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Poly(luminol–aniline) nanowires composite (PLANC) was synthesized on the surface of graphite electrode
by electro-oxidizing the mixture of luminol with aniline in the H2SO4 acidic medium. The properties
of the nanowires composite were characterized by transmission electron microscopy, electrogenerated
chemiluminescence and electrochemical impedance spectroscopy. The investigating results showed that:
firstly, while the luminol alone was electro-oxidized on the surface of the graphite electrode with the
proposed synthetic method, only the polyluminol film was formed on electrode surface. However, while
oly(luminol–aniline) nanowires
omposite
lectrogenerated chemiluminescence
lucose oxidase
lectropolymerization

a suitable amount of the aniline was present in the luminol solution, the PLANC could be formed on
the electrode surface and this PLANC presented better ECL properties for H2O2 compared with pure
polyluminol film; secondly, since the PLANC modified electrode not only provided a larger surface area
for higher glucose enzyme loading but also formed the nano-structured interface on the electrode surface
to improve the analytical performances of the electrogenerated chemiluminescence (ECL) biosensor for
glucose, the resulting ECL biosensor presented good response to glucose and a novel ECL biosensor for
glucose was proposed.
. Introduction

As an analytical technique, electrogenerated chemilumines-
ence (ECL) has been paid more and more attention by the analysts
ince it not only retains the advantages of chemiluminescence (CL)
ensor, such as excellent sensitivity, wide dynamic concentration
esponse range, but also has some additional advantages (Richter,
004; Zu et al., 2001; Qiu et al., 2009). Luminol is considered as an
fficient system in ECL measurement for the detection of hydrogen
eroxide and one of the most commonly used ECL luminophores
r labels especially in the field of bioanalytical application such as
nzyme biosensors (Borisov and Wolfbeis, 2008; Qiu et al., 2009;
lum et al., 1989). In combination with an appropriate enzymatic
eaction, some efficient ECL systems with improved detection lim-
ts and linear ranges were reported for glucose, lactate or choline
easurements (Tsafack et al., 2000; Marquette and Blum, 1999;
hu et al., 2002a,b), which allowed the development of low-cost
ptical biosensors involving oxidases. Efficient and highly sensi-
ive detection of glucose is of great interests from several points of
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view ranging from medical applications in blood glucose sensing
to ecological applications. Various methods are available for glu-
cose determination, especially enzymatic methods (Sun et al., 2001;
Willner, 2003; Ye et al., 2004; Chen et al., 2009). Luminol-based
ECL systems have been developed to construct the ECL biosen-
sors for glucose because of its low oxidation potential, inexpensive
reagent consumption and high emission yields (Qin et al., 1998;
Wang et al., 2002; Lin and Chen, 2006). Generally, according to the
literature, the enzyme can be immobilized on a proper support,
such as sol–gel film (Zhu et al., 2002a,b; Liu et al., 2008), polymer
(Marquette and Blum, 1999; Tsafack et al., 2000) and nafion film
(Lin et al., 2008; Qiu et al., 2009), which were immobilized on the
electrode.

In order to develop easy-to-use reagentless systems that avoid
conventional luminophore addition, the immobilization of luminol
on a transducer surface appears attractive. Based on the structural
analogy between aniline and luminol, polyluminol has been rapidly
studied recently. Polyluminol film has been formed on graphite,
glassy carbon, platinum, gold, screen printed and indium tin oxide
electrodes in strongly acid and near-neutral solutions (Zhang and

Chen, 2000; Lin and Chen, 2006; Chen and Lin, 2002; Wang et
al., 2002, 2005; Sassolas et al., 2008, 2009a,b). Moreover, hybrid
polyluminol films, such as poly(luminol–aniline) films, hybrid films
composed of poly(luminol) and nanometer-sized clusters of poly-
oxometalate were also formed on electrode surface, which provide

ghts reserved.
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mproved chemical properties over pure films (Lin and Chen, 2006;
hang et al., 2005; Ferreira et al., 2008a,b). Of them, the ECL sen-
ors based on polyluminol film on various electrodes have gained
uch attention. This polyluminol-based ECL sensor offered a great

otential towards the preparation of various more elaborate oxi-
ase based ECL reagentless biosensors (Zhang and Chen, 2000;
ang et al., 2002; Sassolas et al., 2008; Sassolas et al., 2009a,b).

