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a b s t r a c t

In this paper, a novel nonenzymatic glucose voltammetric sensor based on a kind of nanocomposite of gold
nanoparticles (GNPs) embedded in multi-walled carbon nanotubes (MWCNTs)/ionic liquid (IL) gel was
reported. The surface morphology of this nanocomposite was characterized using X-ray photoelectron
spectrometer (XPS), scanning electron microscope (SEM) and transmission electron microscope (TEM),
respectively. It can be found that most of GNPs lie close to the ektexine of MWCNTs and the others have
obviously inserted the inner of MWCNTs through the defects or ends of MWCNTs, due to the attraction
between GNPs and MWCNTs as well as the repulsion between GNPs and IL. Voltammetry was used to
evaluate the electrocatalytic activities of the nanocomposite biosensor toward nonenzymatic glucose
oxidation in alkaline media. The GNPs embedded in MWCNTs/IL gel have strong and sensitive voltam-
metric responses to glucose, owing to a possible synergistic effect among GNPs, MWCNTs and IL. Under
arbon nanotubes
onic liquid

the optimal condition, the linear range for the detection of the glucose is 5.0–120 �M with the correla-
tion coefficient of 0.998, based on the oxidation peak observed during cathodic direction of the potential
sweep. The kinetics and mechanism of glucose electro-oxidation were intensively investigated in this
system. This kind of nanocomposite biosensor is also highly resistant toward poisoning by chloride ions
and capable of sensing glucose oxidation in the presence of 20 �M uric acid and 70 �M ascorbic acid. This
work provides a simple and easy approach to the detection of glucose in body fluid with high sensitivity

and excellent selectivity.

. Introduction

Since Clark and Lyons reported the first enzyme electrode in
962, a variety of experimental improvements on the enzyme-
ased electrochemical sensors have been reported [1,2]. The
istorical advances in the development of enzyme-based elec-
rochemical glucose sensors commenced with Updike and Hicks
eporting the first enzyme-based amperometric glucose sensor in
967 [3]. The glucose sensors of the first and the second genera-
ion employ oxygen and artificial mediators as an electron mediator
etween glucose oxidase and electrode surface, respectively, while
he third generation is based on the strategy of the direct electron
ransfer between enzyme and electrode. But the most common and
erious problems with enzymatic glucose sensors are insufficient
ong-term stability and unsatisfactory reproducibility originating

rom the nature of the enzymes as well as the activity of the immo-
ilized enzymes [4]. As a result, the nonenzymatic glucose sensor
eeps coming closer to practical applications than enzymatic one.

∗ Corresponding author. Tel.: +86 10 62757953; fax: +86 10 62751708.
E-mail address: zwzhu@pku.edu.cn (Z. Zhu).

039-9140/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2009.06.010
© 2009 Elsevier B.V. All rights reserved.

However, the nonenzymatic direct oxidation of glucose on some
traditional electrodes including C, Cu, Ni, Fe, Pt and Au electrodes
has also two key problems, one is the low sensitivity due to the
sluggish kinetics of glucose electro-oxidation that bring about poor
faradic response, the other is the poor selectivity resulting from
both chemisorbed intermediates that block the electroactive sur-
face, and various endogenous species such as ascorbic acid and
uric acid that can also be oxidized in the potential range of glu-
cose oxidation. Basically, roughness of nanoscopic dimensions can
be used to selectively enhance the faradic current of a sluggish
reaction. Based on this principle, Park et al. [5] constructed meso-
porous structures on the surfaces of pure platinum electrodes
responding more sensitively to glucose than to common interfering
species. With new nanomaterials being reported continually in this
nanoera, the development of nonenzymatic glucose sensor can be
accelerated by the application of nanomaterials [4].

