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Abstract—A simple and practical sensor of hydrogen peroxide (H2O2) was designed successfully. The mixture
of horseradish peroxidase (HRP) and chitosan (Chit) are effectively immobilized on the surface of poly-L-
leucine/polydopamine modified glassy carbon electrode (PL-LEU/PDA/GCE). Under the optimum con-
ditions, the biosensor based on HRP exhibits a fast amperometric response (within 3 s) to H2O2. The linear
response range of the sensor is 0.5–952.0 μmol L–1, with the detection limit of 0.1 μmol L–1 (S/N = 3) and
the sensitivity of 0.23 A L moL–1 cm–2. The apparent Michaelis–Menten constant ( ) of the biosensor is
evaluated to be 0.12 mmol L–1, which suggests that the HRP-Chit/PL-LEU/PDA/GCE shows a higher
affinity for H2O2. The sensor exhibits good sensitivity, selectivity, stability and reproducibility. The proposed
method has been successfully applied to the determination of H2O2 in practical samples.
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1. INTRODUCTION

Hydrogen peroxide (H2O2) is not only involved in
many oxidase-based biological reactions as a by-prod-
uct [1], but also acted as an essential mediator in food,
pharmaceutical, clinical, industrial and environmen-
tal analyses [2]. So, the determination of H2O2 is of
great practical importance. Some techniques, such as
titrimetry [3], spectrometry [4], chemiluminescenee
[5, 6] and fluorimetry [7, 8] have been developed for
the determination of H2O2. These methods have their
respective advantages and disadvantages. However the
electrochemical sensors offer an attractive route which
has been employed for the design of H2O2 biosensors
because of its simplicity, high sensitivity and selectivity
[9, 10]. They are mostly designed via the immobiliza-
tion of horseradish peroxidase (HRP) on glassy car-
bon electrode. However, it suffers from weak electron
transfer between the adjacent heterogeneous inter-
faces. HRP does not display any electroactivity due to
the deep burying of the electroactive groups within the
protein structure, which exhibits unfavorable orienta-
tion [11]. Thus, enzyme immobilization becomes a
key factor for the fabrication of the sensor.

Different biocompatible materials such as con-
ducting polymers [12, 13], sol–gel materials [14, 15],
nano-materials [16, 17] were employed to improve the
microenvironment around enzyme, which provide
suitable orientation and accelerate the electron trans-
fer between enzyme and the surface of electrode [18].
Among the materials mentioned above, conducting
polymers have received tremendous interest during
the past few decades [19–21]. L-leucine (L-LEU) is
one of the essential amino acids to human beings,
which can be easily electropolymerized on electrode
surface to form Poly(L-leucine) (PL-LEU) film.
PL-LEU polymer can not only provide the conduct-
ing bridges but also promote the electron transfer
[22, 23], which has been verified by our previous work
[24]. Dopamine (DA) is a crucial neurotransmitter in
the central nervous system of mammalia. It can be
easily oxidized, thus the electrochemical oxidation of
DA has been intensively investigated [25, 26]. The
polydopamine (PDA) has the best biological compat-
ibility, and it performs well as binding agents for coat-
ing inorganic surfaces [27, 28], including the elec-
tropolymerization of dopamine onto conducting elec-
trodes [29]. PDA film can be obtained using direct
immersion of different electrode materials into an
alkaline DA solution [30, 31] or by electropolymeriza-
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tion [32, 33]. Most previous researches on PDA film
modified electrode have focused on the self-polymer-
ization of DA because the PDA coating can contribute
as reducing agent for secondary reaction [34, 35].
Nevertheless, electropolymerized films of PDA were
seldom used for the construction of sensors in view of
its foiling electrode and decreasing the electrode activ-
ity. At present work, firstly, the DA was electropoly-
merized on the glassy carbon electrode (GCE) in con-
trast to the common research motivation; then the
modified electrode (PDA/GCE) was immersed in the
phosphate (PP) buffer solution which contains
L-LEU, so the positive charges of PDA films can
absorb negative L-LEU by electrostatic attraction.
Secondly, L-LEU was electropolymerized in-situ on
the surface of PDA/GCE. Finally, the mixture of
HRP and chitosan (Chit) were immobilized on the
surface of poly-L-leucine/polydopamine modified
glassy carbon electrode (PL-LEU/PDA/GCE). A
simple and practical sensor of Н2О2 was successfully
designed. Chit can improve the stability of enzyme
[31] and give excellent property of the formed film.
This H2O2 biosensor which is fabricated by the combi-
nation of HRP-Chit/L-LEU/PDA/GCE has shown
the advantages of fast response, low applied potential,
high affinity, low background current and excellent
sensitivity.