owever, the enzyme loading on the surface of pure polylumi-
ol film modified electrode is low due to the simplex structure of
olyluminol film and the electron transfer to and from enzymes

s limited due to the poor electroactivity of polyluminol in basic
edium.
The emergence of nanotechnology has opened new horizons for

he application of nanomaterials in bioanalytical chemistry. Recent
dvances in nanotechnology offer exciting prospects in the field
f bioelectronics (Wang, 2008). This could be attributed to the
nique chemical and physical properties of nanoparticles (Cao et
l., 2002). Nanocomposite involves the multiphase material where
t least one of the constituent phases has one dimension less than
00 nm. Nanocomposite materials have attracted much attention
ecause of their potential applications in catalysis, microelectron-

cs, biomedicine and photovoltaics (Li et al., 2008; Wang et al.,
004a,b; Willner and Shipway, 2001; Chuang and Yang, 2008;
uico et al., 2004). As one of the most promising conducting mate-

ials, polyaniline (PANI) has a wide range of interesting electrical,
lectrochemical and optical characteristics along with excellent
nvironmental stability (Khor et al., 1990; Ameen et al., 2008;
an and Xue, 1999; MacDiarmid, 2001), and polyaniline-based
omposites exhibit broadened applications such as sensing and
lectrocatalysis (Huang et al., 2003; Zhang and Wan, 2003; Rajesh et
l., 2009). Polyaniline nanowires have the properties of mechanical
exibility, high surface area, chemical specificity, tunable conduc-
ivity and easy processing, which make the conducting polymer
anowires the promising sensing material for ultrasensitive, trace-

evel biological and chemical nanosensor. Up to now, polyaniline
anowires have been synthesized using various techniques. As
simple and cost effective way, electrochemical polymerization

s a direct way to deposit polyaniline nanowires on the desired
ubstrate for a particular application (Gupta and Miura, 2005a,b;
hu et al., 2006; Wang et al., 2004a,b), and the electrochemically
abricated polyaniline nanowires have been used in the develop-

ent of electrochemical biosensor based on its large surface area
nd covalent binding site (Horng et al., 2009; Zhu et al., 2006).
lthough polyaniline nanowires have been used for immobilization
f enzyme, and polyluminol has also been used to the development
f ECL-based biosensor via immobilization of enzyme on electrode
urface, ECL-based biosensor based on the composite of polylu-
inol and polyaniline nanowires for tuning the ECL properties of

olyluminol and biosensor has not been reported previously, to our
nowledge.

In this paper, we explored the feasibility of preparing nanowires
omposite containing polyluminol on electrode surface directly
nd nanowires composite-based ECL biosensor. It was found that
oly(luminol–aniline) nanowires composite (PLANC) could be syn-
hesized on the surface of graphite electrode by electrochemical
xidation of the mixing solution of aniline and luminol in acidic
edium. The PLANC presented better ECL properties compared
ith polyluminol film alone, and the PLANC on the electrode sur-

ace provided a higher surface area for higher enzyme loading on
lectrode surface. Glucose oxidase (GOD) is chosen as the model
nzyme for the fabrication of ECL-based glucose biosensor. Accord-

ngly, an ECL biosensor for glucose was developed based on the
mmobilization of GOD and PLANC by their cross-linking with
lutaraldehyde on the electrode surface. The proposed ECL-based
iosensor exhibited high sensitivity, easy operation, low-cost and
imple fabrication.
tronics 26 (2010) 643–648

2. Experimental

2.1. Materials

Luminol stock solution (5 × 10−2 mol L−1) was prepared by dis-
solving 0.886 g luminol (>95%, Shaanxi Normal University, Xi′an,
China) in 100 mL of 0.10 mol L−1 NaOH. Glucose oxidase (GOD)
(Type X-S from Aspergillus niger, 185 U mg−1) was obtained from
Sigma (St. Louis, MO, USA). Aniline sulfate, 30% H2O2 and 25% glu-
taraldehyde, was purchased from Xi′an Reagent Plant (Xi′an, China).
All aqueous solutions were prepared exclusively in deionized dis-
tilled water.