Of all the nanomaterials, metal nanoparticles and carbon nan-
otubes (CNTs) are of great interest for nonenzymatic glucose sensor

because of their extraordinary physicochemical characteristics. For
example, GNPs [6,7], nanoporous platinum [8], and highly ordered
platinum-nanotubule [9] have been used for direct glucose sensing.
Nanoporous Pt–Pb networks [3], Au–Pt alloy nanoparticles [10] and
homogeneously bimetallic AumAg100-m nanoparticles [11,12] have
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Prior to use, a GCE with a diameter of 4 mm was polished
with 0.05 �m alumina slurry, and then washed ultrasonically in
distilled water and ethanol for a few minutes, respectively. After
that, the well-polished GCE was coated by casting 2.0 �L of the as-

Table 1
The compositions of nanocomposites and their XPS characterization results.

Nanocomposite code

a b c d e

Compositions
GNPs (mL) 4 – 4 4 4
MWCNTs (mg) 10 10 – 10 1
IL (mg) 100 100 100 – 10
H. Zhu et al. / Talan

lso showed improvements in electrocatalytic activity for glucose.
n addition, since CNTs were used to directly detect oxidation of
lucose in 2004 [13], freestanding single-wall CNTs [14] and re-
tructured CNTs forest [15] have found applications in constructing
ighly sensitive, stable, and fast response glucose sensors.

The performance of biosensors for sensitive and selective detec-
ion of glucose has been constructed by incorporating catalytic

etal or alloy nanoparticles such as highly dispersed Pt nanopar-
icles [16], BO nanoparticles [17], Cu nanoclusters [18], Pt–Pb alloy
anoparticles [19] and even MnO2 [20] to CNTs. Actually, the so-
alled bucky gel not like ordinary organogels or hydrogels, that is
kind of mixture of CNTs and room-temperature IL, discovered by

ukushima in 2003 [21], can also be used to detect glucose directly
22], but the sensitivity with the detection limit of 1.0 mM is still a
roblem. However, because IL has some advantages such as wide
otential windows, good conductivity and fine chemical stability,
he most important is that it can be designed by choosing specific
ations and anions to meet specific requirements, the bucky gel
as captured the attention of the analysts in different analytical
pplications [23–30]. Since GNPs have been successfully used to
ecorate CNTs for glucose sensing in attempts to improve sensor
erformance, the addition of it to bucky gel may be worth of trying.
urthermore, Wang’s research results indicate that modification of
WCNT with IL and GNPs could play an important role in increasing

he electrocatalytic activity of MWCNT to oxygen [31]. So the moti-
ation for this study is derived primarily from the anticipation of
synergistic electrocatalytic benefit to glucose from the combined
roperties of nanocomposite made of GNPs, MWCNTs and IL. In this
eport, a novel nonenzymatic glucose voltammetirc sensor based
n this nanocomposite was prepared and characterised. Compared
ith other similar sensors, it has higher sensitivity and better selec-

ivity owing to intrinsic synergistic effect of this nanocomposite. For
xample, the detect limit of 2.0 �M is better than some reference
eports [7,32]. Actually, each constituent in this nanocomposite
lays a key role in sensing glucose. In brief, GNPs are the cores of this
anocomposite, surrounded by MWCNTs as support for GNPs. IL
cts as bridges connecting GNPs/MWCNTs one another with bucky
el as platform for the whole nanocomposite.

. Experimental

.1. Materials

d-Glucose and hydrogen tetrachloroaurate (III) trihydrate
HAuCl4·3H2O, 99.9%) were purchased from Sigma–Aldrich.
odium citrate and uric acid (UA) were used as received from
erck. l(+)-Ascorbic acid (AA) was purchased from Northeast Phar-
acy Institute of China. The MWCNTs with mean diameter of about

0 nm were obtained from the Tsinghua University of China as gifts.
hey were produced by catalytic chemical vapor deposition (CCVD)
ethod, and the details of synthesis were reported elsewhere

33,34]. The ionic liquid of 1-(4-sulfonylbutyl)-3-methylimidazole
exafluorophosphate was provided by Lanzhou Institute of Chemi-
al Physics as gift, and the details of synthesis method were reported
35]. The purities of MWCNTs and IL are both more than 99%. Triply
istilled water was used to prepare all solutions. Highly purity
itrogen was used for deaeration. All other chemicals were ana-

ytical grade and were used as received from commercial sources.
he human blood serum was obtained from Campus Hospital of
eking University.
.2. Apparatus

