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Abstract
In this study, conducting polymer, poly(3,4-ethylenedioxythiophene) (PEDOT), is used as a matrix for the entrapment
of glucose oxidase (GOD) and served as the working electrode for sensing glucose. The monomer, EDOT, is
electropolymerized onto the platinum electrode by the cyclic voltammetric (CV) technique, scanned between 0.2 and
1.2 V (vs. Ag/AgCl/saturated KCl) in a phosphate buffer solution (PBS) containing GOD, which is entrapped into the
PEDOT film simultaneously. The biosensor senses the reoxidative current of the mediator, ferricinium ions, with a
constant applied potential of 0.35 V in the sensing system containing a phosphate buffer solution, ferricinium ions, and
glucose. The indirect electrochemical method can efficiently reduce the sensing potential of the glucose. The sensing
results show that the linear range of the calibration curve for the glucose concentration lies between 0.1 and 10.0 mM,
which is a suitable level in the human body. Besides, the limit of detection and sensing sensitivity on glucose for the
biosensor are 0.13 mM and 12.42 mA cm�2 M�1, respectively. The response time of the biosensor, which is defined as
the reaction current reaching 95% of the steady-state current, is about 4 – 10 s. In the aspects of interferences on
ascorbic acid (AA) and uric acid (UA), the sensing currents increased about 9.7% and 39.1%, respectively, when
compared to the sensing current of glucose. Moreover, the biosensor shows a good stability in which the sensing
current of the electrode retains 80% of its original one over a period of 18 days.
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1. Introduction

Thedeterminationof the glucose concentration is important
in several aspects for food, microorganism or medicine,
especially for diabetes. The normal concentrations range of
blood glucose in human body varies from 4 to 8 mM, and the
concentration may be up to 10 mM for diabetes. Conse-
quently, to develop a stable glucose biosensor is an
interesting and crucial research topic for medicine and
biochemistry. Clark and Lyons firstly reported a glucose
biosensor by encapsulating glucose oxidase within poly-
ethylene on the metal electrodes [1]. According to the
prototype of the enzyme electrode, the company of Yellow
Spring Instruments in America manufactured the first
commercial glucose biosensor, which operated based on
the change of the oxygen concentration inside the solution
in 1972.

In order to obtain a long operational life of the biomo-
lecules, or enzyme, in an analytic device, the techniqueof the
enzyme-immobilization onto the transducer is a key process
to develop a good biosensor. Generally speaking, the
reported methods for enzyme-immobilization include ad-
sorption, covalent attachment, cross-linking and entrap-
ment [2]. As for the adsorption method, it utilizes the
hydrophilic or hydrophobic properties of the material, such

as ion exchange resin [3] and nylon [4] to construct the
enzyme electrode. The method of covalent attachment uses
the functional group in the biomolecules, such as �NH2,
�COOH, and�SH, for binding with transducer chemically
[5]. On the other hand, cross-linking method uses cross-
linking agent, such as glutaral, to combine the biomolecules
and polymer. However, the adsorption method can not
grasp enzyme easily because of the weak attraction to
electrode; besides, the covalent attachment and cross-link-
ingmethodsmay be difficult to retain the enzyme activity. In
contrast, the approach of enzyme-immobilization, or en-
zyme entrapment, is attractive in recent years due to
stronger adhesion between enzyme and matrix. For exam-
ple, the material, such as carbon gel [6] and polyvinyl
chloride [7], was used to immobilize the enzyme onto the
electrode. Besides, the method, which entraps biomolecules
onto the electrode surface electrochemically, have also been
extensively investigated recently [8].