2.2. Apparatus

The cyclic voltammetry was performed with a conventional
three-electrode cell linked to a CHI660b Electrochemistry Working
Station (CH Instruments, Inc.). The ECL was performed by a MPI-
A ECL analytical system (Xi′an Remax Electronic Science Tech. Co.,
Ltd., Xi′an, China) with a R456 photomultiplier (PMT) (Xi′an Remax
Electronic Science Tech. Co., Ltd., Xi′an, China) for transforming ECL
emission into electrical signals. The PMT was operated at −800 V,
and the ECL cell was placed in front of the PMT. The cell was made
of a microbeaker (high: 35 mm, i.d.: 25 mm). A graphite electrode
(Shanghai, 12.6-mm2 surface area) was used as the basal work-
ing electrode. A Pt flake (7 mm × 7 mm) and Ag/AgCl (saturated KCl
solution) were used as auxiliary electrode and reference electrode,
respectively. SEM images were taken using a Quanta 200 Scanning
Electron Microscopy (FEI Company, The Netherlands).

2.3. Preparation of the PLANC-based ECL sensor

The graphite electrode was carefully polished on rough and fine
sandpapers successively, and the electrode was then subjected to
be sonicated to remove adsorbed particles and rinsed with double-
distilled water several times.

Three electrolytic modes were chose to prepare PLANC. The
first one, potentiostatic technique was applied on the elec-
tropolymerization of aniline. The deposition of PLANC was carried
out at the constant potential of 0.75 V for several minutes
with electrolyte solution of 0.5 mol L−1 H2SO4 + 0.025 mol L−1 ani-
line + 0.001 mol L−1 luminol; The second method: PLANC was
fabricated on electrode surface using galvanostatic method by the
following three step electrochemical deposition procedure (Zhu et
al., 2006). In the first step, a large current density was applied on the
electrode in an aqueous solution containing 0.025 mol L−1 aniline,
0.001 mol L−1 luminol and 0.5 mol L−1 H2SO4. The initial stage was
followed by continuous polymerization with reduced current den-
sity. A typical procedure involves: 0.06 mA cm−2 for 0.5 h, followed
by 0.03 mA cm−2 for 3 h, which was then followed by another 3 h
at 0.015 mA·cm−2; The Final method: repetitive cycle voltamme-
try was applied on the electrode in an aqueous solution containing
0.025 mol L−1 aniline, 0.001 mol L−1 luminol and 0.5 mol L−1 H2SO4
at a scan rate of v = 200 mV s−1 in the interval of potential between
−0.2 V and 1.0 V for 50 repetitive cycles. Then, the electropolymer-
ization was carried out continuously at a scan rate of v = 100 mV s−1

for 50 repetitive cycles, which was then followed by another
50 repetitive cycles with scan rate of v = 50 mV s−1. Finally, the
obtained modified electrode was immersed in 0.5 mol L−1 H2SO4
for continuous cyclic scanning to made it stable.

The enzyme electrode was prepared as follows: The PLANC mod-

ified electrode was firstly immersed in PBS (pH 7.4) for continuous
cyclic scanning, and then the electrode was put into 2.5% glu-
taraldehyde (GA) phosphate buffer (pH 7.4) solution for 6 h. Then,
the electrode was washed with distilled water, and ten micro-
liters of 5.00 g L−1 GOD solution was spread evenly onto the surface
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ig. 1. Scanning electronic micrographs of bare graphite electrode surface (A), polylu
odified electrode surface (C) and PLANC modified electrode surface (D, E).

f the obtained electrode with a microsyringe. After the elec-
rode was dried at the room temperature and rinsed with water,
he PLANC–GOD modified electrode was obtained through cross-
inking of glutaraldehyde. (The fabricating process is showed in
upporting Information Scheme S1).

