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a b s t r a c t

The electrochemical fructose sensor attracts considerable attention in the food industry and for clinical

applications. Here, a novel fructose biosensor was developed based on immobilization of highly

dispersed CuO–Cu nanocomposites on Graphene that was non-covalently functionalized by sodium

dodecyl benzene sulfonate (SDBS) (denoted briefly as SDBS/GR/CuO–Cu). The structure and morphology

of SDBS/GR/CuO–Cu were characterized by X-ray diffraction (XRD) and scanning electron microscopy

(SEM). The electrochemistry and electrocatalysis were evaluated by cyclic voltammetry (CV). The

fructose sensing performances were evaluated by chronoamperometry (i–t). Those properties were also

compared with that of CuO–Cu. Results revealed the distinctly enhanced sensing properties of SDBS/

GR/CuO–Cu towards fructose, showing significantly lowered overpotential of þ0.40 V, ultrafast (o1 s)

and ultra-sensitive current response (932 mAm M�1 cm�2) in a wide linear range of 3–1000 mM, with

satisfactory reproducibility and stability. Those could be ascribed to the good electrical conductivity,

large specific surface area, high dispersing ability and chemical stability of GR upon being functiona-

lized non-covalently by SDBS, as well as the outstanding cation anchoring ability of SDBS on GR to resist

aggregation among Cu-based nanoparticles during electro-reduction. More importantly, an improved

selectivity in fructose detection was achieved. SDBS/GR/CuO–Cu is one of the promising electrode

materials for electrochemical detection of fructose.

& 2013 Elsevier B.V. All rights reserved.
1. Introduction

Fructose, an insulin-independent monosaccharide, is relatively
abundant in nature in fruits, vegetables, soft drinks and diabetic
foods [1]. Its determination is extremely important for the food
industry as well as in clinical and industrial applications. Several
analytical methods like fluorometric [2], infrared spectroscopy
[3], gas chromatography [4], and so forth have been applied to
quantitatively monitor fructose in samples, and most of them are
time-consuming and non-cost effective [5]. Simple and rapid
detection methods are therefore required. The electrochemical
determination method has recently attracted great attention
because of its inherent advantages, including sensitivity, speed
and miniaturization [6]. The well-known electrochemical biosen-
sors for fructose determination are enzyme based, in which
fructose dehydrogenase (FDH) is immobilized on a supporting
electrode [7,8]. Fructose biosensing by FDH exhibits excellent
ll rights reserved.

fax: þ86 431 85168420.
selectivity and high sensitivity. However, like other enzyme based
biosensors, the chief drawback is that the immobilized FDH easily
lose their activity due to complex immobilization procedures and
changeable microenvironment such as pH and temperature [9].
Therefore, detection of fructose using enzymeless sensors may be
a more attractive strategy. We pioneered the fabrication of an
enzyme-free fructose sensor in a previous report [10]. In this
work, cobalt oxide-doped copper oxide composite nanofibers
(CCNFs) were utilized as the active electrode material to construct
a fructose sensor, which exhibited ultrafast and sensitive current
response. Further exploring novel nanostructured electrode materials
with high catalytic activity and good selectivity to realize direct and
sensitive fructose determination still remains at the forefront of
research.