The XPS were recorded on a AXIS Ultra X-ray photoelectron
pectrometer, using monochromatized Al K� X-ray as the excita-
(2009) 1446–1453 1447

tion source and choosing C 1s (284.6 eV) as the reference (Kratos,
UK). The SEM measurements were performed on a Strats DB235 FIB
scanning electron microscope (Phlips-FEI, USA). The TEM images
were obtained using Tecnai F30 transmission electron microscope
(Phlips-FEI, Holland). Electrochemical measurements were per-
formed with a CHI 660C electrochemical workstation (Shanghai,
China). A standard three-electrode electrochemical cell was used.
The electrode assembly consisted of a bare or a “thick” or a “thin”
glassy carbon electrode (GCE) as the working electrode, a platinum
wire as the counter electrode and Ag/AgCl (3 M KCl) as the reference
electrode. The potential in all figures are indicated relative to this
reference electrode. All solutions were deaerated with highly puri-
fied nitrogen before electrochemical measurements, and nitrogen
was passed over the top of the solution during the experiments. All
measurements were conducted at room temperature (25 ± 2◦C).

2.3. Preparation of GNPs solution

GNPs were prepared based on Frens’ method [36]. Briefly, 15 mL
of 38.8 mM sodium citrate was rapidly added into 150 mL of boiled
1 mM aqueous solution of HAuCl4 under intensive stirring. The solu-
tion was boiled for several minutes until its color was changed from
yellow to colorless, then dark blue, dark red and finally red wine
color. At this moment the solution was cooled. The obtained sus-
pension of GNPs was stored at room temperature and used within
several days. The concentration of this prepared GNPs solution was
about 1 mM, and their mean diameter estimated by SEM was about
10 nm.

2.4. Preparation of nanocomposites

It is difficult for GNPs to be dispersed well in ordinary bucky
gel like MWCNTs/IL of 1-octyl-3-methylimidazolium hexafluo-
rophosphate we used previously [25]. For solving this problem,
carboxylated MWCNTs and water-soluble IL of 1-(4-sulfonylbutyl)-
3-methylimidazole hexafluorophosphate were used to prepare new
bucky gel. Strictly, this gel should be called bucky solution because
of its good solubility. The preparation method used in carboxylating
MWCNTs is similar to the report [37]. Nanocomposite a was pre-
pared by adding 4 mL of GNPs solution and 10 mg of MWCNTs into
100 mg of IL with ultrasonic agitation for 10 min. For comparative
investigations, nanocomposites b–e without GNPs or MWCNTs or
without IL in them were prepared based on similar method. Table 1
shows the compositions of those nanocomposites.

2.5. Fabrication of electrochemical sensor
H2O (mL) – 4 – – –
Real Au content (%) 0.7 0 0.8 7 7

XPS
Apparent Au content (%) 0 0 0.2 0 0.1
Imine N fraction in total N of IL (%) 92 92 86 – 62
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ig. 1. N 1sa–b XPS patterns of nanocomposites containing IL. (a) GNPs/MWCNTs/
able 1 in detail.

repared nanocomposite or 2.0 �L of the diluted nanocomposite
olution, and dried under an infrared lamp. The coating amount
f nanocomposite has proven to play a key role in sensing different
oncentrations of glucose electro-oxidation. For convenience in dis-
ussion, “thick” and “thin” GCE were denominated corresponding
o the coating amount being 100% and 5% of the prepared nanocom-
osite, respectively.