Foulds et al. firstly reported that an enzyme can be
entrapped into the conducting polymers by using electro-
chemical polymerization [9]. Electropolymerized conduct-
ing polymers and entrapping the enzyme onto a platinum
electrode simultaneously is a simple, attractive and appre-
ciable way to construct biosensors [10]. In addition, the
thickness of the polymerized film can be easily controlled by
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choosing the deposition time in a one-step procedure. The
conducting polymers, which were deposited electrochemi-
cally to immobilize an enzyme, include polyaniline [11 – 12],
polythiophene [13] and polypyrrole (PPy) [14 – 16]. In this
work, conducting polymer, PEDOT, is served as the matrix
to fabricate an amperometric glucose biosensor. In a
previous work, Yamato et al. [17] pointed out that when
the conducting polymers, PPy and PEDOT, which were
deposited on platinum electrode with poly(styrene sulfo-
nate) (PSS) by means of cyclic voltammetry (CV) were
applied at 400 mV (vs. Ag/AgCl/3 M KCl) in phosphate
buffer (pH 7.0) in a period of 16 hours, the electroactivity of
PEDOT and PPy retained 87% and 5% of their original
activity, respectively. Even applied potential after 80 hours,
PEDOT still retained 76% of its original electroactivity and
this shows that the good electrochemical stability of
PEDOT in phosphate buffer ensures its possible applica-
tions in biosensors. The good electrochemical stability of the
PEDOTwas reported in other studies [18 – 20]. In the aspect
of sensors, the applications of PEDOT include a DNA
sensor based on conducting PEDOT for direct detection
that quantifies the targeted single strandDNA [21], and was
served as a self-absorbing piezoelectric sensor consisting of
conductive PEDOT [22]. Besides, an enzyme modified
biosensor entrapped by PEDOT for the detection of
phenolic compound [23] and an amperometric sensor
coating of PEDOT for the measurement of chromate [24],
were reported. Recently, Fabiano et al. [25] first reported
the use of PEDOT to entrap glucose oxidase so that the
detection of the glucose can be achieved successfully with a
fast response timeof 2 – 5 s and a good sensitivity of 15.2 mA
cm�2 mM�1. The sensor, however, suffered from the long-
term instability in which the current decreases 50% at 17
days. A conjugated polymer PEDOT/PSS has been used as
an electroactive hydrogel matrix in a biosensor or biomo-
lecules-enhanced electrode with osmium as amediator [26].

In this work, PEDOTwas chosen as the matrix to entrap
glucose oxidase (GOD) for preparing a glucose biosensor by
controlling different electropolymerizing conditions in
order to resolve the long-term instability issue. The stability
of the glucose biosensor could relate to the sensing
mechanism. In the presence of oxygen, the b-d-glucose
(Glu) was reacted with GOD and oxidized to gluconolac-
tone (GluAc) and hydrogen peroxide (H2O2), and the
reactions are expressed by Equations 1 and 2. Two protons
and two electrons, transferred from the platinum substrate
to the flavin moiety of the enzyme, were proposed [27].

GluþEnzox!GluAcþEnzred (1)

EnzredþO2!EnzoxþH2O2 (2)

H2O2!O2þ 2Hþþ 2e�

E0¼ 0.60 V vs. Ag/AgCl/satKd KCl (3)

where Enzox and Enzred represent the oxidized-state and the
reduced-state of the enzyme, respectively. The reoxidized
current of H2O2 is detected at the electrode (Eq. 3) in order

to determine the glucose concentration; however, the
produced H2O2 may destroy the PEDOT film. Moreover,
it is a problem that the oxygen may not present and its
concentration can not be fixed for all samples. Therefore, a
mediator, such as ferricinium ions (Fcþ), was added in the
sensing system to reduce the sensing potential and retard the
production ofH2O2.The alternative sensing reactions canbe
expressed as follows,

GluþEnzox!GluAcþEnzred (1)

Enzredþ 2Fcþ!Enzoxþ 2Fc (4)

2Fc! 2Fcþþ 2e�

E0¼ 0.13 V vs. Ag/AgCl/satKd KCl
(5)

Following the reaction in Equation 1, two competitive
reactions may occur, namely, the subsequent reaction may
proceed according to Equation 2 in the presence of oxygen,
or Equation 4 in the presence of ferricenium ions. Under a
lower anodic potential, Equation 5 is driven to the right
direction, while Equation 3 is not. According to Le Chate-
lierKs principle, Equation 4 becomes dominant, comparing
to Equation 2. That is, Enzred (the reduced-state of the
enzyme) is being consumed primarily according to Equa-
tion 4, not Equation 2. Therefore, the addition of ferrice-
nium ions retards Equation 2 in producing hydrogen
peroxide. After the reaction of glucose and GOD, the
reduced-state of the enzyme reacts with ferricinium ion to
form the oxidized-state of the enzyme and ferrocene. The
reoxidizing current of ferrocene to ferricinium ion was
detected at the electrode surface at a low potential of 0.13 V.
The schematic illustration for glucose sensing is shown in
Figure 1. Actually, there are two ways to transfer the
electrons to the platinum electrode. One route is that Fc
diffuses to the surface of the Pt electrode and gets oxidized,
as shown in Figure 1. The other is that the electrons transfer
to the Pt through the conducting polymer matrix. In the
second case, Fc doesnKt have to diffuse to the surface of the
Pt.