2. EXPERIMENTAL
2.1. Apparatus

CHI660D Electrochemical Workstation (Shanghai
Chenhua Instruments, Shanghai, China) was used for
electrochemical measurements. The working elec-
trode was a modified glassy carbon electrode with a
diameter of 3.0 mm, the auxiliary electrode was a plat-
inum sheet (Shanghai Chenhua Instruments, Shang-
hai, China) and the reference electrode (Shanghai
Chenhua Instruments, Shanghai, China) was a KC1
saturated Hg/Hg2Cl2 electrode.

2.2. Chemicals
All the reagents involved with analytical grade were

bought from Sinopharm Chemical Reagent Co., Ltd.
Buffer solution was prepared by mixing 0.2 mol L–1

Na2HPO4 and 0.2 mol L–1 NaH2PO4 solutions to
form a phosphate (PP) buffer solution (0.2 mol L–1).
Double distilled water was used for preparation of all
solutions and for washing. Both standard solution and
buffer solutions were kept in a 4°C refrigerator.

2.3. Preparation of L-LEU/PDA/GCE
Prior to the electropolymerization, the surface of

GCE was polished by 0.05 μm alumina in a water
slurry using a polishing cloth, and then sonicated in
double distilled water for 5 min. Firstly, the

PDA/GCE was constructed by electropolymerization
of dopamine on the surface of GCE in a 0.2 mol L–1

PP buffer solution (pH 7.0) which contains 5.0 mmol L–1

dopamine by potentiodynamic conditions (10 cycles)
in the potential range of –0.9 to 0.6 V at a scan rate of
100 mV s–1. The PDA/GCE was then washed with
double distilled water to remove residual monomer
solution. Secondly, the PDA/GCE was immersed into
a 5.0 mmol L–1 L-LEU solution (0.2 mol L–1,
pH 7.0 PP) and the electropolymerization procedure
was carried out. The CV parameters including the scan
rate (v), the potential range for the cycling, the quiet
time and cycle numbers were optimized as 100 mV s–1,
–0.5 to 2.0 V, 10 s and 3 cycles, respectively. After elec-
tropolymerization, the PL-LEU/PDA/GCE was
rinsed thoroughly with distilled water.

2.4. Construction of H2O2 Biosensor

250 mg of Chit flakes were dissolved in 0.05 mol L–1

acetic acid with a 50 mL volumetric f lask. The mixture
was vigorously stirred for 2 h at room temperature. A vis-
cous and translucent Chit (0.5 wt %) solution was formed.
Then a solution of Chit and HRP (10.0 mg mL–1) with
equal volume was mixed adequately. Finally, 2.0 μL
HRP-Chit mixtures was dropped onto the surface of
PL-LEU/PDA/GCE and dried at room temperature.
This electrode was denoted as a HRP-Chit/PL-
LEU/PDA/GCE. By comparison, a HRP-Chit/GCE
electrode was also fabricated following a similar pro-
cedure. The basic strategy for the preparation of HRP-
Chit/PL-LEU/PDA/GCE was given in Scheme 1.

3. RESULTS AND DISCUSSION
3.1. Characterizations of L-LEU/PDA Film by SEM

The scanning electron microscopy (abbreviated as
SEM) images of different electrodes are shown in
Fig. 1. Formation of PDA layer (Fig. 1b) on the GCE
surface can be confirmed by the electropolymerized
PDA clusters on the surface. After the electropolymer-
ization of LEU for 3 cycles, the growth of PDA clus-
ters (Fig. 1c) suggests that PL-LEU is successfully
assembled on the PDA/GCE.

