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a b s t r a c t

A new glucose amperometric biosensor, based on electrodeposition of platinum nanoparticles onto the
surface of multi-wall carbon nanotube (MWNT)-polyaniline (PANI) nanocomposites, and then immo-
bilizing glucose oxidase (GOD) with covalent interaction and adsorption effect, was constructed in this
paper. Firstly, the MWNT-PANI nanocomposites had been synthesized by in situ polymerization and were
characterized through transmission electron microscopy (TEM), Fourier transform infrared (FT-IR) spec-
eywords:
olyaniline
ulti-wall carbon nanotube

iosensor
latinum nanoparticles
lucose oxidase

troscopy, and ultraviolet and visible (UV–vis) absorption spectra. The assembled process of the modified
electrode was probed by scanning electron microscopy (SEM) and cyclic voltammetry (CV). Chronoam-
perometry was used to study the electrochemical performance of the resulting biosensor. The glucose
biosensor exhibited a linear calibration curve over the range from 3.0 �M to 8.2 mM, with a detection
limit of 1.0 �M and a high sensitivity of 16.1 �A mM−1. The biosensor also showed a short response
time (within 5 s). Furthermore, the reproducibility, stability and interferences of the biosensor were also
omposites investigated.

. Introduction

The development of a glucose biosensor is significant due to
he prevalence of diabetes mellitus as a major health threat in the
orld. The normal value of the blood glucose concentration in a
ealthy adult serum is 80–120 mg/dL (4.4–4.6 mM), which is an

mportant parameter for the diagnosis and prevention of disease
1]. Since Clark and Lyons proposed the initial concept of glucose
nzyme electrodes in 1962 [2], an enormous number of various
lucose biosensors have been represented a very active area in
iosensor research [3–16]. The amperometric biosensor is chosen
or biochemical analysis because of its rapid response, good selec-
ivity, and low cost [3–5,7–16]. In recent years, to improve the
ensitive of glucose biosensor, nanomaterials have received great
ttention because of their unique electronic, chemical and mechan-
cal properties. Materials like metal (gold, silver, platinum), metal
xide (ZnO, Fe2O3, CuO2), carbon and polymers (especially con-

ucting polymers: polypyrrole, polyaniline, polythiophene) have
een used to prepare nanomaterials such as nanoparticles [9–11],
anotubes [10,12], nanowires [13,14] and nanofibres [15,16].

∗ Corresponding author. Tel.: +86 23 68252277; fax: +86 23 68253172.
E-mail address: yuanruo@swu.edu.cn (R. Yuan).

039-9140/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.03.040
© 2011 Elsevier B.V. All rights reserved.

Polyaniline (PANI), which was discovered over about 150 years,
is unique among the class of conducting polymers. Generally, there
are three redox forms of PANI: pernigraniline (PG), leucoemeral-
dine (LE) and emeraldine. PG is fully oxidized state with imine links
instead of amine links. LE is fully reduced state. PG and LE are poor
conductors, even when doped with acid. The emeraldine form of
PANI, usually referred to as emeraldine base (EB), is either neu-
tral or doped, with imine nitrogens protonated by an acid. Doping
and depoing with acid and base can interchange EB and emeral-
dine salt forms of PANI. EB is regarded as the most useful form
of PANI due to its high stability at room temperature and more-
over its doped form is electrically conducting [17,18]. Recently,
PANI has captured attention of researchers due to its polymer chain
structure with high conductivity, environmental stability and low
cost [18,19]. This conducting polymer might be greatly applied in
many biosensors in virtue of its especial properties such as: (i) high
surface area and chemical specificities, (ii) redox conductivity and
polyelectrolyte characteristics, (iii) direct and easy deposition on
the electrode. Moreover, its electrical properties can be reversibly
controlled by both charge-transfer doping and protonation.
Carbon nanotube (CNT) has emerged a wealth of exceptional
electrical, mechanical and thermal properties, which have made
them useful for potential application ranging from nanoelectron-
ics to biomedical devices [20]. Recently, composite materials based
on integration of CNT and some materials to possess properties of