Fig. 1. Schematic illustration of sensing mechanism for electro-
catalytic glucose on the PEDOT-modified platinum electrode
surface, in which ferrocene serves as a mediator.

1409Amperometric Glucose Biosensor

Electroanalysis 18, 2006, No. 13-14, 1408 – 1415 www.electroanalysis.wiley-vch.de G 2006 WILEY-VCH Verlag GmbH&Co. KGaA, Weinheim

www.electroanalysis.wiley-vch.de


2. Experimental

2.1. Chemicals and Instruments

Glucose oxidase (GOD) (EC 1, 1, 3, 4) type VII-S from
Aspergillus niger,d-(þ)-glucose , potassium chloride (99.0 –
100.5%) and phosphate buffer saline (PBS, pH 7.4) were
purchased from Sigma. The monomer, 3,4-ethylenedioxy-
thiophene (EDOT), surfactant, polyethylene glycol (PEG,
MW¼ 20,000) and mediator, ferrocene (98%) were pur-
chased from Aldrich, Merck and Acros, respectively. Be-
sides, deionized water (DIW) was used throughout the
experiments. Before the measurement, the glucose solution
was allowed to mutarotate over 24 hours for equilibrium of
a- and b-anomers at room temperature. All electrochemical
experiments, including CV and amperometric measure-
ments were performed with a potentiostat/galvanostat
(Autolab, model PGSTAT 30, Utrecht, the Netherlands).

2.2. Preparation of the Enzyme Electrode

A platinum disc electrode with a reactive area of 3.142 mm2

was polished by alumina powders (0.05 mmparticle size) and
then washed by DIW. Afterward, the platinum disc elec-
trode was polished by clean lint and rinsed by DIW again.
Finally, the platinum electrode was ultrasonically cleaned in
DIW for 5 min. Subsequently, the enzyme electrode was
prepared by incorporating the enzyme, GOD, into the
electropolymerized PEDOT film on the Pt electrode in a
three-electrode electrochemical system. An Ag/AgCl/satu-
rated KCl electrode and a platinum wire were acted as the
reference electrode and the counter electrode, respectively.
Thedeposition solution comprised of 10�2 MEDOT, 10�3 M
PEG as surfactant and 1,000 unit glucose oxidase per
milliliter in 0.02 M PBS. The role of PEG in the deposition
solution not only enhances the EDOT solubility but also
shows an excellent result in constructing a modified
electrode [28]. In this study, two enzymatic electrodes
(PEDOT/GOD/Pt), which were controlled at different
ranges of cycling potentials when electropolymerized by
CVmethod, were prepared in order to investigate the effect
of the formation of the microstructure on the PEDOT
electrode. The potential of the first electrode was cycled
between 0.2 and 1.2 Vat a scan rate of 0.1 V/s for 15 cycles
(designated as electrode A) and the second electrode was
cycled between 0.2 and 1.5 V (designated as electrode B).
Subsequently, the prepared electrodes were both stored in
0.02 M PBS at 4 8C prior to use.

2.3. Determination of the Sensing Potential

The concentration of the glucose is detected at the PEDOT-
modified electrode by an amperometric method in a three-
electrode electrochemical system. The working electrode,
reference electrode, and counter electrode are PEDOT-
modified enzyme electrode, Ag/AgCl/saturated KCl elec-

trode, and a platinum wire, respectively. The measurement
of the glucose concentration was conducted in a 0.02 MPBS
containing 0.3 mM ferrocene as themediator and 0.1 MKCl
as the supporting electrolyte; beside, the electrolyte was
stirred in the open air with a magnetic stirrer at 100 rpm. In
order to determine the suitable sensing potential, different
potentials were applied between 0.1 and 1.0 V to find the
limiting current plateau. In other words, when the back-
ground current reached a steady-state value in each applied
potential, a 0.1 M glucose was added to raise the glucose
concentration in the electrolyte solution to be up to 5 mM
and collect the new steady-state current. Therefore, the net
sensing current is plotted as a function of the applied
potential and suitable operating potentials in the range of
limiting current plateau are obtained.

