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a  b  s  t  r  a  c  t

A  novel  nonenzymatic  glucose  sensor  was  developed  by  electrodepositing  dendritic  copper-cobalt  nano-
structures  (Cu-Co  NSs)  on  glassy  carbon  electrode  (GCE)  which  was  modified  by  reduced  grapheme
oxide-chitosan  (RGO-CHIT)  nanocomposites.  The  electrochemical  behaviors  and  electrocatalytic  per-
formances  of  the  sensor  towards  oxidation  of  glucose  were evaluated  by cyclic  voltammograms,
chronoamperometry  and  amperometric  method.  Compared  to  sensors  based  on  monometal  Cu or  Co
NSs,  the sensor  based  on bimetal  Cu-Co  NSs  exhibits  good  electrocatalytic  activity  towards  oxidation  of
glucose.  The  effects  of electrodeposition  time  and the ratio of Cu2+ and  Co2+ in  an  electrodeposition  solu-
tion  on  the  electrocatalytic  performance  of  the  Cu-Co  NSs  sensor  were  explored  in detail.  The best  catalytic
educed graphene oxide
hitosan
lectrocatalysis
lucose
ensor

activity  towards  oxidation  of glucose  can  be achieved  under  an  optimized  condition:  electrodepositing
time  of  2600  s and  the  Cu2+/Co2+ molar  ratio  of  2:1.  The  catalytic  current  density  is linear  to  the glucose
concentration  in  the range  of 0.015–6.95  mM  (r = 0.9947)  with  a sensitivity  of  1921  �A cm−2 mM−1,  and
a  detection  limit  of 10 �M. The  good  catalytic  activity,  high  sensitivity  and  good  stability  indicate  that
the  newly  developed  sensor  based  on  the dendritic  Cu-Co  NSs/RGO-CHIT/GCE  is  a promising  sensor  for
application  in real samples.
. Introduction

Glucose is one of the essential substances for life activities, and it
an provide energy to maintain the normal life activities by ingest-
ng directly in the metabolic process. Glucose is widely distributed
n blood of being livings [1], and the concentration increase of
lucose in blood could cause diabetes mellitus. The diabetes mel-
itus has become one of the major health afflictions worldwide
2]. Therefore, quantitative determination of glucose concentration
oth in blood and in other sources such as foods and pharmaceut-

cals is very important in biological and clinical analysis [3,4].
Graphene or reduced graphene oxide (RGO), the thinnest

wo-dimensional carbon material, can provide a good suppor-
ing for metal nanomaterials deposition or enzyme adsorption on

lectrodes because of its large theoretical specific surface area
2630 m2 g−1) [5,6]. The large specific surface area, high electrical
onductivity and wide electrochemical window have led it to be one

∗ Corresponding author. Tel.: +86 791 88120862; fax: +86 791 88120862.
E-mail addresses: yhsonggroup@hotmail.com, yhsong@jxnu.edu.cn (Y. Song).
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©  2014  Elsevier  B.V.  All  rights  reserved.

of the most important materials in electrochemical sensors [7,8].
Chitosan (CHIT) possesses distinct chemical and biological proper-
ties owing to the existence of many reactive amino and hydroxyl
groups. It is considered to be a promising material for modification
of the electrode surface as well as a very good matrix for nano-
materials and enzyme immobilization due to its good stability, a
large number of functional groups, high permeability toward water
and excellent film-forming ability [9–11]. Therefore, the CHIT has
been chosen as reduction and functionalized agent to reduce and
functionalize graphene oxide (GO) for preparing RGO-CHIT, which
exhibits many good properties over CHIT or RGO as electrode mate-
rials for preparing glucose sensor.