anta 8

t
g
i
C
o
h
r
F
(
l
h
o
P
i
d
F
fi
a
[
n
p
a
f

b
a
w
t
g
a
w
m
t
g
T
s
s
t
e
o
o
d

2

2

(
(
U
f
C
w
u
a
w
t
A
w

2

r

Subsequently, Pt nanoparticles were electrodeposited on the
nanocomposites film for 100 s at −0.2 V in 19.3 mmol/L H2PtCl6
H. Zhong et al. / Tal

he individual components with a synergistic effect have gained
rowing interest. Materials for such purposes contain conduct-
ng polymers, redox mediators and metal nanoparticles. Thereinto,
NT/polymer nanocomposites have been pursued with the hope
f delivering CNT properties to a processable and synergistic
ost [21–26]. Many polymers have been used as matrix mate-
ials in CNT/polymer composites for various target applications.
or example, CNT was used as a conductive filler for CNT/poly
3-octylthiophene) composites, and CNT/poly (phenyleneviny-
ene) composites have also been reported [22,23]. To date, it
as been reported that the CNT/PANI composites exhibited an
rder of magnitude increase in electrical conductivity over neat
ANI [25,26]. Other reports have shown that aniline itself can
nteract strongly with CNT via donor–acceptor interactions as evi-
enced by the relatively high solubility of CNT in aniline [27].
eng et al. have successfully synthesized MWNT-PANI composite
lms by in situ polymerization with ammonium peroxidisulfate,
nd found to be orientationally ordered by the aligned MWNT
28]. However, there is no report on the synthesis of MWNT-PANI
anocomposites in acidic solution by in situ polymerization with
otassium persulfate (KPS) as oxidant in the presence of MWNT
nd using it to immobilization of protein molecules for biosensor
abrication.

In the present work, a new glucose biosensor was constructed
ased on MWNT-PANI nanocomposite films which formed during
chemically oxidative process in situ polymerization of aniline
ith KPS as oxidant in the presence of MWNT in sulfuric acid solu-

ion. Firstly, MWNT-PANI nanocomposites were immobilized on a
lassy carbon electrode (GCE) surface to obtain conductive, redox
nd porous nanostructured film. Subsequently, Pt nanoparticles
ere deposited on the MWNT-PANI nanocomposites by potentio-
etric stripping analysis method. Finally, GOD was adsorbed on

he surface of Pt/MWNT-PANI film via covalent interaction with
lutaraldehyde (GA) and adsorption effect with Pt nanoparticles.
he MWNI-PANI nanocomposites were characterized by transmis-
ion electron microscopy (TEM), Fourier tansform infrared (FT-IR)
pectroscopy, and ultraviolet and visible (UV–vis) absorption spec-
ra. The electrode modification process was probed by scanning
lectron microscopy (SEM) and cyclic voltammetry (CV), and the
ptimization of the experimental conditions and the performance
f the glucose biosensor were studied by chronoamperometry in
etails.

. Experiment

.1. Reagent and materials

Aniline, chloroplatinic acid (H2PtCl6·6H2O), and glucose oxidase
GOD, EC 1.1.3.4, 151,000 units/g), multi-wall carbon nanotube
MWNT) were obtained from Sigma Chemical Co. (St. Louis, MO,
SA). 25% glutaraldehyde (GA) water solution, potassium persul-

ate (KPS; K2S2O8), and glucose were purchased from Shanghai
hemical Reagent Co. (Shanghai, China). Glucose stock solutions
ere allowed to mutarotate overnight at room temperature before
se. Purified aniline was obtained by distilling several times until
colorless liquid was observed. Phosphate buffer solutions (PBS)
ith various pH values were prepared with stock standard solu-

ions (containing 0.9% NaCl) of 0.1 M KH2PO4 and 0.1 M Na2HPO4.
ll of the other chemicals were analytical grade. Twice-distilled
ater was used throughout.
.2. Apparatus