. Results and discussion

.1. Preparation of the PLANC modified electrode

Luminol has been electropolymerized on electrode surface to
enerate polyluminol film, which offered an easy way both to fab-
icate reagentless-based ECL sensor and to broaden the application
elds of ECL-based sensor. Nanomaterials provide an ideal plat-

orm for enzyme immobilization: minimum diffusional limitation,
aximum surface area per unit mass, and high effective enzyme

oading. Therefore, for fabricating a proper platform for the enzyme
mmobilization, the preparation of nano-structured polyluminol

as investigated using electrochemical way. We found that polylu-
inol film could be prepared on graphite electrode. However, pure

ano-structured polyluminol could not be obtained by the pro-
osed electrochemical way (see Supporting Information Fig. S1).
or establishing a nano-structured polyluminol platform for the
abrication of ECL-based biosensor, nano-structured composites
ontaining polymeric luminol was investigated. Nano-structured
olyaniline, with different morphologies, has been synthesized
sing various techniques, and poly(luminol–aniline) composite
lms could be generated on electrode surface by electropoly-
erization. Therefore, it is possible to synthesize nano-structured

oly(luminol–aniline) composite on electrode surface, which may
resents ECL activity and provides a better microenvironment for
nzyme immobilization.

For copolymerizing luminol in polyaniline nanowires effec-
ively, the preparation of the PLANC was studied in detail.
× 10−3 mol L−1 luminol and 0.025 mol L−1 aniline were chosen in

he preparation of the composite nanowires. Three electropolymer-
zation modes were applied on the preparation of PLANC, including
alvanostatic method, potentiostatic technique and cyclic voltam-
etry. For applying these modified electrodes on ECL sensor very
ell, we examined the copolymerization effect of aniline and

uminol using ECL performance. In order to know the microstruc-
ure of the electropolymerized polymer obtained by the above
hree method, the obtained film was observed under the scan-

ing electron microscope. The surface morphologies of the three
inds of electropolymerized polymer films generated on electrode
urface are shown in Fig. 1A–C. It was found that nanoparticles
ere formed on the electrode surface with electropolymeriza-

ion of galvanostatic method, and nanowires were generated
l film modified electrode surface (B), poly(luminol–aniline) nanoparticles composite

with electropolymerization of potentiostatic technique or cyclic
voltammetry under the optimal conditions. The diameters of the
nanoparticles and nanowires are about 150 nm. The nanowires net-
work is highly porous and the PLANC are interconnected. On the
other hand, the electrochemistry characteristic of PLANC coating
electrode has been investigated using K3Fe(CN)6 as a electrochem-
ical probe (see Supporting Information Fig. S2), and the result shows
that the PLANC modified electrode exhibits larger background cur-
rent and electrochemical active response when compared with
the bare electrode. It indicates that the PLANC modified electrode
modified have a larger electrode effective surface area than bare
electrode (Zhu et al., 2006).

On the other hand, the ECL of the three modified electrodes
obtained with three polymerization modes were investigated, and
the results demonstrated that the ECL emission of the PLANC mod-
ified electrode prepared by cyclic voltammetry with three steps is
better than that of the other two PLANC electrodes modified by
potentiostatic method and galvanostatic method, indicating that
PLANC could be generated on electrode surface effectively under
CVs with the other selected conditions. When the scan rate of the
CV is 200 mV s−1, the polymer was deposited on the electrode sur-
face as small particles, which served as seeds for the growth of
nanoframeworks during the following electropolymerizing proce-
dures (Zhu et al., 2006). After two continued polymerization with
reduced scan rate was performed, a layer of composite nanowires
was formed on electrode surface.

3.2. ECL characteristics and response to H2O2 of the PLANC
modified electrode

The ECL of the PLANC modified electrode was investigated. The
electrode was immersed in 0.05 mol L−1 borax–0.2 mol L−1 borate
solution (pH 9). The ECL response of the PLANC modified elec-
trode was investigated under continuous potential scanning, and
the result showed that the PLANC modified electrode displayed
strong and stable ECL signal (see Supporting Information Fig. S3).
The result suggests that luminol could be copolymerized with
aniline, and the PLANC could present stable ECL emission when
continuous CV scanning was applied on the PLANC modified elec-
trode.