3.2. Electrochemical Impedance Spectroscopy 
of PL-LEU/PDA/GCE

The electrochemical impedance spectroscopy
(EIS) is a highly effective technique for studying the
interface features during the fabrication process.
Figure 2 displays the curves of EIS for the bare and
different modified electrodes immersed in a mixed
solution that contained 0.2 mol L–1 PP buffer solution
(pH 6.0) and 0.5 mmol L–1 hydroquinone (H2Q). An
obviously decrease in the charge transfer resistance
(Rct) can be observed on PDA/GCE (curve b) or PL-
LEU/GCE (curve c) compared with a bare GCE
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(curve a) electropolymerized by DA or L-LEU. It also
can be seen that the Rct of PL-LEU/PDA/GCE
(curve d) is the smallest compared with PDA/GCE,
PL-LEU/GCE and bare GCE. The reaction mechanism
could be explained as follows: (1) DA was first elctropoly-
merized on the surface of GCE in a 0.2 mol L–1 PP buffer
solution (pH 7.0) and the numerous secondary amine
and dihydroxy functional groups are remained on the
surface of PDA/GCE [37]. As the pH value of PP buf-
fer solution and the pKa of DA is 7 and 8.9, respec-
tively, so the surface of PDA/GCE has positive
charges. (2) The total charges of L-LEU are negative

at pH 7.0 since that the pH value is higher than that of
its pI (pI = 5.98). When PDA/GCE was placed in
L-LEU solution (pH 7.0), the positively charged sur-
face of PDA/GCE can absorb negatively charged
L-LEU. (3) During the electropolymerization of
L-LEU on the surface of PDA/GCE, the remaining
secondary amine groups of PDA can combine with
carboxyl groups of L-LEU via peptide linkages. The
carboxyl and the amino groups between the adjacent
L-LEU are also linked by peptide linkages to form
conductive polymers.

Scheme 1. Diagram of HRP-Chit/PL-LEU/PDA/GCE preparation.

3.3. Electrochemical Behavior of PL-LEU/PDA/GCE
Figure 3 shows the typical CVs of 0.5 mmol L–1

hydroquinone (H2Q) at different electrodes immersed
in a 0.2 mol L–1 PP buffer solution (pH 6.0).The peak
current of H2Q can be notably improved compared
with that of bare GCE after the electropolymerization
of DA on the surface of GCE. However, the peak-to-

peak potential separation (ΔEp = Epa – Epc) remains
almost unchanged. The PDA substrates have amine
and dihydroxy functional groups, which can easily be
linked via hydroxyl groups of H2Q through the interac-
tion of hydrogen bonds. When PDA is modified on the
surface of GCE, H2Q would be enriched on the mod-
ified electrode resulting in the increasing response of
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H2Q. If the PL-LEU/GCE is used in this system, not
only the peak current of H2Q can be significantly
improved, but also the ΔEp of H2Q would substantially
become narrow. This phenomenon indicates that the
electron-transfer process of PL-LEU/GCE is rela-
tively fast compared with that of bare GCE. Once the
PL-LEU/PDA composite films are modified on the
surface of GCE, the peak current of H2Q is much
larger than that of PL-LEU/GCE or PDA/GCE
implying that the composite PDA/PL-LEU film can
notably improve the current response of H2Q. In addi-

tion, there is no significant change of the ΔEp of H2Q
confirming that the PDA polymer only plays a skeletal
role in the formation of PL-LEU/PDA/GCE.