Graphene (GR), an atomically thin 2D aromatic sheet
composed of sp2-bonded carbon atoms, is attracting considerable
attention in the fields of batteries [11], super capacitors [12],
sensors [13], transistors [14] and so forth [15]. Similar to carbon
nanotubes (CNTs), the main challenge in the applications of
graphene sheets is aggregation through strong p–p stacking and
van der Waals interaction [16]. Dispersed graphene can be
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obtained by covalent and non-covalent functionalization appro-
aches [17,18], in which non-covalent modification by DNA [19],
and polymers [20], especially surfactants [21], often results in a
stable dispersion of GR or CNT in water. And the damage to
structure of the non-covalent modification route is negligible,
which meets the challenge well. In this functionalization strategy,
the surfactants assist the carbon materials dispersing well in
aqueous media, because their charged groups (hydrophilic heads)
attract to water and their alkyl chains (hydrophobic tails) adsorb
on the surfaces of carbon materials [22]. Compared to other
commonly employed surfactants such as sodium dodecyl sulfate
(SDS), sodium dodecyl benzene sulfonate (SDBS) is an anionic
surfactant that can enhance the stability of carbon materials in
water [23,24]. The reason is that p-like stacking of the additional
benzene rings in SDBS onto the surface of graphite increases the
binding and surface coverage of surfactant molecules to graphite
[23]. Zeng et al. recently fabricated stable dispersions of GR by
heating the mixture of graphite oxide, hydrazine and SDBS, and
no sediments were observed for at least two months [25]. Goak
et al. and Wenseleers et al. demonstrated respectively that the
intrinsic nature (purity and defect density) of CNT as well as
amount of surfactants affected the dispersion of CNT in water
[22,26]. Further work on developing stable GR dispersion by SDBS
functionalization for catalysis and sensor application are still
desirable.

Catalyst support plays an important role in the field of
batteries [27], super-capacitors [28], direct alcohol fuel cells
[29], electro-catalysis and sensing devices [30]. They are a class
of materials utilized to load nano-sized functional materials,
such as metals [31] and metal oxides [32], based on their unique
properties such as high surface area, good mechanical resistance
and chemical stability. Among support materials such as titanate
[33], mesoporous silicates [34], metal–organic frameworks [35],
and Graphene [36], Graphene possesses not only a large surface
area and high chemical stability, but also good electrical
conductivity. These unique properties render it a promising
candidate for electrochemical sensor application. For example,
metal/graphene (Au/GR) and metallic oxides/graphene (Co3O4/
GR) exhibited excellent electrocatalytic activity toward O2, H2O2,
Fig. 1. Schematic representation of the preparation
glucose and so forth [37,38]. In this study, a very stable GR
dispersion was prepared by using the SDBS non-covalent
modification strategy, and no sediments were observed for at
least six months. The highly dispersed negative charges on SDBS/
GR were further used to anchor functional metal cations on the
basis of electrostatic self-assembled strategy. Upon electro-
chemical reduction, highly dispersed metal/oxide nanocatalysts
with high electrochemical activity can be anticipated. Here, a
SDBS/GR/CuO–Cu nanocomposite was prepared and attempted as
the electrode material for fabrication of enzymeless fructose
sensor.
2. Experiments

2.1. Reagents

GR was synthesized according to previously reported work
[39]. D-Glucose, ascorbic acid (AA), oxalic acid (OA) and sodium
dodecyl benzene sulfonate were obtained from Shanghai Co.
Fructose, sucrose, maltose, and sodium hydroxide were purchased
from Beijing Chemical Plant. Fructose injection was obtained from
the first hospital of Jilin University. All chemicals were used as
received without further purification. All solutions were prepared
with ultrapure water. Fructose solutions were freshly prepared
before each experiment.
2.2. Apparatus

The crystal structures of the samples were determined using
an X-ray diffractometer (Siemens D5005, Munich, Germany). The
morphologies of samples were viewed by SEM (SHIMADZU SSX-550,
Japan). All electrochemical measurements were accomplished on a
CHI 660A electrochemical workstation (CH instrument, USA). The
SDBS/GR/CuO–Cu modified ITO electrode or CuO–Cu modified ITO
electrode was used as the working electrode. A platinum wire
electrode was applied as the counter electrode and a saturated
calomel electrode (SCE) served as the reference electrode.
of the SDBS/GR/CuO–Cu nanocomposite film.
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2.3. Preparation of SDBS/GR dispersion and SDBS/GR/CuO–Cu

