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A new type of hydrogen peroxide amperometric biosensor was fabricated based on electrochemically deposited 
sub-micrometer Au particles (sm-Au) on a glassy carbon electrode (GCE). Electrochemical deposition condition 
was optimized for obtaining uniformly distributed sub-micrometer sized Au array on the electrode surface. The hy-
drogen peroxide sensor was fabricated by adsorbing phenothiazine methylene blue (MB) molecules on the surface 
of sm-Au and covering a cross-linked horseradish peroxidase (HRP) layer, labeled as HRP/MB/sm-Au/GCE. The 
characteristics of this biosensor were evaluated with respect to applied potential and pH. The amperometric re-
sponse of the sensor was linear to the H2O2 concentration over a wide range of 9.9 10 6—1.11 10 2 mol/L. A 
detection limit (s/n 3) of 3.0 10 6 mol/L H2O2 was estimated for a sampled chronoamperometric detection at 1.5 
min after potential step of 200 to 400 mV vs. SCE. The immobilized MB molecules shuttled electrons at α
0.77 and an apparent electron transfer rate constant of 0'

sk 0.053 s 1. Interference of ascorbic acid, dopamine and 
uric acid was investigated. This sensor has very good stability and reproducibility for long-term use. 
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Introduction 

Amperometric biosensor of hydrogen peroxide is of 
practical importance because of its wide applications in 
chemical, biological, clinical, environmental and many 
other fields. For improvement of sensor’s quality, vari-
ous kinds of chemical modification methods have been 
developed for reducing redox overpotentials of H2O2 at 
electrode surfaces, increasing the detection sensitivity, 
linear range, stability and live time. It has been shown 
that the use of sub-micrometer sized metal particles 
such as Pt-black can significantly improve the quality of 
the biosensor.1 These advantages can be attributed to the 
enlarge surface area and micro array structure, the 
bio-compatibility and catalytic activity of the particles.  

On the other hand, the use of suitable mediators can 
facilitate the electron transfer between electrode surface 
and modified enzyme molecules, which is promising for 
fabricating high quality amperometric sensors.2-4 Phe-
nothiazine methylene blue (MB) has been used as me-
diator for fabricating H2O2 biosensors.5,6 It was demon-
strated that MB can be firmly immobilized on the 
waxed graphite electrode and accelerate the electron 
transfer at an apparent electron transfer rate constant of 
0.12 s 1.7 

Horseradish peroxidase (HRP) has been mostly used 
as the immobilized enzyme for construction of the bio-

sensor because of its many advantages.8-22 The 
cross-linking method is often chosen due to its simplic-
ity and reliability.23,24 In this work, MB molecules were 
successfully incorporated in the surface of 
sub-micrometer Au particles (sm-Au) modified glassy 
carbon electrode (GCE), and a novel hydrogen peroxide 
amperometric biosensor, HRP/MB/sm-Au/GCE, was 
fabricated. The results indicated that the immobilized 
MB on sm-Au shuttles electron very well for highly 
sensitive, stable and reproducible H2O2 sensing over a 
wide linear rage. 

Experimental 

Chemicals and Apparatus 

Horseradish peroxidase (EC 1.11.1.7, 250 U/mg) 
was obtained from the Sino-American Biotechnology 
Company. Bovine serum albumin (BSA) was from the 
Shanghai Blood Research Institute of the Chinese Aca-
demy of Agriculture Sciences. Methylene blue (MB) 
(AR) was purchased from the Guangzhou Factory of 
Chemical Reagents. Glutaraldehyde (25% V/V solution 
in water), hydrogen peroxide (30% V/V solution in wa-
ter), uric acid and ascorbic acid were all stained from 
the Chemical Reagents Company of Shanghai. Dopa-
mine (3-hydroxytyramine hydrochloride), serotonin and 
epinephrine were purchased from Fluka. The 0.1 mol/L 
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phosphate buffer solutions (PBS) with various pH val-
ues were prepared by mixing stock solutions of KH2PO4 
and K2HPO4. All other chemicals were analytical re-
gents. All the solutions were prepared with doubly dis-
tilled water. High purity nitrogen was used for solution 
deoxygenation. 

