was investigated by mea-
suring its sensitivity towards 1 mM glucose over 10 days under
ambient conditions. It is found that the sensor still retained
89.5 % of its original sensitivity after ten days, which showed
excellent long-term stability at room temperature. The current
response of CuO nanowires/graphene/GCE was stable over a
long operational period of 2000 s for I mM glucose in 0.1 M
NaOH with a loss of 3.69 % of its original current response.
From the inset of Fig. 6, the response time of the CuO nanowires/
graphene modified electrode towards 1 mM glucose was about
4 s, which was shorter than that of CuO nanorod/graphite (10
$)*, Pt-Pb/MWCNT (12 5)*, Cos04 nanoflowers/nafion (7 s)*,
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Fig. 6. Amperometric response towards 0.1 mM glucose running for 2000 s.
Inset is the illustration of response time

GE/CuO/GOx/Nafion (5 s)*', CuO flowers/G (15 s)*, etc. On
the basis of above discussion, the CuO nanowires/graphene
modified electrode presented high sensitivity, stability and
quick response. The high sensitivity of the modified electrode
can be attributed to two factors. First, CuO nanowires and
graphene both had larger activity area. On the other hand,
graphene possessed excellent electrical conductive property™.

One of the most important analytical factors for an
amperometric biosensor was the ability to separate the inter-
fering species from the target analyte. In the case of glucose,
ascorbic acid (AA), uric acid (UA), dopamine (DA) present in
physiological environment were the most important interfe-
rences for direct electrochemical oxidation of glucose. We
studied selectivity of the CuO nanowires/graphene/GCE by
adding 0.1 mM ascorbic acid, uric acid and dopamine into
1 mM glucose during the test of chronoamperometry and the
results were listed in Fig. 7. For all the interfering species tested
in 0.1 M NaOH, CuO nanowires/graphene/GCE did not show
significant change in the sensor responses and the current
responses due to the added interfering species were only 2.8-
5.7 % as that of glucose.

In order to prove its reliability, the sensor was used to
measure the glucose concentration in human serum. 80 uL of



Vol. 25, No. 18 (2013)

Amperometric Glucose Biosensor Based on CuO Nanowires/Graphene Modified Electrode 10075

0.1 mM AA 0.1 ";M DA
<
z AN
o <
5 o | 1mM Glucose
=
o
interfering species glucose:Interfering species current ratio|
AA 10:1 4.8%
UA 10:1 5.7%
DA 10:1 2.8%
' 1 "
Time (S)
Fig. 7. Interferences of ascorbic acid, uric acid and dopamine to glucose

oxidation on the CuO nanowires/graphene modified electrode

serum was added into 40 mL 0.1 M NaOH electrolyte at 0.6 V
under stirring. 0.1 mM pure glucose was added into the electro-
lyte to test the recovery. All the results were listed in Table-1.
It is clear that the recovery was both higher than 95 %, revealing
a potential application in glucose sensor.

TABLE-1
DETERMINATION OF GLUCOSE IN
HUMAN BLOOD SERUM SAMPLES

Sample Glc conc. Found RSD (%) Added Recovery
(mM) (mM) (n=3) (mM) (%)
1 4.5 4.41 3.8 0.1 95.7
2 52 5.08 2.7 0.1 97.3
Conclusion

Copper(Il) oxide nanowires were successfully synthesized
by a simple method. Then the CuO nanowires were used to
construct glucose amperometric sensor. Simultaneously,
graphene was added to improve the sensitivity of the sensor.
The prepared glucose sensor presented high sensitivity, long
term stability and shorter response time. In conclusion, the
CuO nanowires/graphene modified electrode can be used as
an amperometric sensor for practical analysis of glucose in
real blood serum samples.
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