3.4. Electrocatalytic Behavior 
of HRP-Chit/PL-LEU/PDA/GCE 

to the Reduction of H2O2

CVs were utilized to test the electrocatalytic behav-
ior of HRP-Chit/PL-LEU/PDA/GCE. Figure 4
describes the CVs of the HRP-Chit/PL-
LEU/PDA/GCE in 0.2 mol L–1 PP buffer solution
(pH 6.0) in the absence (curve a) and in presence of
H2O2 (curves b–d) between –0.4 and 0.8 V with a scan
rate of 100 mV s–1. With the addition of H2O2, an obvi-
ous increase of the cathodic current and a concomi-
tant decrease of the anodic current were observed and
the cathodic peak potential also shifts negatively, which
shows a typical electrocatalytic reduction process of
H2O2. These results indicate that the HRP have been
immobilized on the surface of the PL-LEU/PDA/GCE
and the H2Q could effectively shuttle electrons from
the redox center of HRP to the surface of GCE. Further-
more, these results also suggest that PL-LEU/PDA film
provides a favorable microenvironment for proteins
and plays an important role in facilitating the elec-
tron exchange and preserving activity of HRP [38].
The catalytic process of HRP immobilized onto the
PL-LEU/PDA/GCE surface could be expressed as
follows [39]:

HRP (Fe3+) +H2O2 → compound I + H2O, (1)

Compound I + H2Q → compound II + BQ, (2)

Compound II + H2Q → HRP (Fe3+) + BQ + H2O.(3)

Fig. 2. Nyquist plots of EIS in 0.2 mol L–1 PP buffer solu-
tion (pH 6.0) containing 0.5 mmol L–1 H2Q for GCE (a),
PDA/GCE (b), PL-LEU/GCE (c) and PL-
LEU/PDA/GCE (d). High frequency: 100000 Hz, Low-
ermost frequency: 0.01 Hz, Amplitude: 5 mV.
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Fig. 1. SEM images of (a) bare GCE, (b) PDA/GCE,
(c) PL-LEU/PDA/GCE.
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The net reaction is:
BQ + 2e + 2H+ → H2Q.

Where compound I (oxidation state +5) and II
(oxidation state +4) represent the enzyme intermedi-
ates in the reaction; H2Q and BQ represent hydroqui-
none and benzoquinone, respectively. Firstly, H2O2 is
reduced to water and the HRP is oxidized to com-
pound I. Secondly, Compound I is reduced by a one
electron step to form compound II, and then com-
pound II is reduced to the original form of HRP by the
redox mediator (H2Q). Finally, the BQ is subsequently
reduced back to H2Q by a rapid reaction involving the
acceptance of two electrons from the electrode.

3.5. Effect of pH
The acidity of the solution has a significant effect

on the bioactivity of enzymes. Therefore, the effect of
the solution pH on the biosensor response was exam-
ined in PP buffer solution containing 0.5 mmol L–1

H2Q and 0.2 mmol L–1 H2O2 (Fig. 5). The current
response arrives at a maximum value at pH 5.5 and
then decrease when the pH further increase. There-
fore, the pH of 5.5 (0.2 mol L–1 PP buffer solution) is
selected for further study in order to achieve the max-
imum sensitivity.

3.6. Effect of H2Q Concentration
The concentration of H2Q is also influenced the

response of biosensor. The effect of H2Q concentra-
tion on the HRP-Chit/PGA/GCE response was stud-
ied by varying the concentration of H2Q from 0.2 to
1.0 mmol L–1. The current response increases with the

increase of the H2Q concentration, and it reaches the max-
imum when the concentration of H2Q is 0.5 mmol L–1.
Such behavior is typical of a mediator-based sensor
[40]. Thus, 0.5 mmol L–1 H2Q is chosen for all the
subsequent experiments.

3.7. Effect of Operating Potential 
on Biosensor Response

The applied potential value can not only affect the
amperometric response to the same amount of H2O2
but also affect the disturbance signal. In order to

Fig. 3. CVs in 0.2 mol L–1 PP buffer solution (pH 6.0) con-
taining 0.5 mmol L–1 H2Q for GCE (a), PDA/GCE (b),
PL-LEU/GCE (c) and PL-LEU/PDA/GCE (d). Scan
rate: 100 mV s–1.
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obtain better performance in terms of sensitivity to
samples [41, 42], optimum applied potential has to be
detemiined before experiment. The influence of oper-
ating potential on biosensor response is investigated
over the potential range from –50 to 100 mV with same
amount of H2O2 in PP buffer solution (pH 5.5) con-
taining 0.5 mmol L–1 H2Q. As shown in Fig. 6, the
sensitivity of the biosensor increase steadily when the
peak potential increase negatively, but the disturbance
signal is also gradually increasing. So the potential of
50 mV is selected for the remainder of the experiments.