2.4. The Sensing Performance of the PEDOT-Modified
Glucose Biosensor

The PEDOT-modified electrode was used to determine a
calibration curve of the glucose concentration by applying a
suitable potential of 0.35 V, which is in the limiting current
plateau region. A three-electrode electrochemical system,
which contains an electrolyte of 0.02 M PBS, 0.3 mM
ferrocene and 0.1 M KCl, was employed. The current data
were collected by injecting 0.1 M glucose solution contin-
uously with a sampling time of 60 s, allowing the current
response to achieve new steady-state one, where a current
disturbance is less than�20 nA. Thus, from the steady-state
amperometric responses of thePEDOT/GOD/Pt biosensor,
the relationship between the concentration of the glucose
and its corresponding reactive current can be established.
Additionally, the interference materials such as ascorbic
acid (AA), 8� 10�5 M, and uric acid (UA), 4� 10�4 M, were
added into the glucose solution in separate experiments to
measure the interference, and the long-term stability of the
biosensor was tested each day over a period of 18 days.

3. Results and Discussion

3.1. CVs of the Enzyme Electrode

The CVs of the PEDOT conducting polymer to entrap the
glucose oxidase on the bare platinum electrode, respective-
ly, for electrode A and B, which were made in different
potential ranges, are shown in Figure 2a and b. Electrode A
was scanned between 0.2 and 1.2 V,while that of electrodeB
between 0.2 and 1.5 V. It is clearly seen from Figure 2a
(electrode A) that the reaction current increases sharply
when the applied potential is larger than 0.7 V,which reveals
the formation of the radical cations [29]. After second cycle,
the oxidation and reduction currents increase with the
continuous scanning between the potential ranges of 0.2 and
0.8 V. The increased current implies that the EDOTradical
cations start to electropolymerize onto the platinum elec-
trode. The oxidation current, however, decreases when the
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sweeping potential is over 1.0 V. It is inferred that the high
potential range may result in the decomposition of water in
the electrolyte and cause the partial degradation of the
PEDOT film.

For comparison with electrode A, the cyclic voltammo-
grams of electrode B, which is scanned between 0.2 and
1.5 V, are shown in Figure 2b. Although the high applied
oxidative side potential cause the high-current response at
the first cycle, the degradation on the electrode B is more
serious than that of the electrode A, as evidenced from the
unobvious characteristics of the PEDOT between 0.2 and
0.8 Vand the subsequent rapid decreased current response.
Because the PEDOT is served as the matrix to the entrap
enzyme and is electroactive, the decreased current implies
the loss of the electroactivity and the hindrance of the
polymer formation; thus it is important to stabilize the
PEDOT matrix. By changing the deposition parameters,
especially in the oxidation side, and the sensing mediator,
the long-term instability of the enzyme electrode can be

improved. In the following sections, the analytic results, the
sensitivity, limit of detection, calibration curve and interfer-
ence of the electrode A and electrode B will be compared
and discussed.

3.2. Limiting Current Plateau

The as-deposited PEDOT-modified enzyme electrode
(electrode A) was used to measure current-time response
curves (i – t curve) before and after injecting a 5 mMglucose
solution into the electrolyte at different applied potentials
ranged from 0.1 to 1.0 V. At each applied potential, after a
steady-state background current is reached, the current rises
sharply and reaches a new steady-state value when adding
5 mM glucose solution. This means that the increased
current is contributed from the reaction of glucose, and each
reaction step can be described in Figure 1.When the glucose
molecules diffuse into the PEDOT matrix, it reacts with the
oxidized form of the enzyme, and then the electron
exchange occurs between the reduced form of the enzyme
and Fc ions. Then the reoxidation current of Fc is detected
on the Pt electrode surface. The measured results show that
the prepared PEDOT-modified enzyme electrode could
entrap glucose oxidase successfully to sense glucose. After
the chronoamperometric experiments (i – t curve) were
repeated from low potentials to high potentials, a steady-
state current-potential curve (i –E curve) was obtained and
plotted in Figure 3. In Figure 3, it is clear that the PBS
background current, which was contributed from the con-
ducting polymer in PBS, increases slowly as the applied
potential increases. From the net current curve, twoplateaus
can be observed; one occurs between 0.23 – 0.40 V and the
other locates between 0.50 – 0.70 V. The reaction current on
the first plateau (0.23 – 0.40 V) was contributed from the
reoxidation of the Fc molecules on the Pt electrode surface
(Eq. 5), which was generated by the electron transfer
between the Enzred and Fcþ (Eq. 4). On the other hand,