Furthermore, the IECL/E curves of the PLANC modified elec-
trode were investigated. Fig. 2 shows IECL/E curves in 0.05 mol L−1

borax–0.2 mol L−1 borate solution with different modified elec-
trodes. It can be seen that all three electrodes modified with

the polyluminol film, poly(luminol–aniline) composite nanoparti-
cles or PLANC exhibited ECL emission when electrolytic potential
was applied on the modified electrode. However, new ECL peaks
appeared at about 0.2 V and 0.5 V under CV scanning with the
poly(luminol–aniline) composite nanoparticles modified electrode
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Fig. 2. IECL/E curves of pure polyluminol film modified electrode (dot line),
poly(aniline–luminol) nanoparticles composite modified electrode (dash line) and
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Fig. 3. Nyquist plots of (a) bare graphite electrode, (b) PLANC modified

was linear in the range of 1.0 × 10−7 to 5.0 × 10−5 mol L−1, and the
LANC modified electrode (solid line) in 0.05 mol L−1 borax–0.2 mol L−1 borate solu-
ion under CV of −1.5 V to 1.5 V.

nd the PLANC modified electrode compared with that of the pure
olyluminol film modified electrode. Moreover, the ECL response
f the PLANC modified electrode under CV was stronger than that of
he polyluminol film modified electrode and poly(luminol–aniline)
omposite nanoparticles modified electrode. On the positive scan
f the potential from -1.5 V, obvious oxidation ECL peaks appear
t about 0.2 V and 0.5 V on the PLANC modified electrode. How-
ver, a new ECL peak appeared at the potential of −0.55 V from
he second CV scanning, suggesting that electrogenerated species
f polymeric luminol produced in the positive scanning could react
ith the electrochemically reduced species at the surface of the

LANC electrode. On the negative san of the CV, the correspond-
ng ECL response of the PLANC modified electrode presents two

ide ECL peaks from 1.5 V to 1.0 V and 0.6 V. For eliminating the
ifference coming from the amount of the polymeric luminol on
lectrode surface, the IECL/E curves of the PLANC modified electrode,
oly(luminol–aniline) composite nanoparticles modified electrode
nd pure polyluminol film modified electrode were normalized (as
hown in Fig. 2, inset). It is obvious that the ECL intensity at 0.2 V
nd 0.5 V increases comparing to the polyluminol film modified
lectrode. It can be seen from above results that new ECL peaks
f the polymeric luminol appear at about 0.2 V and 0.5 V when
niline is polymerized with luminol, and the ECL response of the
olymeric luminol in PLANC is stronger than that in pure polylumi-
ol film and poly(luminol–aniline) nanoparticles at low potential.
he result indicates that the polymeric aniline has an important
ffect on the ECL properties of polymeric luminol in PLANC. The
hange of polymeric luminol′s ECL properties originates from the
olymeric aniline in PLANC. The polymeric aniline in PLANC may
e more favorable to the generation of active species produced at

ow potential, and provide a more proper hydrophobic microen-
ironment for the ECL reaction at the PLANC modified electrode
urface (Li et al., 2009). Furthermore, the nanowires composite is
ore favorable to the ECL reaction of polymeric luminol at low

otential due to the rapid electron transfer at the nano-structured
nterface.

It is well known that the presence of H2O2 can increase the ECL
ntensity of luminol and polyluminol. So we also tested the effect
f the H2O2 on the ECL intensity of PLANC. The ECL intensity can be
nhanced by H2O2, and the ECL response to H2O2 was linear in the
oncentration range of 3.0 × 10−9 to 1.0 × 10−4 mol L−1. Based on

he analysis of H2O2 developed above, glucose can be analyzed by
oupling the GOD with the composite nanowires at the electrode
urface.
graphite electrode, (c) PLANC–GOD modified graphite electrode in 1 mol L−1

K3Fe(CN)6/K4Fe(CN)6/1 mol L−1 NaCl solution with frequency of 0.05–100 kHz.