Ultraviolet and visible (UV–vis) absorption spectra were car-
ied out on a Lambda 17 UV–vis 8500 spectrometer (PE Co.,
5 (2011) 104–111 105

USA) with quartz cuvette (pathlength 1 cm). Fourier transform
infrared spectroscopy (FT-IR) measurement of the composite was
carried out on a Jasco FT/IR-300E instrument (Jasco Ltd., Tokyo,
Japan). Transmission electron microscopy (TEM) was obtained
by using a H600 TEM (Hitachi, Tokyo, Japan). Scanning electron
microscopy (SEM) images were recorded with an S-4800 SEM
(Hitachi, Tokyo, Japan). Cyclic voltammetric and amperometric
measurements were performed using a CHI 660D electrochem-
ical station (CH Instruments, Chenhua Corp., Shanghai, China)
at room temperature. All experiments were carried out using
a conventional three-electrode system with a bare or modified
glassy carbon electrode (GCE) (˚ = 4 mm) as a working elec-
trode, a platinum wire as an auxiliary electrode, and a saturated
calomel electrode (SCE) as a reference electrode. The test solu-
tions were 5 mL PBS solutions, which were deoxygenated by
bubbling highly pure nitrogen for 20 min before electrochemical
experiments, and maintained under nitrogen atmosphere during
measurements.

2.3. Synthesis of MWNT-conductive PANI nanocomposites

The MWNT were purified as reported previously [29]. Briefly,
50 mg of MWNT oxidized at 300 ◦C for 6 h to remove amor-
phous carbon particles. To eliminate metal oxide catalysts, the
oxidized MWNT were dispersed in 25 mL of 6.0 mol/L HCl for 2 h
under ultrasonic agitation, washed until the pH of the solution
was near to neutral, and then dried in a vacuum oven at 80 ◦C
for 8 h.

MWNT-conductive PANI nanocomposites were prepared
according to the following steps: 68.8 �L of freshly distilled
aniline was dissolved in 5 mL of 0.5 mol/L H2SO4 solution and
the whole of aniline solution was added in several portions with
constant stirring. Then 2.0 mg the purification of MWNT were
dipped in the aniline/H2SO4 solution for 12 h, which led to the
adsorption aniline monomer on the nanotubes. Later, 5.0 mL
solution of KPS (0.15 mol/L) was added dropwise under vigorous
stirring. The polymerization reaction was carried out at 0 ◦C
for 6 h. In this process the color of the solution changed from
transparent to pale green, and finally changed to deep green.
The MWNT-PANI nanocomposites were centrifuged, washed in
double-distilled water and ethanol, respectively. As compare,
the pure PANI was prepared at the same condition without
MWNT.

2.4. Preparation of the glucose biosensors

The glassy carbon electrode was polished successively
with 0.3 and 0.05 �m Al2O3 before modification, rinsed
with double-distilled water thoroughly, and ultrasonically
cleaned in acetone and double-distilled water for 5 min,
respectively.

The stepwise procedure of the glucose biosensor and the reac-
tion occurring at surface of the GOD-modified electrode during
determination of glucose are illustrated in Scheme 1. Firstly, 1.0 mg
MWNT-PANI nanocomposites were dispersed in 1.0 mL doubly
distilled water. Then 10 �L of the mixed suspension was coated
on the surface of cleaned GCE and dried in the air (Scheme 1a).
solution (Scheme 1b). After that, a mixture was prepared by adding
GOD and GA in 0.1 M PBS (pH 7.0). The concentration of enzyme and
GA was 2.5 mg/mL and 0.25% (V/V), respectively. Finally, 5 �L of
the mixture solution was dropped on the surface of the Pt/MWNT-
PANI nanocomposites modified electrode and allowed todry for 8 h
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cheme 1. Illustration of the preparation process of glucose biosensor and the reac

t 4 ◦C (Scheme 1c). When not in use, the fabricated biosensor was
tored in 0.1 M PBS at 4 ◦C.