. Results and discussion

.1. Characterization of nanocomposites

The prepared nanocomposites were characterized by XPS, SEM
nd TEM, respectively. Table 1 shows their compositions and XPS
haracterization results in detail. From the XPS patterns (Fig. 1),
he noticeable phenomena are related to detectable amounts of Au
nd N in nanocomposites. For example, the apparent Au contents
about 0.1%) in nanocomposites d and e are much lower than their
eal values (7%). Though the limited detection range of XPS can-
ot be neglected, it still implies that the most of GNPs have been
idden. Obviously, the inner of MWCNTs should be the likeliest bur-
ow for GNPs with mean diameter of 10 nm. The following SEM and
EM images would support such a hypothesis that some of GNPs
an be embedded into MWCNTs. As shown in Fig. 1, the prepared
anocomposites containing IL (except nanocomposite d) include
wo types of N: amine and imine, corresponding to the XPS binding
nergy located at 401 and 399 eV, respectively. The pi-pi conjuga-
ion between imidazole ring in IL and MWCNTs facilitates the N

onversion from amine to imine [22], which makes imine N fraction
n total N of IL increase from 86% (nanocomposite c) to more than
0% (nanocomposites a and b). However, large quantities of GNPs
lay a negative role in this kind of conversion, and their presence
akes imine N fraction decrease rapidly to 62% (nanocomposite
MWCNTs/IL; (c) GNPs/IL; (e) GNPs/MWCNTs/IL containing much more GNPs. See

e). These results indicate that there are interactions among GNPs,
MWCNTs and IL.

These nanocomposites’ typical morphologies are shown in
Figs. 2 and 3. From SEM and TEM images of nanocomposite b, it can
be found that IL as a good dispersant makes entangled MWCNTs
untangled. GNPs in nanocomposite a cannot be clearly observed by
SEM in either 100 nm or 50 nm scale. In contrast, the SEM image
of nanocomposite e shows large quantities of GNPs because the
amount of Au in nanocomposite e almost decuples nanocomposite
a. If no MWCNTs in nanocomposite like nanocomposite c, almost all
of GNPs aggregate, which implies the repulsion interaction between
GNPs and IL. As far as nanocomposite d without IL is concerned, its
SEM image shows GNPs attach to the outer wall of MWCNTs due to
attraction.

Compared with SEM, TEM can provide clearer information
regarding the surface morphologies of these nanocomposites. From
the TEM images of nanocomposites a and e, it can be found that
most of GNPs attach to the outer wall of MWCNTs and that some are
embedded into the inner of MWCNTs. In the absence of MWCNTs,
GNPs aggregate altogether like “islands” in the ocean of IL. While in
the absence of IL, GNPs attach to the outer wall of MWCNTs.

Based on the above results, the following conclusions can be
drawn: First, entangled MWCNTs are dispersed well in IL owing to
the pi-pi conjugation between imidazole ring in IL and MWCNTs.
Second, the synergetic effects including repulsion between GNPs
and IL as well as attraction between GNPs and MWCNTs, make most
of GNPs attach to the outer wall of MWCNTs and some of GNPs be

embedded into the inner of MWCNTs.

Fig. 4 shows the schematic illustration of nanocomposite a
(GNPs/MWCNTs/IL). Each component has its specific function.
Meanwhile, there are complicate interactions among them. In brief,
GNPs are regarded as cores of nanocomposite, MWCNTs as support
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ig. 2. SEM images of the nanocomposites. (a) GNPs/MWCNTs/IL with different ma
uch more GNPs.

or GNPs, IL as bridge connecting GNPs/MWCNTs one another and
ucky gel as platform for the whole nanocomposite. This makes
ossible the application of such a nanocomposite for glucose anal-
sis.

.2. Characterization of nanocomposites electrochemical sensor

Though nanocomposite a is a water-soluble composite, the sta-
ility of GCE modified with it is very good in alkaline media (more
han 12 h). This phenomenon differing from expectation implies

hat this kind of GNPs-embedded bucky solution still has excel-
ent adhesion to GCE. The electrochemical impedance spectroscopy
EIS) can give useful information of the impedance changes on
he electrode surface before and after modification. Basically, the
IS includes a semicircular part at higher frequencies and a lin-
tions; (b) MWCNTs/IL; (c) GNPs/IL; (d) GNPs/MWCNTs; (e) GNPs/MWCNTs/IL with