3.8. Amperometric Responses to H2O2

The relationship between response current and
H2O2 concentration under the optimized experimental
conditions is illustrated in Fig. 7. HRP-Chit/PL-
LEU/PDA/GCE yields a relatively higher current
response to H2O2 (Fig. 7b) compared with the HRP-
Chit/GCE (Fig. 7a); the i–t curve of the HRP-
Chit/PL-LEU/PDA/GCE exhibits clear steps with
successive increase of H2O2 concentration. However,
the i–t curve of the HRP-Chit/GCE exhibits unclear
steps in low H2O2 concentration. The reason is that the
active area of electrode will increase when the elec-
trode is modified by PL-LEU/PDA polymer. The
HRP may be fully dispersed with the increasing active
area. This will lead to the increasing of contact area
between H2O2 and enzyme and then a sharp increase
can be obtained in the cathodic current of H2O2. The
response current of HRP-Chit/PL-LEU/PDA/GCE
is linear to H2O2 concentration in the range of 0.5–
952.5 μmol L–1 (Fig. 7c), with a regression coefficient
of 0.9996. The detection limit and the sensitivity of
the sensor are 0.1 umol L–1 (S/N = 3) and

Fig. 6. The amperometric response to consecutively added
0.01 mol L–1 H2O2 into 0.2 mol L–1 PP buffer solution
containing 0.5 mmol L–1 H2Q varies with the different
applied potential.
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0.23 A L mol–1 cm–2, respectively. Conversely, the
relationship between the response of HRP-Chit/GCE
and H2O2 concentration is not of linear type. These
phenomenons indicate that the immobilized HRP
could well catalyze the reduction of H2O2, which is
due to the fact that the PL-LEU/PDA film could not
only effectively retain the bioactivity of the HRP, but
also improve the detection sensitivity of H2O2. The
response time for the electrode is only 3 seconds
(Fig. 7b), which might be caused by the easy diffusion
of H2O2 in the ultrathin PL-LEU/PDA film.

The Michaelis–Menten equation was used to study
the enzyme-substrate kinetics of the proposed HRP
biosensor. The apparent Michaelis–Menten constant

 can give a reflection of the enzymatic affinity.
 can be calculated from the electrochemical ver-

sion of the Lineweaver–Burk equation [43].

Where Iss is the steady-state current after the addition
of substrate, c is the bulk concentration of the sub-
strate and Imax is the maximum current measured

under saturated substrate condition.  is the appar-
ent Michaelis-Menten constant, a characteristic
parameter of the enzyme-substrate kinetics. 1/Iss is
proportional to 1/c with a slope of –28.74 and an
intercept of –0.23. The ratio of slope to intercept is

 that can be calculated as 0.12 mmol L–1.
As listed in Table 1, the sensitivity, the response

time, linear calibration range and the detection limit
of H2O2 determination with the HRP-Chit/PL-
LEU/PDA/GCE were comparable or even better than
those obtained at several reported H2O2 sensors reported.
In addition, based on the data in Table 1, we can know
that the  of the biosensor in this work is also smaller
than that of the reported H2O2 sensors, which implies
that the HRP-Chit/PL-LEU/PDA/GCE exhibits a
higher affinity for H2O2.
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3.9. Reproducibility and Stability
The HRP-Chit/PL-LEU/PDA/GCE was exam-

ined by successive detections of 7 times in a PP buffer
solution (pH 5.5) containing 0.2 mmol L–1 H2O2 and
0.5 mmol L–1 H2Q. The relative standard deviation
(RSD) in peak currents was found to be 1.7%. At the
same time, five HRP-Chit/PL-LEU/PDA/GCE
were prepared and examined in the same conditions,
RSD of the peak currents was 3.2%. These results
indicate that the HRP-Chit/PL-LEU/PDA/GCE
has good reproducibility. The performance of the
HRP biosensor did not change obviously when it was
stored in PP buffer solution (pH 5.5). After placed it
for three weeks, the current response to the H2O2
retained 85.2% of its initial current response. It mani-
fests that HRP-Chit/PL-LEU/PDA/GCE has good
stability.