Fig. 2. The cyclic voltammograms of electropolymerized PE-
DOT film at a scan rate of 0.1 V/s for a) electrode A (0.2 – 1.2 V)
and b) electrode B (0.2 – 1.5 V).

Fig. 3. The I –E curve of sensing 5 mM glucose in PBS for
electrode A. ~) The background current of PBS, � ) the total
reaction current, *) the net current.
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the current on the second plateau (0.50 – 0.70 V) was
resulted from the reoxidation of the hydrogen peroxide,
which was produced from the Enzred and the dissolved
oxygen in electrolytes. The subsequent reaction can be
described by Equations 1, 2 and 3. In addition to the two
plateaus, when the applied potential was larger than 0.70 V,
the net current decreases gradually. The decreased current
may result from the electroactivity loss of the PEDOT film
under high applied potentials [30 – 31]. Thus, in order to
avoid the damage of the conducting polymer film and
reduce the inference of the side-reaction, the sensing
potential was chosen properly in the range of the first
potential plateau. So a potential of 0.35 V was chosen as the
working potential for detection of the glucose concentration
to obtain the calibration curve in the following experiment.

3.3. The Calibration Curve of the Glucose and the
Characteristics of the Biosensor

The total current as a function of the increased glucose
concentration, between 0.1 and 30 mM, with a sampling
time of 60 s at each concentration level, was measured and
shown in Figure 4. The defined response time, when the
sensing current reached 95% of the steady-state current
(disturbance �20 nA), was calculated to be about 4 – 10 s
from Figure 4 at each added glucose concentration. This
reveals that the sensing system can provide a rapid response
for analysis at different concentration of glucose. The same
experiments were repeated for four times, and the relation-
ship between the reacted current and the glucose concen-
tration (i – C curve) are plotted in Figure 5a. The figure
shows the average reacted current values and the upper and
lower values; besides, the linear range of the i –C response is
replotted in Figure 5b. In Figure 5a, although electrode A
and electrode B both present a linear relationship between
net current and glucose concentration on the range of lower
glucose concentration (up to 10 mM), electrodeAexhibits a
better sensing performance than that of electrode B both in
sensitivity and the reproducibility. From the results, it is
deduced that the deposited potential range of the enzyme
electrode plays an important role on the sensing results. As
discussed before, the electrode B may encounter serious
side-reactions to cause the damage to the microstructure of
the PEDOT at the scanning potential of 1.5 V during
electropolymerization. Moreover, the sensing current of
electrode B is smaller than that of electrode A and this may
result from the fewer entrapped amounts of enzymes inside
the destructive PEDOT film.

From Figure 5a, the linear ranges of the enzyme electro-
des, for both electrodeA and electrode B, lies between 0.1 –
10.0 mM. When the results were re-plotted in Figure 5b, the
average sensitivity of the electrodeA and Bwere calculated
as 12.42 and 9.05 mA cm�2 M�1, respectively. Besides, the
limit of detection (LOD) of the enzyme electrodes is
expressed in Equation 6, which is defined by the Interna-
tional Union of Pure and Applied Chemistry (IUPAC).

LOD¼ k SD/SEN (6)

where k is a constant, SEN is sensitivity and SD is the
standard deviation of the background signal of PBS in the
system. Based on 99.7% confidence interval (k¼ 3), the
LOD for electrode A and electrode B are 0.13 mM and
0.05 mM, respectively.