Metal or metal oxide nanostructures (NSs) modified electrodes
as nonenzymatic glucose sensors have raised particular interest
[12–14]. Many metal or metal oxide NSs, including Au NSs [15,16],
Cu2O NSs [17], Cu NSs[18,19], CoO NSs [20], Co NSs [21] etc, have
been used to modify the electrodes for glucose detection, espe-

cially bimetal NSs. The multiple functionalities, good selectivity,
remarkable catalytic activity, and high stability over monometal
NSs have led the bimetal NSs to be an ideal material in electrochem-
ical sensors [22–29]. For example, Au-Ag NSs [22], Pt-Ni NSs [25],

dx.doi.org/10.1016/j.snb.2014.01.007
http://www.sciencedirect.com/science/journal/09254005
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Peak a3/c3: Cu(OH)2 + OH− ↔ CuOOH + H2O + e (5)
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t-Co NSs [26] and Ni-Cu NSs [27] exhibit better catalytic activities
nd high sensitivity for glucose detection than their correspond-
ng monometallic counterparts due to the synergistic effect of two

etals. The previous results indicate that the design and fabrica-
ion of bimetal NSs with three-dimensional (3D) porous structure

odified electrode is effective in achieving high sensitivity and low
pplied potentials for glucose detection.

Cu NSs and Co NSs have attracted extensive attention as eco-
omical electrocatalysts for nonenzymatic glucose sensors and
mino acid sensors [18,30–32]. In this work, a facile strategy was
sed to prepare the dendritic Cu-Co NSs/RGO-CHIT/glassy carbon
lectrode (GCE) by electrodepositing the dendritic Cu-Co NSs on
GO-CHIT/GCE as a sensitive nonenzymatic glucose sensor. The
u-Co NSs/RGO-CHIT/GCE exhibits large specific surface area and
igh catalytic activity towards the oxidation of glucose. The elec-
rochemical properties and electrocatalytic activity of the sensor
ave been investigated in detail. The analytical parameters (such
s linear range, detection limit and sensitivity) and the kinetic
arameters (such as the diffusion coefficient and the catalytic rate
onstant) of the Cu-Co NSs/RGO-CHIT/GCE were both explored.

. Experimental

.1. Chemicals and reagents

CHIT was obtained from the Sigma–Aldrich (Milwaukee Wis-
onsin). Graphite powder, CoCl2·6H2O and CuCl2 were purchased
rom Sinopharm Chemical Reagent Co., LTD (Tianjin, China). Na2SO4
nd NaOH were purchased from Tianjin Fuchen Chemical Reagent
actory (Tianjin, China). Fetal calf serum was purchased from
hermo Fisher Scientific (Beijing, China). Other reagents were pur-
hased from Beijing Chemical Reagent Factory (Beijing, China). All
eagents were of analytical grade and used without further purifi-
ation. All solutions were prepared with ultra-pure water, purified
y a Millipore-Q system (18.2 M� cm).

.2. Synthesis of graphene oxide (GO) and RGO-CHIT

The GO was synthesized according to Hummers’ method [33].
he RGO-CHIT nanocomposites were prepared as follows [34].
0.0 mg  RGO was dissolved in 10.0 mL  of ultra-pure water and ultra-
onicated for 45 min. 10.0 mL  CHIT solution (1.0 wt.%) was prepared
y dissolving CHIT in 0.5 vol.% aqueous acetic acid solution. Then
GO solution was added into the CHIT solution and stirred for 24 h
o produce the RGO-CHIT dispersion.

.3. Preparation of the Cu-Co NSs/RGO-CHIT/GCE

10 �L RGO-CHIT dispersion was cast onto the polished GCE,
nd dried for 10 h in air to obtain the RGO-CHIT/GCE. Then the
u-Co NSs/RGO-CHIT/GCE was prepared by electrodepositing in a
.1 M Na2SO4 + 0.01 M CuCl2 + 0.01 M CoCl2 solution at −0.95 V. The
ixed solution was purged with nitrogen gas for 30 min  before

he electrodepositing. For comparison, the Cu NSs/RGO-CHIT/GCE
nd the Co NSs/RGO-CHIT/GCE were also prepared with the same
rocedure as described above.