3.3. Fabrication of biosensor and ECL sensing of glucose

The performant sensor for the H2O2 detection can be used to
detect many other oxidase–substrate compounds. In this work, the
GOD was chosen as the model enzyme.

Covalent bonding may be used to achieve the immobilization
of enzyme on a membrane matrix. In this system, glutaralde-
hyde was used as a cross-linking agent to immobilize GOD on the
PLANC modified electrode surface by means of Schiff base reac-
tion between the aldehyde groups of glutaraldehyde and the free
amino sites of the GOD and PLANC. The large area of the PLANC
deposited on the electrode surface provides more sites for the
immobilization of GOD. In the experiment, PLANC modified elec-
trode was fabricated with GOD by cross-linking of glutaraldehyde,
and electrochemical impedance spectrum (EIS) of Fe(CN)6

4−/3−

were used to monitor the procedure. Electrochemical impedance
spectroscopy is one of the most powerful and sensitive techniques
for investigating the features of surface-modified electrodes. Fig. 3
shows the impedance spectra of the electrode in each step. The
response of electrochemical impedance spectroscopy at the bare
electrode is a straight line (Fig. 3a), revealing there is almost no
heterogeneous charge-transfer resistance on bare electrode sur-
face. After the bare electrode was modified with PLANC, the Rct
increased (Fig. 3b), while the impedance response at the GOD mod-
ified electrode (Fig. 3c) is much larger, illustrating the successful
immobilization of GOD on the PLANC modified electrode surface.
On the other hand, the electrochemical impedance spectrum of
the polyluminol film modified electrode and polyluminol–GOD
film modified electrode was investigated. As shown in Fig. 4, the
impedance response of the polyluminol–GOD film modified elec-
trode changed little compared with the polyluminol film modified
electrode. The above results indicate that the PLANC provides
a more ideal platform for the GOD immobilization due to the
larger surface area and more active sites than polyluminol film
alone.

Standard glucose solutions (1.0 × 10−6 mol L−1, 3.0 × 10−6 mol
L−1, 5.0 × 10−6 mol L−1, 7.0 × 10−6 mol L−1, and 1.0 × 10−5 mol L−1)
were measured continuously with this ECL biosensor (as showed
in Fig. 5). Under the selected conditions given above, the cali-
bration graph of emission intensity versus glucose concentration
detection limit was 3 × 10−8 mol L−1 (3�). The regression equation
was I = 16.83C × 106 + 18.72 (where C is the glucose concentra-
tion, mol L−1) with a correlation coefficient of 0.9952. The relative
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Table 1
Results analysis of glucose in serum.

Determined by hospital (mM) This method (mM)a (% R.S.D.) Added (mM) (%) Detected (nM) Recovery

1 3.25 3.35 (3.60) 0.5 3.83 96.4
2 2.87 2.66 (2.15)
3 2.54 2.42 (2.34)

a Average of three determinations.
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ig. 4. Nyquist plots of polyluminol film modified electrode (a) and
olyluminol–GOD film modified electrode (b) 1 mol L−1KCl + 1 × 10−3 mol L−1

3Fe(CN)6/K4Fe(CN)6 solution with frequency of 0.05–100 kHz.

tandard deviation of the biosensor response to 1.0 × 10−6 mol L−1

lucose was 4.3% for eleven successive measurements.
The stability of proposed biosensor was tested over a 1-month

eriod. When the PLANC modified electrode was stored in the
ry state at room temperature, ECL intensity decreased less than
% compared with the initial steady state value after 1 month
f storage. Because the sensor was used in water solution in
his experiment, the stability of the sensor kept in 0.05 mol L−1

orax–0.2 mol L−1 borate solution (pH 9.0) was also investigated.
he ECL intensity only decreased 9% compared with the initial
teady state value. Furthermore, the operational stability of the
iosensor was investigated by continuously measuring the ECL