Comparing to the results of glucose sensing reported in
the literatures (Table 1), the results ofNo. 7 – 10 can provide
a rapid sensing response and a good sensitivity, and can be
used for detecting blood glucose range of human, when
using PEDOT as the matrix. Although the linear ranges
reported in literatures [5, 9, 17, 32] (No. 1 – 4 in Table 1) also
locate in the range of human blood, but their response times
are not as fast as the glucose biosensors entrapped by
PEDOT (No. 7 – 10). On the other hand, the response times
for No. 5 [33] and 6 [34] are very fast, but the linear sensing
ranges are not acceptable for sensing the blood glucose in
human body. As a result, it is shown that the PEDOT-
modified electrode A has good sensing performance on
glucose. The linear range, sensitivity, and response time of
electrode A in this work are similar to those of the results
reported in the literature (No. 7 [25]), but more important is
that electrode A exhibits a better long-term stability when
comparing to the literature [25]. The results of long-term
operation will be discussed in another subsection below.

3.4. Enzyme Kinetics

By using glucose oxidase to sense the glucose, the reaction
should obeyMichaelis-Mentenmechanism and provide two
kinetic constants, Michaelis constant (Km) and maximum
rate (vmax). According to the pseudosteady state assumption
(PSSA), the mechanism expressed in Equation 7 can be

Fig. 4. The responses of electrode A with different glucose
concentrations in PBS. The sensing potential is 0.35 V vs. Ag/
AgCl/saturated KCl and the electrolyte contains 0.02 M PBS and
0.1 M KCl.
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described by Michaelis –Menten equation, shown in Equa-
tion 8.

Sþ E ��
��!kþ1
k�1

ES�!k2 Eþ P ð7Þ

v¼ vmax[S]/(Kmþ [S]) (8)

where S, E and P represent substrate, enzyme and product,
respectively. In this system, S, E and P are glucose, glucose
oxidase and Fc, respectively. According to Equation 8, a
regression curve for the data (electrode A) in Figure 5a is
shown in Figure 6, and two Michaelis –Menten constants
are obtained; Km¼ 17.27 mM and vmax (or Imax)¼ 9.88 mA.
The value of Km is reasonable, when compared with the
value of Km reported previously (Km¼ 16.4 mM) when a
glucose biosensor entrapped an enzymewith poly(o-amino-
phenol) [34]. Figure 6 shows a good enzymatic behavior for
amperometric detection of glucose by using the conducting
PEDOT. The linear current response lies between 0.1 and
10.0 mM, which is in the range of human blood (4.0 –
8.0 mM).

3.5. Interference and Stability of the Glucose Biosensor

If the applied potential is high enough to oxidize other
electroactive reactants in the sensing solution, the reacted
net current would contain the interference signal, thus the
real concentration of the substrate would be overestimated.
The common interferences of AA and UA in the blood of
human beings have normal concentration ranges of 34 –
79 mM and 0.18 – 0.42 mM, respectively. In order to reduce
the effect of the interference on the working electrodeKs
surface, one effective method is to lower the sensing
potential. Therefore, the ferrocene added in this system
can successfully diffuse inside into the PEDOT matrix and
decrease the sensing potential for the reoxidization of
ferrocene (Eq. 5).

In this subsection, the interference effect on the electrode
A in two different systems is compared. One was applied a
potential of 0.35 V in a buffer solution containing Fcþ, and
the other was applied a potential of 0.65 V in a buffer
solution with no additional species added. The results are
shown in Figure 7; when comparing to the sensing current of

Fig. 5. The calibration curves of the PEDOT-modified glucose
sensors at 0.35 V vs. Ag/AgCl/saturated KCl; *) electrode A and
~) electrode B. a) The data are adopted by four times experiments
and b) the linear regression of the dynamic range (0.1 – 10.0 mM).

Table 1. The performances of glucose biosensors reported in the literatures.