electrode

The SDBS/GR suspension was first prepared by dispersing 2 mg
GR in 1 ml ultrapure water containing 10 mg SDBS, with sufficient
ultrasonication for about 24 h. After storage for at least six
months, the SDBS/GR dispersion was still very homogenous and
stable, as shown in Fig. S1(a). In contrast, the GR dispersion
(Fig. S1b) contains coagulated architectures at the bottom of vial.
After dropping 5 mL of SDBS/GR suspension onto the cleaned ITO
surface, the electrode was dried in air at laboratory temperature.
Finally, the SDBS/GR/CuO–Cu nanocomposite electrode was
prepared by the electrodeposited CuO–Cu nanocomposite onto
the SDBS/GR/ITO slide in 0.05 M Na2SO4þ0.05 M CuSO4 solution
at �0.9 V for 50 s. The preparation of the SDBS/GR/CuO–Cu
nanocomposite is presented in Fig. 1. For comparison, the CuO–Cu
nanocomposite electrodeposited onto an ITO surface without using
the SDBS/GR support was also obtained similarly.
Fig. 3. SEM images of CuO–Cu nanocomposites on ITO (A) and SDBS/GR/ITO (B).

SEM images of SDBS/GR (C).
3. Results and discussion

3.1. Structure and morphology characterization of SDBS/GR/CuO–Cu

nanocomposite

3.1.1. XRD diffraction analysis

To confirm the structure and composition of the samples, XRD
analysis was carried out. The XRD patterns of the resultant
products deposited on SDBS/GR/ITO (a) and ITO (b) substrates
are presented in Fig. 2. All the diffraction peaks in each XRD
pattern coincided well, indicating that the samples possess
similar structure and composition under same deposition condi-
tions. The peaks marked with an asterisk can be assigned to the
Cu (PDF no. 89–2838, space group: Fm-3m), and the others
marked with a circle ring are indexed to the CuO (PDF no.78–
0428, space group: Fm-3m), suggesting a complex copper-based
composite obtained by electrodeposition on the substrates.

3.1.2. SEM characterization

Fig. 3B shows the morphology of electrochemical-confined
copper-based catalysts on SDBS/GR support characterized by
SEM. The spherical shaped catalyst Cu-based nanodeposits
dispersed uniformly and compactly on the surface of SDBS/GR
with an average diameter of around 50 nm were achieved (Fig. 3B
and its inset). While, as shown in Fig. 3A, the morphology of the
Cu-based nanocomposites deposited on the ITO substrate without
the SDBS/GR support was quite different. Large aggregations
comprised of the branched Cu-based deposits with irregular
structures were observed. The SDBS functionalized GR revealed
quite flat sheets, as shown in Fig. 3C. The compact, uniform
Fig. 2. XRD patterns of Cu-based materials on SDBS/GR/ITO (a) and ITO

(b) substrates.
particle size and the good dispersity of copper-based nanospheres
on SDBS/GR were ascribed to the confined electrodeposition of
Cu-based nanocomposites on the negatively charged SDBS
anchoring layer supported by the GR sheet. It is well known that
the microstructure and morphology of nanomaterials have a
profound effect on its physical and chemical properties. In this
work, the oxidation current of fructose at SDBS/GR/CuO–Cu/ITO
was found to be much higher than that of CuO–Cu/ITO, suggesting
an important role of the SDBS/GR support for loading highly
dispersed and small-sized nanocatalysts.

3.2. Electrochemical characterization of SDBS/GR/CuO–Cu

nanocomposites on ITO

3.2.1. Electrochemical activity of SDBS/GR/ITO

Cyclic voltammograms (CVs) of redox probes such as
Fe(CN)3�/4� , can provide important information for evaluating
the electrochemical properties of the electrode materials.
As shown in Fig. 4, the peak difference between anodic and
cathodic peaks (DEp) at the SDBS/GR/ITO electrode is 118 mV
(curve a), which is 11 mV smaller than that of 129 mV at the bare
ITO electrode (curve b). The smaller DEp at the SDBS/GR/ITO



Fig. 4. Cyclic voltammograms obtained at SDBS/GR/ITO (a) and ITO (b) in 1 mM

Fe(CN)6
3�/4�/KCl solution.