.4. Instrumentations

All electrochemical experiments were performed on a CHI760d
lectrochemical workstation (CH Instruments, Shanghai, China)
sing a conventional three-electrode system with a platinum wire

s the auxiliary electrode, a bare or modified GCE as the working
lectrode, and a saturated calomel electrode (SCE) as the reference
lectrode. The cyclic voltammetric experiments were performed in

 quiescent solution. The amperometric were carried out in a beaker
uators B 195 (2014) 1–7

with continuous stirring using a magnetic stirrer. Scanning electron
microscopy (SEM) analysis was taken using a XL30 ESEM-FEG SEM
at an accelerating voltage of 20 kV equipped with a Phoenix energy
dispersive X-ray analyzer.

3. Results and discussion

3.1. Electrodeposition of Cu-Co NSs on RGO-CHIT/GCE

Cyclic voltammograms (CVs) was utilized to monitor the elec-
trodeposition process of Cu-Co NSs on RGO-CHIT/GCE. As shown in
Fig. 1, there were three cathodic peaks and three anodic peaks. The
cathodic peak at −0.86 V (peak I′) was  attributed to the reduction of
Co2+ on the electrode surface to form Co NSs, and the correspond-
ing anodic peak I might be due to the dissolution of the Co NSs
[35]. The cathodic peak at −0.26 V (peak II′) and −0.06 V (peak III′)
were related to the reduction of Cu2+ to Cu+ and Cu+ to Cu NSs,
respectively [36]. The corresponding anodic peaks II and III might
be due to the two-step oxidation of the Cu NSs. The result indicated
that Cu2+ and Co2+ could be reduced to Cu-Co NSs at −0.95 V. With
the increasing of potential scan number, the Cu-Co NSs grew on
the electrode surface because the oxidation peak increased and the
reduction peak decreased gradually.

The formation of Cu-Co NSs/RGO-CHIT/GCE at different elec-
trodepositing time was  characterized by CVs in 0.1 M NaOH. As
shown in Fig. 2A, the peak current density increased gradually with
the increase of electrodeposition time from 600 s to 2600 s. After
the electrodeposition time exceeded 2600 s, the peak current den-
sity decreased and the shape of peaks changed. The plot of peak
current density versus electrodepositing time exhibited a turning
point at about 2600 s (inset in Fig. 2A). The turning point might
be ascribed to the fact that the Cu-Co NSs became rather large
with excessive electrodeposition time, and finally resulted in the
decrease of electrochemical activity.

The electrochemical behaviors of Cu-Co NSs/RGO-CHIT/GCE
were investigated by CVs at different scan rates in 0.1 M NaOH solu-
tion (Fig. 2B). Obviously, the peak current density was  enhanced
with the increasing of scan rate. It was  noticeable that another pairs
of redox peaks appeared at about 0.4 V for anodic peak and 0.1 V for
cathodic peak at high scan rate. According to the previous conclu-
sion, the three pairs of redox peaks might be assumed as follows
[37–40]:

Cu (0) + 2OH− ↔ Cu(OH)2 + 2e (1)

Co (0) + 2OH− ↔ Co(OH)2 + 2e (2)

Peak a1/c1: Co(OH)2 + OH− ↔ CoOOH + H2O + e (3)
-0.9 -0.6 -0.3 0.0 0.3 0. 6
E (V vs. SCE)

Fig. 1. CVs of RGO-CHIT/GCE in 0.1 M Na2SO4 + 0.01 M CuCl2 + 0.01 M CoCl2 at
50  mV s−1.
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Fig. 2. (A) CVs of Cu-Co NSs/RGO-CHIT/GCE obtained at various electrodeposition
times in 0.1 M NaOH at 50 mV  s−1. Inset: plot of peak current density at 0.24 V vs.
electrodeposition time. (B) CVs of Cu-Co NSs/RGO-CHIT/GCE in 0.1 M NaOH at dif-
ferent scan rates: 10 (a), 30 (b), 50 (c), 70 (d), 100 (e), 120 (f), 150 (g), 200 (h), 250 (i),
300 (j), 350 (k), 400 (l), 450 (m), 500 (n), 550 (o), 600 (p), 650 (q) and 700 (r) mV s−1.