Cyclic voltammetry (CV) and amperometric meas-
urement were carried out at a voltametric analyzer 
(CV-A, USTC) and an X-Y recorder (LM20A, Dahua 
Science & Technology). A conventional three-electrode 
system with a saturated calomel reference electrode 
(SCE) was used. Scanning electron micrograph (SEM) 
was obtained at HITACHI X-650 (Japan). Surface 
analysis of the electrodes was performed by X-ray pho-
toelectron spectroscopy (XPS) on ESCALab MK2 (VG) 
with Mg K-Al α source. The analyzer energy was 50 eV 
with 0.1 eV steps. 

Electrode fabrication  

After carefully polishing and cleaning, a homemade 
glassy carbon disk electrode (GCE) (φ 6 mm) was 
pretreated electrochemically in 1 mol/L NaOH solution 
at 1.8 V (vs. SCE) for 2 min, which was similar to the 
method reported in the literature.25,26 Then, it was trans-
ferred to 7.35 10 4 mol/L chloraurate for electrolysis 
at 0.20 V for 5 min. After rinsing with water, this 
electrode was soaked in 1.0 10 4 mol/L MB solution 
for 24 h at room temperature. After rinsing with water, 
the prepared MB/sm-Au/GCE was ready for use. The 
MB/sm-Au/GCE can be further modified by spreading a 
droplet of 20 µL 10 g/L HRP (pH 7.0 PBS) 5 µL 
5.0% (W/W) BSA 5 µL 10% (V/V) glutaraldehyde on 
its surface for obtaining HRP/MB/sm-Au/GCE. The 
enzyme matrix on the electrode surface was dried and 
solidified slowly in the air at room temperature. This 
electrode was immersed in PBS (pH 7.0) at 4 �for 
storage.  

The same procedure except the electrochemical 
placing sm-Au particles was used for preparing 

MB/GCE and HRP/MB/GCE for comparison. 

Results and discussion 

Fabrication of sm-Au/GCE 

The pretreated GCE showed a reduction current at 
potentials more negative than about 0.10 V in 7.35
10 4 mol/L chloraurate. Experimental results showed 
that 0.20 V was the optimized potential for the 
deposition. A miniaturation gold layer can be formed 
with slow rates at potentials more positive than 0.20 
V. However, the deposition speed was too fast to control 
and the deposited particles were too big in size and easy 
to leach out into the bulk at potentials more negative 
than 0.20 V.  

At 0.20 V, 5 min deposition time was found as the 
most suitable for obtaining the sm-Au/GCE. As shown 
in Figure 1a, the scanning electron micrograph showed 
that about 0.3 µm in size and well distributed Au parti-
cles were deposited on the GCE at 5 min, however, 
oversized particles and close-grained deposition layer 
was obviously formed if the time was longer than 5 min 
(Figure 1b). 

Characterization of HRP/MB/sm-Au/GCE 

Cyclic voltammetry was used for characterization of 
this prepared biosensor. As shown in Figure 2, a couple 
of CV peaks appeared at E1/2 of 250 mV in the blank 
PBS solution, which correspond to the redox reactions 
of the immobilized MB. The peak-to-peak potential dif-
ference (Ep) was about 140 mV at 20 mV/s, however, 
the cathodic peak current (ipc) and anodic peak current 
(ipa) were linearly proportional to the scan rate (v) in the 
rage of 20—200 mV/s, indicating a surface electron 
transfer phenomenon. The Ep value was increased ob-
viously with increase of the scan rate, indicating a ki-
netic process of negative and positive ions penetrating 
the modified film.

 

Figure 1  Scanning electron micrograph of the Au/GCE ( 10,000). Electrodeposition time: (a) 5 min, (b) 10 min.
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Figure 2  Cyclic voltammograms of the HRP/MB/sm-Au/GCE 
at scan rates of (a) 20, (b) 40, (c) 60, (d) 80, (e) 100, (f) 130, (g) 
160 and (h) 200 mV/s respectively in 0.1 mol/L pH 7.0 PBS. 