Fig. 5. Cyclic voltammograms of the electrodeposited copper on SDBS/GR (a) and

ITO (b) in the potential range from �1.0 V to þ0.8 V in 0.1 M NaOH.
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electrode represents the higher electron transfer rate, due to the
promotion of electron transfer rate by the presence of GR in the
electrode configuration. Furthermore, compared with the bare ITO,
the peak currents of the redox probe at SDBS/GR/ITO increased
about 37%, and the electrochemical active area at SDBS/GR/ITO
estimated from the charge during the redox processes increased up
to 30%, with only 5 ml GR dispersion immobilized on the ITO
surface. The above results suggest an improved electroactivity and
facile charge transfer property of the SDBS/GR/ITO electrode.
Fig. 6. Cyclic voltammograms of the electrodeposited CuO–Cu on SDBS/GR (a) and

ITO (b) in the potential range from 0 V to þ0.8V in 0.1 M NaOH. Inset: enlarged

CVs at CuO–Cu/ITO.
3.2.2. Electrochemical behaviors of SDBS/GR/CuO–Cu on ITO surface

Facile charge transfer, improved electroactivity and highly
negative charged sites of the SDBS/GR support provide an oppor-
tunity for electrochemically confining growth of metal-based
nanocatalysts for sensing application. In this paper, electrodepos-
ited CuO–Cu on the SDBS/GR support was obtained by the
electrodeposition technique. For comparison, CuO–Cu electrode-
posited onto an ITO surface without using the SDBS/GR support
was also prepared under the same deposition conditions. In Fig. 5
(curve a), electrochemical characterization of the SDBS/GR/CuO–
Cu nanocomposite was carried out by cyclic voltammetry in 0.1 M
NaOH aqueous solution. Two anodic peaks, one at �0.32V and the
other at �0.04V were observed during the oxidation process. The
first peak is ascribed to the transition from Cu(0) to Cu(I), while
the second peak is associated with the subsequent conversion of
Cu(I) to Cu(II). Although no apparent wave emerged, it is gen-
erally believed that the formation of Cu(III) is at around þ0.6 V,
which could only be observed at a high concentration of NaOH
[40]. On reversing the scan, the cathodic peak at about þ0.58 V,
corresponding to the reduction of Cu(III) to Cu(II), was observed,
clearly indicating the presence of Cu(III). At about �0.6 V, Cu(II)
was reduced to Cu(I), and the following rapid increase in the
cathodic current at more negative potential was attributed to the
reduction of Cu(I) to Cu(0). The electrochemical characteristics of
SDBS/GR/CuO–Cu were similar to those of copper-titanate inter-
calation materials [41] and CuO nanoflowers [42] as well as other
copper-based electrode materials in literature [43,44]. The
presence of CuO–Cu nanocomposites on SDBS/GR revealed by
electrochemical and XRD characterization demonstrated that the
copper-based electrocatalyst was successfully loaded on the SDBS
functionalized graphene support. For CuO–Cu electrodeposited
similarly onto an ITO surface without SDBS/GR (curve b), very
similar redox processes were found in the same potential range.
However, the redox peak currents (at about �0.02 V) at SDBS/GR/
CuO–Cu electrode were about 2.6 times as large as that at CuO–
Cu/ITO electrode, implying a dramatically high electrochemical
activity of the SDBS/GR/Cu electrode materials.