ear part at lower frequencies, which correspond to the electron
transfer limited process and the diffusion process, respectively.
Additionally the diameter of semicircular is equivalent to the charge
transfer resistance (Rct). The results of EIS show the significant
differences between the bare GCE and modified electrode in the
presence of equimolar [Fe(CN)6]3−/4−. The semicircular for the bare
GCE cannot be observed due to very low Rct. After GCE was mod-
ified by GNPs/MWCNTs/IL nanocomposite, Rct increased markedly
to 125 �. It seems to indicate that the coated nanocomposite film
acts as a barrier and blocks interfacial charge transfer. Actually,

this Rct value of 125 � is much lower than ordinary modified elec-
trode, which means GNPs/MWCNTs/IL nanocomposite has good
conductivity. Together with their good biocompatibility, this fur-
ther makes possible the application of such a nanocomposite for
glucose sensing.
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.3. Electrochemical behavior of glucose at the prepared
anocomposite GCE
Voltammetric methods were used to investigate and compare
he catalytic activities of the as-prepared nanocomposite GCE to
lucose electro-oxidation. From the cyclic voltammograms (CVs)
f the prepared MWCNTs/IL (nanocomposite b) GCE and GNPs/IL
tions; (b) MWCNTs/IL; (c) GNPs/IL; (d) GNPs/MWCNTs; (e) GNPs/MWCNTs/IL with

(nanocomposite c) GCE measured in 0.02 M NaOH solution in the
absence or the presence of glucose, no other obvious redox peak

appears at GNPs/IL GCE except a small reduction peak at about
−0.40 V after the concentration of glucose is increased to 0.3 mM.
The similar reduction peak can also be observed at MWCNTs/IL
GCE. Based on our previous results, this small but clear reduction
peak should be due to the reduction of the oxidized products of
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Fig. 4. Schematic illustration of

lucose (gluconic acid or its derivatives) [22]. Unfortunately, its low
ensitivity is not available for glucose analysis.

The addition of GNPs into MWCNTs/IL would bring about great
hanges of the redox of glucose because that may take advantage of
igh surface area and good electrocatalytic activity of both MWC-
Ts and GNPs. Two alkaline solutions (0.02 M and 0.1 M NaOH) in

avor of glucose oxidation were chosen as supporting electrolyte
o investigate electrochemical behavior of glucose at the prepared
NPs/MWCNTs/IL GCE. As shown in dashed curve of Fig. 5A, the
V curve of “thick” GCE measured in 0.02 M NaOH demonstrates
ypical gold oxidation/reduction behavior usually associated to for-

ation and reduction of gold oxide [7], which corresponds to Pa3
t 0.550 V and Pc at 0.083 V, respectively. In the presence of glu-
ose, besides two additional oxidation peaks (Pa1 at −0.265 V and
a2 at 0.148 V) appearing in the anodic potential sweep, another
xidation peak showing much more pronounced glucose oxidation

urrents appears at 0.091 V (P ′

a) during the potential sweep in the
athodic direction (Fig. 5, curves b–f). Obviously, this peak is over-
apped with the reduction peak of gold oxide (Pc). However, the
eak currents were found to be linearly dependent on the glucose

ig. 5. CVs in the absence (dashed curve) or the presence of glucose (solid curve) at “thic
.1 M NaOH solution. The concentration of glucose (mM): (a) 0; (b) 0.1; (c) 0.5; (d) 1.0; (e)
omposite a (GNPs/MWCNTs/IL).

concentration ranging from 0.050 mM to 2.0 mM with the corre-
lation coefficient of 0.996. This linear dependency can be used as
calibration for analytical application.