3.10. Real Sample Analysis and Selectivity 
Against Interferences

The applicability of the HRP biosensor was
assessed by the determination of H2O2 concentration
in disinfector sample. The sample was diluted
2000 times by phosphate buffer solution (pH 5.5) and
then the concentration of H2O2 was determined by
proposed HRP biosensor. Correspondingly, the disin-
fector sample was diluted 20 times by distilled water for
the determination of H2O2 concentration via the clas-
sical KMnO4 titration method. The concentration of
H2O2 in disinfector sample could be calculated, and
the results are listed in Table 2. The data obtained by
the two methods could match well to each other,
which indicates that the biosensor could be applied to
practical analysis.

Several possible interfering substances were used to
evaluate the selectivity of the enzyme electrode. The
interference experiments were performed in PP buffer
solutions at optimal conditions by compared the
response current of each interfering substance
(1.0 mmol L–1) mixed with 0.2 mmol L–1 H2O2 with
only 0.2 mmol L–1 H2O2. As shown in Table 3, Glu-

Table 1. Comparison of different H2O2 sensors

Electrode material , mmol L–1
Sensitivity, 

А L mol–1 cm–2
Response 

time, s
Linear range, 

μmol L–1
Detection limit, 

μmol L –1

HRP/PTBA–RTIL/GCE [38] 1.22 0.53 7 5.0–425.0 0.5
HRP/CHIT/CMS/GCE [44] 2.33 0.12 5 100.0–1600.0 0.93

HRP/SGCCN/GCE [45] 23.85 0.29 8 12.2–1100.0 6.1

HRP/poly(thionine)/ GCE [46] 28.00 Not reported 5 6.2–9400.0 3.0
HRP/nano-Au/CCPE [47] 0.36 0.013 15 12.2–2430.0 6.3

GCE//Pani–PVS/HRP [48] 1.7 0.027 5 100.0–2000.0 30.0

This work 0.12 0.23 3 0.5–952.0 0.1
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cose, ethanol, acetic acid, citric acid, oxalic acid and
sucrose don’t cause any interference, only ascorbic
acid and sulfide (0.1 mmol L–1) interfere significantly.
The reasons of interference results from sulfide
directly inhibit the activity of HRP [49] and ascorbic
acid can reduce hydroquinone (the oxidation form of
mediator), which destroys the circulation of mediator.

4. CONCLUSIONS
A simple and practical sensor of hydrogen peroxide

(H2O2) was designed successfully in this work. The
biosensor made from HRP immobilized PL-
LEU/PDA/GCE shows high sensitivity, fast response,
and good stability. The PL-LEU/PDA film could not
only effectively retain the bioactivity of the HRP, but
also improve the detection sensitivity of H2O2. The
proposed method is simple, adaptable, efficient and
reproducible, and it has been successfully applied to
the determination of H2O2 in disinfector sample.

ACKNOWLEDGMENT
The authors are grateful to the Scientific Research

Fund of Natural Science Foundation of Fujian Pro-
ince (2015J01081, 2015J05019), Young and middle-
aged teachers’ education scientific research Fund of
Fujian Provincial Education Department (JA14120),
Scientific Research Starting Foundation for the

Returned Overseas Chinese Scholars, Ministry of
Education of China (for Dr. Jian-Di Lin) and the Key
Program of Ecology, Fujian Province (6112C0600,
cxtd 12007).

REFERENCES
1. Luong, J.H.T., Nguyen, A.L., and Guilbault, G.G.,

Advances in Biochemical Engineering-Biotechnology,
Berlin: Springer-Verlag, 1993, p. 85.