Figure 3 shows the scan rate dependence of the an-
odic peak potential. A linear relationship with regres-
sion equation of 0.03484 0.05623lnpaE v  (r 0.997) 
was observed at higher scan rates. From the slope, a 
value of 0.77 was determined for the charge transfer 
coefficient, α, based on the equation of 

[ /(1 ) ]lnpaE K RT nF vα ,27 where K is a constant 
relative to the electrode process. In comparison with the 
equation:28 

0 '

p

log log(1 ) (1 ) log

log( / ) (1 ) /(2.3 ),
sk

RT nFv nF E RT

α α α α
α α ∆

  

an apparent surface electron transfer rate constant, 0'
sk

0.053 s 1 was obtained. 

 

Figure 3  Plot of Epa vs. ln v for the HRP/MB/sm-Au/GCE in 
0.1 mol/L pH 7.0 PBS. 

The MB/GCE and MB/sm-Au/GCE were also char-

acterized by XPS (ESCA), as shown in Figure 4. The 
adsorption band of sulfur appeared at 164.5 eV for 
MB/GCE and 164.2 eV for MB/sm-Au/GCE. Because 
the adsorption band of Au 4f was appeared at 84.1 eV 
for MB/sm-Au/GCE, in comparison with the value of 
83.8 eV for pure gold the variable value was in good 
agreement with that of sulfur. The result indicated that 
the sulfur in MB molecules built up molecular bond 
power with the gold particles. In addition, the relative 
mass of sulfur was 0.78% for MB/GCE and 1.52% for 
MB/sm-Au/GCE by increasing 98%. The value could 
also agree with the result mentioned above. 

 
Figure 4  XPS (ESCA) spectra of S2p for MB/GCE (a) and 
MB/sm-Au/GCE (b). 

The cathodic peak current of the MB increased in the 
presence of H2O2 in the solution, which is the principle 
of the H2O2 sensing. Experimental data showed that the 
current response to 4.76 mmol/L H2O2 was 30 µΑ for 
the HRP/MB/GCE and 56 µΑ for the 
HRP/MB/sm-Au/GCE. The 87% increase was in 
agreement with that the amount of immobilized MB 
molecules significantly increased due to the binding of 
MB and Au, and was essential for increased sensitivity 
of the sensor. 

During the dryness, the surface of the HRP/MB/  
GCE began to burst. In comparison with the 
HRP/MB/GCE, the live-time of the HRP/MB/sm-Au/ 
GCE was much longer. This is understandable because 
the deposition of sm-Au not only increased the rough-
ness of the electrode but also provided a large area of 
additional immobilization interface for both MB and 
HRP molecules.  

Figure 5 shows the CVs for HRP/MB/GCE and 
HRP/MB/sm-Au/GCE in the presence and absence of 
H2O2. As seen in this figure, the cathodic peak current 
increased significantly in the presence of H2O2. The 
H2O2 was reduced at enzyme HRP, which was regener-
ated by electron mediator MB.29 

H2O2 HRP→ H2O HRP-I 



Hydrogen peroxide  Chin. J. Chem., 2004, Vol. 22, No. 4  363 

HRP-I (MB)red →HRP-II (MB)ox 

HRP-II (MB)red →HRP (MB)ox 

(MB)ox 2e →(MB)red 

 

 
Figure 5  Cyclic voltammograms of the HRP/MB/GCE (1) and 
HRP/MB/sm-Au/GCE (2) at 20 mV/s in 0.1 mol/L pH 7.0 PBS (a) 
and 4.76 mmol/L H2O2 (b). 

The recycling of MB at the sm-Au/GCE led to an 
increase of the cathodic current corresponding to the 
concentration of H2O2. 