Kurniawan et al gave the physical reason for the appearance of
oxidation peak during cathodic direction of the potential sweep by
investigating the electrical blockage of the electrode surface by non-
conductive gold oxide forming at higher potentials [7]. This effect
may be much more significant due to the introduction of GNPs,
because formation of insulating gold oxide on GNPs surfaces leads
to longer tunneling distance and therefore to higher resistance. As
far as GNPs/MWCNTs/IL system is concerned, the case is a bit dif-
ferent from the above. In spite of poor conductivity of gold oxide,
good conductivities of MWCNTs and IL would not bring about obvi-
ous increase of resistance, as indicated by EIS experiment. In fact,
the catalytic effect of the GNPs mixed in the bucky gel can also
be rationalized by considering the incipient hydrous oxide/adatom

mediator model [32,38]. The electro-oxidation of glucose strongly
depends on the number of active GNPs, and the untangled MWCNTs
owing to the existence of IL can lead to dramatical augmentation
of the number. The microenvironment consisting of GNPs, MWC-

k” GCE. Scan rate: 100 mV/s. Supporting electrolyte: (A) 0.02 M NaOH solution; (B)
1.4; (f) 1.8.
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oncentration of glucose (�M): (a) 0; (b) 5.0; (c) 15; (d) 35; (e) 55; (f) 75; (g) 9
oncentrations of glucose at “thin” GCE.

Ts, IL and alkaline media is propitious to the redox of glucose.
he Pa1 shown in Fig. 5 should result from the electrosorption of
lucose to form adsorbed intermediate, releasing one proton per
lucose molecule. With the accumulation of the intermediates in
he nanocomposite, the further oxidation of glucose is inhibited
ecause the most of active GNPs being occupied. However, with
he potential moving to more positive values, formation of OHad
ccurs by the partial discharge of OH−, which can promote the oxi-
ation of those poisoning intermediates. Free and active GNPs are
eleased for the direct oxidation of glucose and the Pa2 is formed.

hen the potential moving to more than 0.37 V, the Pa3 shows up
ue to the oxidation of gold to gold oxide, followed by the decrease

n number of active GNPs. In the reverse potential sweep, with
he reduction of gold oxide (Pc), in an instant a great deal of free
ctive GNPs are formed once again, which dramatically facilitates
he direct oxidation of glucose, resulting in a sharp oxidation peak
P′

a).
Compared with Fig. 5A, the CV signals observed in 0.1 M NaOH

olution are essentially different (Fig. 5B). More basic condition
auses shifts of all peak potentials toward negative direction. In
hree oxidation peaks concerning glucose, only P ′

a still keeps sharp
eak shape but a slight decrease of peak current, while Pa1 shows
eak peak current and Pa2 disappears. More interestingly, an addi-

ional reduction peak (P ′
c) appears at about −0.45 V, which should

e due to the reduction of the oxidized products of glucose (glu-
onic acid or its derivatives), because this peak is only apparent
n the presence of glucose. Obviously, its sensitivity is better than
he one observed with GNPs/IL GCE or MWCNTs/IL GCE. We sup-
ose that more basic media has more effects on the oxidation of
old than glucose. This means less active GNPs are available for
he electro-oxidation of glucose, resulting in low oxidation peak
urrents of glucose.

The thickness of the nanocomposite coating film has great
mpact on the electrochemical properties of GNPs/MWCNTs/IL GCE.
f “thin” GCE being used to investigate the electrochemical behavior
f glucose as indicated in Fig. 6, more basic media would be cho-
en as the optimal condition for detection of low concentrations
f glucose. Unlike “thick” GCE, thinner nanocomposite coating film

an bring about more effectively active GNPs owing to the expo-
ure of free GNPs. Meanwhile, stronger basic condition is propitious
o removal of the oxidation products of glucose like glucolactone
rom the nanocomposite. Glucolactone can be hydrolyzed under
his condition, and this hydrolysis further promotes the recovery of
. Supporting electrolyte: (A) 0.02 M NaOH solution; (B) 0.1 M NaOH solution. The
115. Inset: voltammograms with correction of background current for different

active GNPs in an instant, resulting in more sensitive glucose oxida-
tion peak current (P′

a) shown in Fig. 6B. On the contrary, gentle basic
condition has no obvious effect on the electro-oxidation of low con-
centration of glucose. As shown in Fig. 6A, during cathodic direction
of the potential sweep no oxidation peak can be observed except
the reduction peak of gold oxide (Pc). The inset shows the voltam-
mograms in 0.1 M NaOH solution for different concentrations of
glucose after correction of background current. The corrected peak
currents are linearly dependent on the glucose concentration rang-
ing from 5.0 �M to 120 �M with the correlation coefficient of 0.998.
The detect limit is found to be as low as 2.0 �M based on the signal-
to-noise ratio of 3. This linear dependency can be used as calibration
for high-sensitivity analytical application of glucose.