. Results and discussion

.1. Characterizations of the MWNT-PANI nanocomposites by
EM, FT-IR and UV–vis

To confirm into the structural features of the MWNT-PANI
anocomposites, TEM was applied to study its surface morphology.
or comparison, a TEM image of the original MWNT was shown in

ig. 1. Fig. 1a showed clearly that the tubular structure of MWNT
aving diameters of around 15 nm. From Fig. 1b, obviously increase

n the diameter of MWNT after the MWNT-PANI nanocomposites
ormation reveals wrapping of MWNT with PANI. The compos-
tes with diameters about 25 nm were also clearly found in the

Fig. 1. TEM image of the purified MWNTs (a), the
curring at surface of the GOD-modified electrode during determination of glucose.

sample, indicating that PANI could be loaded onto the surface of
MWNT and relatively uniform inorganic–organic nanocomposites
were formed.

Fig. 2 showed the FT-IR spectra of PANI and MWNT-PANI
nanocomposites. The PANI polymer displayed the characteristic
bands of secondary amine (N–H) at 3230 cm−1, the C C stretch-
ing deformation of the quinoid at 1568 cm−1, benzenoid rings
at 1501 cm−1, and the C–N stretching of the secondary aromatic
amine at 1289 cm−1, the C–H (out-of-plane) of stretching of the p-
disubstituted benzene ring at 824 cm−1 (Fig. 2a). The MWNT-PANI
nanocomposites displayed almost identical characteristic bands at
3135, 1581, 1497, and 1305, 821 cm−1 (Fig. 2b), respectively, which

were in accordance with the previous reports [28,30]. This proved
that the MWNT-PANI nanocomposites had been successfully syn-
thesized by in situ polymerization.

UV–vis absorption was conducted to study the interfacial inter-
action between PANI and MWNT. Stock solution (10 mg/mL) of

obtained MWNT-PANI nanocomposites (b).
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nanocomposites layer, obviously, the porous MWNT-PANI modi-
Fig. 2. FT-IR (KBr pellet) spectra: PANI (a), MWNT-PANI nanocomposites (b).

ach sample was prepared in water. The UV–vis absorption of PANI
howed two peaks at 323 and 611 nm (Fig. 3a). Both peaks are
elated to the � → �* transition of benzenoid ring and quinoid ring
n PANI, respectively [31,32]. Compared to the PANI polymer, the
eaks from MWNT-PANI red-shifted by 5 and 19 nm and showed

axima at 328 and 630 nm (Fig. 3b), respectively. This implies that

here was a strong interaction between PANI and MWNT, and PANI
as covalently grafted and physically absorbed onto the surface of
WNT.

Fig. 4. SEM of different nanocomposite films: MWNT-PANI
Wavelength / nm

Fig. 3. UV–vis absorption spectra of PANI (a), MWNT-PANI nanocomposites (b).

3.2. Scanning electron microscope of the modification process of
biosensor

The SEM was used to present the morphologies and microstruc-
tures of the as-prepared different modified films (Fig. 4). Fig. 4a
showed an image of the GCE surface coated with MWNT-PANI
fied electrode had larger surface compared with the ordinary GCE.
From Fig. 4b, when platinum were electrodeposited on to the
surface of modified electrode, some of Pt nanoparticles were mod-
ified on the surface of MWNT-PANI, and the others could be seen

(a), Pt/MWNT-PANI (b), and GOD/Pt/MWNT-PANI (c).
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ig. 5. Cyclic voltammetry of the bare glassy carbon electrode (a), MWNT-PANI/GCE
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t a scan rate of 50 mV/s.

hat they were filled the interspaces of nanocomposites. As shown
n Fig. 4c, when GOD was immobilized on Pt/MWNT-PANI/GCE,

he corresponding SEM image obviously changed. This revealed
hat the Pt/MWNT-PANI layer with large specific surface area and
ood biocompatibility could load more protein without losing their
ioactivities. On the basis of SEM results, we concluded that the
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f 0.55 V (B).
5 (2011) 104–111

fabricated biosensor could preliminarily be applied for detection of
glucose.