Optimization of H2O2 sensing  

Selection of applied potential    In order to de-
termine the optimized applied potential (E2) for the 
H2O2 sensing, a curve of sampled chronoamperometric 
current vs. applied potential was obtained as illustrated 
in Figure 6.  

The initial potential (E1) was selected as 200 mV at 
which no electrode reaction was occurred. The current 
response was sampled at 1.5 min (ts) after the electrode 
potential was stepped from E1 to E2, where a steady 
state diffusion current was almost reached. As seen in 
this figure, the sampled current increased significantly 
from 50 mV and tended to be steady at 400 mV, 

showing an S-shaped wave similar to a sampling volt-
ammetric current for a simple redox system. By virtue 
of considering reproducibility and stability of the sensor, 

400 mV was selected as the optimized monitoring 
potential in the following work. 

 

Figure 6  Sampled current of the HRP/MB/sm-Au/GCE related 
to the applied potential (E2) in 0.1 mol/L pH 7.0 PBS containing 
2.44 10 4 mol/L H2O2. E1 200 mV, ts 1.5 min. 

Selection of pH    The response current of the 
sensor towards H2O2 is also dependent on pH value. The 
results showed that the current response was steady in 
the range of pH 5.0—7.0, however, it dropped down 
quickly after pH 7.0. Therefore, considering the 
physiological pH (7.4) and sensitivity, the value of bulk 
solution pH was selected as 7.0. 

Calibration curve for H2O2  

Under optimum deposition and determination condi-
tions, the feasibility of using HRP/MB/sm-Au/GCE to 
determine the concentration of H2O2 was investigated.  
The catalytic peak current exhibits a linear dependence 
on H2O2 concentration over a wide range of 9.9 10 6 
to 1.11 10 2 mol/L. A regression equation was deter-
mined as i(µΑ) 1.99714 6085.5c (mol/L) (r
0.9987). It can also be obtained that the slope of the 
linear equation is much larger than that of the 
HRP/MB/WSGE.7 A detection limit (s/n 3) of 3.0  
10 6 mol/L H2O2 was estimated. Although further opti-
mization on instrumentation and experimental proce-
dures should be done for its application, a simple com-
parison has shown the higher sensitivity and wider lin-
ear rage of the sensor than those of the 
HRP/MB/WSGE.7 

Interference and stability of the sensor 

Interference from some substances commonly pre-
sent such as ascorbic acid, dopamine, epinephrine, se-
rotonin and uric acid was investigated. Although the 
background of the current increased when 5.0 10 3 
mol/L ascorbic acid was added in the solution of hy-
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drogen peroxide, the pure current of hydrogen peroxide 
and ascorbic acid was as same as that of 4.76 10 4 
mol/L of hydrogen peroxide. It is known that ascorbic 
acid can interact with the mediators of HRP.10 This may 
be the reason of the increase of the background. How-
ever, the presence of the same concentration of dopa-
mine, epinephrine, serotonin and uric acid did not inter-
fere with the determination of 4.76 10 4 mol/L H2O2. 
These compounds are not electrochemically active at 
the potentials, although they may be oxidized much 
slowly with some of the intermediates of sensing reac-
tions. On the other hand, the stability of this sensor was 
determined. It was found that the current response de-
creased by 6% after its storage for 10 d in pH 7.0 PBS 
at 4 , however, only about 19% for one month. 

Conclusions 

By means of a simple and reproducible procedure, a 
new type of hydrogen peroxide biosensor, 
HRP/MB/sm-Au/GCE, has been successfully developed 
based on electrochemically deposited sub-micrometer 
Au particles modified GCE. The current response of this 
biosensor has a wide linear range of 9.9 10 6 to 1.11

10 2 mol/L and detection limit (s/n 3) of 3.0 10 6 
mol/L H2O2. The electrode has very good stability and 
reproducibility for long-term use. Based on its high effi-
ciency of electrocatalytic activity of H2O2 and coupling 
with other enzyme system, it is believed that this type of 
sensor can be extended for many other biological ana-
lytes and has potentially applications in the field of bio-
sensors. 
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