Fig. 3. SEM images of the Cu NSs/RGO-CHIT/GCE (A), Cu-Co NSs/RGO-CHIT/GCE (B) and C
image  of the Cu-Co NSs/GCE. SEM images of the Cu-Co NSs/RGO-CHIT/GCE at different ele
uators B 195 (2014) 1–7 3

First, the Co (0) and Cu (0) was  transformed into Co(OH)2 and
Cu(OH)2 in the alkaline conditions, and then further oxidized into
CoO2 and CuOOH as potential shifted to the positive direction. The
CoO2 and CuOOH can be used as heterogeneous catalysts with good
chemical stability and electrocatalytic activity [40,41].

3.2. Characteristics of the as-prepared Cu-Co NSs/RGO-CHIT/GCE

Fig. 3 revealed the SEM images of Cu NSs/RGO-CHIT/GCE, Co
NSs/RGO-CHIT/GCE, Cu-Co NSs/RGO-CHIT/GCE and Cu-Co NSs/GCE.
As can be seen in Fig. 3A, the Cu NSs on RGO-CHIT/GCE was amor-
phous and irregular. The doping of Co resulted in the formation of
3D porous dendrites (Fig. 3B). The image of the elements in the inset
of Fig. 3B showed that the Cu (green) and Co (red) were uniformly
distributed on the surface of the electrode. While only a few leaf-
like Co nanosheets and a large amount of flower-like Co NSs were
formed on the RGO-CHIT/GCE surface (Fig. 2C). It indicated clearly
that the doping of Co played a key role in the evolution of 3D den-
dritic Cu-Co NSs. It was  possible that the nucleation of Cu-Co NSs
might be accelerated in the coexistence of bimetal and accordingly
resulted in the formation of many 3D porous dendrites [42–44].
The Cu might accelerate the growth of sub-branches [42], and the
Co might be benefit to the formation of the dendrites [45]. Energy
dispersive X-ray spectroscopy (EDX) was used to study the com-
ponents of the Cu-Co NSs/RGO-CHIT/GCE (Fig. 3D) and it clearly
indicated that the Cu-Co NSs/RGO-CHIT/GCE mainly contained Cu
and Co elements. The inserted table in Fig. 3D demonstrated that
the molar ratio of the two components was  slightly larger than that
of initial precursor solution [46].

It was  noticeable that a lot flower-like spherical and few
dendrites nanostructures were found on Cu-Co NSs/GCE surface
without RGO-CHIT (Fig. 3E). Obviously, the RGO-CHIT provided a
large specific surface area with more binding-sites to increase the

quantity of dendritic Cu-Co NSs. Fig. 3F–H showed SEM images
of Cu-Co NSs obtained at Cu2+/Co2+ ratio of 2:1 with the poten-
tial of −0.95 V under different deposition time. Fig. 3F showed a
typical SEM image of the RGO-CHIT/GCE, and it indicated that the

o NSs/RGO-CHIT/GCE (C). (D) Energy dispersive X-ray spectra of electrode. (E) SEM
ctrodeposition time: 0 s (F), 100 s (G) and 600 s (H).
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Fig. 4. (A) CVs of different electrodes in 0.1 M NaOH in absence (a) and pres-
ence of 1.0 mM glucose (b–e) at 50 mV s−1: (a) Cu-Co NSs/RGO-CHIT/GCE, (b)
Cu-Co NSs/RGO-CHIT/GCE, (c) Cu-Co NSs/GCE, (d) Cu NSs/RGO-CHIT/GCE and (e)
Co  NSs/RGO-CHIT/GCE. Inset: the plot of catalytic current density vs. the ratio of
Cu2+ and Co2+. (B) Chronoamperograms of Cu-Co NSs/RGO-CHIT/GCE in 0.1 M NaOH
solution with different concentrations of glucose: 0 mM (a), 1.0 mM (b), 2.0 mM (c),
3.0 mM (d) and 4.0 mM (e). Applied potential was 420 mV.  Inset 1: dependency of
t
t

R
p
s
t
l
p
b
d
a
3

3
N

i
o
a
c
c
e
e
a
o
c
e
w

the Cu-Co NSs/RGO-CHIT/GCE by successive injection of glucose
ransient current density on t−1/2. Inset 2: dependency of jcat/jd on t1/2 derived from
he  data of chronoamperograms of curves a and e in panel (B).