2. Lu, X.B., Zhou, J.H., Lu, W., Liu, Q., and Li, J.H.,
Biosens. Bioelectron., 2008, vol. 23, p. 1236.

3. Hurdis, E.C. and Romeyn, H., Jr., Anal. Chem., 1954,
vol. 26, p. 320.

4. Matsubara, C., Kawamoto, N., and Takamura, K.,
Analyst, 1992, vol. 117 p. 1781.

5. Chen, S.H., Yuan, R., Chai, Y.Q., Zhang, L.Y.,
Wang, N., and Li, X.L., Biosens. Bioelectron., 2007,
vol. 22, p. 1268.

6. Shi, C.G., Xu, J.J., and Chen, H.Y., J. Electroanal.
Chem., 2007, vol. 610, p. 186.

7. Chang, M.C.Y., Pralle, A., Isacoff, E.Y., and Chang, C.J.,
J. Am. Chem. Soc., 2004, vol. 126, p. 15392.

8. Li, J., Dasgupta, P.K., and Tarver, G.A., Anal. Chem.,
2003, vol.75, p. 1203.

9. Zhang, L., Zhang, Q., Lu, X.B., and Li, J.H., Biosens.
Bioelectron., 2007, vol. 23, p. 102.

10. Hamid, M. and Rehman, K., Food Chem., 2009,
vol. 115, p. 1177.

11. Zhang, W.J. and Li, G.X., Anal. Sci., 2004, vol. 20,
p. 603.

12. Ma, W. and Sun, D.M., Russ. J. Electrochem., 2007,
vol. 43, p. 1382.

13. Liu, Y.G., Feng, X.M., Shen, J.M., Zhu, J.J., and
Hou, W.H., J. Phys. Chem. B, 2008, vol. 2, p. 9237.

14. Wang, J., Anal. Chim. Acta, 1999, vol. 399, p. 21.
15. Jin, W. and Brennan, J.D., Anal. Chim. Acta, 2002,

vol. 461, p. 1.
16. Shi, A.W., Qu, F.L., Yang, M.H., Shen, G.L., and

Yu, R.Q., Sens. Actuat. B, 2008, vol. 129, p. 779.
17. Shen, J., Wang, W., Chen, Q., Wang, M.S., Xu, S.Y.,

Zhou, Y.L., and Zhang, X.X., Nanotechnology, 2009,
vol. 20, p. 245307.

18. Wang, B., Zhang, J.J., Pan, Z.Y., Tao, X.Q., and
Wang, H.S., Biosens. Bioelectron., 2009, vol. 24,
p. 1141.

19. Roncali, J., Chem. Rev., 1992, vol. 92, p. 711.
20. Skotheim, T.A., Elsenbaumer, R.L., and Reynolds, J.R.,

2nd ed., New York, Basel, Hong Kong: Marcel
Delcker, 1998.

21. Groenendaal, L., Zotti, G., Auber, P.H., Waybright, S.M.,
and Reynold, J.R., Adv. Mater., 2003, vol. 15, p. 855.

22. Ma, W., Sun, D.M., Zhang, Z.X., and Ren, H.Z.,
Chin. J. Analysis Lab., 2005, vol. 24, p. 29.

23. Li, X. and Chen, M.F., Chin. J. Health Lab. Technol.,
2009, vol. 19, p. 1770.

24. Zheng, X.Y., Guo, Y.H., Zheng, J.S., Zhou, X.H.,
Li, Q.L., and Lin, R.Y., Sens. Actuat. B, 2015, vol. 213,
p. 188.

Table 2. H2O2 concentration in real samples determined by
the HRP biosensor and the classical titration method

* The value were the average values from three successive deter-
mination.

Samples By biosensor* 
(mol/L) By titration* (mol/L)

1 0.146 0.151
2 0.468 0.477
3 0.963 0.946

Table 3. Results of interfering experiment

* Ratio of currents for mixtures of 1.0 mmol L–1 interfering sub-
stance in the presence of 0.2 mmol L–1 H2O2 compared to that
for 0.2 mmol L–1 H2O2 alone.