In order to investigate the electrochemical stability and
oxidation activity of the SDBS/GR/CuO–Cu electrode, the potential
range for voltammetric cycling was selected from 0 to 0.8 V. This
potential range covers the oxidation transition from Cu(II) to
Cu(III) redox couples, which is considered to play a key role in
electro-oxidation of carbohydrate. The electrochemical data is
recorded in Fig. 6(a). With the increase of scanning number, the
oxidation current at SDBS/GR/CuO–Cu remains constant. Conver-
sely, the oxidation current at CuO–Cu/ITO decreases gradually
(Fig. 6b and inset). The above information suggested that SDBS/
GR/CuO–Cu has better electrochemical stability compared to the
contrastive CuO–Cu/ITO electrode. Furthermore, the oxidation
current correlated with the formation of Cu(III) at þ0.6 V at
SDBS/GR/CuO–Cu is about 10 times as large as those of CuO–Cu/
ITO, suggesting that the SDBS/GR/CuO–Cu nanocomposite
possesses high electrochemical oxidation activity.
3.2.3. Electro-oxidation of fructose at SDBS/GR/CuO–Cu electrode

materials

In this work, the electro-oxidation activity of SDBS/GR/CuO–Cu
was evaluated by linear scanning voltammetry (LSV) in alkaline
media by taking fructose as a probe, and compared with that of
CuO–Cu/ITO. The LSV current responses at the above electrodes in
the presence and absence of 0.2 mM fructose are presented in
Fig. 7. Only a small background current was observed at the CuO–



Fig. 7. Linear scanning voltammetry of CuO–Cu/ITO (a and b) and SDBS/GR/CuO–

Cu/ITO (c and d) in 0.1 M NaOH in the absence (a and c) and presence (b and d) of

0.2 mM fructose, respectively.

Fig. 8. CVs of SDBS/GR/CuO–Cu electrode recorded in 0.1 M NaOH in presence of

0 mM, 0.2 mM, 0.4 mM, 0.6 mM, 0.8 mM, 1.0 mM and 1.2 mM fructose, respectively.

Fig. 9. Plots of oxidation current density (a) and signal-to-background ratio (b) to

the applied potential at SDBS/GR/CuO–Cu film electrode obtained by

chronoamperometry.
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Cu/ITO electrode in alkaline media (curve a), while a dramatic
increase of current signal toward the positive end of the potential
range was seen at SDBS/GR/CuO–Cu (curve c), which is ascribed to
the role of GR in the increase of electroactivity at the composite
electrode materials. In the presence of fructose, no obvious
oxidation peak current is observed at the CuO–Cu/ITO electrode
(curve b), suggesting the direct oxidation of fructose at the CuO–
Cu/ITO electrode was not ideal. On the contrary, a significant
increased oxidation peak of fructose at ca. þ0.42 V (vs. SCE) was
observed at SDBS/GR/CuO–Cu (curve d), indicating a high electro-
oxidation ability of the SDBS/GR/CuO–Cu nanocomposite. The
oxidative current of fructose at the SDBS/GR/CuO–Cu electrode
was 6 times as large as that at the CuO–Cu/ITO electrode, which
evidently demonstrated the advantages of SDBS functionalized GR
support for CuO–Cu loading. These results indicate that the SDBS/
GR/CuO–Cu nanocomposite is more active for fructose electro-
oxidation than CuO–Cu, which only deposits on the ITO surface.

The concentration dependence of electrochemical activity of
the SDBS/GR/CuO–Cu nanocomposite electrode toward oxidation
of fructose was also studied. Fig. 8 shows the CVs of the SDBS/GR/
CuO–Cu electrode recorded in 0.1 M NaOH in the absence and
presence of 0.2 mM, 0.4 mM, 0.6 mM, 0.8 mM, 1.0 and 1.2 mM of
fructose. The oxidation of fructose starts when the potential is
more than 0.23 V, and an obvious oxidation peak is even observed
at a low concentration of fructose such as 0.2 mM, suggesting a
highly sensitive current response towards fructose oxidation.
Interestingly, with the increase of fructose concentration, the
oxidation peak potential was positively shifted from þ0.42 V to
þ0.50 V. The reason is that the electron-transfer in the process of
carbohydrate oxidation at the Cu-based nanoparticle surface was
kinetically controlled [45]. As the fructose concentration increases,
larger overpotential was needed to remove the adsorbed inter-
mediates from the fructose oxidation, and the released active sites
were available for further oxidation of fructose. With the increase
of fructose concentration from low to high, another phenomenon
seen is that the anodic peak current increases linearly, whereas the
cathodic peak current decreases gradually, implying the possibility
for quantitative determination of fructose using the as-prepared
SDBS/GR/CuO–Cu electrode.
3.3. Amperometric performance of SDBS/GR/CuO–Cu in fructose