GO-CHIT surface was smooth and homogeneous. After electrode-
osition for 100 s, a large number of flower-like Cu-Co NSs were
ynthesized on RGO-CHIT/GCE surface (Fig. 3G). As the deposition
ime was increased to 600 s (Fig. 3H), the nanoflowers provided a
ot of node for the formation of dendirtic structure. With further
rolonging the deposition time to 2600 s, the dendritic structure
ecomes more and more distinct (Fig. 3B). As we all known, the 3D
endirtic structure allows rapid transportation of the electrolytes
nd exhibits high specific surface area. Therefore, Cu-Co NSs with
D dendirtic structures are promising materials for glucose sensors.

.3. Electrocatalytic oxidation of glucose at Cu-Co
Ss/RGO-CHIT/GCE

As shown by curve b in Fig. 4, after 1.0 mM glucose was  added
nto the solution, the anodic peak current density related to the
xidation of Cu(OH)2 and CoOOH species at 0.45 V were increased
nd the corresponding cathodic current density were decreased as
ompared to that in absence of glucose (curve a), which is typical
atalytic reaction. Compared to the other electrodes (curve c, d and
), the Cu-Co NSs/RGO-CHIT/GCE (curve b) exhibited outstanding
lectrochemical performance with the highest peak current density
nd the lowest peak potential. The inset in Fig. 4A showed the plot
f catalytic current density versus the molar ratio of Cu2+/Co2+. It

learly indicated that the 3D dendirtic Cu-Co NSs/RGO-CHIT/GCE
xhibited the highest catalytic response when the ratio of Cu2+/Co2+

as 2/1.
Fig. 5. Schematic illustration of glucose electrocatalytic reaction mechanism.

Fig. 4B showed the chronoamperometry response for Cu-Co
NSs/RGO-CHIT/GCE in the absence (curve a) and presence (curve
b–e: 1.0–4.0 mM)  of glucose. After the applied potential was
stepped to 420 mV,  a large anodic current density occured because
the glucose began to be oxidized. Then as the glucose near electrode
surface was oxidized into gluconolactone, the catalytic current
density decreased gradually. Finally, a stable concentration dif-
ference of glucose between electrode surface and bulk solution
was obtained and the catalytic current density was  maintained
as shown by the curves (a–e) in Fig. 4B. The time when the cat-
alytic current density decreased to stable value depends on the
catalytic rate constants (Kcat) and accordingly the chronoampero-
grams could be used to calculate the Kcat. The relationship between
the net current density and the minus square roots of time was
shown in inset 1 (Fig. 4B), and it revealed a linear dependency. It
demonstrated that the electrocatalytic oxidation of glucose was a
diffusion-controlled process. The diffusion coefficient (D) of glucose
could be estimated according to Cottrell equation [47]:

j = I

A
= nFD1/2C�−1/2t−1/2 (6)

where j is the current density, I is the current, A is the electrode
surface geometrical area, n is the electron transfer number, F is the
Faraday constant (F = 96493 C mol−1), C is the bulk concentration
and t is the elapsed time. The mean value of the diffusion coefficient
of glucose was  found to be 1.22 × 10−3 cm2 s−1 by using the slope
of the line in inset 1 (Fig. 4B). Chronoamperometry could also be
used for the evaluation of the Kcat with the help of the following
equation [48]:

jcat

jd
= �1/2(KcatCt)1/2 (7)

where jcat and jd are the catalytic current density and the diffusion-
controlled current density, respectively. From the slope of the jcat/jd
vs. t1/2 plot, as shown in inset 2 (Fig. 4B), the mean value of Kcat for
glucose was obtained as 4.98 × 104 cm3 mol−1 s−1.