Possible interference Current ratio*

Glucose 1.07
Glucose 1.04
Acetic acid 1.01
Citric acid 1.03
Oxalic acid 1.04
Ethanol 1.02
Ascorbic acid 0.55

S2– (0.1 mmol L –1) 0.28



RUSSIAN JOURNAL OF ELECTROCHEMISTRY  Vol. 53  No. 5  2017

A HYDROGEN PEROXIDE BIOSENSOR 451

25. Salgado, R., Del Rio, R., and Del Valle, M.A., J. Elec-
troanal. Chem., 2013, vol. 704, p. 130.

26. Palanisamy, S., Electrochim. Acta, 2014, vol. 138,
p. 302.

27. Zhou, W.H., Lu, C.H., Guo, X.C., Chen, F.R.,
Yang, H.H., and Wang, X.R., J. Mater. Chem., 2010,
vol. 20, p. 880.

28. Fu, Y.C., Li, P.H., Bu, L.J., Wang, T., Xie, Q.J.,
Xu, X.H., Lei, L.H., Zou, C., Chen, J.H., and
Yao, S.Z., J. Phys. Chem. C, 2010, vol. 114, p. 1472.

29. Liu, K., Wei, W.Z., Zeng, J.X., Liu, X.Y., and
Gao, Y.P., Anal. Bioanal. Chem., 2006, vol. 385, p. 724.

30. Lee, H., Dellatore, S.M., Miller, W.M., and Messer-
smith, P.B., Science, New York, N.Y., 2007, vol. 318,
p. 426.

31. Kim, B., Son, S., Lee, K., Yang, H., and Kwak, J.,
Electroanal., 2012, vol. 24, p. 993.

32. Luczak, T., Electroanal., 2008, vol. 20, p. 1317.
33. Luczak, T., Electrochim. Acta, 2008, vol. 53, p. 5725.
34. Wang, F., Han, R., Liu, G.T., Chen, H., Ren, T., and

Fang, H., J. Electroanal. Chem., 2013, vol. 706, p. 102.
35. Wang, A.J., Liao, Q.C., Feng, J.J., Yan, Z.Z., and

Chen, J.R., Electrochim. Acta, 2012, vol. 61, p. 31.
36. Gu, Z.G., Yang, S.P., Li, Z.J., Sun, X.L., Wang, G.L.,

Fang, Y.J., and Liu, J.K., Anal. Chim. Acta, 2011,
vol. 701, p. 75.

37. Hawley, M.D., Tatawawadi, S.V., Piekarski, S., and
Adams, R.N., J. Am. Chem. Soc., 1967, vol. 89, p. 447.

38. Cui, L., Xu, M.Q., Zhu, J.Y., and Ai, S.Y., Synthetic
Met., 2011, vol. 161, p. 1686.

39. Delvaux, M., Walcarius, A., and Demoustier-Cham-
pagne, S., Anal. Chim. Acta, 2004, vol. 525, p. 221.

40. Oungpipat, W., Alexander, P.W., and Southwell-Keely, P.,
Anal. Chim. Acta, 1995, vol. 309, p. 35.

41. Liu, M., Liu, R., and Chen, W., Biosens. Bioelectron.,
2013, vol. 45, p. 206.

42. Niu, X., Zhao, H., Chen, C., and Lan, M., Electro-
chim. Acta, 2012, vol. 65, p. 97.

43. Kamin, R.A. and Wilson, G.S., Anal. Chem., 1980,
vol. 52, p. 1198.

44. Chen, X., Li, C.C., Liu, Y.L., Du, Z.F., Xu, S.J.,
Li, L.M., Zhang, M., and Wang, T.H., Talanta, 2008,
vol. 77, p. 37.

45. Chen, H.J. and Dong, S.J., Biosens. Bioelectron., 2007,
vol. 22, p. 1811.

46. Xiao, Y., Ju, H.X., and Chen, H.Y., Anal. Chim. Acta,
1999, vol. 391, p. 299.

47. Lei, C.X., Hu, S.Q., Shen, G.L., and Yu, R.Q.,
Talanta, 2003, vol. 59, p. 981.

48. Ndangili, P.M., Waryo, T.T., Muchindu, M., Baker, P.G.L.,
Ngila, C.J., and Iwuoha, E.I., Electrochim. Acta, 2010,
vol. 55, p. 4267.

49. Chut, S.L., Li, J., and Tan, S.N., Analyst, 1997,
vol. 122, p. 1431.


		2017-05-29T14:20:31+0300
	Preflight Ticket Signature