The corrected peak currents of P ′
a increase linearly with the

square root of the scan rate in the range of 0.01–0.6 V/s. After wash-
ing the electrode with a large amount of triply distilled water and
afterwards putting it in a blank solution (0.1 M NaOH), no oxidation
peak appears in the negative potential sweep. These results show
that glucose is hardly adsorbed at the surface of “thin” GCE and that
the electrode reaction is controlled by the diffusion of glucose in the
solution. Meanwhile, this also indicates that the faradic response of
a sluggish reaction like glucose oxidation would be significantly
improved by the GNPs embedded in MWCNTs/IL bucky gel. On the
other hand, the corrected peak potential of P ′

a is affected strongly by
the reduction peak potential of gold oxide (Pc). It is reasonable that
the peak potential of Pc is followed by P ′

a as the oxidation of glu-
cose is based on free GNPs. With the increase of potential scan rate,
both the peak potentials of P′

a and Pc move to more negative val-
ues, while the peak current of P′

a first increases and then decreases
after its peak potential below 0 V. It can be explained by the fact
that when the potential is below around 0 V, the second oxidation
of glucose corresponding to Pa1 would not occur, hence low peak
current would be observed.

3.4. Voltammetric detection of glucose by “thin” GCE

There are many reports regarding amperometric sensing appli-
cations of glucose by measuring current response at a fixed

potential and within a certain time after adding the analyte and
possible interfering species [3,16,32]. In this paper, voltammetric
response of “thin” GCE in 0.1 M NaOH solution has been regarded
as the optimal mode for the high-sensitivity detection of glucose in
body fluid. In order to verify the performance of this nonenzymatic
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Table 2
Experimental results for the determination of glucose in human blood serum.

No. Glucose spiked (mM) Glucose found (mM) Recovery (%)
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lucose voltammetric sensor based on “thin” GCE, some possible
nterfering species like AA, UA and Cl− were added into sample solu-
ion. Based on our experiments, the presence of 70 �M AA, 20 �M
A and 40 �M Cl− doesn’t interfere in the detection of 40 �M glu-
ose by standard of decrease in peak current response lower than
%. The normal physiological level of glucose (3–8 mM) in serum

s much higher than those of AA (0.1 mM) and UA (0.02 mM), also
igher than Cl− (2.7 mM). Additionally, the fact that the peak of glu-
ose oxidation is observed at the cathodic direction of the potential
weep especially facilitates the decrease of the number of possible
nterferents. Thus, it is clear that this “thin” GCE would give higher
ensitivity and selectivity for glucose detection. However, proteins
ave effects on the electrochemical response of “thin” GCE owing
o their strong adsorption to the electrode surface. It is necessary
o remove them from sample when “thin” GCE is used to detect
lucose in real samples. Table 2 shows experimental results for the
etermination of glucose in human blood serum.

. Conclusions

A quick, simple and sensitive electrochemical biosensor has
een developed for glucose detection based on the application of
uch a novel nanocomposite consisting of GNPs, MWCNTs and IL.
NPs embedded in MWCNTs/IL bucky gel show good electrocat-
lytic activity to glucose oxidation at the cathodic direction of the
otential sweep, owing to some synergistic effects among GNPs,
WCNTs and IL. This has been used in the determination of glu-

ose in human blood serum with satisfactory result. The simplicity,
tability and durability make “thin” GCE a very good platform
or biosensors. Moreover, combining the environment-friendly and
esignable ionic liquid with nanomaterials having excellent elec-
rochemical characteristics may be a new idea for developing some
ovel and powerful biosensors.
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