determination

3.3.1. Optimum conditions

For a low detection limit and neglectable interference from
other species, the choice of the detection potential is necessary for
fructose detection. The amperometric current response of
0.15 mM fructose in a stirring electrolyte solution at the SDBS/
GR/CuO–Cu nanocomposite electrode was measured at a constant
interval of 0.05 V from þ0.20 V to þ0.65 V (Fig. 9). With the
oxidation potential positively shifted, the oxidation current of
fructose clearly increased. However, the S/B ratio initially kept on
rising with potential, reached the topmost value at þ0.40 V, and
decayed while the potential positively shifted due to the increase
in the baseline current at a higher potential. Thus, a constant
potential of þ0.40 V was selected and employed for all the
subsequent amperometric detection.
3.3.2. Amperometric analysis

Amperometric analysis of fructose was carried out at the SDBS/
GR/CuO–Cu nanocomposite electrode (Fig. 10, curve a) at þ0.40 V
by successive injection of fructose to 0.1 M NaOH. For compar-
ison, the performance of the CuO–Cu/ITO electrode (Fig. 10, curve
b) was also examined. From inset figures A and B, ultrafast current
response (o1 s) and good linearity toward fructose was observed
at the SDBS/GR/CuOoCu electrode in comparison with CuOoCu/
ITO. The linear range of fructose is from 3 to 1000 mM with the
ultra-high sensitivity of 932 mAm M�1 cm�2, and the linear
regression equation is Ipa¼149.1CFruþ0.16498 (R¼0.994).

In addition, the reproducibility and stability of the SDBS/GR/
CuO–Cu nanocomposite electrode were also evaluated. The RSD of
steady-state current response for five individually repetitive tests
for 0.1 mM fructose was 3.5%, confirming a good reproducibility
of the electrode. The current response decayed by 6.1% after six
months storage, demonstrating a long-term storage stability of
the electrode. The high stability and reproducibility of the SDBS/
GR/CuO–Cu electrode in fructose determination may result from
the high dispersity of SDBS/GR and Cu-based nanocatalysts that
confined by the negatively charged SDBS.



Fig. 10. Chronoamperometric responses of SDBS/GR/CuO–Cu (a) and CuO–Cu/ITO

(b) in 0.1 M NaOH on injecting of fructose at þ0.4 V. Inset A: enlarged chron-

oamperometric curves for clearly observing response time. Inset B: amperometric

response to fructose concentration.

Fig. 11. Selectivity study for same concentration of fructose, glucose, sucrose and

maltose at CuO–Cu/ITO and SDBS/GR/CuO–Cu electrodes, respectively.

Table 1
Comparison of the performances of SDBS/GR/CuO–Cu electrode with some other

relevant ones.

Electrode
configuration

Type Sensitivity
(mAm M�1

cm�2)

Linear range Response
time (s)

Reference

FDH–Pt Enzyme 8.78 3–13 mM ca 25 [46]
FDH–CNT Enzyme 3.04 5 mM–2 mM – [50]
FDH–Au Enzyme 19.17 2–100 mM – [51]
FDH–Fc–CA Enzyme 0.82 – 45 [52]
CuO/Co3O4 NFs Non-

enzyme
268.7 10 mM–

6 mM
1 [10]

SDBS/GR/
CuO–Cu

Non-
enzyme

931.8 3–1000 mM o1 This work
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3.3.3. Interferential analysis

Possible interfering species such as ascorbic acid (AA), oxalic
acid (OA), ethanol and so forth were examined. Results in Table S1
revealed that ethanol, OA, and NaCl did not cause any observable
interference to the designated concentration of fructose, whereas
AA had a little interference effect to fructose. However, ascorbic
acid is only 2–3% of the concentration of fructose in samples such
as citrus juice [46]. Consequently, its interference can be ignored
in the analysis of these samples.