According to the above results and previous conclusion, the pos-
sible redox mechanism can be assumed as shown in Fig. 5. The
catalytic mechanism for the glucose oxidation might be assumed
as following. Cu(OH)2 and CoOOH were firstly oxidized into CuOOH
and CoO2, respectively, and then the glucose was  oxidized by
CuOOH and CoO2, which resulted in the regeneration Cu(OH)2 and
CoOOH [37–40,49,50].

3.4. Calibration curve

Amperometric measurements were carried out at 0.45 V at
(curve 1 in Fig. 6A) into a stirring 0.1 M NaOH. The oxidation cur-
rent density reached a maximum steady-state value and achieved
95% of the steady-state current density within 3 s. The curve 1
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ig. 6. (A) Typical steady-state response of Cu-Co NSs/RGO-CHIT/GCE (1) and Cu-
lot  of the calibration curve. (C) Chronoamperometric responses for glucose and int
amples. Applied potential: 0.45 V and supporting electrolyte: 0.1 M NaOH.

n Fig. 6B showed the calibration curve of the sensor. The linear
ange of the glucose detection was from 0.015 mM to 6.95 mM
r = 0.9947) with a slope of 1921 �A cm−2 mM−1, and a detec-
ion limit of 10 �M (S/N = 3). For comparison, the amperometric
esponse of the Cu-Co NSs/GCE towards the oxidation of glu-
ose (curve 2 in Fig. 6A) was investigated. The linear range of
he glucose detection was from 0.015 mM to 1.21 mM (r = 0.9947)
ith a slope of 1171 �A cm−2 mM−1, and a detection limit of

0 �M (S/N = 3) (curve 2 in Fig. 6B). It indicated clearly that Cu-Co
Ss/RGO-CHIT/GCE possessed a better catalytic activity and sensi-

ivity towards the oxidation of glucose.
Interference is inevitable in the determination of some ana-

ytes, and thus interference of some chemicals was  investigated
n this work as shown in Fig. 6C. Chemicals such as Cl− in a 25-fold,
O2

−, l-leucine and l-methionine in a 10-fold concentration did
ot show obvious interference to glucose detection, indicating the
ood selectivity. The stability of the sensor was also investigated.

fter the sensor was stored in the inverted beaker at atmosphere

or 30 days, the current response to 1.0 mM glucose was decreased
y 3.6% of the original current. The repeatability of the current

able 1
omparison of various non-enzymatic glucose sensors.

Electrode Detection potential (V) Sensitivity (�A cm−2 mM−1) 

Cu-CoNSs/CHIT-RGO 0.45 (vs. SCE) 1921 

Cu-CoNSs 0.45 (vs. SCE) 1171 

Cu  NPs/grapheme 0.5 (vs. SCE) 

Cu nanocubes/MWCNTsa 0.55 (vs. Ag/AgCl) 1096 

Cu nanowires/GTEb 0.6 (vs. SCE) 1100 

Cu nanowires–MWCNTs 0.55 (vs. Ag/AgCl) 1995 

CoO nanorods 0.5 (vs. Ag/AgCl) 571.8 

CoOx·nH2O MWCNTs 0.55 (vs. Ag/AgCl) 162.8 

Ni-Co NSs/RGO 0.5 (vs. SCE) 1773.6 

Pt-Co alloy 0.6 (vs. SCE) 

Ni–Cu/TiO2 NTsc 0.6 (vs. Ag/AgCl) 1590.9 

a Multi-wall carbon nanotuber.
b Graphene transparent electrode.
c Nanotube arrays.
s/GCE (2) to successive injection of glucose into the stirring 0.1 M NaOH. (B) The
nce of Cl− , NO2

− , l-leucine and l-methionine. (D) Detection of simulative practical

signal of the same electrode for 1.0 mM glucose was  examined in
0.1 M NaOH. The relative standard deviation (RSD) was 2.0% for six
successive measurements. The electrode-to-electrode repeatabil-
ity was  determined from the response to 1.0 mM glucose at five
different sensors, and a RSD of 7.2% was achieved.