3.3. Cyclic voltammetric behavior of modified electrode

The cyclic voltammetric experiments were conducted to fur-
ther characterize the stepwise assembly of the glucose biosensors.
As shown in Fig. 5, the CVs of differently modified electrodes were
given in the potential range of −0.4 to 0.4 V in PBS (pH 7.0) with a
scan rate of 50 mV/s. No redox waves could be observed on a bare
GCE (Fig. 5a) because of the lack of substance with electrochemical
activity. When the electrode was coated with MWNT-conductive
PANI nanocomposites, a well-defined redox peak at 0.04 and 0.16 V
vs. SCE (Fig. 5b) could be found. It was the reason that MWNT-PANI
composites were an excellent redox-active material attributed to
the redox of the PANI form emeraldine state to leucoemeraldine
(LE) [33]. After electrodeposite Pt nanoparticles onto the surface of
a MWNT-PANI/GCE (Fig. 5c), the anodic and cathodic peaks current
increased, because the conductive Pt nanoparticles could acceler-
ate the reaction of PANI. The current peak obviously decreased after
GOD were immobilized onto the Pt/MWNT-PANI/GCE (Fig. 5d),
which was attributed to the fact that GOD insulated the conductive
support and hindered the transfer of electrons toward electrode
investigated in PBS (pH 7). The result showed that the peak cur-
rent increased with the scan rates in range of 5–600 mV/s (Fig. 6A).
Square root of scan rate showed a linear relation with peak current
(Fig. 6B), indicting a diffusion-controlled process of the biosensor.

2520151050

-200

-100

0

100

200

300
(B)

Epc

Cu
rre

nt
 / 

µA

Scan rate1/2 / (mV/s)1/2

Epa

, 10, 25, 50, 75, 100, 125, 150, 175, 200, 250, 300, 400, 450, 500, 550 and 600 mV/s
us V1/2 (B).

C
ur

re
nt

 / 
µA

4 5 6 7 8 9

5.6

6.4

7.2

8.0

8.8

pH

(B)

otential in 0.1 M PBS (pH 7.0) (A), and the pH of PBS (0.1 M) at an applied potential



anta 85 (2011) 104–111 109

3

m
c

3

r
A
s
w
t
r
p
0
s

3

f
e
t
(
u
t
d

3

g
c
t
e
e

fi
w
t
(
c
(
w
a
c

0.40.20.0-0.2-0.4

-60

-30

0

30

b

C
ur

re
nt

 / µ
A

a

F
P

H. Zhong et al. / Tal

.4. Optimization of the experimental conditions

To improve the analytical characteristics of the biosensor, opti-
ization of experimental conditions for the glucose biosensor was

arried out in terms of pH and applied potential in amperometry.

.4.1. Influence of applied potential
The effect of applied potential on the amperometric current

esponse was studied for the GOD/Pt/MWNT-PANI/GCE (Fig. 7A).
s shown, the current response increased as the applied potential
hifted from 0.30 to 0.70 V. The response current increases rapidly
hen the potential was moved from 0.30 to 0.55 V. However, when

he potential was further shifted to the positive direction, the
esponse current increased very slowly. Withal, the high operating
otential results in interference from the matrix species. Therefore,
.55 V was chosen as the optimum applied potential for further
tudy.

.4.2. Influence of pH value
As is well known, the pH value of the electrolyte is important

or the performance of the biosensor because the activity of the
nzyme is affected greatly by pH of the solution. Fig. 7B showed
he correlation between the response currents and the pH values
4.0–9.0). The current increased with increasing pH of the solution
ntil it reached 7.0. But the further increases in the pH decreased
he current response. So a PBS of pH 7.0 was selected for glucose
etection in this study.

.5. Amperometric response of the glucose biosensor

Electrocatalytic activity of the GOD/Pt/MWNT-PANI/GCE for
lucose was estimated by CV (Fig. 8). With the increase of glu-
ose concentration, the oxidation peak current increased with
he decrease of the reduction peak current, which indicated that
nzyme molecules were immobilized on the surface of modified
lectrode successfully.