The response of the developed fructose sensor to other sugars
(e.g. glucose, sucrose and maltose) was also investigated. In this
study, the concentrations of all sugars including fructose were all
0.1 mM. As shown in Fig. 11, the SDBS/GR/CuO–Cu nanocompo-
site electrode indeed promotes the oxidation of all sugars to a
higher extent compared to the CuO–Cu/ITO electrode, attributed
to the improved electroactivity of the SDBS/GR/CuO–Cu by Cu-
based catalyst confining on SDBS/GR support. More importantly,
one can obviously see from the data that the ratio of glucose
oxidation current to fructose oxidation current decreases from
93% at CuO–Cu/ITO electrode to 33% at the SDBS/GR/CuO–Cu
electrode, suggesting the dramatically improved selectivity at
SDBS/GR/CuO–Cu electrode materials. The main reason for the
specificity of SDBS/GR/CuO–Cu may be ascribed to (a) GR or (b)
SDBS. However, by referring related literature [47–49], the metal/
graphene (Cu/GR and PtNi/GR), metal oxides/graphene (Co3O4/GR
and CuO/GR) and metal hydroxides/graphene (Ni(OH)2/GR) nano-
composites all exhibited good specificity for glucose oxidation. GR
seems not the key component serving for fructose selectivity in
the SDBS/GR/CuO–Cu electrode. And the main reason for the
SDBS/GR/CuO–Cu electrode differing from CuO–Cu may be related
with SDBS. Along this line of thought, additional experiment was
carried out by fabricating SDBS onto the CuO–Cu nanocomposite
and measuring the respective electro-oxidation current of fruc-
tose and glucose. From Fig. S2, one can see that fructose oxidation
current is about 2.4 times of glucose, indicating the specificity of
SDBS functionalized electrode towards fructose. This selectivity
may relate with the unique molecular structure of SDBS and its
functional groups, which may provide favorable microenviron-
ment to interact with the D-fructose molecule.

A comparison of the performances of the SDBS/GR/CuO–Cu
electrode with some other relevant sensors is presented in
Table 1. It can be seen that the proposed sensor exhibits superior
characteristics in terms of ultrahigh sensitivity, ultrafast response
and wide linear range.
3.3.4. Real sample analysis

In order to evaluate the applicability of the prepared sensor,
fructose injections used usually by diabetic and chronic liver
disease patients were selected as real samples for analysis. Prior
to measurements, the sample was diluted to 100 times with
water without any treatment. And the determinations were
performed at þ0.4 V in 5 ml 0.1 M NaOH and the results are
listed in Table S2. The values determined were satisfactory with a
good recovery. Furthermore, the results of this biosensor also
agreed well with the data obtained by the Fructose assay kit, a
well-established method for fructose determination, indicating
the accuracy of this method.
4. Conclusion

A Graphene aqueous solution with good dispersion (no sedi-
ments observed for at least six months) was obtained based on a
non-covalent modification strategy by attracting the charged
groups of SDBS to water and adsorbing the alkyl chains on the
surface of GR. Highly negative charged site, facile charge transfer
ability and large surface area of the SDBS/GR support are expected
to provide an opportunity for electrochemically confined growth
of nanosized metal/oxide catalysis for sensing application. Highly
compact and uniformly dispersed CuO–Cu nanocomposites were
electrogenerated on SDBS/GR in this study; its electrochemical
activity for fructose oxidation was greatly enhanced in compar-
ison with that of CuO–Cu/ITO. Assay performances towards
fructose at SDBS/GR/CuO–Cu were significantly improved with
low detection potential, ultrafast and sensitive current response,
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as well as improved selectivity, implying one of the promising
electrode materials in sensor fabrication.
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