No. References Method Matrix Base Linear range
(mM)

Sensitivity
(mA cm�2 M�1)

Response time
(s)

Stability
(days)

1 [9] Entrapment PPy [a] Pt 1.0 – 10.0 – 20 – 40 20 (70%)
2 [17] Entrapment PANI [b] Pt 0.01 – 12.0 13.6 30 –
3 [5] Covalent 1,1-DMFc C 1.0 – 30.0 6.63 60 – 90 –
4 [32] Covalent Copolymer Pt 0.0 – 15.0 – 20 –
5 [33] Entrapment Poly-PPD [c] Pt 0.05 – 3.0 – >2 30 (70%)
6 [34] Entrapment Poly-OAP [d] PGCE 0.001 – 1.0 – >4 30 (70%)
7 [25] Entrapment PEDOT Pt 0.2 – 8.0 15.2 2 – 5 10 (70%)
8 [28] Entrapment PEDOT Pt 0.0 – 22.0 3.0 – –
9 Electrode A Entrapment PEDOT Pt 0.1 – 10.0 12.42 4 – 10 >18 (80%)
10 Electrode B Entrapment PEDOT Pt 0.1 – 10.0 9.05 4 – 10 –

[a] PPy: polypyrrole; [b] PANI: Polyaniline; [c] Poly-PPD: Poly(p-phenylenediamine); [d] Poly-OAP: Poly(o-aminophenol)
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glucose (100%), AA and UA increase 9.7% and 39.1% in
current at 0.35 Vand 26.3% and 69.5% in current at 0.65 V,
respectively. The results imply that the systemwith Fc added
as the mediator can reduce the sensing potential for the
reoxidation of Fc (Eq. 5), instead of sensing at a higher
oxidation potential for H2O2 (Eq. 3). This means that a
lower potential (0.35 V) reduces the interferences of AA
and UA on the glucose sensing, as compared to those at a
higher applied potential (0.65 V).

In long-term operation, it is important to retain the
sensitivity for a good glucose biosensor. The operating
stability of the electrode A, which sensed the reoxidized
current of ferrocene at 0.35 V for one time each day, is

shown in Figure 8. From the result, it is found that the
sensing current still retains about 80% of its original value
for at least 18 days and hence it is concluded that the adding
of ferrocene not only lower the sensing potential but also
mitigates the electroactivity loss of conducting polymer in a
long-term operation, avoiding the low enzyme entrapment
caused by the degradedpolymer chains at a higher potential.
In another aspect, the electrode with an upper deposition
potential controlled at 1.2 Vwasmore stable than that of the
electrode set at 1.5 V. The reason has to do with the
decomposition of water at higher potentials as discussed in
section 3.1. Thus, the electrode A could improve the long-
term instability as seen in literature [25], in which the
sensitivity decreases 30% at 10 days and 50% at 17 days.

4. Conclusions

In this work, it was confirmed that the conducting polymer,
PEDOT, can successfully entrap glucose oxidase so as to
construct a glucose biosensor. Different sensing mecha-
nisms, as seen at different applied potentials, are also
proposed. In proposing the PEDOT matrix, it was not
advantageous to entrap enzyme by depositing at a higher
potential. The enzyme electrode prepared at a higher
potential resulted in a serious destruction of PEDOTmatrix
and caused a lower sensitivity and reproducibility of the
biosensor. When ferrocene is added as the mediator, it not
only reduces the working potential to 0.35 V but also
improves the instability of PEDOT operating at higher
potentials. The linear sensing range, sensitivity, limit of
detection and response time are 0.1 – 10.0 mM, 12.42 mA
cm�2 M�1, 0.13 mM and 4 – 10 s, respectively. The current
signal of the interference contributed 9.7% and 39.1% for
the AA and UA, respectively, at 0.35 V. In long-term

Fig. 6. The regression of the sensing experimental data of
electrode A by Michaelis-Menten model.

Fig. 7. The sensing selectivities of the enzyme electrode A at
0.35 V and 0.65 V vs. Ag/AgCl/saturated KCl. The absolute
responses are defined as the percentage of the reaction current
of AA and UA comparing to that of glucose in 0.02 M PBS.

Fig. 8. The long-term stability of the PEDOT-modified glucose
biosensor (electrode A) at a sensing potential of 0.35 V vs. Ag/
AgCl/saturated KCl.
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stability test, the current still retains ca. 80% of its original
one for at least 18 days. In addition to sensing glucose, the
immobilization technique of PEDOT can also be useful for
other substrates, providing a wide application in different
kinds of microbiosensors.
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