In order to check up the electrochemical response of the modi-
ed biosensor, comparative studies of the amperometric responses
ere carried out by using different modified electrodes for con-

inuous addition of glucose to a continuously stirred 5 mL PBS
pH 7.0) solution at applied potential of 0.55 V. Fig. 9 showed

urrent–time curves of GOD/Pt/MWNT-PANI/GCE (a), GOD/Pt/GCE
b) and GOD/MWNT-PANI/GCE (c). From the current–time curves,
e could see the target electrode (a) showed the best response to

ddition of the same glucose concentration under the optimized
onditions, which attributed to the synergistic electro-catalytic
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ig. 9. Amperometric response (A) and the calibration curve of glucose (B) of GOD/Pt/MW
BS (pH 7.0) after successive glucose additions at applied potential of 0.55 V. Inset shows
Potentail / V

Fig. 8. Cyclic voltammetry of enzyme electrode in 0.1 M PBS (pH 7.0) without glu-
cose (a) and with 0.6 mM glucose (b).

activity between Pt nanoparticles and MWNT-PANI nanocompos-
ites.

The amperometric response of the glucose biosensor was inves-
tigated under the optimized conditions. The typical current–time
curve of the biosensor was shown in Fig. 10. The response current of
the biosensor increased with the increasing of glucose. The biosen-
sor showed fast response achieving 95% of the steady-state current
within 5 s. The response current increased linearly with the glucose
concentration in the range of 3.0 �M to 8.2 mM with a correlation
coefficient of 0.9989 (n = 22) (the lower inset of in Fig. 10). From the
slope of the calibration curve, the detection limit of 1.0 �M was esti-
mated at a signal-to-noise ratio of three. The sensitivity for glucose
determination was about 16.1 �A mM−1. The performance of the
GOD/Pt/MWNT-PANI biosensor developed in this study was com-
pared with other glucose biosensors as listed in Table 1. This reveals
that our proposed biosensor shows excellent performance in terms
of low detection limit, long linear range and high sensitivity.

The apparent Michaelis-Menten constant (Kapp
M ) is a reflection of

both the enzymatic affinity and the ratio of microscopic kinetic con-
stant. When the concentration of glucose was higher than 8.2 mM,
the response of the glucose biosensor deviated from the straight
line and reached a plateau (the lower inset of in Fig. 10), which

were the characteristics of Michaelis-Menten kinetics. The Kapp

M can
be calculated according to the Lineweaver-Burk equation [42]:

1
iss

= 1
imax

+ Kapp
M

imax × c
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(B)

NT-PANI/GCE (a), GOD/Pt/GCE (b), and GOD/MWNT-PANI/GCE (c) in a stirred 0.1 M
a magnification of the 300–620 s additions of glucose.
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Table 1
Comparison of performances of proposal biosensor for glucose detection with those of biosensors based on different matrices.

Modified electrode Linear range (mM) Detection limit (�M) Sensitivity
(�A mM−1)

Applied potential
(V) (vs. SCE)

R2 Reference

GOD/Pt/MWNT-PANI/GCE 0.003–8.2 1.0 16.1 0.55 0.9989 (n = 22) This work
{GOx/Au-(SH)PANI-g-MWNT}n/ITO 1–9 0.06 3.97 0.40 vs. Ag/AgCl 0.998 (n = 9) [34]
GOD/CS-CNTs/PANI/Au 1–20 100 16.5 0.50 vs. Ag/AgCl – [35]
GOx/PANI-g-MWNT/Nafion-silica/ITO 1–10 0.01 5.01 0.20 vs. Ag/AgCl 0.9992 (n = 9) [36]
Au-PANI/GOD/Nafion/GCE 0.001–0.8 0.5 2.3 0.60 0.999 (n = 9) [37]
GOD/Pt-SWCNTs/GCE 0.0005–5 0.5 2.11 0.55 vs. Ag/AgCl 0.998 (n = 7) [10]

– 0.60 0.999 (n = 23) [38]
7.58 ± 0.36 −0.30 0.996 [39]
0.33 0.70 vs. Ag/AgCl 0.999 [40]
– 0.60 0.996 (n = 10) [41]
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Table 2
Determination of glucose in human serum samples.