The further detection of glucose under coexistence of fetal
calf serum (FCS) was performed on Cu-Co NSs/RGO-CHIT/GCE by
amperometric measurements at 0.45 V. In brief, the same con-
centration (0.25, 0.5, 1.0 mM)  of FCS samples and glucose were
successive injection into a stirring 0.1 M NaOH (Fig. 6D). The results
demonstrated good accuracy for the real samples. As shown by
the inset table of Fig. 6D, the recoveries of glucose detection were
between 102% and 105%. The RSD was obtained under 5 successive
detections. The results revealed that the practical samples have a
slightly high response current density than glucose, which might
be ascribed to the amino acid found in the FCS. The result indicates
that this sensor is effective in practical applications.
Up to now, many sensors have been developed for the detection
of glucose based on Cu or Co nanomaterials, and all of them have
some advantages and limitations. A comparison of the performance

Linear range (mM)  Detection limit (mmol L−1) Year References

0.015–6.95 0.01 This work
0015–1.21 0.01 This work
Up to 4.5 0.0005 2012 [30]
Up to 7.5 0.001 2010 [51]
0.005–6.0 0.0016 2013 [52]
Up to 3 0.005 2013 [18]
Up to 3.5 0.000058 2011 [20]
Up to 4.5 0.002 2011 [53]
0.01–2.65 0.00379 2013 [54]
0.05–3.0 0.0001 2013 [55]
0.010–3.2 0.005 2013 [56]
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f our newly designed sensor with those already reported in liter-
ture regarding the performance of the glucose assay was  shown
n Table 1. By comparing, it could be clearly seen that the Cu-Co
Ss/RGO-CHIT/GCE offered a reasonable linear range and detection

imit, but the sensitivity was highest and the applied potential was
owest among these sensors. As shown in Fig. 3, the incorporation of
o resulted in the formation of 3D dendritic Cu-Co NSs. The porous
endritic Cu-Co NSs resulted in the large electrode surface area
o facilitate the glucose oxidation and a high sensitivity for glucose
etection. As shown in Fig. 4A, the catalytic current density of Cu-Co
Ss/RGO-CHIT/GCE was largest, indicating bimetallic nanomateri-
ls exhibited better catalytic activities, which could be ascribed to
he 3D dendritic Cu-Co NSs and synergetic effect. Sensitivity is a
ritical index to evaluate the performance of glucose sensor. The
igh sensitivity might be ascribed two aspects. On the one hand,
he RGO improved the conductivity of Cu-Co NSs/CHIT-GO nano-

aterials, which is helpful to electron transfer. On the other hand,
he RGO-CHIT provided a large surface area to increase the quantity
f Cu-Co NSs and also promoted the growth of 3D dendrites struc-
ure. In addition, the doping of Co atoms reduced the redox peaks
otentials of Cu(OH)2 and resulted in a low applied potential for
lucose detection. The Co facilitated the Cu to reach a higher oxida-
ion state during the oxidation process and accordingly promoted
he electron transfer of glucose oxidation. The applied potential for
lectrocatalytic oxidation of glucose played a key role in improving
he selectivity of sensor because the interference could be weaken
t more negative potential.

. Conclusions

A highly sensitive nonenzymatic glucose sensor was  con-
tructed based on the 3D dendritic nanocomposites electrode-
osited on the RGO-CHIT/GCE by potentiostatic deposition method.
he RGO-CHIT improved the conductivity of 3D dendritic Cu-Co NSs
nd the doping of Co resulted in 3D dendritic porous Cu-Co NSs
ith a large specific surface area, which enhanced the electron and
ass transfer. The synergistic effect between Cu and Co resulted in

 good catalytic activity and a low electrocatalytic oxidation poten-
ial for glucose. As a consequence, the as-prepared low-cost glucose
ensor based on the 3D dendritic Cu-Co NSs/RGO-CHIT/GCE exhib-
ted an excellent sensitivity, high stability, and good selectivity. It

as successfully applied to the detection of glucose under coexis-
ence of fetal calf serum. The results demonstrated good accuracy
or the real samples. Overall, this work provides a simple method
or the construction of nonenzymatic sensor for the rapid detection
f glucose.
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