ntensity by repeated injection of 1 �M glucose, in which two

CL signal was recorded for every injection. The response of the
iosensor kept quite stable for the first 50 injections and a rel-
tive standard deviation not more than 10% and then gradually
ecreased. The ECL stability of the proposed biosensor is likely due

ig. 5. ECL response of the biosensor to glucose with concentration of 1 × 10−6 mol
−1, 3 × 10−6 mol L−1, 5 × 10−6 mol L−1, 7 × 10−6 mol L−1, 1 × 10−5 mol L−1.
1.0 3.63 97.3
1.0 3.45 103.4

to the little exhausting of polymeric luminol by the lower concen-
tration of H2O2 and the effective electropolymerization of PLANC
on electrode surface. However, the lifetime of the biosensor was
short when the concentration of H2O2 is high. The proposed biosen-
sor still has a limited lifetime because of the irreversibility of the
polymeric luminol′s electrochemical oxidation.

Some species that commonly existed and possibly interfered
with determination of glucose in biological samples were tested.
Increasing amounts of foreign species were added into the solution
containing 1.0 × 10−6 mol L−1 of glucose. A foreign specie was con-
sidered not to interfere if it caused a relative error <5% during the
measurement of the glucose sample. It was found that 15 times of
uric acid and 10 times of phenylformic acid, ascorbic acid, 5 times
of sucrose, lactose, maltose, Cu2+, Fe3+, Mn2+, Ni2+ and 0.1 times of
Co2+ has no interference with the determination of glucose.

3.4. Optimization of ECL detection system

The electrochemical parameters would obviously affect the ECL
emission intensity for the determination of glucose. The effect of the
electrolytic potential waveform, such as cyclic voltammetry, square
wave, triangular wave and pulse wave, were examined, respec-
tively. The results showed that the strongest ratio of the ECL signal
to the noise was given by the use of cyclic voltammetry. The effect
of the final potential on the enhancing ECL signal indicated that,
when the final potential was 0.8 V, the greatest enhanced ECL sig-
nal of glucose could be easily observed. So 0.8 V was selected for
the subsequent studies.

In this ECL system, the buffer solution is the medium of enzyme
reaction and also is the medium of the ECL reaction. The influence
of pH on the enzyme activity and the effect of pH on the generated
ECL signal both determine the overall response of the biosensor.
In view of the nature of polyluminol ECL reaction, which is more
favored under basic conditions (pH 10–11), an alkaline medium
would improve the sensitivity of the system. However, the opti-
mal pH value for GOD is 6–7. In order to obtain better ECL sensing
to glucose, the effect of medium pH on the biosensor was investi-
gated. The biosensor showed strongest ECL response to glucose at
pH 9 (see Supporting Information Fig. S4). As such, the reaction was
performed at pH 9.0 throughout this study.

3.5. Sample analysis

To illustrate the feasibility of the PLANC–GOD modified elec-
trode in practical analysis, it was used to detect glucose in human
urine samples. Fresh human urine samples were first analyzed in
a local hospital by spectrophotometric method. Then the samples
were diluted 100 times by water to yield testing sample solutions
and assayed with this ECL glucose sensor. The satisfied recovery
could be found in Table 1, which showed the dependability of the
proposed biosensor for the determination of glucose.
4. Conclusion

In this paper, a facile method for fabrication of PLANC and
its application to ECL-based biosensor were demonstrated. PLANC
can be successfully synthesized directly on electrode surface using
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lectrochemical polymerization. The PLANC displayed better ECL
roperties compared with polyluminol film alone. Furthermore,
ecause of the large specific surface area, excellent conductivity and
igh porosity, PLANC easily provides larger effective surface area to

mmobilize GOD. Moreover, the interface of the PLANC with specific
roperties allows rapid electron transfer and hence enhances the
lucose response. Based on these findings, a new concept for the
abrication of biosensor in ECL was proposed, and it can be readily
xtended to other biosensor systems based on the ample selection
f ECL-active nano-structured composites and enzymes.
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