Samples no. Determined by
biosensor (mM)a

Measured by local
hospital (mM)

R.S.D (%)

1 5.32 5.59 4.83
GOD-Chitosan-SiO2/Pt/MWNTs/GCE 0.001–23 1.0
GOx-nanoPANI/Pt 0.01–5.5 0.3 ± 0.1
GOD/MWNT-Nafion/GCE 0.05–2 4
Pt/CMK-3-GOx-gelatin/GCE 0.04–12.2 1

Where iss is the steady-state current after the addition of sub-
trate; imax is the maximum current measured under saturated
ubstrate condition; c is the bulk concentration of the substrate. The
alue of Kapp

M was estimated to be 0.64 mM. It was lower than the
alue of either previous report for the PMPD-GOD/Pt/PANI modified
lectrode (Kapp

M = 9.34 mM) [16], the TTF/hybrid-GOx/Nafion mod-
fied electrode (Kapp

M = 22.0 mM) [5] and POAP-GOD/PPy-Pt/GCE
Kapp

M = 23.9 mM) [43]. This result suggested that GOD immobi-
ized in Pt/MWNT-PANI nanocomposite films retained its biological
ctivity and had a high biological affinity to glucose.

.6. Reproducibility, stability, and interference of the glucose
iosensor

The biosensor reproducibility was investigated from the
esponse for 0.60 mM glucose at eight different electrodes, which
howed good reproducibility for the determination of glucose con-
entration in its linear range. The relative standard deviation (RSD)
as 4.3%. The storage stability of the biosensor was also examined.
hen the biosensor was stored at 4 ◦C and measured intermittently

every 3 days), after 48 days of storage, the biosensor retained about
0% of its initial response. This good reproducibility and stability
ay be owed to the GOD molecules were stably immobilized on the

t/MWNT-PANI membrane which provided a good biocompatible
icroenvironment.

In addition, the potential interference of some biological sub-

tance was investigated. In our experiments, the test solutions were
eaerated by high pure nitrogen. The interference experiments
ere performed in PBS under optimum conditions by comparing
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ig. 10. Typical current–time response current of the biosensor upon successive
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.0) at applied potential of 0.55 V. Inset shows the linear calibration curve.
2 3.57 3.64 1.92
3 6.85 7.01 2.28

a Average of three measurements.

the current response to 0.60 mM glucose in the presence of 1.00 mM
of each interfering substance (uric acid, ethanol, l-cysteine, ascor-
bic acid, and l-tyrosine) with that to 0.60 mM glucose alone. They
are 1.09 for uric acid, 0.98 for ethanol, 0.93 for l-cysteine, 0.98 for
ascorbic acid and 1.04 for l-tyrosine. The results of the interfer-
ence study showed that five interfering substances did not cause
observable interference.

3.7. Glucose determination in serum samples

The analytical applicability of the biosensor was evaluated by
determining of glucose in human serum samples. The sample was
diluted 100 times with 0.1 M PBS at pH 7.0. The diluted samples
were then analyzed by the prepared biosensor at a potential of
0.55 V. The results are shown in Table 2. As can be seen, the val-
ues measured by the proposed are very close to results obtained by
the clinic determination in local hospital. It implies that the sensing
ability of the proposed biosensor is not limited to glucose solution.
It also can be used to test on human serum sample.

4. Conclusion

We have proposed preparation of the MWNT-PANI nanocom-
posite films by in situ polymerization with large specific surface,
high conductivity, redox electrochemical activity and environ-
mental stability. The resulting MWNT-PANI nanocomposites were
followed by fabrication of a new glucose biosensor. Because of the
synergistic catalytic activity between MWNT-PANI nanocompos-
ites and Pt nanoparticles, the fabricated amperometric biosensor
displayed high sensitive detection of glucose. It is expected that this
technique of biosensor fabrication is potentially useful for glucose
sensing in vitro or in vivo.
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